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Chapter 1 


Product Description 


ETAP is a fully graphical Enterprise package that runs on Microsoft® Windows® 2008, 2012, 7, 8, 8.1 
and 10 operating systems. ETAP is the most comprehensive analysis tool for the design and testing of 
power systems available. Using its standard offline simulation modules, ETAP can utilize real-time 
operating data for advanced monitoring, real-time simulation, optimization, energy management systems, 
and high-speed intelligent load shedding. 


ETAP has been designed and developed by engineers for engineers to handle the diverse discipline of 
power systems for a broad spectrum of industries in one integrated package with multiple interface views 
such as AC and DC networks, cable raceways, ground grid, GIS, panels, arc flash, WTG, protective 
device coordination/selectivity, and AC and DC control system diagrams. 


ETAP users must be proficient in using basic operations of Windows® environment. Use of ETAP does 
not require training. However, to facilitate the learning process, OTI provides workshops throughout the 
year in several locations. (Refer to www.etap.com for the up-to-date training schedule.) 


ETAP allows you to easily create and edit graphical one-line diagrams (OLD), ce : 
underground cable raceway systems (UGS), three-dimensional cable systems, 

advanced time-current coordination and selectivity plots, geographic information ( 

system schematics (GIS), as well as three-dimensional ground grid systems — guy3 swgr joe ae 


(GGS). The program has been designed to incorporate to three key concepts: par ae 


Virtual Reality Operation 
The program operation emulates real electrical system operation as closely as Pump 1 
possible. For example, when you open or close a circuit breaker, place an 
element out of service, or change the operating status of motors, the de-energized 
elements and sub-systems are indicated on the one-line diagram in gray. ETAP cop 
incorporates innovative concepts for determining protective device coordination 

directly from the one-line diagram. 


Total Integration of Data 

ETAP combines the electrical, logical, mechanical, and physical attributes of system elements in the same 
database. For example, a cable not only contains data representing its electrical properties and physical 
dimensions, but also information indicating the raceways through which it is routed. Thus, the data for a 
single cable can be used for load flow or short-circuit analyses (which require electrical parameters and 
connections) as well as cable ampacity derating calculations (which require physical routing data). This 
integration of the data provides consistency throughout the system and eliminates the need for multiple 
data entry for the same element, which can be a considerable time savings. 


Simplicity in Data Entry 
ETAP keeps track of the detailed data for each electrical apparatus. Data editors can speed up the data 
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entry process by requiring the minimum data for a particular study. In order to achieve this, we have 
structured the property editors in the most logical manner for entering data for different types of analysis 
or design. 


ETAP’s one-line diagram supports a number of features to assist you in constructing networks of varying 
complexities. For example, each element can have individually varying orientations, sizes, and display 
symbols (IEC or ANSI). The one-line diagram also allows you to place multiple protective devices 
between a circuit branch and a bus. 


Size a 
Symbol > 
Colors > 
Alignment > 
Rotate Ctrl+R > 90 
Connector > -90 
Group Ctrl+G/U 180 
Closed, Position A [] Reverse Polarity 
In Service Mirror 


ETAP provides you with a variety of options for presenting or viewing your electrical system. These 
views are called presentations. The location, size, orientation, and symbol of each element can be shown 
differently in each presentation. Additionally, protective devices and relays can be displayed (visible) or 
hidden (invisible) for any particular presentation. For example, one presentation can be a relay view 
where all protective devices are displayed. Another presentation may show a one-line diagram with some 
circuit breakers shown and the rest hidden (a layout best suited for load flow results). 


Among ETAP’s most powerful features are the composite network and motor elements. Composite 
elements allow you to graphically nest network elements within themselves down to an arbitrary depth. 
For example, a composite network can contain other composite networks, a feature that provides the 
capability to construct complex electrical networks while still maintaining a clean, uncluttered diagram 
that displays what you want to emphasize - yet the next level of system detail is within easy reach of your 
mouse. ETAP puts the power at your fingertips. 


We consider ETAP to be the foremost-integrated database for electrical systems, allowing you to have 
multiple presentations of a system for different analysis or design purposes. 
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1.1 Specification 


Modeling 


Virtual reality operation 

Total integration of data (electrical, logical, mechanical, and physical attributes) 
Looped and radial systems 

Unlimited isolated sub-systems 

No system connection limitations 

Multiple loading conditions 

Multi-level nesting of sub-systems 

Advanced sparse matrix techniques 

User access control and data validation 

Asynchronous calculations, allow multiple modules to calculate simultaneously 
Database transitioning reduces the risk of database loss during a power outage 
True 64-bit programming designed for Windows® 2008/2012/7/8/8.1/10 
3-phase and single-phase modeling including panels and sub-panels 


Features 


Five levels of automatic error checking 

Dynamic help line and error messaging 

Message logger to track program usage and access 

Multiple user access levels 

Automatic one-line creation 

Automatic equipment connection mode 

Automated selection of available pins 

Auto connection to closest highlighted element 

Auto Disconnect & Reconnect 

ODBC (open database connectivity) - use SQL 

Manages maintenance data via info, remarks, and comment pages 
Multi-user Management of Project Merge for a single project 

Parallel ETAP project development 

Self-contained snapshots of the parent & branch projects 

Merge Base, Revision Data & TCCs Views 

Merge independent ETAP project files 

Integrated 1-phase, 3-phase, and DC systems 

Integrated one-line diagram and underground raceway systems 
Integrated one-line diagram and device coordination/selectivity module 
Common database for all studies 

Simplicity in data entry 

Multiple sub-systems and swing machines 

User-controlled auto save and transaction 

User-controlled default settings for all components 

Typical data for motors, generators, transformers, reactors, governors, and exciters 
Individual LTC time delays (initial and operating) 

No voltage limitations 

Unlimited protective and metering device connections to branches and loads 
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Unlimited load connections to a single bus 

Any system frequency 

English and metric unit systems 

25 character component IDs 

Raw manufacturer data entry 

Individual and global load demand and diversity factors 

Temperature sensitive cable resistance for all studies 

Element navigator 

Lumped loading 

Equipment cables for loads, eliminating requirement for terminal buses 
Edited by and checked by data stamping 

Date stamping of all data changes 

Intelligent editors with user-defined data fields 

Analysis-dependent data entry requirements 

Multiple user network support 

Compatible database with ETAP Real-Time for real-time monitoring, simulation, and supervisory 
control 

Toolbar accessible Preferences pane for preference modification while ETAP is running 
License borrowing. 

ETAP License Manager Configuration Utility 

Keyless network licensing 


One-Line Diagrams 


Unlimited one-line diagram presentations 

Single-phase system (2 and 3 wires) 

Panel systems 

Unlimited status configurations/scenarios (switching devices, motors, loads, etc.) 
Multiple engineering properties (base and revision data) 
Three-dimensional (3-D) database 

Data Manager 

Integrated Ground grid systems 

Multiple loading categories (conditions) with individual percent loading 
Unlimited one-line diagram nesting for sub-systems, MCCs, etc. 
Simultaneous view of one-line diagram presentations 

Simultaneous view of system configurations 

Simultaneous view of different study results 

Phase adapters to convert from three phase to mixed single phase networks 
One-Line Templates 

Auto-Build 

Automatic bus/node insertion 

Circuit Tracing 

Find elements from editors or the project window 

Graphical Auto Select 

Graphical Symbol Selection 

Graphical Contouring based on results 

Grouping/ungrouping of elements 

Change size, symbol, color, orientation, and alignment of elements and text, individually and globally 
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Theme Manager 

Themed color schemes provide the flexibility to customize each one-line presentation independently 
Symbol Library 

ActiveX (programmable objects) 

Graphically fault/clear fault from buses 

Selectable zoom-to-fit 

State-of-the-art built-in graphic user interface 

Drag and drop, cut and paste, undo and redo, zooming, etc. 

Built-in ETAP CAD system 

XML data exchange 

Export one-line diagrams to third party CAD systems via .dxf and metafile formats 
Import OLE objects (text, pictures, spreadsheets, GIS maps, etc.) 

Import ASCII project files 

Built-in conversions for Siemens PSS°E, EasyPower®, SKM® Dapper® & CAPTOR™. 
Customizable graphical display of nameplate data annotations 

Interchangeable ANSI and IEC element symbols 

Multiple sizing and rotation of element symbols 

Multi-color symbols and annotations 

Supports True Type fonts 

Hide and show protective devices per presentation 

Remote connectors for better one-line diagram layout 

Graphical operation (open/close) of switching devices in edit or study modes 
Dynamic continuity check shows de-energized devices as “semi-transparent” images and graphically 
displays current system configuration 

Configuration manager to easily compare open/close status for all switching devices 
Display of fixed tap and load tap changer (LTC) positions on the one-line diagram 
Direct device coordination from the one-line diagram 

Build elementary diagrams within the same project and integrate with one-line diagram 
Comprehensive printing/plotting capabilities 

Individual and global section of elements, objects, and composites 

Schedule manager for system components (input data) 

Customizable output reports (Crystal Reports) with find functionality 

Categorized output report manager for Crystal Reports 

Database file for output reports 

Crystal Reports for library data 

Comprehensive summary reports 

Customizable output plots 

Report status of loads and protective devices for all configurations 

System dumpster with unlimited cells for storage and retrieval of deleted components 
Resizable, floating/attachable toolbars for each study 

Keyboard Shortcuts 

Synchronized presentation views 

Region classifications & coloring 

Remote connection for CT & VTs 

Remote connector insert, delete, and reconnect 

Copy/Paste bulk data 
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Time-Current Device Coordination/Selectivity Plots (ETAP Star 


Sequence-of-Operation 

Graphically adjustable device settings 
Automatic detection of protection zones 
Automatic selection of coordination paths 
Protection and coordination zone viewer 
Combine / Integrate multiple device curves 
Extensive device library (verified and validated) 
Auto-update short-circuit current 
Time-current device coordination 
Auto-coordinate devices 

Integrated with one-line diagrams 

Drag or calculate time differences 
Multi-function (universal) relays 

Display of actual transient response 
Device Settings Report 


Ground Grid 


3-D, cross sectional, and top graphical interface views 
IEEE 80 and 665 Methods 

Finite element method 

Rods and conductors in any 3-D direction 

Rod and conductor optimization 

3-D touch, step, and absolute potential plots 
Graphical display of over limits 


Underground Raceway Systems 


Graphical user interface 

Intelligent rule-based alignment and spacing tools 
Automatic conduit distribution and spacing 

Wizard for creating raceways based on rule-book 

Utilize custom, NEC, or standard IEEE rule-based spacing 
Multiple duct banks, direct buried, and external heat sources 
Non-uniform placement of ducts and direct buried conduits 
Transient cable temperature plotting 

External heat sources 

Grounded/ungrounded shielding 

One-line diagram database integration 

Place both AC and DC cables in raceway 


Cable Pulling 


3-D isometric view 

Pull multiple cables 

Pull different size cables 
Vertical and horizontal levels 
Checks for NEC requirements 
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e Forward and reverse tension 
e Sidewall pressure 


Transformer Sizing 


Transformer MVA Sizing 

e Sizing based on the actual connected or operating load 

e Includes ANSI and IEC standard types, classes, and ratings 

e Considers ambient temperature, altitude, growth and load factors, etc. 


Transformer Tap Optimization 

e JEEE CSF.116 Standard 

Optimize transformer’s tap setting or turns ratio 

Considers transformer’s primary and secondary side cables 
Considers system voltage variation 

Plot generator Mvar output vs. system voltage 


Motor Parameter Estimation 


Nameplate Data - PE 

Non-linear dynamic circuit models - MPET 

Include parameter variations due to speed and/or deep-bar effects 

Requires most readily-available characteristics published by MFRs 

Calculate input parameters using estimated results and report deviations 

Estimate and tune equivalent circuit model from characteristic curve or vice versa 
Save estimated results to ETAP library 


ODBC® (Open Database Connectivity) 


e Access the database from third party database managers 
e Integrate other project data into the same database 


3D-Database 


Within each project, ETAP provides three major system components. These system components are 
organized in an orthogonal fashion (independent from each other) to provide you with the ultimate power 
and flexibility when developing ETAP projects. 


e Graphical display of one-line diagrams (presentation) 
e Engineering properties (data revisions) 
e Operating status (configuration status) 


Convert to EMF, WME, and DXF Files 


Export ETAP one-line diagrams to Enhanced MetaFiles (EMF), Windows® MetaFiles (WME), and 
AutoCAD® DXF files. These files can be imported into AutoCAD*, Microsoft Word", etc. 
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Printing/Plotting of One-Line Diagram 


The following options are available for each presentation including composite motors and composite 
networks: 


Print options 

Printer setup 

Zoom level for print size 

Print coordinates and scrolling 
Customizable print preview 
Batch printing 


Plot Manager 


Plot & view results from multiple studies 
User-configurable plots & settings 
Customize properties & save as template 
Works with all ETAP modules 
User-defined application styles 
Automatic data fit to plot 

Automatic label layout 

Zoom, pan, tile, etc. 


OLE Client 


OLE is a program-integration technology used to share information between programs. Many Windows® 
applications including Microsoft Office® are OLE capable. Within ETAP, you can dynamically embed 
OLE objects such as bitmaps, text, spreadsheets, tables, and metafiles directly into your one-line 
diagrams. 


Active Error Viewer 


ETAP provides five levels of error checking. The active error viewer appears when you attempt to run a 
study with missing or inappropriate data. Double-click on each individual error message to locate and 
open the component editor associated with the cause of the error message. 


Alert View 


ETAP displays this view to summarize possible problems with the electrical system including overloads, 
under/over voltage bus conditions, stressed devices, etc. 


Application Message Logging 


Track ETAP usage and access by using the application message logger. It keeps track of who opens a 
project, which level of access they have, and how long they were in the project. 


Crystal Reports 


Crystal Reports are full-color, printable reports for a variety of ETAP analyses. Each Crystal Report is 
pre-configured for commonly requested output formats. The Crystal Reports browser/printer is available 
within ETAP. Users can create and modify existing Crystal Reports using a Crystal Reports editor. 
Crystal Reports can be exported to many other popular formats like MS-Word, Adobe PDF, MS-Excel, 
etc. without any loss of information and formatting. 
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Output Report Manager 


Provides more than 250 Crystal Reports for different studies including the following subsections: 


e Complete report e Results e Customizable subsections 
e Input data e Summary reports 


Schedule Report Manager 


When using Crystal Reports, it can provide different schedules such as bus, branch, load, and cable with 
the following options: 


e Base and revision data e Elements in the dumpster 
e Energized/de-energized elements 


Datablock 


Datablocks can be added to each device and includes the following features: 


Customize input data & study results 
Display results, tags, and/or properties 
Define templates & share 
Automatically apply templates 

Instant preview of Datablock 
Expanded input data & study results 
Arc Flash & Motor Starting results 
Display results, input, tags 
User-defined templates 
Auto-adjusting protective device settings 
Independent tooltip & display 


Annotation Display Options 


With independent display options for each ETAP mode (Edit, Load Flow, Short-Circuit, etc.), you can 
display certain types of information in one mode and other types of information when in another mode. 


Display ID, rating, kV, ampacity, and impedance of elements 

Display Delta-Y connection and tap setting of transformers 

Display winding connection of generators and motors 

Display conductor size, type, and length of cables 

User-selectable fonts for different groups of annotations (size, bold, font type, etc.) 

Set default positions of annotations for each element 

Independently rotate each annotation 

Option to display different sets of study results including units (A, kW+jkVar, kVA, etc.) 
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AC Elements, One-Line Diagram 


Bus/node 

Transformer, 2-winding 
Transformer, 3-winding 
Transformer, Open Delta 
Transformer, Zig-zag 
Transformer, Scott-T 
Voltage Regulator 

Cable 

Transmission line 

Bus Duct 

Busway 

Reactor, current-limiting 
Impedance 

Power grid (utility system) 
Synchronous generator 
Wind Turbine Generator 
Solar Panel (PV Array) 
Induction motor/generator 
Synchronous motor 
Motor Operated Valve (MOV) 
Static load 


Lumped load 

Capacitor 

Capacitor, Switching 
Capacitor, Series 

Panel systems 

Harmonic filter 

Remote connector 

Phase adapter 

Static Var Compensator (SVC) 
High voltage DC link 

Fuse 

Circuit breaker, high voltage 
Circuit breaker, low voltage 
Contactor 

Reclosers 

Ground Switch 

Switch, single-throw 
Switch, double-throw 
Ground grid systems 


Instrumentation Elements, One-Line Diagram 


Current Transformer (CT) 

Potential (voltage) Transformer (PT) 
Voltmeter 

Ammeter 

Multi-meter 

Voltage relay 

Differential Relay 

Distance Relay 


Nested Sub-Systems, One-Line Diagram 


e AC composite motor 
e DC composite motor 
e Composite network 


ETAP 


Reverse power relay 
Frequency relay 
Motor relay 

Solid state trip relay 
Overcurrent relay 
Overload heater 
In-line relay 
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DC Elements, One-Line Diagram 


e Bus/node e Static load 

e Cable e Elementary diagram 
e Impedance e =Circuit breaker 

e DC-DC converter e Fuse 

e =6Battery e Switch, single-throw 
e Motor e Switch, double-throw 
e Lumped load 

DC Elements, Control Circuit Diagram 

e Bus e Macro-controlled contact 
e Node e Wire 

e Fuse e Impedance 

e =©Circuit breaker e General load 

e Switch, single-throw e = Light 

e Push button e Control relay 

e Contact e Solenoid 

e Form C contact 

AC-DC Elements, One-Line Diagram 

e Charger e UPS 

e Inverter e VFD 


Elements, Underground Raceway System 


e Cable, one-line e Duct bank raceway 

e Cable, equipment e Direct buried raceway 
e Cable, UGS e Conduit (duct bank) 

e External heat source e Location (direct buried) 
Elements, Ground Grid System 

e Rectangular shaped grid e Triangular shaped grid 
e T shaped grid e Rods 

e L shaped grid e Conductors 


Elements, Cable Pulling System 


e Cable, one-line e Cable, CP 

e Cable, equipment e Segments 

e Cable, UGS e Bends 

Libraries 

e Cable (NEC, ICEA, and Manufacturer Published Data) 
e Cable Fire Coating (Manufacturer Published Data) 

e Cable Fire Stop (Manufacturer Published Data) 

e Cable Fire Wrap (Manufacturer Published Data) 

e Motor Nameplate 
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Motor Circuit Model (Single and Double Cage Motors) 

Motor Characteristic Model 

Motor Load Model 

Fuse (Manufacturer Published Data) 

Relay (Manufacturer Published Time-Current Characteristic Curves) 

Distance Relay 

HV Circuit Breaker (Manufacturer Published Data) 

LV Circuit Breaker (Manufacturer Published Data ) 

Solid State Trip (Manufacturer Published Time-Current Characteristic Curves) 
Thermal Magnetic Trip (Manufacturer Published Time-Current Characteristic Curves) 
Electro-Mechanical Trip (Manufacturer Published Time-Current Characteristic Curves) 
Motor Circuit Protector (Manufacturer Published Time-Current Characteristic Curves) 
Reclosers 

Electronic Controllers 

Harmonic (IEEE and Manufacturer Published Data) 

Motor Overload Heater (Manufacturer Published Data) 

Overload Heater (Manufacturer Published Data + Time-Current Characteristic Curves) 
Reliability Index Library 

Interruption Cost Library 

Sector 

Profile 

Battery 

Wind Turbine Generator 

Photovoltaic 

Distribution Transformer 

Traction Rectifier 

Train Rolling Stock 

Merge Data from Different Libraries 

55,000+ device time-current characteristic curves 


Equipment Warehouse 


Overhead line — phase, ground, tower/pole 
Overhead catenary 

Power cables 

Distribution transformer 

Low-voltage circuit breakers 

Power fuses 

Railway track 

Equipment reliability 


Transformer Typical Data 
e Typical impedance data and X/R ratio based on transformer BIL level, MVA, and kV rating 


Wind Turbine Generator (WTG) 


e Model wind turbine generators individually or in unlimited groups 
e Model detailed turbine and controller characteristics for dynamic stability analysis 
e Calculate MW and Mvar generation based on wind speed and turbine characteristics 
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Create multiple generation categories for predictive “what if” studies 
Define the turbine model manually or based on a library 

Define the wind model manually or based on a library 

Run a one instance or continuous steady-state calculation in analysis mode 
Perform individual or zone based actions in stability analysis 


Photovoltaic Array 


Performance adjustment coefficients 

Solar farm modeling 

Solar irradiance based on location & time 

AC & DC system analysis 

Inverter dynamic modeling & operation modes 
Maximum Peak Power Tracking (MPPT) 
Extensive Manufacturer/Model library 
Modeling based on P-V & I-V curves 

Discrete DC Photovoltaic panel element 
Constant current source modeling 

Model PV systems with individual panels 
Detailed modeling considers string cables & combiner boxes 


Base Modules 


ICEA P-55-440 Cable Tray Ampacity Calculator (Stolpe Method) 
General power calculator 

Transmission line constants 

Transformer LTCs/regulator setting calculator 

Motor nameplate data calculator 

Motor inertia calculator 

Generator nameplate data calculator 

Power grid short-circuit data calculator 

Cable Sizing 

Cable Ampacity 

e NEC, IEEE 399, ICEA P-54-440, IEC 60364, IEC 60502, BS 7671, NF C 15-100 
e Detailed equipment reports for buses, breakers, & loads 

e Device libraries 


Cable Manager 


Batch cable management 

Customizable cable reports 

Multi-cable sizing & shock protection evaluation 
Intelligent search / filtering 


Switching Device Interlock Enforcer 


Auto enforcement of switching interlock logics 

Automatic ‘pre’ & ‘post’ switching logic verification 
Interlock based on circuit breaker positions or meter readings 
Automatic interlock conflict checking 
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Ability to model cascade control of switching devices 
Active monitoring of switching interlock violations 
Switching plan validation against hazardous actions 
Integrated operation with Switching Sequence Management 


Load Flow Analysis 


Adaptive Newton-Raphson, Newton-Raphson, fast decoupled, and accelerated Gauss Seidel 
New double-precision Newton-Raphson Method with current injection 
Advanced solution techniques for fast convergence with negligible impedance 
Voltage drop calculations 

Auto-Run load flow based on system changes 

Load forecasting 

New alert view to display critical and marginal limit violations 
Bus/transformer/cable overload warning 

Single phase load flow display 

Option to select any loading category 

Global and individual bus diversity factors 

Individual demand factors for continuous, intermittent, and spare operating conditions 
Adjustments based on negative tolerance 

Option to update the database from load flow solutions 

Lumped loads 

Phase-shifting transformer 

Power factor correction 

Automatically adjust transformer tap and LTC/regulator settings 

Generator governor/exciter control settings 

New summary output report on bus loadings and overload conditions 
Automatically determine & report convergence issues and reason 
Multi-Report Result Analyzer 

Load Analyzer 

Handling of transmission series compensation. 


Panel and Single-Phase Systems 


3-phase 3-wire and 4-wire panels 

1-phase 2-wire and 3-wire panels 

Graphic user interface 

Unlimited circuits with or without external connections 
Unlimited sub-panel connections 

External (graphical) load and branch connections 

Load flow display 

Spreadsheet load modeling 

Column and standard layouts 

ANSI and JEC standard panels 

Extensive switching device libraries 

Comprehensive circuit feeder/cable libraries 
User-configurable defaults and layouts 

Dynamic sub-panel and main-panel systems updates 
User selectable load types (LCL, NCL, warehouse, receptacle, hospitals, etc.) 
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User modifiable demand and diversity factors (NEC and others) 
Ten loading categories per circuit 

Customizable panel system reports using Crystal Reports format 
Intelligent panel calculations 

Detailed panel loading summary 

Customizable panel reports in MS-Excel 


Short-Circuit Analysis 

Complete compliance with ANSI/IEEE C37 series 

Complete compliance with IEC 60056, 60282, 61363, 60781, 60909, 60947 
IEEE Standard 141 and 399, UL 489 

Short Circuit GOST R 52735 Standard 

Extensive manufacturer data for fuses, LV and HV breakers 

Short Circuit Analyzer 

Automatic crest and interrupting duty comparison 

Automatic peak and breaking duty comparison 

New alert view to display critical and marginal limit violations 

3-phase, line-line, line-ground, and line-line-ground faults 

Single Phase System Duty 

Y% cycle to 30 cycle faults including 2, 3, 5, and 8 cycle breakers 
Generator Circuit Breaker IEEE Standard C37.013 

Breaking duty as a function of breaker time delay 

Interrupting duty as a function of breaker cycle time 

Fault impedance (Z1 and Z0) 

User-definable voltage c factor for IEC analysis 

Complete grounding modeling for motors, generators and transformers 
CB duty calculation based on the maximum-through fault current (ANSI) 
Phase-shifting transformer for ANSI unbalanced faults 

Check making and breaking capabilities of protective devices against fault currents 
Cable temperature adjustment 

User-selected bus faulting 

Report fault current contributions (IA and 3 I0) and voltage profiles (va, vb, and vc) 
User-selected fault current contribution level reporting 

Option to include motor delays 

Option to include feeder and overload heater elements 

Option to set pre-fault voltages (fixed values or load flow results) 

Option to use different X/R methods and c factors 

Option to consider motor contributions based on loading categories 
Updates directly to device coordination 

Calculation of Tie PD current 

Load Terminal Short Circuit Calculation 

Compliance with IEC 60909-2016 Ed. 2.0 

Variable fault current vs. voltage 

LV to EHV system fault current calculation 


Time-Current Device Coordination/Selectivity (Star) 


e Sequence-of-Operation (SQOP) with device highlighting 
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3 Phase, Line-to-Ground, Line-to-Line, Line-to-Line-to-Ground fault types 
Graphically adjustable device settings 

Automatic detection of protection zones 

Automatic selection of coordination paths 
Protection and coordination zone viewer 

Combine / Integrate multiple device curves 
Extensive device library (verified and validated) 
Auto-update short-circuit current 

Time-current device coordination 

Auto-coordinate devices 

Integrated with one-line diagrams 

Drag or calculate time differences 

Multi-function (universal) relays 

Minimum short-circuit clipping (ANSI/IEC) 
Short-circuit clipping for relay in ground distribution transformer 
Append devices to existing Star views 

User curve 

Automatic curve shift for SQOP (S-TCC) 

Crosshair to read out current and time 

Minimum short-circuit current clipping fault arrow 
Automatic color sequence for plotting curves 

Fault arrow labels — Min/Max clipping 

Arc Fault arrow labels 

Label auto-layout 

Labels displayed front/behind curve 

Extensive tooltips 

Relay curves extendable up to pickup 

Screen Capture 

Batch printing Star views or TCCs 

Export any view to metafile 

Display of actual transient response 

AC and DC Device Settings Report 

Panel Device Setting Report 

Panel Main Disconnect and internal circuit plotting 
Sorting & filtering options for device settings report 
Globally include one-line diagram during batch print 
Expanded current & voltage inputs 

Phase current summation 

Up to 6 settings group with labels & copy/paste 
Ground & neutral protection for overload function 


Star Auto-Evaluation 


Automated evaluation of zones for overcurrent protection & coordination 
Reference Rule Book for evaluation 

Automatic selection of worst case fault location 

Tabular & graphical presentation of evaluation results 
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e Interactive result viewer 


Arc Flash IEEE 1584 


IEEE 1584-2002 Standard 

Integrates with Short-Circuit and Device Coordination 
3 phase and 1 phase Arc Flash Calculations 
Verification of device duty prior to arc flash calculation. 
PPE categories based on NFPA or user-defined 
Automatically generate customizable arc hazard labels (including Avery) 
3 & 1-Phase Arc Flash Sequence-of-Operation 
Sequence-of-Operation viewer 

Current Limiting Fuse (CLF) modeling 

Incident Energy plots for Ia and Ibf 

User-defined fault clearing times 

Incident energy summary reports 

Automatic source protective device search algorithms 
NFPA 70E-2000, 2004, 2009, 2015 

Use with both ANSI and IEC 

Cubic box and open air 

Conductor orientation & configuration correction factors 
Load Terminal Faults 

Arc Flash Report Analyzer 

Enhanced display of result on the one-line diagram. 
Work permits 

Data sheets 

Global data entry for equipment 

Low voltage equipment handling 

ArcFault™ - NESC C2 - Up to 800 kV 

Arc-in-a-Box- 15 to 36 kV 

Damage Point for Arc Resistant Switchgear 


Motor Acceleration Analysis 


Dynamic motor acceleration 

Static motor starting 

Multi-motor starting, stopping, and restarting in a single run 

Group starting/acceleration of motors and loads using starting categories 
Option to select any loading category for pre-start condition 

Option to accelerate motors and loads by load transition (loading categories) 
Option to use global or individual LTC time delays 

Dynamic simulation of LTCs and regulators 

Phase-shifting transformer 

Induction/synchronous motor/generator dynamic models 

Single-cage, single-cage with deep-bars, double-cage, and double-cage with independent circuits 
Start motors, loads, capacitors, MOV, etc. 

Comprehensive MOV closing and opening operation 

MOV voltage limit check during complete stroke time 
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Comprehensive motor starting alerts with critical and marginal settings 

Motor load modeling 

Simulate voltage-boost effect at low frequency during starting 

Consider various starting devices including autotransformer, resistor, reactor, and capacitor 
Time-slider toolbar for continuous display of results on the one-line diagram 
User-customizable plots with option to overlay 

Enhanced inverter model 

Plot Manager interface 


Harmonic Analysis 


IEEE 519A Standard 

Harmonic load flow 

Harmonic resonance and frequency scan 

Model harmonic sources using harmonic library 

Model harmonic sources using converter firing angle and commutation reactance 
Filter overloading 

Filter design 

User-definable frequency range (0 to 6000 Hz) 

Generator and transformer saturation 

Phase-shifting transformer 

Harmonic distortion limits 

Total Root Mean Square Value (RMS) 

Total Arithmetic Summation Value (ASUM) 

Total Harmonic Distortion (THD) 

Telephone Influence Factor (TIF)I*T Index (I*T) 

I*TB (Balanced) 

I*TR (Residual) 

User-customizable plots with option to overlay 

Customizable output reports using Crystal Reports format 

Graphical display of harmonic characteristics for components 
Harmonic-slider toolbar for display of harmonics on the one-line diagram 
Frequency-slider toolbar for display of frequency scan results on the one-line diagram 
Long line model for transmission line and cable 


Interharmonics 


Interharmonic modeling & simulation 

Perform voltage flicker limitation studies 
Interharmonic distortion indices 

calculation based on IEC 61000-4-7 

Handling of harmonics up to 250th order 
Automatic interharmonic frequency generation 
Manual or automatic harmonic spectrum generation 
Adjustable harmonic current base 

Adaptive Newtown-Raphson method 


Transient Stability Analysis 


Simulate any combination of system disturbances and operations 
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Induction/synchronous motor/generator dynamic models 
Frequency dependent machine models 
Frequency dependent network models 
Extensive dynamic machine models 
Phase-shifting transformer 
IEEE and selected manufacturer exciter, governor, and power system stabilizer models for generator 
IEEE Standard Synchronous Motor Models (2.1 and 2.2) 
Remote voltage control bus for all exciters 
Synchronous motor exciter/AVR system 
User-Defined Dynamic Models (UDM) interface for: 
v Exciter/AVR 
v Governor - turbine 
v Power system stabilizer 
Complete integration with User-Defined Dynamic Models for the Generator Start-Up Analysis 
Unlimited time events and actions 
Segment (fractional) faults for cables and transmission lines 
Time-slider toolbar for continuous display of results on the one-line diagram 
Automatic CB operation based on instantaneous relay settings: 
v Overcurrent (50) 
v Voltage (59/27) 
v Frequency (81) 
v Directional overcurrent (67) 
v Reverse power (32) 
v Motor overcurrent (50M) 
v Solid state trip (SST) 
User-customizable plots with option to overlay 
New plots for machine terminal impedance (for out-of-step relay setting) 
New plots for branch flows (MW, Mvar, MVA, and Amps) 
MOV starting 
Motor acceleration 
Motor load modeling 
Loss of excitation action 
Critical fault clearing time and system islanding time 
Fast bus transfer studies 
Impact loading and generator rejection 
Combined action list and time slider for stepping through events 
Configuration playback using dynamic continuity check 
Voltage limits applied to MOV open and close stages 
Line-to-line fault event simulation 
Line-to-line-to-ground fault event simulation 
Improved synchronous machine saturation model 
Enhanced built-in excitation systems 
Enhanced frequency-dependent network & generator modeling 
Microgrid Controller network parameter inputs to UDM 
Improved inverter transient response 
Enhanced UDM model library 
Plot Manager interface 


ETAP 1-19 ETAP 19.0 User Guide 


Product Description Specification 


User-Defined Dynamic Modeling 


Graphical model builder 

Compile and test directly from the UDM builder 

Control element toolbars including transfer blocks, input ports, output ports 

Automatic UDM links to components 

Build your own governor/turbine, exciter/AVR, and power system stabilizer control block diagrams 
for Transient Stability Analysis 

Lumped Load user-defined dynamic modeling 

Large selection of control blocks and elementary functions 

Stand-alone test model performance including isolated step response 

Complete integration with Generator Start-Up analysis 

Run-time compile within ETAP 

Utilize models within the Transient Stability Analysis 

Select user-built models within generator editors 

Import and export to Simulink® models 

Implement system-wide operations such as load shedding, fast bus transfer, islanding, etc. 


Dynamic Parameter Estimation Tuning 


Graphical platform to create and edit dynamic models 

Multiple input/output dynamic models 

Use actual field measurements with noise 

Any combination of generator, governor, exciter, load, network, etc. 
Compliance with NERC MOD standards 

Automated non-programmatic optimization approach 

Disturbance data from fault recorders and Synchrophasor 

Utilize ETAP User-Defined Dynamic Model to build custom models 
Multiple input data files for tuning purposes 

Easily change the initial or base values including block limits 
Compare results from multiple cases using DPET Result Analyzer 


Generator Start-Up Analysis 


Start generators from a cold state 

Load generators prior to synchronous speed 

Connect motors and loads at any desired frequency and voltage 

Generator and motor frequency dependent models 

Frequency dependent models for network components 

Requires Transient Stability Analysis and User-Defined Dynamic Modeling 


Cable Derating Analysis 


Neher-McGrath Method and IEC 287 

Steady-state cable temperature analysis 

Transient cable temperature analysis 

Cable ampacity optimization — uniform ampacity 
Cable ampacity optimization — uniform temperature 
Cable sizing 

Options to keep cable size and loading fixed 
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e Cable Armor & Sheath thermal calculation 


Ground Grid Systems 
e Analysis includes four different methods: 

v IEEE 80 — 1986, IEEE 80 — 2000, and IEEE 665 — 1995 

v Finite Element 
Graphic user interface for conductors and rods 
Graphic soil view 
Copy and paste grid 
Export to AutoCAD 
Handles irregular configurations of any shape 
Allows a two-layer soil model in addition to the surface material 
Unlimited conductors and rods 
Conductor segments can be oriented in any possible 3-D direction 
Complete integration with one-line diagram for elements placed on the grid and short-circuit values 
Calculates tolerable step and touch potentials 
Calculates Touch and Step potential outside the parameter 
Compares calculated step and touch potentials with tolerable limits 
Optimizes number of conductors with fixed rods 
Optimizes number of conductors and rods based on cost 
Calculate the maximum allowable current for conductors 
Compares allowable currents against fault currents 
Calculates ground system resistance 
Calculates ground potential rise (GPR) 
User-expandable conductor library 
Tabulates absolute, step, and touch potentials throughout the grid 
3-D plot of grid configuration showing conductors and rods 
3-D plots of absolute, step, and touch potentials 
Customizable output reports using Crystal Reports format 


Optimal Power Flow 


Comprehensive objectives and constraints 

Determine all control settings 

Ensure all controls are within limits 

Ensure all bus and branch constraints are met 

Ensure all objectives are met 

Minimize system operating cost 

Maximize system performance 

Minimize real and reactive power losses and circulating reactive power 
Minimize real power exchange with other systems (utilities or power grids) 
Maximize voltage security index 

Maximize branch loading security index 

Minimize series and shunt compensation 

Minimize load shedding 

Minimize control movements/actions 

Minimize generation fuel cost 

Generator fuel cost minimization 
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e =©Utility electricity cost minimization 
e Advanced load forecasting 
e Transmission line flow constant 


DC Load Flow and DC Short-Circuit Analysis 
IEEE 308, 446, 485, 946 Standards 

DC Short-Circuit 

DC Load Flow 

Voltage drop 

DC-DC converter elements 

Battery charger, inverter, and UPS elements 


DC Arc Flash Analysis 

Determine incident Energy & Shock Protection Boundary Calculations 
Maximum Power, Stokes & Oppenlander, Paukert Methods NFPA 70E 2012 Compliant 
Iterative method solution for photovoltaic array systems 

Integrated DC Short Circuit Analysis Software 

DC Arc Flash Result Analyzer 

Incident Energy Plots 

DC Arc Flash Labels 

Integrated DC Protective Device Library 

Determine Fault Clearing Time from DC protective devices 

MS Excel® Export & Report 


DC Battery Sizing and Discharge Analysis 

e Calculate battery discharge using an existing battery or using a battery that is automatically sized by 
ETAP 

e Battery discharge using DC Load Flow method or load summation method 

e Generate plots and reports using Crystal Reports 

e Use different diversity and correction factors such as, temperature, aging, initial capacity, and initial 
conditions 

e Plots for battery duty cycle, voltage, capacity, current, power and characteristics 

e Plots for branch flow, bus voltage, and bus loading 

e Use CSD options in battery discharge and sizing calculation 


Control System Diagram 


Drag and drop control relays, solenoid, cables, etc. 

Control logic simulation (breakers, contacts, etc.) 

Voltage drop calculation including inrush currents 

Automatic alert for pickup and dropout voltages 

Validate voltage requirements of controlling devices 

Use either duty cycle or inrush and burden rating for flexible device modeling 
Automatic overloading alerts 

Observe detailed steps of operating sequences with event viewer 
Comprehensive device library (verified and validated) 
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Reliability Analysis 


Analysis includes protective device effects on fault isolation and load restoration such as replacement 
and alternative supply 
Analysis also includes single and double contingency effects. 
Radial, looped, and multiple isolated system configurations 
Model each component with its own reliability characteristics 
Implements the user-defined parameters and settings 
Calculate load point and bus reliability indices: 

v Average Failure Rate [A] 

v Average Outage Duration [r] 

v Annual Outage Duration [y] 
Calculate system reliability indices: 

v System Average Interruption Frequency Index [SAIFI] 

v System Average Interruption Duration Index [SAIDI] 

v Customer Average Interruption Duration Index [CAIDI] 

v Average Service Availability Index [ASAT] 

v Average Service Unavailability Index [ASUI] 
Calculate reliability cost/worth indices for load points, buses, and system: 

v Expected Energy Not Supplied [EENS] 

v Expected Interruption Cost [ECOST] 

v Interrupted Energy Assessment Rate [[EAR] 
Rank element contributions to the cost/worth indices 
Sensitivity analyses for EENS and ECOST: 

v Element contributions to the EENS and their rankings 

v Element contributions to the ECOST and their rankings 
Customizable output reports using Crystal Reports format 
Reliability warehouse 
Multiple phase configurations 
GIS system element handling 
Unbalanced system reliability calculation 
Reliability new indices 

v CTAIDI 

v ALI 

v ACCI 
Reliability momentary indices 

v MAIFI 

v MAIDI 
Optimized for multi-core CPU 


Contingency Analysis 


N-1 & N-2 contingency assessment & ranking 


e Fast screening method to scan outage list 

e Multiple graphical outage lists 

e Automatic performance indices calculation 
e Summary report analyzer 

Unbalanced Load Flow 


Unbalanced power flow 
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Phase and sequence voltage and current 
Demand load and voltage drop 

Transmission line coupling 

Power factor correction 

Automatic device evaluation 

Automatic temperature correction 

Real and reactive power losses 

Series Fault or open phase condition modeling 


Time Domain Load Flow (TDLF) 


e Time Series Load Flow 

e Simultaneous time series simulation of AC & DC networks 
v¥ Demand & generation 
Y Diversity factor, demand factor, unbalance factors, etc. 
vY Voltage drop, energy losses, yield, and costs 

e Time series behavior of adjustable devices 

Y Transformer load tap changers 

¥Y Switched capacitor 

Y Voltage regulator 

Single & multi-year load growth analysis 

Irradiance, temp & load profile library 

Unified Load Flow 

Solve AC & DC systems together 

Solve LV power panel, UPS circuits & facility network simultaneously 

Handle load & source connection below panel 

Allows for panel & UPS loop connections 

Enhanced current limit modeling for inverters 

Optimized for multi-core CPU 


Transmission Line — Sag, Tension, and Ampacity 


Overhead line parameters and coupling 

Sag/tension vs. temperature 

Conductor ampacity vs. temperature 

Physical parameter to impedance calculator 

Multiple spans between dead-end structures 

Level spans of unequal length 

Solve spans of unequal length on different horizontal planes 
Include effects of wind, temperature, and k factor 


High Voltage DC Systems 


Detailed converter modeling 

Composite AC/DC inverter/AC systems 
Combined transformer model 

Automatic harmonic spectrum calculation 
Built-in control schemes 

Easy-to-use dynamic modes 
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Optimal Capacitor Placement 


Calculate most cost-effective installation locations 

Calculate best bank size 

Generate reports and plots of capacitor operating profit 

Voltage support and power factor correction 

Handle unlimited network configurations 

Use only user selected installation locations 

Constrain maximum capacitors installed at a location to user specified quantity 
Utilize individual and global constraints 


eTraX eTraX™ - Rail Traction System 

AC & DC Railway Simulation 

Overhead Catenary System 

Track Resistance 

Traction Substation (TSS) & Switching Station (SSP) 
Traction Rectifier - Controlled & Uncontrolled 

Train Station & Platform 

Insulator, Insulated Overlap, neutral section & Isolator 
Traction transformers - Auto, Booster, Scott-T 

Signal, Speed Limit, Level Crossing 

Distance, Elevation & Bend Radius 

Train Performance Calculation 

Solve unbalanced AC & DC systems together 

Unified AC & DC Time Series Power Flow 

Optimized for multi-core CPU 

Track Editor & Warehouse 

Line Editor & Warehouse 

Route & Timetable Editor 

Automatically generate train timetable based on number of trains, head-way, dwell time, etc. 
Import train schedule from Excel format for faster data entry 
ae plots using Plot Manager 

Rail energy consumption including maximum, peak & average rolling demand 
Trip profiles - acceleration, speed, elevation, etc. 
Substation power flows & voltages 

Train power flows & voltages per route 

Rail voltage, track potential 

e Alerts based on EN 50163 & EN 50329 standards 


GIS Interface (ESRI ArcGIS) 


Database mapping via a graphic user interface 
Display unlimited GIS presentations 

Perform add, modify, or delete actions 

View modifications and accept/reject actions 
Use map tools — zoom in/out/extent, pan, etc. 
Control of analysis results displayed on GIS map 
Map attributes of GIS to ETAP elements 


EN 
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Synchronize GIS data to ETAP projects 
Consistency checks during synchronization 
Substitute missing information with ETAP data 


Geospatial Diagram 


Intelligent Geospatial Diagram 

Feeder & Substation Diagrams 

Geospatial model manager 

Import from 3rd Party geodatabases 

Synchronized with one-line diagram 

Download background map tiles from Bing or Google Maps using ETAP MapServer™ (requires API key) 
Edit Geospatial Diagram similar to the one-line diagram, such as add, modify, & reconnect elements 
Circuit & feeder tracing 

Decluttering, color themes, user-defined symbols 

Graphical display of study results & alerts 

Study result & alert animation 


Microgrid Modeling 


Transient Stability (TS) to User-Defined Dynamic Model (UDM) network control signal types 
Internal or external inputs from: 

Power system stability network 

Real-time input measurements or tags 

TS voltage & power flows from network can be accessed by UDM Microgrid Controller 
User-defined renewable energy models for Wind Turbine Generator & Photovoltaic Array 


Electrical Data Processing Program (e-DPP) 


Simplify/standardize data entry process 
Create data sheet and schedule templates 
Auto-generate data sheets and schedules 
Standard/user designed form sheets 
Unlimited project size 


EMTP Interface 


Export to EMTP-RV® 
Export to PSPCAD® 


ETAP — e-DPP Interface 


Database mapping via a graphic user interface 
Perform add, modify, or delete actions 

View modifications and accept/reject actions 
Map attributes of e-DPP to ETAP elements 
Synchronize e-DPP data to ETAP projects 
Consistency checks during synchronization 
Substitute missing information with ETAP data 
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ETAP - Excel Interface 


Import from Excel spreadsheet with free style format of input data 
Database mapping via a graphic user interface 

Perform add, modify, or delete actions 

Map attributes of Excel to ETAP elements 

Customize logic for data dictionary 

Add customized captions and headers to the spreadsheet 


SmartPlant Electrical Interface (Intergraph SPEL) 


Database mapping via a graphic user interface 
Perform add, modify, or delete actions 

View modifications and accept/reject actions via graphic user interface 
Map attributes of SPEL to ETAP elements 
Synchronize SPEL data to ETAP projects 

Map attributes of ETAP to SPEL elements 
Synchronize ETAP data to SPEL projects 

Data consistency checks during synchronization 
Substitute missing information with ETAP data 
Data range checking 

Library data addition 

Typical data substitution for missing parameters 
Log all mapping actions 

Integrate with ETAP projects 


AVEVA Electrical™ Interface 


Database mapping via a graphic user interface 

Perform add, modify, or delete actions 

View modifications and accept/reject actions via graphic user interface 
Data consistency checks during synchronization 

Substitute missing information with ETAP data 

Data range checking 

Library data addition 

Typical data substitution for missing parameters 

Log all mapping actions 

Integrate with ETAP projects 


E-SCADA Protocols 


IEC 61850 
Modbus 
DNP3 
OPC 

OPC UA 
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Real-Time Advanced Monitoring 


Continuous real-time monitoring 

Thin client monitoring 

Customizable Web-based interface and technology 

On demand data retrieval 

State estimator and load distributor 

Data reconciliation and consistency check 

Bad data detection and correction 

Alarm management and processing 

Energy cost monitoring 

Multi-console with multi-screen monitoring 

Graphical monitoring via ETAP one-line diagram 

Visual monitoring via Man-Machine Interface (MMI) 

Alarm annunciation with graphical interface 

Alert of equipment out-of-range violations, de-energized, etc. 
Real-Time Trending of electrical & non-electrical parameters resem 
Pseudo measurements (override measured data) 7 
OPC interface layer 

Message logging 

User-definable scan rates 

User-access levels 

Online control 

Trend measurements via web dashboards 

Predictive simulation from web clients 

Geospatial HMI interface 

Thin Client applications 

HMI Template Library 

Configurable web visualization and control 

Pre-defined scenario execution 


SYSTEM GENERATION 


State 


Esti Maloy 


Loag 
Distr; but, 


Disturbance Monitoring & Wave Capturing 
Digital Fault Recorder 

Synchrophasor Measurement Unit 

Replay recorded voltage and current waveforms 

Online and archive data trending: 

Current 

Voltage 

Power 

Frequency 

COMTRADE format 


Real-Time Event Playback 
Replay archived data at different speeds 
Improve operator knowledge 

Improve system operation 


e 
e 
e 
e Investigate cause and effect 
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e Explore alternative actions 
e Replay "what if" scenarios 


Real-Time Energy Management System (EMS) 


Shared decision making process 

Generator Controller 

Load Frequency Control 

Chain of logic controls and action validations 
Automatic steady-state optimization control 
Energy cost assessment 

Online control and automation 

Generator Load Sharing 

Demand Side Management 

Intelligent generation control & load distribution 
Autocontrol overload, overvoltage, undervoltage, etc. 
Autocontrol LTCs, circuit breakers, relays, valves, etc. 
Generation averaging with cost constraints 
Minimize MW & Mvar losses 

Peak shaving 

Minimize power factor penalties 

Intelligent inhibitive & permissive controls 
Optimize spin reserve 

Maximize voltage security index 

Supervisory & advisory control 

User-friendly logics & macros 


Real-Time Intelligent Load Shedding 


Optimize load preservation 

Reduce downtime for critical loads 

Redundancy with backup contingencies 

Simulate various disturbances and display the results 
Simulate and test ILS recommendations 

Automatic generation of Transient Stability cases 
Robust calculation methods 

Response to mechanical & electrical disturbances 
Display required minimum MW & selected loads 
Trigger & time dependent load shedding 
User-definable control logics & macros 

Neural network knowledge base 

User-definable system triggers 

Operator friendly graphical interface 

Display operating & recommended spin reserve MW 
Log & view ILS recommended load shedding 

Log & view system load shedding actions 

Unlimited load shedding schedules 

User-defined load priority & groups 

Link to annunciation systems (pagers, etc.) 
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Generate electrical and non-electrical output tags 

Post updating load shedding report in XML to a web URL 
IEEE 1613 & IEC 61850 based substation automation 
Breaker failure detection & management 

Intelligent Load Shedding Dashboard 

Thin-client HMIs 

Monitor spinning reserve, load to shed, load status 
Automatic & manual trigger controls 

Graphical load shedding event analyzer & viewer 
Hardware communication dashboard 
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1.2 Capabilities 


Elements 

Buses (License Dependent) Unlimited * 
Load Terminal Nodes Unlimited 
Branches Unlimited 
Equipment/Feeder Cables Unlimited 
Transformers with Tap Setting Unlimited 
Motors, Loads, MOVs, Capacitors, Filters, etc. Unlimited 
Nested Composite Networks Unlimited 
Nested Composite Motors Unlimited 
Presentations/Configurations/Data Revisions 

One-Line Diagram Unlimited 
Underground Raceway System Unlimited 
Control System Diagrams Unlimited 
Ground Grid Diagrams Unlimited 
Time-Current Characteristic Plots Unlimited 
Geographical Presentations (GIS Interface) Unlimited 
Configuration Status Unlimited 
Data Revisions (Base and Revision Data) Unlimited 
Loading Categories 

Each Motor, MOV, Load, etc. 10 
Generation Categories 

Each Generator and Power Grids 10 
Short-Circuit Program (AC and DC 

Faulted Buses Unlimited 
Motor Starting Program 

Motors Started Simultaneously Unlimited 
Starting Categories Unlimited 
Time Events Unlimited 
Transient Stability Program 

Dynamically Modeled Machines Unlimited 
Time Events Unlimited 
DC System 

Duty Cycle Categories 5 
Libraries 

Headers and Records Unlimited 
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1.3 ODBC (Open Database Connectivity) 


ETAP organizes and accesses its database using the latest industry standard - Microsoft ODBC® (Open 
Database Connectivity). ODBC drivers are readily available for Microsoft SQL Server®, among others. 
Thus, data can be integrated into the ETAP database using a commercially available DBMS (Database 
Management System). 


ODBC is the database connectivity component of Microsoft Windows® Open Services Architecture 
(WOSA) and is based on a Call Level Interface specification, which was developed by a consortium of 
over 40 companies (members of the SQL Access Group and others). ODBC provides a single system 
level interface for connecting front-end applications (like ETAP) with back-end services (such as DBMS). 


ETAP does not access the various different databases through each database’s native protocol or 
Application Program Interface (API). Instead, ETAP accesses all database activities through ODBC API. 
Database vendors provide the execution components for ODBC (ODBC drivers), allowing ETAP to 
directly communicate with many DBMS. 


Residing between ETAP and the DBMS is the ODBC Driver Manager. The ODBC Driver Manager 
allows you to configure various data sources (databases or database descriptions) for ETAP (or other 
applications) to allow exchange data. This configuration provides several benefits to you, the ETAP user. 
It allows you to work with any of several DBMS, those which you may already be familiar with or are 
already use in your facility. Additionally, you may use your existing DBMS to interrogate or browse the 
database of an ETAP project. 


ODBC enables you to access your ETAP databases by means of third party software. This allows you to 
manage your data and provides a simple method of transferring the data from ETAP into other media. 
You may also insert additional fields (along with values provided by ETAP) into the ETAP database 
tables. Certain limitations seen by various third party programs may exist. Inserting further columns may 
cause conflicts. Integration of the ETAP database at this level provides you with enhanced opportunities 
to integrate ETAP, and its engineering analysis capabilities, into other programming or database systems 
that possess additional functionality, which you may already employ. 


The ETAP database tables can be added to an existing database in a future release of ETAP. For example, 
you will be able to integrate ETAP into your electrical project database. 


This release of ETAP has been tested with Microsoft SQL Server DBMS. 
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1.4 Libraries 


ETAP libraries use Microsoft’s compound storage file structure (binary format). The contents of these 
files may be viewed using any DOC file viewer (DOC files, in this context, refer to compound storage 
files, not Microsoft Word.DOC files). DOC file viewers are intended to allow you to view, but not alter 
the libraries in any way other than through ETAP. 


ETAP library files (or portions thereof) may be exported. (Refer to the Engineering Libraries section for 
details on how to do this.) 


Example of an ETAP library structure: 


ETAP Libraries Cable Cable Header 

Cable Fire Protection: Cable Header Cable Size 
Fire Coating Cable Header Cable Size 
Fire Stop Cable Size 
Fire Wrap 

Transmission Line . 
Phase Conductor Cicbie Header ; 
Ground Wire Cable Size 

Motor Nameplate 

Motor CET Model 


Motor Characteristic Model 
Motor Load Model 


Fuse 

Relay 

Recloser 

Electronic Controller 

H¥ Circuit Breaker 

LV Circuit Breaker 

Trin Device 
Solid State 
Thermal Magnetic 


Electro Mechanical 
Motor Circuit Protector 
Overload Heater 
Battery 
Harmonic 


Interruption Cast 
Reliability 
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1.5 Help 


The complete contents of this User Guide are included in the online Help file. There are several methods 
for displaying Help contents in the ETAP program. 


Help Search 

Help for all Editors 

Help Line 

Function Key <F1> Help 

Help from the Project Toolbar 


Help Search 

Click on Help on the ETAP menu bar to conduct a Help search by using the Index or by doing a word 
search. The Help Search Editor contains Contents, Index, and Search pages. The Contents page allows 
you to browse the Help file chapter-by-chapter, just as in the ETAP User Guide. 


(» 
© ETAP 


File View | Help 


r= 
fs ETAP Real-Time Overview 

4 ETAP Real-Time Solutions Brochure 
fe ETAP Real-Time Video Presentations 


From the Index page you can view the Help index and display the contents of any item listed. To 
facilitate your search, type in the first few letters of the word or subject you are looking for. The index 
listing highlights the index item closest to what you have entered. 


The Search page enables you to look for words and phrases in the Help Topics instead of searching for 
information by category. Use this page to type or select the word(s) to define your search. 


@ ETAP He 

e > & & 

Hide Back Forward Print Options 

Contents Search A 
By ETAP Help Index = ETAP Enterprise Solution 

for Electrical Power Systems 


4) Chapter 01 - Product Description 

(4) Chapter 02 - Setup 

4) Chapter 03 - Overview 

#)-§@ Chapter 04 - Options (Preferences) 

4) Chapter 05 - Database and Project M 
w @ Chapter 06 - User Access Manageme 
(4) Chapter 07 - Printing and Plotting 
(#)-§@ Chapter 08 - Engineering Libraries 

(4) Chapter 09 - One-Line Diagram GU! 
(4)-§@ Chapter 10 - Menu Bars 

4) Chapter 11 - AC Elements 

ie) @ Chapter 12 - Instrumentation Elements 
(4) Chapter 13 - AC-DC Elements 

(#)-§@ Chapter 14 - DC Elements 

(4) Chapter 15 - Short-Circuit Analysis 
(#)-§@ Chapter 16 - STAR Protection and Cc 
4) Chapter 17 - STAR Views (TCC) 
(4)-§@ Chapter 18 - Arc Flash Analysis 

(4) Chapter 19 - Load Flow Analysis 

(8 Chapter 20 - Unbalanced Load Flow) ¥ 
< > 


ETAP 


Star Library List 


ONLINE HELP 


i) 


Tutorials Keyboard Shortcuts 


ETAP User Interface 


Chapter 01 - Product Description 


Chapter 03 - Overview 

Chapter 05 - 3D Database 
Chapter 07 - Printing and Plotting 
Chapter 09 - One-Line Diagram 
Chapter 11 - AC Elements 
Chapter 13 - AC-DC Editors 
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Chapter 02 - Setup 

Chapter 04 - Preferences 

Chapter 06 - User Access Management 
Chapter 08 - Engineering Libraries 
Chapter 10 - Menu Bars 

Chapter 12 - Instrumentation Elements 


Chapter 14 - DC Elements 
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Help for Editors 


Help buttons are provided for all editors. Click on the Help button to display the description for all pages 
of the selected editor. 


13.8kV 800 Amps 


Info 


ID Sub2A 
NominalkV 13.8 


Bus Voltage 


“VV kV Angle 
Initial §=101.524 14.01 12 


Opersing [9 «oO 


@ 3 Phase 


1 Phase 2W 


— 


1 Phase 3W 


Load Diversity Factor 
Min. 


Max. 
80 % 140 % 


Voltage Limit (Motor Starting Only) 
Min. 90 ¥& 
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Help Line 

Help lines for all entry fields are available in ETAP. To view the Help line, click in any entry field. Its 
description will be displayed at the bottom of your screen. For example, this image has the Magnitude of 
Bus Voltage field selected. 


CC T , 
% Study View (Edit Mode) - ETAP 14.0.0 o(s| x J 
File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 


BEE 8B SER 4QQQ8H oo BEBE S & HA O- | & sample detaut - [a7 


> 3B Base > 5B study view > Study View > +“ Normal ~ fe. 


iF A se ae Bus Editor - Sub2A 


: Harmonic Reliability Remarks Comment 
OS sade Info — Load | — [Rating [Ae Fash | Protection 


13.8kV 800 Amps Asymmetrical 0kA 


Info 


ID Sub2A 


ei 


Tay 
<1 |3 
JaBeueyy wajsis <@ 


2 


NominalkV 13.8 


Bus Voltage 
“Vv 
Initial =101.524 


@ 3 Phase 


1 Phase 2W 
1 Phase 3W 
Load Diversity Factor 
Min. Max. 
80 % 140 % 
Syni 


1250 HP 
Voltage Limit (Motor Starting Only) 


Min. 90 %& 


Duration 0 


13932 QAM © FS 


Magnitude of bus voltage - initial value in kV 


Function Key <F1> Help 
Press <F1> to display Help in the currently active window. For example, open the Bus Editor and select 
the Load page, then press <F1>. The Load page Help screen will be displayed. 
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Help on the Project Toolbar 


Click on the Help button located on the Project toolbar to display Help screens. The Help button is 
indicated by a question mark. Click once on the Help button. A question mark (?) will appear beside the 
cursor. Move the cursor to any item that you need more information about, and then click again. The 
Help screen for that item will be displayed. 


¥ SuayvenEatwode-H700 


File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window 


BBE 6B SER 5QQQ SHR oa SERRS & Balle 


> SK Base > [By study view * Study View + +- Normal ’ 7 


Van le li \. Pts @ dy 


Jabeue yy wajsis <@| 
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1.6 Automatic Backup of ETAP Projects 


In order to maximize protection of the ETAP projects and prevent loss of data, ETAP is enhanced to 
maintain backup copies of the project files. Backup files are created when any of the following actions 
are performed: 


e Conversion from a previous version of ETAP 
e Opening of a project 
e Saving of a project 


Backup During Conversion 


When you open a project that was created with a previous version of ETAP, the program automatically 
creates a backup of the project. During this process, the following message is displayed: 


rc 


Old version of database 


20016 => 23007 
This database needs to be converted to the current version of ETAP. 


ETAP makes an automatic backup of this database in your project folder 
(BACKUP folder). 


Do you wish to convert now? 


When you click on Yes, the program automatically creates a backup of the project, and then performs the 
conversion. The backup copy of the project is created inside a directory named “BACKUP,” which is a 
subdirectory of the project directory. 


Folders x 


=) PowerStation 4] 
(+) Convert 
(Ca Example 


(9) Formats302 | 


“ 


[+] Formats400 
Lib 

LMSetup 
| Macros 
Other 
OTI_project1 


BACKUPS 
blind 


[+] 


M- 
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Only the ETAP project files are backed up (*.OTI, *.MDF, *.PSO, *.GRDS, and *.CPXS). Output 
report files must be backed up manually. 


During the backup process, ETAP logs the files that are backed up in the message log. 


Backup During Opening 

When you open a project file, ETAP automatically creates a backup of your project. This is saved in the 
backup directory as “ProjectName~” as seen on the image below. If the project “ProjectName~” already 
exists, then ETAP overwrites the previous version with the latest backup. 


|_|) test1~.GRDS 
(A test1~.MDF 
2 test1~.oti 
__| testl~.pso 


This feature allows you to keep a backup copy of your project every time you open the project. 


When opening a LocalDB ETAP project, ETAP automatically creates a backup of the SQL database in 
the directory LocalDB/Backups and gives the name of the project “ProjectName~” followed by the 
extension *.bak. This is a standard SQL Database backup file. 


Backup During Saving 


When you save your project, ETAP creates a backup copy of the project files in the backup directory. 
The backup copy is named “ProjectName~~”. 


These project files are temporary. Every time you save the project, ETAP overwrites the files, allowing 
you to keep a previously saved project. However, when you decide to close the project, ETAP clears the 
temporary backup whether you save the project or not. 


In the case that ETAP is shutdown abnormally, the temporary backup files will not be cleared; therefore, 
you will have the last saved copy of your project. In addition, the backup copy of the project created 
when you first opened the project is also available. 


Disabling/Enabling Backup Function 

By default, ETAP is set up to create and update backup files during the opening of the project and before 
every save. To disable the backup feature, go to Options (Preferences) under the Project Database section 
and across from the Automatically Create Project Backup and change True to False. When this entry is set 
to False, ETAP does not create backup files of the current version. However, it does create backup files 
when converting from a previous version. 


Opening LocalDB Backup Files 

LocalDB backup files are stored at *.bak files in the LocalSQL/Backup directory of the OTI project. 
When you open a project that was created with a previous version of ETAP, the program creates a backup 
of the project. You may restore from one of those backup database files at any time. 


Close ETAP and launch the Microsoft SQL Server Management Studio and login with your credentials. 
Right-click on the database you wish to restore and click Tasks->Restore->Database... 
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Bring Online 


Files and Filegroups... 


Transaction Log... 
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Select “From Device” and locate the *.bak file you wish to restore from and click OK. 


Select or type the name of a new or existing database for your restore operation. 


To database: EXAMPLE_ANSI 
To a point in time: Most recent possible 


Source for restore 


Specify the source and location of backup sets to restore. 
~) From database: SQL_EXAMPLE_ANSI 
@ From device: 
Select the backup sets to restore: 
Restore Name Component Type Server 
Connection 
Server: 
DEV-ALBERTOM\SGLEXPRESS. 


Connection: 
OTl\alberto martinez 


33 View connection properties 


Microsoft SQL Server Management Studio will notify you when the restore is complete. You may now 
launch ETAP and open the project and the state of the database will be that of the restore file. 
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Setup 


This chapter describes how to install ETAP for stand-alone systems and network licenses. It contains the 
following sections: 

e System Requirements for ETAP includes minimum and recommended settings. 

e ETAP installation provides a step-by-step procedure for installing ETAP and the License Manager. 

e ETAP User Guide installation provides a step-by-step procedure for installing ETAP User Guide. 


e ODBC Configuration provides detailed instructions on the successful installation of SQL Server. 
SQL server requires an advanced knowledge of Windows networking, application installation, and a 
licensed copy of SQL Server. 


Note: ETAP 11.1 and higher no longer supports Oracle Database. 


e ETAP Startup illustrates how to start the program after successful installation. 


e ETAP Licensing describes security hardware keys and different ETAP licensing configurations, 
where they are applied, how they work, and which operating systems are required. 


e License Manager Installation describes the installation of the ETAP License Manager for network 
licensing of ETAP. 


e License Manager Verification shows how to verify the ETAP License Manager installation. 


e Installation Maintenance (Uninstall) describes how to remove or modify the currently installed 
version of ETAP. 


e User Guide Removal describes how to uninstall the ETAP User Guide. 
e License Manager Removal describes how to uninstall the ETAP License Manager. 


e System Optimization describes the computer hardware, virtual memory file size, and ODBC DSN 
buffer size requirements to increase the speed of ETAP operation. 


e DataX Manager Installation provides a step-by-step procedure for installing ETAP DataX Manager. 
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2.1 System Requirements 


Operating System (64-bit) 


Microsoft® Windows® 10 (Home Premium, Professional, Enterprise) 
Microsoft Windows 8 & 8.1 (Standard, Professional) 

Microsoft Windows 7 (Home Premium, Professional, Ultimate, Enterprise) 
Microsoft Server 2016 (Standard) 

Microsoft Server 2012 & 2012 R2 (Standard) 


Software Prerequisites 


Internet Explorer® 10 or higher (or minimum version level specified by the Operating System) 
ETAP launches the following installations: 


Microsoft .NET Framework v3.5 (SP1) 

Microsoft .NET Framework v4.0 

Microsoft .NET Framework v4.5 

Microsoft .NET Framework v4.6.2 

Microsoft SQL Server Compact 3.5 (SP2) 
Microsoft Windows Update (KB2670838) 
Microsoft SQL Server 2012 Express LocalDB (x64) 
Microsoft SQL Server 2012 Native Client (x64) 
Microsoft SQL Management Studio 2012 (x64) 


Other Third Party Software 


Microsoft SQL Management Studio 2012 (x64) 
Mango DB 

DB Browser for SQLite 

Python 3.5 


PC Configuration Requirements 


ETAP 


64-bit hardware 
USB port 
Ethernet port w/ network access (if network licensing required) 
DVD Drive, 10 to 80 GB hard disk space (based on project size, number of buses) 
Recommended Display 
o 19" monitors or higher 
oO Dual monitors highly recommended 
oO Resolution — 1920x1080 
oO Font size — 100% - 125% 
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Recommended Hardware 


100 Bus Projects 1,000 Bus Projects 

Intel Core i5 or better — 2.4 GHz or better Intel Core i7 or better — 3.0 GHz or better 
8 GB RAM 16 GB RAM (high-speed) 

500 Bus Projects 10,000 Bus Projects and Higher 
Intel Core i5 or better — 3.0 GHz or better Intel Core i7 or better — 3.0 GHz or better 
8 GB RAM 32 GB RAM (high-speed) 


2.2 ETAP Installation 


This section describes the installation procedure for Windows 7/8/10 and Windows Server 2012/2016, of 
ETAP 19.0 using a Microsoft SQL Server, or local db database. ETAP provides all the necessary tools to 
build and maintain the Microsoft SQL databases used for your ETAP projects. Other database formats 
such as Microsoft SQL Server require a separate license from the appropriate software 
developer/distributor. 


2.2.1 Uninstalling Previous Versions of ETAP 


The latest ETAP installation can coexist with earlier releases of ETAP. Removing older versions of 
ETAP is not necessary to run the latest version. 


If you would like to uninstall earlier versions of ETAP, go to the Control Panel and select Add or Remove 
Programs. Then select and uninstall any earlier ETAP installations. Any user-created files, as well as the 
ETAPS.INI file and the ETAPLIBX.LIB file (where X is 6, 7, 11, 12, 14, 16, and 18 depending on the 
version) will not be removed by the uninstall procedure. 


ETAP Setup uses the uninstaller of the previous versions to uninstall them. 


@ ETAP 18.1.1 = x 


Modify Setu p 


Repair Uninstall Close 
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2.2.2 Installing ETAP 


This section provides a step-by-step installation procedure for: 


1. ETAP Software including libraries, example projects, help file and more 
2. ETAP User Guide 
3. ETAP License Manager required for all stand-alone and network licenses 


Installation Options 


Online 
To download the new ETAP release, login to ETAP Help Desk, using your valid Help Desk account. 


1. Visit support.etap.com and log into your ETAP Help Desk account. 
2. From the FAQ tab, click “Download ETAP” and continue as prompted. 
3. Once the download is complete, extract the files and run ETAPINSTALLER.exe 


DVD 
Insert ETAP DVD and run ETAPINSTALLER.exe 


Before Installing 


1. You must have administrator rights to your computer 
2. Close all other applications 


Note: ETAP installation will automatically include engineering device library (lib) and main program 
executable (etaps64.exe) into Windows Defender Exclusion List. This is to prevent Windows Defender 
from scanning the engineering library when linked to a project file. 


Language Settings 
Verify the correct language package settings are installed with an English Operating System to properly 
view the translated output reports. The settings for each operating system are provided below: 


Operating System Language Package Settings 
Windows 7 Ultimate & 1. Control Panel / Windows Update / Restore hidden Updates 
Enterprise 2. Select the language 


1. Control Panel / Clock, Language, and Region / Language 

2. Select the language 

1. Start Menu / Settings / Time & Language / Region & Language 
2. Select the language 


Windows 8 


Windows 10 


Note: The operating systems listed above are required to properly view Japanese and Chinese Output 
Reports with an English operating system. 


For more information on Windows Language Package Settings, view Microsoft Technical Support for 
Language Package Settings. 
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Activation Code 


As needed, ETAP will prompt you for a software Activation Code which is located on the ETAP DVD 
sleeve or provided to your IT contact via email. 


Software prerequisites 


ETAP automatically installs prerequisites as needed. For a complete list of prerequisites, refer to the 
System Requirements section of this installation guide. 


In this installation procedure, your DVD drive is designated as the D: drive. If this is not the case, replace 
the letter D with the correct designation of your DVD drive. 


The same installation procedure is used to install ETAP regardless of the licensing method (stand-alone 
system or network). 


1. ETAP Installation Manager 


6 Software & License Manager 4 Software 
License Manager > DataX Manager (XM) 
User Guide 


etapAPP™ 
fe fe fo 


# tee downoad 


Stand-Alone License 


ETAP and ETAP License Manager will be automatically installed on the same computer. ETAP Security 
Key must be located on this computer. 


Network License 


Install the ETAP License Manager on a computer designated as the ETAP License Manager Server. In 
this configuration, the ETAP Security Key must be located at the ETAP License Manager Server. 
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2. License Agreement 


2 ETAP 19.0.0 a x 


ETAP LICENSE AGREEMENT A 
IMPORTANT - READ CAREFULLY: 


A NOTICE. IF YOU (AS DEFINED BELOW) HAVE PREVIOUSLY EXECUTED A LICENSE AGREEMENT ("PRE-EXISTING AGREEMENT ) WITH 
THE LICENSOR (AS DEFINED BELOW) FOR THE SOFTWARE KNOWN AS “ELECTRICAL TRANSIENT ANALYZER PROGRAM” AND TO THE 
EXTENT THAT THE PRE-EXISTING AGREEMENT CONFLICTS WITH THE TERMS OF THIS AGREEMENT, THE PRE-EXISTING AGREEMENT 
SHALL GOVERN YOUR RIGHTS AND OBLIGATIONS WITH REGARD TO THE PORTION(S) OF SUCH SOFTWARE BEING INSTALLED AT THIS 
TIME AND THE ETAP LICENSE AGREEMENT THAT FOLLOWS SHALL NOT GOVERN YOUR USE OF THE SOFTWARE REGARDLESS OF YOUR 
ACCEPTANCE OF THIS AGREEMENT BY CLICKING “ACCEPT” BELOW. HOWEVER, ANY TERMS OF THIS AGREEMENT WHICH DO NOT 
CONFLICT WITH THE PRE-EXISTING AGREEMENT WILL APPLY AND GOVERN YOUR USE OF THE SOFTWARE AND BY INSTALLING, 
ACCESSING, OR USING THE SOFTWARE YOU AGREE THAT SAME IS SUFFICIENT TO SATISFY THE *“WRITTEN CONSENT” REQUIREMENT 
WITH REGARD TO ANY AMENDMENT MODIFICATION OF THE PRE-EXISTING AGREEMENT. YOU (‘‘LICENSEE™ AS DEFINED BELOW) MUST 
READ THIS ETAP LICENSE AGREEMENT CAREFULLY BEFORE INSTALLING, ACCESSING, OR USING THE SUBJECT SOFTWARE, AS DEFINED 
IN THE AGREEMENT BELOW. BY CLICKING THE “ACCEPT” BUTTON BELOW, (A) YOU INDICATE YOUR ACCEPTANCE OF THE TERMS AND 
CONDITIONS STATED IN THE ETAP LICENSE AGREEMENT BELOW ON BEHALF OF THE ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT 
(EG. AN EMPLOYER OR PRINCIPAL) AND ACKNOWLEDGE THAT SUCH ENTITY IS LEGALLY BOUND BY THIS AGREEMENT, OR IF THERE 
IS NO SUCH ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT, YOU ACCEPT THIS AGREEMENT ON BEHALF OF YOURSELF AS AN 
INDIVIDUAL AND ACKNOWLEDGE THAT YOU ARE LEGALLY BOUND BY THIS AGREEMENT, AND (8) YOU REPRESENT AND WARRANT 
THAT YOU HAVE THE RIGHT, POWER AND AUTHORITY TO ACT ON BEHALF OF AND BIND SUCH ENTITY (IF ANY) OR YOURSELF. 


IF YOU ARE NOT AUTHORIZED TO ENTER INTO THE AGREEMENT BELOW, OR IF YOU DO NOT CLICK “ACCEPT BELOW, THEN YOU MUST 
CLICK ON THE **CANCEL” BUTTON BELOW, YOU MUST NOT INSTALL, ACCESS, COPY OR USE ANY PART OF THE SOFTWARE AND YOU 
MUST RETURN THE SOFTWARE AND ACCOMPANYING DOCUMENTATION TO LICENSOR. 


| agree to the license terms and conditions 


Options LS) Install Close 


3. Welcome 
i ETAP 19.0.0 = x 


Power System Enterprise Solution 


Pumenng Succoss 


Welcome to the Setup Wizard for ETAP 19.0.0 


install ETAP 19 our computer. To continue, cli 


ollaborative Engineering & 
Team-Based Operation 


Print EULA 
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4. System Requirements 


i ETAP 19.0.0 


Information 
Please read the following text 


) Collecting information 
@ Preparing installation 
@ Installing 


@ Finalizing Installation 


etap 19 


Smart Collaborative Engineering & 
Team-Based Operation 


5. Previous Version Reports 


if ETAP 19.0.0 


) Collecting information 
@ Preparing installation 
@ Installing 


@ Finalizing Installation 


etap 19 


Collaborative Engineering & 
Team-Based Operation 


Power System Enterprise Solution 


System requirements for ETAP 19.0.0 
IETAP 19.0.0 System Requirements 


Operating System (64-bit) 

Microsoft Windows® 10 (Home Premium, Professional, Enterprise) 

Microsoft Windows 8 & 8.1 (Standard, Professional) 

Microsoft Windows 7 (Home Premium, Professional, Ultimate, Enterprise) (SP1) 
Microsoft® Server 2016 (Standard) 

Microsoft Server 2012 & 2012 R2 (Standard) 


Other Software Requirements 

Internet Explorer® 10 or higher (or minimum version level specified by the Operating 
System) 

ETAP launches the following installations 
Microsoft .NET Framework v3.5 (SP1) 

Microsoft .NET Framework v4.0 

Microsoft NET Framework v4.5 

Microsoft .NET Framework v4.6.2 

Microsoft SQL Server Compact 3.5 (SP2) 
Microsoft Windows Update (KB2670838) 
Microsoft SQL Server 2012 Express LocalDB (x64) 
Microsoft SQL Server 2012 Native Client (x64) 


ee a a ee 


Power System Enterprise Solution 


Output Reports to be installed 


Ii Install previous version ETAP reports (16.0) 


Refer to the installation guide for appropriate regional and language settings to properly view the 
output reports in different languages 


Cancel 


Note: All previous version ETAP reports will also be available on ETAP Help Desk for download. 


ETAP 
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6. Installation Path Selection 


i ETAP 19.0.0 


Choose Destination Location e . 
Select the folder where setup willl install files Po wer System En terprise Solution 


) Collecting information 
@ Preparing installation 
@ installing 


@ Finalizing Installation 


etap 19 


Smart Collaborative Engineering & 
Team-Based Operation 


7. Installation Complete 


i ETAP 19.0.0 


) Collecting information 
) Preparing installation 
) Installing 


) Finalizing Installation 


etap 19 


sollaborative Engineering & 
Team-Based Operation 


ETAP 


Setup will install ETAP 19.0.0 in the following folder. 


To install to this folder, click Install. To install to a different folder, click Browse and select another folder 


[C\ETAP 1900 


Add ETAP to Windows Defender exclusion list 


Power System Enterprise Solution 


ETAP 19.0.0 setup has completed successfully. Click 
‘Finish’ to exit the setup wizard. 
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The following is an example of typical folders created by ETAP: 


AutoCAD_GGS 

BB Cieen .ini ond exe.conteg files 
|) Convert 

©) Dateblocks 
Datetxxamples 

| | DatafuRes 

|) DXPBlocks 

ETAP AT Documentation 
EtapKey 

|| FrapSeada 

| | EtapScedaintegrator 
Example-ANSI 

rmple- IEC 


‘xample Other 
Eample-RT 
ExcelTemplates 
Fitters 
Formats1200 
| Feemat: 
|) Formats1400 
|| Formats1410 
|| Formats 1600 
©) Install Guide 
Bw 

License Manager 
1) Macros 

MS_Map Tides 

| MSI Files 

Other 


8. The installation program then continues with installing the License Manager. You will see several 
messages stating that the License Manager is being installed followed by a License Manager 
Welcome screen. Click Next to continue. 


ETAP License Manager 19.0.0 for 64-bit Machine - InstallShield Wizard x 


@ A previous version of ETAP License Manager has been detected. 


ETAP Installer will remove this previous version, and install the latest 
license manager. 

The updated license manager is compatible with earlier versions of 
ETAP. 


Note: If a License manager for a previous version is detected, the installer will remove it before 
installing the updated License Manager. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


Power System Enterprise Solution 


Welcome to the InstallShield Wizard for ETAP License Manager 19.0.0 for 64-bit 
Machine 


Manager 19.0.0 for 64-bit Machine on your computer. To 
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9. The installation and use of ETAP License Manager is governed by the terms and conditions of the 
ETAP License Grant and Agreement. These terms must be accepted before the installation can 
continue. Click Yes. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


License Agreement 


Please read the following live efully Power System Enterprise Solution 


Press the PAGE ey to see the rest of the agreement. 


ETAP LICENSE AGREEMENT 
IMPORTANT - READ CAREFULLY: 


A NOTICE. IF YOU (AS DEFINED BELOW) HAVE PREVIOUSLY EXECUTED A LICENSE AGREEMENT 
(PRE-EXISTING AGREEMENT’) WITH THE LICENSOR (AS DEFINED BELOW) FOR THE SOFTWARE 
KNOWN AS "ELECTRICAL TRANSIENT ANALYZER PROGRAN,” AND TO THE EXTENT THAT THE PRE- 
EXISTING AGREEMENT CONFLICTS WITH THE TERMS OF THIS AGREEMENT, THE PRE-EXISTING 
AGREEMENT SHALL GOVERN YOUR RIGHTS AND OBLIGATIONS WITH REGARD TO THE PORTION(S) 
OF SUCH SOFTWARE BEING INSTALLED AT THIS TIME AND THE ETAP LICENSE AGREEMENT THAT 
FOLLOWS SHALL NOT GOVERN YOUR USE OF THE SOFTWARE REGARDLESS OF YOUR 
ACCEPTANCE OF THIS AGREEMENT BY CLICKING "ACCEPT BELOW. HOWEVER, ANY TERMS OF 
THIS AGREEMENT WHICH DO NOT CONFLICT WITH THE PRE-EXISTING AGREEMENT WILL APPLY 
AND GOVERN YOUR USE OF THE SOFTWARE AND BY INSTALLING, ACCESSING, OR USING THE 
SOFTWARE YOU AGREE THAT SAME IS SUFFICIENT TO SATISFY THE "WRITTEN CONSENT” 
REQUIREMENT WITH REGARD TO ANY AMENDMENT / MODIFICATION OF THE PRE-EXISTING 
AGREEMENT. YOU (‘LICENSEE” AS DEFINED BELOW) MUST READ THIS ETAP LICENSE AGREEMENT 
CAREFULLY BEFORE INSTALLING, ACCESSING, OR USING THE SUBJECT SOFTWARE, AS DEFINED IN 
THE AGREEMENT BELOW. BY CLICKING THE "ACCEPT* BUTTON BELOW, (A) YOU INDICATE YOUR 
ACCEPTANCE OF THE TERMS AND CONDITIONS STATED IN THE ETAP LICENSE AGREEMENT BELOW 
ON BEHALF OF THE ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT (E.G, AN EMPLOYER OR 
PRINCIPAL) AND ACKNOWLEDGE THAT SUCH ENTITY IS LEGALLY BOUND BY THIS AGREEMENT, 
OR IF THERE IS NO SUCH ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT, YOU ACCEPT THIS 

ollaborative Engineering & AGREEMENT ON BEHALF OF YOURSELF AS AN INDIVIDUAL AND ACKNOWLEDGE THAT YOU ARE 

Team-Based Operation 


Powering Success 


C 


Cancel 


10. Remove the ETAP security key and disable any Antivirus Program scanning at during this installation 
process. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


Driver files installation. 


Power System Enterprise Solution 


~) 
Ps Remove the ETAP security key and disable the anti-virus program scanning during this 
process. 


Powering Success 


To continue, click Next. 


Collaborative Engineering & 
Team-Based Operation 
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11. A message will appear informing that the driver installation for the ETAP security key was 
successfully installed. Click Ok to continue with the installation. 


Sentinel Run-time Environment Insta... X 


Operation successfully completed. 


12. When the installation of ETAP License Manager is complete, the installer displays the ETAP 
License Manager Installation Setup Complete screen. Click Finish to continue with the 
installation. 


ETAP License Manager 19.0.0 for 64-bit Machine 


Power System Enterprise Solution 


InstallShield Wizard Complete 


Setup has finished installing ETAP License Manager 19.0.0 for 64-bit Machine on your computer. 


Collaborative Engineering & 
eam-Based Operation 


Cancel 


13. The installer displays the Setup Status screen and starts copying files to your installation of ETAP. 
The installer also adds an ETAP shortcut to the program folder. By default, the Setup program will 
create a program folder named ETAP 1900. 


Billboards will be shown during the file transfer period. These billboards highlight some of the latest 
features and technologies of ETAP. 


14. When the installation is complete, the installer displays the ETAP Installation Complete screen. 


You can check the “Launch ETAP” option and click Finish to automatically run ETAP. If you choose 
not to run ETAP automatically, leave the box unchecked. 
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Depending on your operating system and your system configuration, the installer might display the 
ETAP Installation Complete screen and ask you to restart the machine. Select to restart the machine 
so that any configuration changes that were made can take effect. 


2.2.3 Installing the ETAP Library File 


If the installation folder chosen during the ETAP installation contains an ETAP library with the name 
etaplib1900.lib, the installation program will preserve the existing ETAP library. 


The installation program renames the existing ETAP library to oldetaplib1900.lib before installing the 
new library etaplib1900.lib. If an oldetaplib1900.lib already exists on the target computer, the installation 
program directs you to make a backup copy of the old file or move the old file into a different subfolder. 
Otherwise, the installation program will overwrite the current oldetaplib1900.lib with a copy of the 
existing etaplib1900.lib. 


2.2.4 Registering Data Source Name 


The installation program automatically sets up and registers the ODBC Data Source Names (DSNs) and 
otireportsql. Additional DSNs, otisql, otilocaldb, and otireportsldb (required for reporting), can be added 
by the user to support SQL and LocalDB, respectively. 


2.2.5 Completing the ETAP Installation 


When the ETAP installation is completed, an ETAP program shortcut is automatically placed on your 
desktop. The Setup program also creates an ETAP program shortcut in the Start menu under All 
Programs. 
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2.3 ETAP User Guide Installation 


The installation program also installs ETAP 19.0.0 User Guide along with other documents such as: 
ETAP Product Overview, ETAP 19.0.0 New Features, ETAP Real-Time Overview, System 
Requirements, Installation Guide, and ReadMe. The ETAP 19.0.0 User Guide and related documents can 
be viewed through the Installer Program without having to install the User Guide. This can be done by 
simply clicking on the User Guide option below the Documentation (PDF) section of the Installer 
Program. 


1. To install the ETAP User Guide, select the ETAP User Guide option that appears below the 
Installations section of the Installer Program. 


Software & License Manager 4 Software 
waxy «(stall desktop software (64-bit) waxy «(stall desktop software (64-bit) 
& License Manager Network license 


Stand-alone license 


License Manager ["s» DataX Manager (DXM) 
re Install ETAP License Manager for ' J Install DXM For Mobile <-> ETAP 
Network license Data Transfer 


(Requires intemet connection) 


User Guide 


Install ETAP User Guide 


2. Click Next on the Welcome screen to continue. 


ETAP User Guide 19.0.0 x 


Power System Enterprise Solution 


Welcome to the InstallShield Wizard for ETAP User Guide 19.0.0 


The InstallShield Wizard will install ETAP User Guide 19.0.0 on your computer. To continue, dick 
Next. 


Smart Collaborative Engineering & 
Team-Based Operation 
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3. Setup requires the name of a destination folder on your hard drive where you would like the ETAP 
User Guide application to be installed. The default destination folder is C:\ETAP User Guide 1900. 
To install the program in a different location, click Browse and select or type a new destination 
folder. Click Next. 


ETAP User Guide 19.0.0 x 


Choose Destination Location 


Select folder where setup will install files. Power System Enterprise Solution 


Setup willl install ETAP € 1€ following folder 


is folder ex 0 a different folder, dick Browse and select another 


estination Folder: 


User Guide 1900\ 


4. When the installation is complete, the installer displays the ETAP User Guide Installation 
Complete screen. Click Finish, to complete the installation of the User Guide. 


ETAP User Guide 19.0.0 


Power System Enterprise Solution 


InstallShield Wizard Complete 


9.0.0 on your computer. 


When the ETAP User Guide installation is completed, the Setup program also creates an ETAP User 
Guide program shortcut in the Start menu under All Programs. 
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2.4 ODBC Configuration 


A System Data Source Name (DSN), versus a User DSN, gives any user logged into the computer access 
to this driver. By default, the ETAP Setup program will configure and register system DSNs necessary to 
run ETAP with Microsoft SQL Server (otisql, otireportsql, otilocaldb, and otireportldb (required for 
reporting), can be added by the user to support SQL and LocalDB. 


2.4.1 SQL Server Database 


SQL Server requires a custom installation with information specific to your network and the SQL Server 
setup. ETAP requires you to already have SQL Server 6.5 or higher installed on your network. 


1. Inthe Control Panel, open Administrative Tools, and then open Data Sources (ODBC) or (ODBC 32- 
bit Administrator). Windows displays the ODBC Data Source Administrator dialog box. 


2. Click the System DSN page, and then click the Add button. 

3. Select the SQL Server entry in the Name column. Click Finish. 

4. Inthe Name text box, enter otisq]. 

5. Inthe Description text box, type a description of this data source that you will recognize. 


6. In the Server text box, type the name of the server you will be using. Consult your network 
administrator or SQL Server administrator for this information. 


7. Click Next twice, and then make sure the following options are selected (ETAP runs at least four 
times faster if selected): 


rc 


Pn 


t 


c 


Note: The SQL Server may require some system-dependent installation procedures. Contact your 
network administrator or Operation Technology, Inc. for technical assistance. 
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2.4.2 Local SQL Database 


Local SQL is defined as any SQL Server in which the ETAP User is assigned as the Sys admin Server 
Role on the SQL Server. This allows the user to have sufficient SQL Server rights to automatically 
perform actions on the SQL Server that allow the database to be added, attached, detached, and destroyed 
without IT (or other) intervention. 


1; 


5. 


6. 


In the Control Panel, open Administrative Tools, and then open Data Sources (ODBC) or (ODBC 32- 
bit Administrator). Windows displays the ODBC Data Source Administrator dialog box. 


Click the System DSN page, and then click the Add button. 

Select the SQL Server entry in the Name column. Click Finish. 

In the Name text box, enter otilocalsql 

In the Description text box, type a description of this data source that you will recognize. 


In the Server text box, type the name of the server you will be using. 


2.4.3 SQL Reporting 


In order to support Crysal Reports with SQL and Local SQL, an additional DSN must be included with 
the otisql or otilocalsql dsn for projects. The same SQL Server used when setting up otisql or otilocalsql 
is used for this dsn. 


1. 


In the Control Panel, open Administrative Tools, and then open Data Sources (ODBC) or (ODBC 32- 
bit Administrator). Windows displays the ODBC Data Source Administrator dialog box. 


Click the System DSN page, and then click the Add button. 

Select the SQL Server entry in the Name column. Click Finish. 

In the Name text box, enter otireportsql 

In the Description text box, type a description of this data source that you will recognize. 


In the Server text box, type the name of the server you will be using. 
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2.5 ETAP License Wizard 


After the complete installation, launch ETAP using the ETAP shortcut on your desktop or go to the Start 
menu and select All Programs, ETAP 19.0.0. 


When ETAP is launched for the first time, it may generate the ETAP License Wizard. The ETAP License 
Wizard allows you to setup the location of the ETAP licenses. This Wizard was introduced in ETAP 
5.9.0. For previous license setups refer to their appropriate documents. 


1. Upon launching ETAP, the ETAP License Wizard prompts you with the ETAP License Path 
Selection Editor. In this editor the first option is automatically selected to be your computer. If 
the Stand-Alone or the ETAP Network key is located on your computer, click OK to continue. 


ETAP License Path Selection [ere-Som| 


Computer Name or IP Address of ETAP License Server 


ENG-ARYAZ 


@  otifs02 


| LM Server Info... 


| Help Cad | Cancel | 


2. If the ETAP Network key is located on a server machine, then select another path option and 
enter the server name or the IP address in the provided field. The five entries are designed to 
easily switch between ETAP Network keys. You may have several network keys with different 
configurations. ETAP keys must be installed on separate PCs. Click OK to continue. 


ETAP License Path Selection [eS 


Computer Name or IP Address of ETAP License Server 


Your computer name is automatically entered 


C) Enter your server name or IP Address Here. 


| LM Server Info... | 


| Help | Cad] | Cancel | 


Refer to section 2.8, License Manager Server, for details on installation. 
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ETAP Key is Found Successfully 
If the installation is done properly, the ETAP License Wizard displays a message that the ETAP key is 
found successfully! 


Click OK. 


in 
License Manager Server : 


License Manager Server : a“ 


ETAP key is found successfully. 


"I 


Results: 
Connected :95 Licenses :256 


= 


ETAP Key is Not Found 
If the ETAP license key is not found at the port that was previously specified, the ETAP License Wizard 
displays a message that the ETAP key is not found or the License Manager is not ready. 


License Manager Server : 


License Manager Server : , 


ETAP key is not found or the License Manager is not readyt 


ETAP License Manager Service (Etaps Lic Mgr) 

In that case, verify that the License Manager is installed on the specified location and that the service is 
started. You can do so by going to the Control Panel\Administrative Tools\Services. Find the Etaps Lic 
Mgr entry from the listing of services. This entry should exist and the Status should show as Started. 


ETAP 2-18 ETAP 19.0 User Guide 


Setup ETAP License Wizard 


Services 


File Action View Help 


eo \HlSssibm|> aun 


C& Services (Local) 
Etaps Lic Mgr Name = _ Description Status Startup Type Log On As = 
; S4 CNG Key Isolation The CNG ke... Manual Local Syste... 
steal ts COM+ Event System Supports Sy... Started Automatic Local Service ia 
“4 COM+ System Application Manages th... Manual Local Syste... § 
“4 Computer Browser Maintains a... Manual Local Syste... 7 
<é, Credential Manager Provides se... Started Manual Local Syste... a 
“& Cryptographic Services Provides fo... Started Automatic Network S... 
Sé DCOM Server Process Lau... TheDCOM... Started Automatic Local Syste... 
“4 Desktop Window Manager... Provides De... Started Automatic Local Syste... 
&é, DHCP Client Registers an... Started Automatic Local Service 
“4, Diagnostic Policy Service The Diagno... Started Automatic Local Service 
S& Diagnostic Service Host The Diagno... Started Manual Local Service 
“, Diagnostic System Host The Diagno... Manual Local Syste... 
S@ Diagnostics Tracking Servi... The Diagno... Started Automatic Local Syste... 
“& Disk Defragmenter Provides Dis... Manual Local Syste... 
“, Distributed Link Tracking... Maintains li... Started Automatic Local Syste... 
“4, Distributed Transaction C... Coordinates... Manual Network S... 
&é, DNS Client The DNS Cli... Started Automatic Network S... 
S& Encrypting File System (EFS) Provides th... Manual Local Syste... 
© 4 Etaps Lic Mgr Started Automatic Local Syste... 
G4 Extensible Authentication... The Extensi... Manual Local Syste... 
i, Fax Enables you... Manual Network S... 
© Function Discovery Provid... The FDPHO... Started Manual Local Service 
\\ Extended A Standard Fi 


If this service does not exist you must install the License Manager from the ETAP DVD. 


If the Etaps Lic Mgr is not started then right-click on the entry and Start it. You can also double-click on 
this service and Start it. 


Firewall 
If the service starts but the client machine fails to receive authorization, check the server machine to 
ensure that the Windows’ firewall is not blocking incoming traffic. 


To do this, go to the server machine and select “Run/Control Pane/Windows Firewall”. On the General 
page, note whether the Firewall is On or Off. If it is on, go to the Exceptions page and see if the License 
Manager is listed and checked. If not, select the Add Port... button. Enter the Etaps Lic Mgr for the 
Name and enter 6260 as the Port Number. Ensure that TCP is selected. Also check the checkbox that 
requests a notification if a program is blocked and click OK. Click OK on the previous pages until you 
return to the Control Panel. You may have to coordinate with your IT department to open this port. 


Next, go to the client machine and select “Run/Control Pane/Windows Firewall”. If it is on, go to the 
Exceptions page and check the checkbox that requests a notification if a program is blocked and click OK 
on all pages until you return to the Control Panel. This should cause Windows to notify you if it blocks a 
request from ETAP to access the License Manager. 


ETAP 2-19 ETAP 19.0 User Guide 


Setup ETAP License Wizard 


ETAP License Manager Uses TCP/IP 
To determine if you have TCP/IP installed, go to Control Panel/Network Connections. 


1. It should list all network connections for your computer. Locate the appropriate connection under 
LAN or High-Speed internet. 


2. Right-click on the connection and select properties. 


3. If you have TCP/IP installed, there will be an item listed and checked "Internet Protocol 
(TCP/IP)". 


4. If you do not have TCP/IP installed, the item may be listed but NOT checked. In such case, there 
is no need to continue with this procedure, since you do not have TCP/IP installed. 


5. If it is checked, select the Internet Protocol (TCP/IP), and then click on properties. The resulting 
Properties will have a general tab. “I need to know the settings on this page”. Generally, most 
companies use Obtain an IP address automatically and Obtain DNS server address automatically. 


Now that we know you have TCP/IP installed, please do the same thing (exact same procedure) on the 
computer running the License Manager. 


If both your computer and the License Manager computer have TCP/IP installed, do the following on the 
computer running the License Manager: 


1. Open a Command Prompt (Start/All Programs/Accessories/Command Prompt). 


2. Type the following in the Command Prompt (without the quotes of course) "netstat -a". (This will 
tell us what ports are set up on the Etaps lic mgr server). 


3. You should see an entry that lists "TCP the_server_computer_name:6260 ... LISTENING" which 
shows that the computer is listening for a TCP connection on port 6260. Port 6260 is the License 
Manager default port. 


4. Next enter the following in the Command Prompt - "ipconfig". You should see a listing which 
contains the IP address of the computer. Note the address to ensure that it matches the address 
that you have entered at the ETAP client computer. 


Next, go to your client computer, open a Command Prompt, and enter "ping ip_address" where 
ip_address is a placeholder for the IP Address that you obtained above from your License Manager 
computer. The ping results should indicate the time that it took to ping the computer. If the ping is not 
successful, it will print a timeout message. 


You should also use ping to check address translation from your computer by entering "ping 
lic_manager_computer" where lic_manager_computer is a placeholder for the computer name on which 
you have installed the License Manager. If both pings pass, you can enter either the name of the License 
Manager computer *or* it’s IP Address in the ETAP client. Both should succeed. Otherwise, make sure 
that you have entered the IP address of the License Manager computer in the ETAP client License 
Wizard. 
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ETAP Activation Code 


If this is the first time you are launching ETAP 19.0.0, ETAP prompts you for an Activation Code. Enter 
the 48 character Activation Code or Borrowing License Activation Code (case sensitive). 


The following entries are generated in the ETAPS.INI file and the Activation Code is saved as shown 
below. 

[Etap PowerStation] 

LicIndex=0 

[AppVariables] 

LicPathO=Your Server Name or IP Address 

LicKeyCode0=Your ETAP Activation Code 


r 


Enter your Activation Code 


License Path 
Server Name 


ETAP Customer Name Version 16.1.0C 
Operation Technology Inc 


ETAP Serial Number 


Activation Code 


‘Your Activation Code may be found on the case containing your ETAP DYD. 


Keep this number in a safe place. Do not lose it. it may be required if, 
for any reason, you want to re-install this version of ETAP. 


ea GE 


& x a OO 7 r mE SERED MEASLES 7 


When authorization is received, it generates the License Administrator dialog box. It shows the total 
number of licenses and what users are connected to the License Manager Server and displays a message 
that the ETAP key is found successfully. 


R 
License Manager Server : 


License Manager Server : 


ETAP key is found successfully. 


Wm 


Results: 
Connected :95 Licenses:256 


ETAP 2-21 ETAP 19.0 User Guide 


Setup ETAP License Wizard 


ETAP Enterprise =) 


Cempuace I User [_ lente [toe | | herria 
1 = wan 
3 


Server Nome 


7 Users Connected [~ 97 


+ Tout Lcerwed [280 
fig) 


Er3 Activation Code 


18) Update 


The following entries are generated in the ETAPS.INI file and the Activation Code is saved as shown 
below. 


[Etap PowerStation] 
‘LicIndex=’1 to 5 depending on LicPath 


[AppVariables] 
‘LicPath1=’ to ‘LicPath5=’ 
‘LicKeyCode1=’ to LicKeyCode5=’ 


The ETAP License Wizard may be launched when opening an existing ETAP project. The ETAP Logon 
Editor includes an ETAP License Wizard button to launch the Wizard. The ETAP Logon Editor is the 
first editor that appears when you open a project. This option may be used to get ETAP license 
authorization from different locations. 


r 
ETAP Logon 


Project File 


Name Example-ANSI 


Path C:\ETAP 1610\Example-ANS| 


User 


Name etap 


ETAP License Wizard ... | 
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2.6 ETAP License Information 


To view information regarding your ETAP license, launch ETAP, go to Help on your main toolbar and 
select About ETAP. 


File View | Help | 
(aS Help Search 

i ‘ xa Support & Training 
— | Help Desk Portal 
Technical Tutorials 
Resource Center 


Events Schedule 


ETAP® Product Overview 
Software Release Updates 
Grid™ - Integrated Smart Grid Solutions 
Real-Time™ - Power Management System 
ADMS™ - Advance Distribution Management System 
uGrid™ - Microgrid Master Controller 
ILS™ - Intelligent Load Shedding 
eTraX™ - Railway Traction System 
DataX™ - Data Exchange 


ETAP® Enterprise Solution 
Generation 
Transmission 
Distribution 
Industrial 
Transportation 


Low Voltage Commercial 
Request Pricing 


About ETAP... 


Selection of the About ETAP option opens the ETAP Enterprise dialog box. ETAP Enterprise consists of 
three pages: About, Capabilities and License. 
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About 


The About page includes the following information regarding your ETAP: 
- ETAP version 
- Copyright information 
- ETAP address and web site 
- ETAP support contact information 
- Sales contact information 
- Licensee information 
Licensee name 
ETAP serial number 
Number of buses 
Configuration (Network/Stand-alone) 
License type (Nuclear, Commercial, Advantage, Educational) 


Capabilities 
This page of the ETAP Enterprise lists all the available ETAP modules. Modules included in your 
package will be shown in black letters. Modules not included in your packaged will be grayed out. 


License 
In the License page, information regarding your license usage is displayed. 


Stand- Alone Licenses 

For the stand-alone licenses, the port used for your hardware key and your ETAP Activation Code is 
displayed. You can update the ETAP Activation Code from this page. You may need to change your 
ETAP Activation Code if you have purchased new modules/capabilities or you wish to switch to another 
key which has a different configuration than your current one. 


The Display License Managers button allows you to view any network licenses that you have specified as 
options for connection. This feature also provides information regarding the selected network license such 
as the following: 


Server name 

Total number of licenses 

Number of users connected 

Connected computer name 

User name 

Login time 

Ticket number (ETAP assigns a unique ticket number to each connection and for duration of that 
connection.) 


To connect to a specific network license, you must open your project and from the ETAP Logon Editor 


click on ETAP License Wizard. The ETAP Logon Editor is the first editor that appears when you open a 
project. 
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2.7 ETAP Licensing 


2.7.1 Security Hardware Keys 


Starting with ETAP 11.0.0, ETAP will utilize the following type of security hardware key to license the 
use of the software: 


Stand-Alone Hardware Key Placed and resides on the back of your computer 
Network Hardware Key Placed and resides on a License Manager Server 


*A Network hardware Key is required for Borrowing Licenses 


ETAP will provide an ETAP key for USB ports. 


ETAP-OTI 1600 
The driver for the ETAP-OTI-1600 key is located in the following path: 


64-bit machines: 
C:\Program Files (x86)\Operation Technology Inc\ETAP License Manager 1900\ haspdInst.exe 


Please contact sales at sales@etap.com or 949-900-1000 for any key replacement. 


Note: ETAP will no longer support the black parallel keys and the blue USB-1410 keys. 


2.7.2 Stand-Alone System Version of ETAP Licensing 


A stand-alone system hardware key is placed directly on the USB or parallel port of the computer that 
will be running the software. Starting from ETAP 6.0.0, the ETAP License Manager will be automatically 
installed for the stand-alone systems. The ETAP License Manager program and the stand-alone key 
provide authorization for ETAP operation. 


2.7.3 Network Version of ETAP Licensing 


A network security hardware key requires a Windows 7/Windows 8 or above, or Server 2016/2012 
workstation or server. Place the network hardware key on the back of the computer/server designated to 
license ETAP. This will be the permanent location of the key — do not remove it once it is operational. 


Installation on Windows must be performed by a user account with Windows Administrative privileges. 
The network installation can be done with the License Manager 19.0.0 Setup program provided on the 
ETAP 19.0.0 DVD, started from the ETAP Installer program, or installed manually. Regardless of how 
the network installation is done, the steps to be performed are the same. 
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2.7.4 ETAP License Checkout/Borrowing 


ETAP License Borrowing (License Check-Out) is a licensing feature that permits clients with a multi- 
user network key to generate ETAP license activation codes that can be used as stand-alone licenses on 
independent computers without the need to be connected to the company network License Manager. A 
Borrow Code may be generated to be used on one specific computer; once the Borrow Code is activated, 
that license will be subtracted from the overall network key total and will only be automatically available 
again after the expiration period. 


Requirements: 


e Network license - LAN, Regional WAN or WAN (does not apply to Stand-Alone licenses) 
e License borrowing option requires ETAP Hardware Key (Version 3 - Green key) to be connected 
at LM Server computer at time of Borrow Code activation 


Capabilities: 


e License borrowing option can be set up through the ETAP LM Configuration console. 

e Borrowed license can run with the computer disconnected from the network until the borrowing 
period ends. 

e Borrowed duration is determined per user account. 

e When the borrowing period expires, the borrowed license is automatically returned to the LM 

Server. 

LM tracks and keeps count of remaining / available licenses for checkout 

Borrowed license cannot be returned / terminated before the expiration date 

Borrowed license duration are configuration from 1 day up to 120 days 

Borrowed licenses are linked to the computers used during Borrow Code activation 


It is recommended that network administrators limit network license borrowing to those users who 
specifically need to take licenses on the road. It is recommended that administrators set the maximum 
borrow period to an amount of time that corresponds with how long these users will be away from the 
license manager. These settings are controlled using LM Configuration console. 
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Borrowing Code Generation 


The following process is executed from the computer where the Network License Manager is installed. 
Borrowing user does not need to be connected at this point. 


1. From the START menu, go to All Programs/ETAP 19.0.0 and right-click on License Manager 
Console and select to “Run as administrator". 


Troubleshoot compatibility 

Open file location 
Pin to Taskbar 
Pin to Start Menu 


e Default Programs 
al Desktop Gadget Gallery 


Restore previous versions 
r= Internet Explorer 
€4 Windows DVD Maker Send to U 
§23 Windows Fax and Scan 
© Windows Media Center _ 
Windows Media Player Copy 
df Windows Update eink 
A XPS Viewer @ Rename 


ad Accessories 


? ETAP 16.1.0 Help = Control Panel 
Devices and Printers 
‘| System Requirements 
2 User Guide 


db Games Help and Support 
a Maintenance 


,) NVIDIA Corporation + 
4 Back 


Default Programs 


Search programs and files 


The ETAP License Manager Configuration console will open and display the License Manager 
status and Network Key configuration. 
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TCP Port 


Local Configuration 
Hardware key 
Network (10) 
TEST-10 


“Start? ETAP LM Configuration. By default the ETAP LM Configuration will be running, but if 
previously stopped press “Start” to run. 


SS S| 


Local Server OTI-00422 


Service Etaps LMService 


TCP Port 6260 


Local Configuration 
Unknown 


2. Goto “Borrow” tab. 


ETAP 


Local Server: Network License Manager host identification 

Duration: Duration of Borrow Code; cannot be changed or canceled until set expiration. 
Borrow period can range from 1 to 120 days. Borrowed license will automatically 
become available after expiration. 

Generate Code: Generates unique code that can only be used one time by one single 
user. Code will be tied to Duration and computer that activates ETAP using each unique 
code. Codes will not count against Network Key available users if discarded and never 
activated on a computer. 

Send: When Outlook is available, ETAP LM Configuration will automatically generate 
an email that includes the Borrow Code information. If Outlook is not available, ETAP 
LM Configuration will generate a Notepad file that can be emailed to user independently. 
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e Expiration Date: The Borrow Code expiration date and time are automatically generated 
and displayed from the time of code generation and selected duration. 


a. Specify “Duration” and generate Borrow Code by clicking “Generate Code”. Note: 
Expiration Date is automatically displayed. 


ETAP License 
LM Service | Borrow | Activation | License 


Local Server OTI-00422 


Duration Days (Note: License Borrow code cannot be terminated prior to expiration date) 


= a ee 
Expiration Date 17:19:56 Friday, December 28, 2012 


b. After the Borrow Code is generated, email code information to end user by clicking “Send” 


a ‘AP License 


LM Service | Borrow Activation | License 


Local Server OTI-00422 
Duration 10 Days (Note: License Borrow code cannot be terminated prior to expiration date) 
aaa 
Expiration Date 17:19:56 Friday, December 28, 2012 


If Outlook is available, an email with the Borrow code information will be automatically 
generated when clicking “Send”. 
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(J Attach File © Follow Up ~ 


(a9 Attach Item~ = High Importance 


Address Check 
Book Names  [g Signature + § Low Importance 


Names | Include Tags &| Zoom | 


Subject: | 


Attached: | |__ Your borrow code.txt (157 B! 


Remote Server : OTI-00422 
Remote Server TCP Port: 6260 


Borrow Code: 
Expiration Date : 17:19:56 Friday, December 28, 2012 


If Outlook is NOT available, a Notepad file will be generated when clicking “Send”. 


Send this file to the PC the license will be checked out to. 


OTI-00422 
Remote Server TCP Port: 6260 
Borrow Code : 
— Date : 17:19:56 Friday, December 28, 2012 
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Borrowing Code Activation 


The following process is executed by end user who must be connected to the company Network during 
activation. Note that the end user must contain the Borrowing License information including Remote 
Server, Borrow Code and Expiration Date information, from the Network Key’s ETAP License Manager 
administrator and must also have the ETAP License Manager, version 12.0 or higher, installed in the 
computer used at time of activation. See Section 2.9 for help with License Manager Installation. 


1. From the START menu, go to All Programs/ETAP and right-click on License Manager Console 
and select to “Run as administrator". 


Troubleshoot compatibility 


Open file location 
Pin to Taskbar 
Pin to Start Menu 


| @ Default Programs 
i) Desktop Gadget Gallery 


Restore previous versions 
@ Internet Explorer 
€4 Windows DVD Maker Send to > 
§2§ Windows Fax and Scan 
ta Windows Media Center =o 
Windows Media Player Copy 
df —— Update Delete 
A XPS Viewer @ Rename 


ad Accessories 


? ETAP 16.1.0 Help Control Panel 


Devices and Printers 


2 System Requirements 
2 User Guide 


7 Games Help and Support 
& Maintenance 


ad NVIDIA Corporation + 
4 Back 


Default Programs 


Search programs and files 


2. “STOP” ETAP LM Configuration Console 
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a ETAP License Manager Configuratic 
LM Service Borrow | Activation | License | 


Local Server OTI-00422 
Service Etaps LMService 


Start Start 


TCP Port 6260 


Local Configuration 
Hardware key 
Network (10) 
TEST-10 


3. Go to “Activation” tab 
e Local Server: Computer name of machine being used. 
e Remote Server: Server hosting the ETAP License Manager. Server that generated the 
Borrowing Code. 
e Borrow Code: Code received from Remote Server and used to identify and link the 
computer hardware to the license being borrowed. Each borrow code is unique. 


a. Input Remote Server Information and Borrow Code information received from ETAP’s 
Network Key License Manager Administrator. Borrow Code is case sensitive; it is 
recommended to copy and paste the Borrow Code information from email received. 


5 4 Ea EE =. ) 
ai! ETAP License Manager Configuration x 
[ LM Service | Borrow | Activation | License 
Local Server ENG-RICARDOD 
Remote Server OTI-00422 
Remote Server TCP Port 6260 
Verify Code 
Stopped 


———— —_ ———_ = i 


b. Click on “Verify Code” to verify Borrow Code validation. Code expiration details will be 
automatically generated. 
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Note: Once the license is activated, it cannot be returned or terminated until the expiration 
date. 


Click on “Activate License” to finalize activation of verified code. 


The following message will be generated when activation is successful: “Borrow successful! 
Please restart local License Manager Service!” 


ai! ETAP License Manager Configuration (ee 


LM Service | Borow Activation | License 


—s 


Local Server ENG-RICARDOD 
Remote Server OTI-00422 
Remote Server TCP Port 6260 
Borrow Code 


Expire at : 17:19:56 Friday, December 28, 2012 
Borrow successful! Please restart local License Manager service! 


a 


Local Server OTI-00422 


Service Etaps LMService 


ETAP License Manager will automatically display updated “Local Configuration” details. 
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ENG-RICARDOD 


Btaps LM Service 


Start 


Local Borrowing License has been successfully activated and ready to use. At this point it is no longer 
necessary to be connected to Company’s Network Server. 


Launch the ETAP program as normal. ETAP version must be 12.0 or higher. ETAP will prompt end user 
to enter Activation Code. 


Note: Activation Code is different from Borrow Code. The Activation Code must also be provided by 
ETAP’s Network Key License Manager Administrator. The Activation Code is the code used for the 
Network Key itself and is provided by ETAP at the time of purchase. 


r 
Enter your Activation Code ==) 


License Path 


ETAP Customer Name Version 16.17.00 


Operation Technology Inc 


ETAP Serial Number 


Activation Code 


‘Your Activation Code may be found on the case containing your ETAP DVD. 


Keep this number in a safe place. Do not lose it, it may be required if, 
for any reason, you want to re-install this version of ETAP. 
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License Termination 


Please note that the Borrowing License cannot be terminated under any condition. The Borrowing license 
will automatically terminate at the time and date of expiration provided at the time of Borrow Code 
generation and confirmed at activation. Only users connected to Network Key license can be terminated. 


Company Name 
TEST 10 USER 


ee a 


1. From the START menu, go to All Programs/ETAP 19.0.0 and right-click on License Manager 
Console and select to “Run as administrator". 


2. Goto “License” tab. 


a. From ETAP’s Network Key Administrator’s view: 

e The “License” tab lists all ETAP Licenses being used from the same Network 
Key 

e Users connected to Network Key do not display Check Out or Expiration 
information 

e Users using a Borrowing License will display a Check Out (Borrow) Code and 
Expiration information 

e Key Type is noted as Hardware Key for the main Network Key 

e “Terminate” button only allows users connected through Network Key to be 
terminated 

e “Terminate” button will not end Borrowing License sessions 

e “Refresh” button can be clicked to refresh the list of licenses in use 
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2.8 License Manager Server 


For the purpose of running ETAP, the computer containing the network hardware key is called the 
License Manager Server. The License Manager Server needs to be on and running to issue authorization 
for client computers to run ETAP. Each computer running ETAP (Windows 7/8/10, Server 2016/2012) 
requests authorization from the License Manager Server via a LAN or WAN. If the License Manager 
Server does not issue the requested authorization, ETAP will not run. 


The License Manager Server computer does not need to have the ETAP program software installed. 


2.8.1 ETAP License Manager 


The ETAP License Manager is a Windows 7, 8, 10, Server 2016, and Server 2012 workstation/server 
program that assists the network security hardware key in licensing the use of ETAP. The network 
hardware key provides licensing of up to 254 simultaneous users of ETAP via a local area network (LAN) 
and/or a wide area network (WAN). The ETAP License Manager manages the administration of 
simultaneous ETAP users as set forth in the terms of your ETAP license agreement. 


Due to the nature of virtual machines, it is possible to replicate the ETAP License Manager in violation of 
its intended number of users as per the ETAP License Grant and Agreement; therefore, ETAP prevents 
the operation of the License Manager on a virtual machine. 


Note: Proper operation of ETAP requires the installation of the ETAP License Manager on the License 
Manager Server and, during each user system ETAP installation, entering the License Manager Server 
name or IP address. 


To connect to a specific network license you must open your project and from the ETAP Logon Editor 
click on ETAP License Wizard. The ETAP Logon Editor is the first editor that appears when you open a 
project. 


r ry 
ETAP Logon |-23-] 
Project File 
Name Example-ANSI 
Path C:\ETAP 1610\Example-ANSI 
User 
Name etap 


| ETAP License Wizard... | 


| OK Cancel | 


i A 


The network hardware key and the ETAP License Manager use minimal processor time and do not 
require more than 10MB of free disk space for proper operation. Make sure the system meets the ETAP 
minimum hardware requirements. 
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2.9 License Manager Installation 


ETAP 5.0 or higher will use this method of installation. Earlier versions will use the manual installation 
method described in the following section. You can also use the manual installation procedure if the 
ETAP License Manager Installation program does not successfully install the ETAP License Manager. 


2.9.1 Automated ETAP License Manager Installation 

On the ETAP DVD, a separate Setup program is provided to install the ETAP License Manager. To 
install the License Manager on a Windows 7/8/10, Server 2016/2012 workstation or server, do the 
following: 


1. Insert the ETAP DVD into the DVD drive. The installer displays ETAP Installer dialog box. 


Select ETAP “License Manager”. 


o Software & License Manager L Software 
way «(stall desktop software (64-bit) way «(stall desktop software (64-bit) 
& License Manager Network license 


Stand-alone license 


License Manager {[>» DataX Manager (DXM) 
Install ETAP License Manager for ‘ | Install DXM For Mobile <-> ETAP 
Network license Data Transfer 


(Requires intemet connection) 


User Guide 
Install ETAP User Guide 
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2. ETAP Setup displays the ETAP License Manager Welcome dialog box for version 19.0.0. Click 
Next. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


Power System Enterprise Solution 


etap 


© powering Success 


Welcome to the InstallShield Wizard for ETAP License Manager 19.0.0 for 64-bit 
Machine 


Setup will install ETAP License Manager 19.0.0 for 64-bit Machine on your computer. To 
continue, dick Next. 


etap 19 


mart Collaborative Engineering & 
Team-Based Operation 


3. The ETAP License Agreement is displayed. Click Yes to accept the terms of the agreement. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


License Agreement 


Power System Enterprise Solution 


DOWN key the rest of the agreement. 
ETAP LICENSE AGREEMENT 


IMPORTANT - READ CAREFULLY: 


P e ta A NOTICE. IF YOU (AS DEFINED BELOW) HAVE PREVIOUSLY EXECUTED A LICENSE AGREEMENT 
(PRE-EXISTING AGREEMENT") WITH THE LICENSOR (AS DEFINED BELOW) FOR THE SOFTWARE 
KNOWN AS ELECTRICAL TRANSIENT ANALYZER PROGRAM” AND TO THE EXTENT THAT THE PRE- 
EXISTING AGREEMENT CONFLICTS WITH THE TERMS OF THIS AGREEMENT, THE PRE-EXISTING 
AGREEMENT SHALL GOVERN YOUR RIGHTS AND OBLIGATIONS WITH REGARD 10 THE PORTION(S) 
OF SUCH SOFTWARE BEING INSTALLED AT THIS TIME AND THE ETAP LICENSE AGREEMENT THAT 
FOLLOWS SHALL NOT GOVERN YOUR USE OF THE SOFTWARE REGARDLESS OF YOUR 
ACCEPTANCE OF THIS AGREEMENT BY CLICKING "ACCEPT BELOW. HOWEVER, ANY TERMS OF 
THIS AGREENENT WHICH DO NOT CONFLICT WITH THE PRE-EXISTING AGREEMENT WILL APPLY 
AND GOVERN YOUR USE OF THE SOFTWARE AND BY INSTALLING, ACCESSING, OR USING THE 
SOFTWARE YOU AGREE THAT SAME IS SUFFICIENT TO SATISFY THE "WRITTEN CONSENT” 
REQUIREMENT WITH REGARD TO ANY AMENDNENT/MODIFICATION OF THE PRE-EXISTING 
AGREEMENT. YOU (LICENSEE” AS DEFINED BELOW) NUST READ THIS ETAP LICENSE AGREEMENT 
CAREFULLY BEFORE INSTALLING, ACCESSING, OR USING THE SUBJECT SOFTWARE, AS DEFINED IN 
: THE AGREEMENT BELOW. BY CLICKING THE "ACCEPT’ BUTTON BELOW, (A) YOU INDICATE YOUR 
eta 1 ACCEPTANCE OF THE TERMS AND CONDITIONS STATED IN THE ETAP LICENSE AGREEMENT BELOW 

ON BEHALF OF THE ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT (E.G, ANENPLOYER OR 

PRINCIPAL) AND ACKNOWLEDGE THAT SUCH ENTITY IS LEGALLY BOUND BY THIS AGREEMENT, 

OR IF THERE IS NO SUCHENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT, YOU ACCEPT THIS 
Smart Collaborative Engineering & AGREEMENT ON BEHALF OF YOURSELF AS AN INDIVIDUAL AND ACKNOWLEDGE THAT YOU ARE 

Team-Based Operation 


© Powering Success 


Cancel 
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Due to the nature of virtual machines, it is possible to replicate the ETAP License Manager in 
violation of its intended number of users as per the ETAP License Grant and Agreement; therefore, 
ETAP prevents the operation of the License Manager on a virtual machine. 


4. Remove the ETAP security key and disable any Antivirus Program scanning at during this installation 
process. 


ETAP License Manager 19.0.0 for 64-bit Machine x 


Driver files installation. 


Power System Enterprise Solution 


Please perform the below information. 


Remove the ETAP security key and disable the anti-virus program scanning during this 
process. 


To continue, click Next. 


Smart Collaborative Engineering & 
Team-Based Operation 


5. A message will appear informing that the driver installation for the ETAP security key was 
successfully installed. Click Ok to continue with the installation. 


Sentinel Run-time Environment Insta... 


Operation successfully completed. 


6. When the installation of ETAP 19.0.0 License Manager is complete, the installer displays the ETAP 
19.0.0 License Manager Installation Setup Complete screen. Click Finish to complete the 
installation. 
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ETAP License Manager 19.0.0 for 64-bit Machine 


Power System Enterprise Solution 


InstallShield Wizard Complete 


Setup has finished installing ETAP License Manager 19.0.0 for 64-bit Machine on your computer. 


Smart Collaborative Engineering & 
Team-Based Operation 


2.9.2 Installing ETAP for Network Licensing 


For each client machine, install ETAP per installation instructions in section 2.2 of this document. 


To run ETAP, each user must be a registered user on the License Manager Server. As a minimum, each 
user must be a member of the Users group on the License Manager Server. If you use Domain 
Administration as provided by the Windows server, it is sufficient to add the Domain Users group to the 
License Manager Server’s User Manager/Policies/User Rights/Access. 


In addition, during each user system ETAP installation, proper operation of ETAP requires entering the 
License Manager Server name. You can change the key selection and License Manager Server name 


setting on a user system at any time after the installation. 


To change the server name launch ETAP, open your project and from the Logon Editor, click on the 
ETAP Key Wizard and change the Server Name. 


To change your key from one model to another, insert the new key, click on the Start\All Programs\Reset 
License Manager. This program configures the License Manager for the key model you have selected. 
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2.9.3 Updating the ETAPS.INI File 


For each computer that needs permission from the License Manager Server to run ETAP, you can update 
the ETAP.INI file manually to indicate the location of the License Manager Server. 


ETAP License Manager Uses TCP/IP Protocol 
Update the ETAPS.INI file by doing the following: 


1. 


Using Notepad or a similar text editor, open the ETAPS.INI file in C:\ETAP 1900. If the ETAPS.INI 
file is not in the application folder then ETAP will use the ETAPS.INI file in the C:\WINDOWS 
folder. 


Add the LicPath1= line In [AppVariables] section and Add LicIndex=1 in [Etap PowerStation] 
section. 


Insert the name of the License Manager Server with domain information (for example, LicPath1= 
tcplm.oti.com). 


To use an IP address instead, add the line LicPath1=, and then insert the IP address of the License 
Manager Server (for example, LicPath1=10.10.10.191). 


After the TCP Server or IP address is set, you may configure to use a specific port by appending the 
port number after the LM server name separated by ‘:’, that you would like to use (for example, 
LicPath1=tcplm.oti.com:2526). Furthermore, you have to verify if your target LMServer having the 
same TCP Port setup. Check with your IT department before you do so. 


#: Registry Editor E\e\k) 
File Edit View Favorites Help 
# (2 Microsoft *| Name Type Data 
2 MozillaPlugins 4) (Default) REG_SZ (value not set) 
@ NVIDIA Corporation REG_DWORD Ox000009de (2526) 
#9 ODBC 
= Operation Technology, Inc. 
J ETAPSLM 
#-G PSMS 
+ ( PSMS Playback Zilliz 


My Computer\HKEY_LOCAL_MACHINE\SOFTWARE\Operation Technology, Inc. \ETAPSLM 
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2.10 License Manager Verification 


2.10.1 Verifying ETAP License Manager Installation 


1. Restart the License Manager Server system. 


2. Open a Command Prompt window, type in regedit, and then Enter. Windows displays the Registry 


Editor. 


3. For the 1900 USB key, if the device is installed properly, you can find the following device entry 
from the Control Panel\Administrative Tools\Computer Management. 


7 _ 
2 Computer Management = ££” ce 


File Action View Help 
¢9/ 26 5|\bH) 8 


» Computer Management (Local) 
4 {{} System Tools 
@ Task Scheduler 
Event Viewer 
Shared Folders 
@ Local Users and Groups 
@) Performance 
ay Device Manager 
& Storage 
{ey Disk Management 
iy Services and Applications 


= 
e 


4 hy ENG-RICARDOD 

9? Computer 

tw Disk drives 

&s Display adapters 

3 DVD/CD-ROM drives 

oS Human Interface Devices 

g@ IDE ATA/ATAPI controllers 

] IEEE 1394 Bus host controllers 

< Keyboards 

| Mice and other pointing devices 

& Monitors 

& Network adapters 

Dp Processors 

% Sound, video and game controllers 

<> Storage controllers 

?M@ System devices 

4 @ Universal Serial Bus controllers | 
@ Generic USB Hub 

@ Generic USB Hub 
i @ SafeNet Inc. HASP Key 
_ @ SafeNet Inc. Sentinel HL Key 


@ SafeNet Inc. USB Key 
“@ Standard Enhanced P B Host Controller 
@ Standard Enhanced PCI to USB Host Controller 
@ USB Composite Device 

@ USB Root Hub 

@ USB Root Hub 


More Actions » 


1S 


4. Inthe Control Panel, double-click the Administrative Tools icon then the Services icon. 


5. Find the Etaps Lic Mgr service, and then verify that the service status is started. If you cannot find the 
Etaps Lic Mgr, you have not installed ETAPSLMT.EXE properly. The Etaps Lic Mgr Status value 


should be Started or blank. 


ETAP 
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EE 


©, Services 
File Action View Help 
¢9\@Geasioml>oano 
Gs, Services (Local) 
Etaps Lic Mgr | Name = Description Status Startup Type Log On As = 
; S4 CNG Key Isolation The CNG ke... Manual Local Syste... 

=: cone S& COM+ Event System Supports Sy... Started Automatic Local Service a 
S& COM+ System Application Manages th... Manual Local Syste... lz 
S4, Computer Browser Maintains a... Manual Local Syste... 
“, Credential Manager Provides se... Started Manual Local Syste... a 
S& Cryptographic Services Provides fo... Started Automatic Network S... 
Sé, DCOM Server Process Lau... TheDCOM... Started Automatic Local Syste... 
S4, Desktop Window Manager... Provides De... Started Automatic Local Syste... 
Sé, DHCP Client Registers an... Started Automatic Local Service 
“Diagnostic Policy Service = TheDiagno... Started Automatic Local Service 
4 Diagnostic Service Host The Diagno... Started Manual Local Service 
“4, Diagnostic System Host The Diagno... Manual Local Syste... 
%4 Diagnostics Tracking Servi... The Diagno... Started Automatic Local Syste... 
“4, Disk Defragmenter Provides Dis... Manual Local Syste... 
© Distributed Link Tracking... Maintains li... Started Automatic Local Syste... 
“ Distributed Transaction C... Coordinates... Manual Network S... 
©4 DNS Client The DNS Cli... Started Automatic Network S... 
S& Encrypting File System (EFS) Provides th... Manual Local Syste... 
G4 Extensible Authentication... The Extensi... Manual Local Syste... 
Ss, Fax Enables you... Manual Network S... 
Sé Function Discovery Provid... The FDPHO... Started Manual Local Service ac 

\\ Extended 4 Standard / 


6. Ifthe status is blank, right-click the ETAPS Lic Mgr icon, and then select Start. 


2.10.2 Verifying ETAP License Manager Operation 


1. In the Control Panel, double-click the Administrative Tools icon then the Event Viewer icon. The 
Event Viewer window is displayed. 


2. Click on the Application icon. The ETAP License Manager program logs all licensing events to the 
applications log, so you should find a License Manager Application logs to view. 


Event Viewer 


File Action View Help 
e> of) or 


Tal Event Viewer (Local) | Application 901 event(s) 


iH) Application 
7 Security Etaps LMService None 1001 NA 


System 4/3/2008 2:48:54 PM — Etaps LMService NA 


4/3/2008 2:38:46 PM — Etaps LMService Nia 
® Information 4/3/2008 2:38:07 PM ~—-Msilnstaller Admin 
@ Information 4/3/2008 2:38:04 PM = Etaps LMService Nia 
® Information 4/3/2008 2:38:04 PM — Etaps LMService Nia 
@) Information 4/3/2008 2:38:04 PM = Etaps LMService Nia 
< 
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3. When the ETAP License Manager starts, you will see several events in the log identified as Source 
Etaps LMService. The ETAP License Manager uses this source when it writes event information to 
the Applications log. 


4. Double-click the first ETAP License Manager event to view the Event Properties dialog box. The 
message references a description similar to the following: 


Etaps LMService message: 0, ETAPS License Manager starting... 


5. The next ETAPS LMService message indicates that ETAPSLM has detected a valid security 
hardware key. 


6. For the next message you should see a message indication similar to the following: 


Key SN: 3087007744-345610626 Licensed to: <Your Company Name> Version: 020000 Users: 5. 
(Your serial number, the licensee, version, and number of users will be specific to your network 
hardware key.) 


You have now verified your ETAP License Manager is correctly installed and running properly. The 
latest issue of ETAP License Manager is version 19.0.0 and is intended to work with ETAP 4.7.0 to 
19.0.0 versions. The earlier ETAP releases require version 5.2.3.102601 either TCP/IP version or Named 
piped version depending on selected protocol by ETAP, see early ETAP version documentation for 
details. 


You can check your version of the ETAP License Manager by viewing Properties in the file; C:\Program 
Files\OperationTechnologyInc\ETAPLicenseManager1900\EtapsImt.exe or 
C:\WINDOWSSYSTEM32\DRIVERS\ETAPSLM.EXE if you have installed the License Manager 
manually. The file version is displayed at the top of the Version sheet. 


2.10.3 Network License Manager Troubleshooting 


If you get the message “Could Not Find the Security Key or Failed to Receive Authorization”, verify that 
the following statements are true: 


The latest ETAP License Manager is installed. 

Network hardware key is installed on the License Manager Server. 

The License Manager Server is turned on. 

The License Manager Server has user permissions set correctly. 

LicIndex=1 and LicPath1= is in the ETAPS.INI file on the local computer and it has been modified to 
include the location of the License Manager Server. 

e The local computer and the License Manager Server are connected to the network. 


If ETAP is still not running, contact Operation Technology, Inc. technical support at: 


(949) 462-0400, HelpDesk@etap.com or http://support.etap.com 
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2.11 Installation Maintenance 


You can repair or remove your ETAP installation as required. To access these options, do the following: 
1. Inthe Control Panel, double-click the Add or Remove Programs icon. 
2. Select ETAP 19.0.0 in the list of currently installed programs. 


3. Click the Change/Remove button. ETAP Setup displays the ETAP 19.0.0 Modify Setup Wizard. 


% ETAP 19.0.0 - x 


” 


Modify Setup 


Repair Uninstall 


Select the type of modification you want, and then click the Next button. Each option is discussed below. 
Note that the Repair option will require that you insert the ETAP DVD during the process. 


2.11.1 Repair 


The Repair option reinstalls any program files that are missing from your original installation. ETAP 
Setup displays the Setup Status while it makes the changes. 


2.11.2 Uninstall 


This option lets you remove all ETAP files you have installed onto your computer. Select OK when asked 
whether you want to remove ETAP completely. 
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Confirm Uninstall 


Do you want to completely remove the selected application and all of its features? 


Note: During the uninstall process you may be asked to remove files installed as shared files. Generally, 
you should not remove these files to avoid disruption of other programs. 


Shared File Detected Ed 


The file C:\WINNTSSystem32\DRIVERS\ETAPSLM. exe may no longer be 
needed by any application. ‘You can delete this file, but doing so may prevent 
other applications from running correctly. Select ‘es to delete the file. 


‘Don't display this message again. : 


Lentierferemorsnres siener_ fnonroseerursrrsivonttes,_-brfenrnt _JISSrnntte J 


Yes No Cancel | 


Click Finish after repair or uninstall is complete. 


2 ETAP 19.0.0 - x 


Repair Successfully Completed 


You must restart your computer before you can use the software. 


Note: Depending on the modifications to your ETAP installation, you may be prompted to restart your 
computer for the changes to take effect. 
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2.12 User Guide Removal 


You can remove the ETAP 19.0.0 User Guide, by following the steps below: 


1. 


2. 


3. 


ETAP 


In the Control Panel, double-click the Add or Remove Programs icon. 

Select ETAP User Guide 19.0.0 in the list of currently installed programs. 

Click the Uninstall/Remove button. Setup displays the ETAP User Guide 19.0.0 Setup Wizard. 
When asked whether you want to remove the application and all of its features, click OK. 


When the ETAP User Guide Setup Wizard displays the Uninstall Complete dialog box, click 
Finish. 


ETAP User Guide 19.0.0 - InstallShield Wizard 


Power System Enterprise Solution 


Uninstall Complete 


InstallShield Wizard has finished uninstalling ETAP User Guide 19.0.0. 


Smart Collaborative Engineering & 
Team-Based Operation 


Cancel 
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2.13 License Manager Removal 


There may be instances when you want to remove the ETAP License Manager from your system. For 
example, to install a new version of the ETAP License Manager, you need to remove the previous one 
first. Use the following procedure to remove the ETAP License Manager from your Services list. 


2.13.1 Removing ETAP License Manager 


1. 


2; 


5. 


In the Control Panel, double-click the Add or Remove Programs icon. 
In the list of currently installed programs, select ETAP License Manager 19.0.0. 
Click the Change/Remove button. Setup prepares the ETAP License Manager Setup Wizard. 


When asked whether you want to remove the application and all of its features, click OK. 


Confirm Uninstall 


Do you want to completely remove the selected application and all of its features? 


Note: During the uninstall process, you may be prompted to remove the files installed as shared files. 
Generally, you should not remove shared files to avoid disruption of other applications. 


Shared File Detected Ed 


The file C:'\WINNT\System32\DRIVERSSETAPSLM. exe may no longer be 
needed by any application. ‘ou can delete this file, but doing so may prevent 
other applications from running correctly. Select Yes to delete the file. 


erirertvrrrperierrns errr. sfeternerivent rt nrt tier trsSrierrnt _ Sesteete J 


Yes No Cancel | 


When the ETAP Setup Wizard displays the Maintenance Complete dialog box, click Finish. 
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ETAP License Manager 19.0.0 for 64-bit Machine - InstallShield Wizard 


Power System Enterprise Solution 


Uninstall Complete 


InstallShield Wizard has finished uninstalling ETAP License Manager 19.0.0 for 64-bit Machine. 


Smart Collaborative Engineering & 
Team-Based Operation 


Cancel 


2.13.2 Removing ETAP License Manager Manually 


1. Logon to the computer you are using as your License Manager Server. Make sure to use an account 
that has Administrator privileges in Windows. 


2. Make sure that no one is currently using ETAP. Removing the ETAP License Manager may disrupt 
their activities. 


3. In the Control Panel, double-click the Administrative Tools icon then the Services icon. The Services 
window is displayed. 


4. If the Etaps Lic Mgr status is started, select Etaps Lic Mgr in the Services list and (with it 
highlighted) click the Stop Service button in the toolbar. In a few moments, Etaps Lic Mgr status will 
change from Started to blank. 


5. Open a Command Prompt, and then go to the folder in which ETAPSLMT.EXE is installed (usually 
C:\Program Files\Operation Technology Inc\ETAP License Manager 19.0.0\Etapslmt.exe). 


6. In the prompt line, type Etapslmt —remove and press the Enter key. You should receive the message 
Etaps Lic Mgr removed. 


The ETAP License Manager is now removed from your system. 
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2.14 System Optimization 


If ETAP takes a long time to load or save a project file (more than several minutes), you can modify your 
system settings to optimize program speed. There are several system attributes that control the speed at 
which ETAP loads and processes a project database, including the following: 


e Computer CPU speed e ODBC DSN Buffer Size 
e Computer RAM Size e ODBC DSN Page Timeout 
e Operating System Virtual Memory File Size 


2.14.1 Computer CPU Speed 


We recommend Intel Core i5 or faster processors. 


2.14.2 Computer RAM Size 


We recommend a minimum of 4 GB of RAM. For very large network databases within ETAP, 8 GB of 
RAM is recommended. 
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2.14.3 Operating System Virtual Memory File Size 


This can be changed through the System icon in the Control Panel. Note that your Virtual Memory file is 
stored on your hard disk. Therefore, if you increase the size of this file, it will use a proportional amount 
of space on your hard disk. You should consult your system administrator before changing this setting. 


1. In the Control Panel, double-click the System icon. Windows displays the System Properties dialog 
box. 


2. Click the Advanced tab, and then click the Settings button in the Performance group. Windows 
displays the Performance Options dialog box. 


3. Click the Advanced tab. 


f , 
Performance Options =x} 


Visual Effects | Advanced | Data Execution Prevention 


Processor scheduling 
Choose how to allocate processor resources. 


Adjust for best performance of: 
®) Programs (©) Background services 


Virtual memory 


A paging file is an area on the hard disk that Windows uses as 
ifit were RAM, 


Total paging file size for all drives: 8190 MB 


N 


4. Inthe Virtual Memory group, click the Change button. 
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(¥] Automatically manage paging file size for all drives 
Paging file size for each drive 
Drive [Volume Label] Paging File Size (MB) 


D: None 


Selected drive 


Space available: 
Custom size: 
Initial size (MB) 
Maximum size (ME 
@ System managed size 


No paging file 


Total paging file size for all drives 
Minimum allowed: 16 MB 
Recommended: 12285 MB 
Currently allocated: 8190 MB 


(ox) [__concel_] 


5. Make sure you have at least 200MB of disk space free, and then change the Initial Size and Maximum 
Size to at least 200 MB. 


6. Click OK. Windows returns you to the Performance Options dialog box. 


7. Click OK, and restart your computer when prompted. Once your computer restarts, the virtual 
memory will be changed. 
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2.14.4 ODBC DSN Buffer Size 


The Data Source Name (DSN) buffer size is the internal buffer, in kilobytes, that is used to transfer data 
to and from ETAP to the associated project database. The Microsoft Local SQL DB default is 16384. 


1. In the Control Panel, double-click the Administrative Tools icon. Windows displays the 
Administrative Tools window. 


2. Double-click the Data Sources (ODBC) icon. Windows displays ODBC Data Source Administrator 
dialog box. 


Soon ossoucesaminsever Me 


User DSN | System DSN | File DSN | Drivers | Tracing | Connection Pooling | About | _ 
User Data Sources: 


Name Driver 

Microsoft Access dBASE Driver (*.dbf, *.ndx 
Excel Files Microsoft Excel Driver (ads, *2dsx, *xdsm, *x 
MS Access Database Microsoft Access Driver (“.mdb, *.accdb) 
otilocaldb SQL Server Native Client 11.0 

otisqllocal SQL Server Native Client 10.0 

otisqlserver SQL Server 


«| 


An ODBC User data source stores information about how to connect to 
] the indicated data provider. A User data source is only visible to you, 
———~ and can only be used on the current machine. 


3. Click the System DSN tab. 
4. Select otilocalldb, and then click the Configure button. 


Note: If the entry otilocaldb is not present, run ETAP once and it will place it there. If otilocaldb is 
still not present after running ETAP, then add it in manually. 


5. Enter Name: otilocaldb 


Description: localdb 
Server: (localdb)\v11.0 
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Microsoft SQL Server DSN Configuration [_ 3 | 


This wizard will help you create an ODBC data source that you can use to connect to 
SGL Server. 


What name do you want to use to refer to the data source? 


Name:  otilocaldb 


How do you want to describe the data source? 
Description: |ocaldb 


Which SQL Server do you want to connect to? 
Server: (localdb)\v11.0 


6. Click Finish. 
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2.15 ETAP DataX Manager Installation 


ETAP DataX Manager (DXM) is an ASP.NET web application hosted in Microsoft Internet Information 
Services (IIS) Manager. It is a communications service that provides NetPM functionality (bidirectional 
queued messaging) across multiple ETAP instances (master and client projects) as well as etapAPP 
mobile devices. It should be hosted in a DMZ with an outward internet facing NIC and an inward, 
corporate LAN facing NIC. DXM does not need to be installed on the same computer as your ETAP. 
Alternatively, DXM can be installed on a Cloud service, such as Microsoft Azure, Amazon WS, etc. 


This section describes the installation procedure for ETAP DXM including its required database. The 
installation program installs the ETAP DXM and MongoDB Database automatically. 


1. To install ETAP DXM, you must have administrative access to your computer. 


6 Software & License Manager tL Software 
waxy =s(nstall desktop software (64-bit) waxy =snstall desktop software (64-bit) 
& License Manager Network license 


Stand-alone license 


License Manager {[S) DataX Manager (DXM) 
6 Install ETAP License Manager for nal] Install DXM For Mobile <-> ETAP 
Network license Data Transfer 


(Requires intemet connection) 


User Guide 
Install ETAP User Guide 


2. Click on DataX Manager (DXM) from ETAP installation Manager and the ETAP DXM License 
Agreement screen will then appear. The installation and use of ETAP is governed by the terms and 
conditions of the ETAP License Grant and Agreement. User must check the checkbox to agree to the 
license terms and conditions before the installation can continue. Click Install button to start the 
installation. 


 ETAP 19.0.0 DXM Setup - x 


ETAP LICENSE AGREEMENT 
IMPORTANT - READCAREFULLY: 


A NOTICE. IF YOU (AS DEFINED BELOW) HAVE PREVIOUSLY EXECUTED A LICENSE AGREEMENT (‘PRE-EXISTING AGREEMENT ) WITH 
THE LICENSOR (AS DEFINED BELOW) FOR THE SOFTWARE KNOWN AS “ELECTRICAL TRANSIENT ANALYZER PROGRAM.” AND TO THE 
EXTENT THAT THE PRE-EXISTING AGREEMENT CONFLICTS WITH THE TERMS OF THIS AGREEMENT, THE PRE-EXISTING AGREEMENT 
SHALL GOVERN YOUR RIGHTS AND OBLIGATIONS WITH REGARD TO THE PORTION(S) OF SUCH SOFTWARE BEING INSTALLED AT THIS 
TIME AND THE ETAP LICENSE AGREEMENT THAT FOLLOWS SHALL NOT GOVERN YOUR USE OF THE SOFTWARE REGARDLESS OF YOUR 
ACCEPTANCE OF THIS AGREEMENT BY CLICKING “ACCEPT” BELOW. HOWEVER, ANY TERMS OF THIS AGREEMENT WHICH DO NOT 
CONFLICT WITH THE PRE-EXISTING AGREEMENT WILL APPLY AND GOVERN YOUR USE OF THE SOFTWARE AND BY INSTALLING, 
ACCESSING, OR USING THE SOFTWARE YOU AGREE THAT SAME IS SUFFICIENT TO SATISFY THE *“WRITTEN CONSENT REQUIREMENT 
WITH REGARD TO ANY AMENDMENT MODIFICATION OF THE PRE-EXISTING AGREEMENT. YOU (“‘LICENSEE” AS DEFINED BELOW) MUST 
READ THIS ETAP LICENSE AGREEMENT CAREFULLY BEFORE INSTALLING, ACCESSING, OR USING THE SUBJECT SOFTWARE, AS DEFINED 
INTHE AGREEMENT BELOW. BY CLICKING THE “ACCEPT” BUTTON BELOW, (A) YOU INDICATE YOUR ACCEPTANCE OF THE TERMS AND 
CONDITIONS STATED IN THE ETAP LICENSE AGREEMENT BELOW ON BEHALF OF THE ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT 
(E.G, AN EMPLOYER OR PRINCIPAL) AND ACKNOWLEDGE THAT SUCH ENTITY IS LEGALLY BOUND BY THIS AGREEMENT, OR IF THERE 
IS NO SUCH ENTITY FOR WHICH YOU ARE AUTHORIZED TO ACT, YOU ACCEPT THIS AGREEMENT ON BEHALF OF YOURSELF AS AN 
INDIVIDUAL AND ACKNOWLEDGE THAT YOU ARE LEGALLY BOUND BY THIS AGREEMENT, AND (8) YOU REPRESENT AND WARRANT 
THAT YOU HAVE THE RIGHT, POWER AND AUTHORITY TO ACT ON BEHALF OF AND BIND SUCHENTITY (F ANY) OR YOURSELF. 


IF YOU ARE NOT AUTHORIZED TO ENTER INTO THE AGREEMENT BELOW, OR IF YOU DO NOT CLICK ‘ACCEPT BELOW, THEN YOU MUST 
CLICK ON THE **CANCEL” BUTTON BELOW, YOU MUST NOT INSTALL, ACCESS, COPY OR USE ANY PART OF THE SOFTWARE AND YOU 
MUST RETURN THE SOFTWARE AND ACCOMPANYING DOCUMENTATION TO LICENSOR 


M]| agree to the license terms and conditions 


Options @install Close 
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Note: The default destination folder to install ETAP DXM is C:\ETAP 1900\MultiUser. To install the 
program in a different location, click Options to switch to Setup Options screen, Browse and select or 
type a new destination folder. Click OK to return the License Agreement screen to continue. 


% ETAP 19.0.0 DXM Setup - x 


GA on 


Setup Options 

Install location: 

|CAETAP 1900\MultiUser Browse 
OK Cancel 


3. ETAP Setup Wizard appears. Click Next on the Welcome screen to continue. 


4g! ETAP DXM - x 


Power System Enterprise Solution 


Welcome to the Setup Wizard for ETAP 19.0.0 DXM 


The Setup Wizard will install ETAP 19.0.0 DXM on your computer. To continue, click Next 


orative Engineering & 
Based Operation 
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4. The installation and use of ETAP is governed by the terms and conditions of the ETAP License Grant 
and Agreement. These terms must be accepted before the installation can continue. Click Accept. 


ment carefully 


IMPORTANT - READ CAREFULLY: 


A NOTICE. IF YOU (AS DEFINED BELOW) HAVE PREVIOUSLY EXECUTED A LICENSE AGREEMENT ("“PRE- 
Pomenny Success EXISTING AGREEMENT ) WITH THE LICENSOR (AS DEFINED BELOW) FOR THE SOFTWARE KNOWN AS 

“ELECTRICAL TRANSIENT ANALYZER PROGRAM” AND TO THE EXTENT THAT THE PRE-EXISTING 
AGREEMENT CONFLICTS WITH THE TERMS OF THIS AGREEMENT, THE PRE-EXISTING AGREEMENT 
SHALL GOVERN YOUR RIGHTS AND OBLIGATIONS WITH REGARD TO THE PORTION(S) OF SUCH 
SOFTWARE BEING INSTALLED AT THIS TIME AND THE ETAP LICENSE AGREEMENT THAT FOLLOWS 
SHALL NOT GOVERN YOUR USE OF THE SOFTWARE REGARDLESS OF YOUR ACCEPTANCE OF THIS 
AGREEMENT BY CLICKING “ACCEPT” BELOW. HOWEVER, ANY TERMS OF THIS AGREEMENT WHICH DO 
NOT CONFLICT WITH THE PRE-EXISTING AGREEMENT WILL APPLY AND GOVERN YOUR USE OF THE 
SOFTWARE AND BY INSTALLING, ACCESSING, OR USING THE SOFTWARE YOU AGREE THAT SANE IS 
SUFFICIENT TO SATISFY THE *“WRITTEN CONSENT” REQUIREMENT WITH REGARD TO ANY 
AMENDMENT MODIFICATION OF THE PRE-EXISTING AGREEMENT. YOU (‘‘LICENSEE™ AS DEFINED 
BELOW) MUST READ THIS ETAP LICENSE AGREEMENT CAREFULLY BEFORE INSTALLING, ACCESSING, 
OR USING THE SUBJECT SOFTWARE, AS DEFINED IN THE AGREEMENT BELOW. BY CLICKING THE 
“ACCEPT” BUTTON BELOW, (A) YOU INDICATE YOUR ACCEPTANCE OF THE TERMS AND CONDITIONS 
STATED IN THE ETAP LICENSE AGREEMENT BELOW ON BEHALF OF THE ENTITY FOR WHICH YOU ARE 
AUTHORIZED TO ACT (E.G. AN EMPLOYER OR PRINCIPAL) AND ACKNOWLEDGE THAT SUCH ENTITY IS 
LEGALLY BOUND BY THIS AGREEMENT, OR IF THERE IS NO SUCH ENTITY FOR WHICH YOU ARE 

“ AUTHORIZED TO ACT, YOU ACCEPT THIS AGREEMENT ON BEHALF OF YOURSELF AS AN INDIVIDUAL 

t Collaborative Engineering & AND ACKNOWLEDGE THAT YOU ARE LEGALLY BOUND BY THIS AGREEMENT, AND (8) YOU 
Team-B Operation REPRESENT AND WARRANT THAT YOU HAVE THE RIGHT, POWER AND AUTHORITY TOACTONBEHALF v 


1g License Agreement in order to install and use ETAP 19.0.0 


n will terminate 
Cancel 


5. The Information screen displays hardware and software requirements as well as other useful 
information. Click Next to continue with the installation. 


Power System Enterprise Solution 


m requireme: ETAP 19.0.0 DXM 


ETAP 19.0.0 System Requirements 


Operating System (64-bit) 

Microsoft Windows® 10 (Home Premium, Professional, Enterprise) 

Microsoft Windows 8 & 8.1 (Standard, Professional) 

Microsoft Windows 7 (Home Premium, Professional, Ultimate, Enterprise) (SP1) 
Microsoft® Server 2016 (Standard) 

Microsoft Server 2012 & 2012 R2 (Standard) 


Pumenny Succoss 


Other Software Requirements 
Internet Explorer® 10 or higher (or minimum version level specified by the Operating 
System) 
J ETAP launches the following installations: 
Microsoft .NET Framework v3.5 (SP1) 
Microsoft .NET Framework v4.0 
Microsoft .NET Framework v4.5 
Microsoft NET Framework v4.6.2 
Microsoft SQL Server Compact 3.5 (SP2) 
OE a ee VI icrosoft Windows Update (KB2670838) 
Team-Based Operation Microsoft SQL Server 2012 Express LocalDB (x64) 
Microsoft SQL Server 2012 Native Client (x64) 
AA: 


OO AA 4 On. 949 FAN 
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6. The Database & Notification Setup screen displays the installation path and settings for MongoDB 
as well as optional configuration settings for E-mail Notifications. 


Notes: 
e Consult with IT personnel to ensure specified Mongo Port is valid and available 


e NetPM and etapAPP e-mail notifications can only be sent from DXM if properly configured during 
installation or through NetPM Console 


i! ETAP DXM - x 


Database & Notification Setup 


Fill in information rel ‘0 installing MongoDB as service 


Mongo Port * 


Configure Notification E-mail ~ 


Host (SMTP) 


E-mail Address 


Team-Bas: 


7. The Choose Destination Location screen displays the installation path of ETAP DXM that is 
decided in Step 2. Click Install. 


ji) ETAP DXM = x 


Choose Destination Location - ‘ 
rere setup wil install fles Power System Enterprise Solution 


Setup will install ETAP 19.0.0 DXM in the following folder. 


To install to this folder, click Next. To install to a different folder, click and select another folder 


C\ETAP 1900\MultiUser 


Cancel 
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8. When the installation of ETAP DXM is complete, the installer displays the ETAP 19.0.0 DXM 
Installation Setup Complete screen. Click Finish to close the ETAP Setup Wizard. 


ey 


Power System Enterprise Solution 


ETAP 19.0.0 DXM setup has completed successfully. 
Click ‘Finish’ to exit the setup wizard. 


Smart Collaborative Engineering & 
Team-Based Operation 


9. Click Close to close the ETAP 19.0.0 DXM Setup window. 


% ETAP 19.0.0 DXM Setup - x 


Installation Successfully Completed 


Close 
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Chapter 3 


Overview 


ETAP is the most comprehensive solution for the design, simulation, and analysis of generation, 
transmission, distribution, and industrial power systems. 


ETAP organizes your work on a project basis. Each project that you create provides all the necessary 
tools and support for modeling and analyzing an electrical power system. A project consists of an 
electrical system that requires a unique set of electrical components and interconnections. In ETAP, each 
project provides a set of users, user access controls, and a separate database in which its elements and 
connectivity data are stored. 


fee Can Ww Prom Bier Wewensuie Mule Oetnuty Toon Recomrol Betting Window Help 


By XK C80 Contact. Macro-Chr 
Dy AK C80 Comtret Cable 
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Your access to an existing project file is through a special project file with an .OTI extension. The ETAP 
database is stored in an ODBC compliant database file such as Microsoft SQL (*.MDF). These files work 
together to provide access control and storage for each project and use the project name. ETAP places all 
output reports from your project into the same sub-directory where this database resides. 


ETAP has been designed and developed by engineers for engineers to handle the diverse discipline of 
power systems in one integrated package with multiple interface views such as AC and DC networks, 
cable raceways, ground grid, GIS, panels, protective device coordination/selectivity, and AC and DC 
control system diagrams. 


Network 
Analysis 


Real-Time 
System 


Device 
Data \ -\ Coordination 
Exchange \ » & Selectivity 
Advanced 


Control hig Relay Testing 
Systems We a / & Transient 
Simulator 

i 

Cable : Panel 

Pulling 4 f/ Systems 
LI a 

Underground —// - he Ground Grid 
Raceway ta, Systems 


User-Defined 
Dynamic Models 


Encompassing all these systems and views in one package allows engineers to model and analyze all 
aspects of an electrical system from control system diagrams to panel systems, as well as large 
transmission and distribution systems. 


All interface views are completely graphical and the engineering properties of each circuit element can be 


edited directly from these views. Calculation results are displayed on the interface views for your 
convenience. 
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Project Toolbar 


@Glb BB Kean *®{@eQqa see FE] Fa BHIPR GS oP Ela 


New Project, Open Project, Save | Print, Print Preview | Cut, Copy, Paste, Pan, Zoom In, Zoom 
Out, Undo Zoom, Redo Zoom, Zoom Fit to Page | Graphical Undo, Graphical Redo | Text Box, 
Polyline Text Box, Grid Lines, Continuity Check, Switching Interlock Enforcer | Hyperlinks | 
Power Calculator, Find | Contextual Help 


Select ETAP System 


Data Manager 


Unlimited 
Revisions to save 
multiple sets of 
engineering 
properties. View 
Base & Revisions 
data differences. 


ETAP 


Presentations 


Unlimited 
Presentations to set 
different views of 
the same system. 


3-3 
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Select interface views or systems 


oF 


Composites 


List of Composites 
in project for quick 
lookup and access. 


Instrumentation 
(Edit Toolbar) 
PT, CT, Relays, 
and Meters. 


AC Elements 
(Edit Toolbar) 
Drag-and-drop 
AC elements. 


DC Elements 
(Edit Toolbar) 
UPS, VFD, 
Charger, and 
Inverter. 


Configurations 


Unlimited 
Configurations to 
save switching 
status of 
devices/loads 
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Select Analysis Mode 


vx 


VAT EE ee we ee ae ee ee ee 


Edit Mode: Drag-and-Drop Connect Elements 
Study Mode: For example, Load Flow or Short-Circuit 


Menu 

File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
Includes commands for files, printing, conversions, project standards, settings, 
options, editing libraries, setting defaults, selecting annotation fonts, printing libraries, 
base and revision data, setting for Real-Time Modules, etc. 


Base & Revision 
Toolbar 


System Manager 


Powering Success 
One-Line Diagram 
In Edit Mode 


Create new and 
manipulate one-line 
diagram 
presentations, 
underground cable 
raceways, ground 
grid systems, 
configurations, and 
study cases; access 
System Dumpster, 
libraries, and all | 

elements. 


SLULELVEUULELECLLELUCPULLLELLLE s 3 


Schedule Report 
Manager 
Print bus, branch, and 
load schedules 


pa® $8) Couddeuceudl 


Display Options 


M e Lo 
essag 8 Dumpster Options to display 
: ea annotations of 
Composite Network — elements on the one- 
unlimited 


cells. 


View the latest messages 
related to ETAP projects. 
These can be expanded or 


line diagram for Edit 
reduced. 


Mode 


All ETAP systems take advantage of a common database. For example, a cable not only contains data 
representing its electrical properties but also contains the physical routing information to indicate the 
raceways through which it is routed. A relay not only contains information pertinent to analysis like load 
flow and short-circuit but also contains time current characteristic information that allows the engineer to 
perform protection or coordination studies. 
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Trip times set in these studies are also used by transient analysis to determine the total operating time of a 
breaker during a transient condition when the relay pickup value is reached. ETAP can therefore simulate 
automatic relay actions based on the relay settings. This type of integration makes ETAP a true power 
system simulator program. 


ETAP also contains built-in libraries that are accessible from project files. New libraries can be created or 
existing libraries can be modified to include custom manufacturer data. 


ETAP systems and interface views can be accessed using the System toolbar. 
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System Toolbar 


3.1 System Toolbar 


The System toolbar is a convenient and efficient method of switching between ETAP systems. 
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System Manager 


Network Systems (AC or DC One-Line Diagrams) 


Star Systems (Star Views) 


StarZ Systems 


Underground Raceway Systems (UGS) 


Ground Grid Systems (GGS) 


Cable Pulling Systems 


ETAP Real-Time Systems (PSMS) 


AC Control System Diagrams (AC CSD) 


DC Control System Diagrams (DC CSD) 


Geographical Information Systems (GIS View) 


User-defined Dynamic Model Graphical Editor (UDM) 


System Dumpster 


Scenario Wizard 


Study Wizard 


Project Wizard 


When navigating from one ETAP system to another using this toolbar, ETAP will open the last accessed 
presentation for the selected system. For example, if you are switching from Network Systems to Star 
Systems, ETAP will check for an existing Star View. If Star Views exist, ETAP will open the last 


ETAP 
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accessed Star View and make it the active window. If there are no existing presentations, ETAP will 
prompt you to create a new presentation, with the exception of Ground Grid. The button for Ground Grid 
will be disabled if no presentation has been created. See Chapter 43 - Ground Grid Systems for 
instructions on how to create Ground Grid presentations. 


3.1.1 Existing Views 


If you are switching from Network Systems to Star Systems, ETAP will check for an existing Star View. 
If Star Views files do exist, ETAP will open the last accessed Star View and make it the active window. 
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3.1.2 New Views 


If you are switching from Network Systems to Cable Pulling Systems and ETAP does not find any 
existing Cable Pulling Systems, it will then prompt you to create a new interface view for this system. 


( @ Study View (Edit Mode) - ETAP 14.0.0 [o/B/] xf 
File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
BBE 6B KER 4QQQ 88 om BRBBS £ Mas O- | & camplevetaut Si Phase -a7 a. 
3K Base > 4 study view + Study View + “~ Normal + Py &@ © B impedance Diagram 3 B-ih@e o -v 4 Ee 
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For Help, press Fl 
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3.2 System Manager 


ETAP provides a special view of your project called the System Manager. The System Manager is a 
graphical tree representation that includes the presentations, configurations, study cases, libraries, and 
components associated with your project. 


KH ie Bm: +e: 3) 
Tiger Lb? BS Rea @ FPS 
\— [ete Se gen eS 


The project tree can be expanded to display these items. Clicking a "+" icon (inside a square) increases 
the tree expansion, showing more details. Clicking a "—" icon (inside a square) decreases the tree 
expansion, showing fewer details. Selecting an item by right-clicking it will display a context-sensitive 
command menu that allows you to perform actions on the selected item. 


One-Line Components 


Distribution Components 


Multi-Dimensional Database 


Se | Example-ANSI - a 
=)-q Configurations 


(5 Procedure 
- <q Status - 2 
[) Normal 
: jew [FY Stagel 
-(Qg Switching Sequence 
~-(§ System Logic 
-2q Presentations 
H(i Cable Pulling Systems - 1 
+)~-(y DC Control Systems - 3 


Ci RR, | RR, | 


Configurations can be created from the 
System Manager. Right-click to rename, 
purge, or duplicate configurations. 


Dumpster can be accessed from the 
System Manager. 


One-line diagram presentations. 


(9 Ground Grid Systems 
-|-q One-Line Diagrams - 3 
-— G~ Dy OLV Prest 
Relay View 
Ga Dy Study View 
(Gg Star -9 
(5g Underground Raceway Systems - 2 
a-<y Study Cases 
-Ga Arc Flash -7 


| E- (ga Battery Sizing - 2 Right-click to create new study cases. 
4 ul 


Rules & Libraries 


Right-click to create new presentations. 
Double-click to view a presentation. 


UGS presentations can be created 
from the System Manager. 
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=)-<Sy Example-ANSI - C:\ETAP\Example-ANSI, 


ee | Libraries - C:\ETAP\Lib\etaplib1400.lib 
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Lz le Fj 
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Create 


Copy/Merge 
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Electronic Ca 


Purge... 


. HV Breaker 
Interruption Cost 


LV Breaker 


: (9 Motor Characteristic 
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< | 
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ETAP 


Right-click to Open, Save, Save As, 
Create, and Purge libraries. 


Right-click to View, Copy/Merge, and 
Purge Motor Characteristic library. 


Right-click to find an element or edit its 
properties. You can find elements in the 
last active one-line diagram presentation, 
or in any desired presentation. 


ETAP 19.0 User Guide 


Overview Network Systems 


3.3 Network Systems 


ETAP provides a graphical editor to construct your one-line diagram. You can graphically add, delete, 
move, or connect elements by using the one-line diagram Edit toolbar; zoom in or out; display grid on or 
off; change element size, orientation, symbol, or visibility; enter properties; set operating status; etc. 


Click here to access AC Network Systems 
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| For Help, press FL Siort + Base 
You can use composite networks and motors with unlimited nesting capabilities to create uncluttered and 


easy to follow one-line diagrams. Composite networks allow up to 20 connections from outside the 
network, making them very flexible so they can be used in a variety of configurations. 
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E} Study View (Edit Mode) [o | & is} 


rua 
fo 
E] Study View=>Sub3 Net (Edit Mode) 


Note: The nesting capabilities of a one-line diagram do not affect the calculation results in any way. 
Calculation programs consider all one-line diagram components nested in any level. 
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3.4 Mode Toolbar 


When you click the One-Line Diagram (Network Systems) button on the System toolbar, the Mode 
toolbar becomes available that contains all the study modules related to the one-line diagram. 


In general, ETAP has three modes of operation under Network Systems; Edit, AC Study, and DC Study. 
The AC Study mode consists of analyses such as Load Flow, Short-Circuit, Motor Acceleration, 
Transient Stability, and Protective Device Coordination. 
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Mode Toolbar with Motor Starting Mode Selected 


3.4.1 Edit Mode 


Edit Mode enables you to build your one-line diagram, change system connections, edit engineering 
properties, save your project, and generate schedule reports in Crystal Reports formats. You can select 
this mode by clicking the Edit button (graphically represented by a pencil). The Edit toolbars for AC 
Elements, DC Elements, and Instrumentation Elements will be displayed to the right side of the ETAP 
window. 
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Mode Toolbar with Edit Mode Selected 


This mode provides access to editing features that include: 


Dragging and Dropping Elements 
Connecting Elements 

Changing IDs 

Cutting, Copying, and Pasting Elements 
Moving Items from System Dumpster 
Inserting OLE Objects 

Cutting, Copying, and Pasting OLE Objects 
Merging Two ETAP Projects 
Hiding/Showing Groups of Protective Devices 
Rotating Elements 

Sizing Elements 

Changing Symbols 

Editing Properties 

Running Schedule Report Manager 
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3.4.2 Study Mode 


Study Modes enable you to create and modify study cases, perform system analysis, view alarm/alert 
conditions, and view output reports and plots. When a Study Mode is active (selected), the toolbar for the 
selected study is displayed on the right side of the ETAP window. By clicking the buttons on the Study 
toolbar, you can run studies, transfer data, and change display options. 


The available Study Modes and associated Study toolbars are shown in the table below. 


Study Mode Toolbar Study Mode Toolbar 
Load Flow ee Short Circuit 
e Load Flow av e ANSI Short-Circuit Duty 
e Auto-Run Load Flow © e ANSI 30 Cycle Faults 
AA e ANSI Unbalanced Faults 
Fa e IEC Short-Circuit Duty / 
he ¢ IEC 60909 Short-Circuit rian 
BS e IEC Unbalanced Faults 2 
ey e IEC 61363 Short-Circuit 
a e GOST Short-Circuit : 
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Motor Starting = Harmonics 
e Dynamic Acceleration e Harmonic Load Flow 
e Static Starting + e Harmonic Frequency Scan 
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Overview 
Arc Flash Protective Device Coordination 
e Arc Flash e Sequence of Operation 


e Max and Min SC 


e AF Sequence of Operation 
e Star Auto-Evaluation 


DC Load Flow 


Transient Stability 
e DC Load Flow 


e Transient Stability 
e Generator Start-Up 


DC Arc Flash 


DC Short-Circuit 
e DC Arc Flash 


e DC Short-Circuit 
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Unbalanced Load Flow 
e Unbalanced Load Flow 
e Open Phase Fault Insertion 


Battery 
e Battery Sizing 
e Battery Discharge 


Optimal Power Flow 
e Optimal Power Flow 


Reliability Assessment 
e Reliability Assessment 


ETAP 3-16 ETAP 19.0 User Guide 


Overview Mode Toolbar 


Switching Sequence 
Management 
e Switching Sequence 


Optimal Capacitor Placement 
e Optimal Capacitor Placement 


Contingency Analysis 
e Contingency Analysis 


In addition to the Study toolbar, a Study Case toolbar is displayed automatically when one of the Study 
Modes becomes active. The Study Case toolbar allows you to control and manage the solution parameters 
and output reports. The Study Case toolbar is available for all ETAP configurations. 
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Mode Toolbar 


Motor Starting Study Case Toolbar 


Select and edit Motor Starting study cases, set output report file name, and select to view a 
report of Motor Starting results in Crystal Reports format. 
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Time Slider 


Display study results on the one-line diagram at 
different simulation times. 


Nested Networks 
Open Composite Motors or 


Networks to see the results 
in various units. 


Motor Starting Study 


The Study toolbar 
changes according to the 
selected Study Mode. 


Run 
Run dynamic 
acceleration or 
static starting 
studies. 


Display Options 
Display results and 
info annotations. 


Get 
Get online or 
archived data. 
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3.5 Star Systems 


The ETAP Star systems allow you to perform steady-state and dynamic device coordination, protection, 
and testing. Star systems utilize intelligent one-line diagrams, comprehensive device libraries, and an 
integrated three-dimensional database. 


The ETAP library database provides comprehensive and up-to-date protective device information. The 
ETAP device libraries are validated and verified using the published manufacturer data and industry 
standards. In addition, ETAP allows you to create and add new device TCC curves using state-of-the-art 
digitization points and formulation techniques. 
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Star systems enable system engineers to efficiently perform protective device coordination studies. The 
intelligent features provide informed and reliable recommendations regarding the feasibility of the 
devices under consideration. This helps system engineers and planners to quickly identify possible design 
issues and make informed decisions to improve system reliability, increase system stability, and realize 
cost savings. 
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3.5.1 Key Features & Capabilities 


Graphically adjustable device settings 
Sequence-of-operation 

Automatic detection of protection zones 

Automatic selection of coordination paths 

Combine / Integrate multiple device curves 

Embedded analysis modules 

Verified and validated device libraries 

Multi-function and multi-level relays 

Built-in interface with relay hardware 

Display Actual Relay Transient Response 

User-definable device library database 

Ground & Neutral conductors damage curves 

Illustrate system wide coordination 

Automatic layout of the one-line diagram in Star TCC View 
Click & drag curves to adjust settings 

Phase & ground coordination modes 

Automatic current & voltage scaling 

Integration of short-circuit analysis with protective devices 
Motor starting curves based on motor acceleration studies 
Comprehensive relay interlocks 

User-definable display options 

Graphical time-difference calculator 

Fixed point/damage curve modeling 

Graphical printing/plotting 

Comprehensive print functionality, legends, & device labeling 
Customizable reports 


Sequence-of-Operation 


Not only can you work with the time-current curves with ETAP Star, you can also determine the 
operating time of protective devices simply by placing a fault on the one-line diagram. 


Coordinate via One-Line Diagram 


Graphically place a fault anywhere on the one-line diagram 

Automatically detect local zones of protection 

Automatically select and define paths for coordination 

Automatically calculate and display the fault current contributions on the one-line diagram 
Determine the operating time and state of all protective devices based on the actual fault current 
contribution flowing through each individual device 

Globally view post fault actions and associated operating time via a tabulated event viewer 
Graphically examine the operation of protective devices via the one-line diagram 


Drag & Drop a Fault 


One Action Resulting in a Complete Solution 


ETAP 


3-phase and ground faults 
Display fault currents on the one-line diagram 
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e Illustrate system wide coordination 
e Tabulate operating times via an event viewer 
e Customizable reports 
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3.6 StarZ Systems 


StarZ Systems provides all the necessary tools for accessing, navigating, and coordinating relay 
protection elements specific to distance and transmission protection. Clicking the StarZ Systems button 
on the Systems toolbar opens the last accessed StarZ View and makes it the active window. 


StarZ Systems Create / Open StarZ View StarZ View Navigator Star Z View Toolbar 


from System Manager Create / Copy StarZ 
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StarZ Views are saved as presentations in System Manager under the StarZ folder. You can create a new 
StarZ View presentation by right-clicking the StarZ folder and selecting Create New or by clicking the 
StarZ New Presentation button. You can create either a new StarZ View or copy an existing StarZ View. 
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Ground Grid Systems 
One-Line Diagrams - 2 


Presentation 
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(39 Underground Raceway Systems 
(#)-(G@q Study Cases 


Double-click the StarZ View name in the System Manager to open an existing StarZ View. You can also 
right-click the StarZ View name to view, save, purge, rename (using Properties command). 
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One-Line Diagrams - 2 


@ Star 
a StarZ View - 13 


Purge... 
Print... 


Print Preview... 


i Underground Raceway Systems 
Study Cases 


You can access an existing StarZ View by selecting it from the Presentation toolbar while in StarZ Mode. 
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3.7 Underground Raceway Systems (UGS) 


ETAP provides graphical Underground Raceway Systems (UGS). Each ETAP project supports multiple 
views of the underground raceway systems. Each view is a conceptual cross-section of desired raceways 
and heat sources that are in the same vicinity. 


+ | i 
fi ervey 
Click here to access underground raceway systems. 


> ++ Normal 


The figure above shows how to access underground raceway systems. Use the underground raceway 
system’s Edit toolbar to add raceways (duct bank and direct buried), conduits for duct bank raceways, and 
locations for direct buried raceways, external heat sources, and cables to the underground raceway 
system. From underground raceway systems presentations, you can graphically arrange raceways, 
conduits, cables, and external heat sources to represent cable routing and provide a physical environment 
to conduct cable ampacity derating studies. These studies include cable temperature calculation, ampacity 
optimization, cable sizing, and transient cable temperature calculation. 
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Underground Raceway System 


When working with the underground raceway system presentations, the Mode toolbar changes as shown 
below. 
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3.7.1 Edit Mode 


Edit Mode enables you to build your underground raceway system, change system configurations, 
automatically adjust conduit distribution and spacing, edit engineering properties, and save your project. 
This mode allows access to editing features including drag-and-drop, copy, cut, paste, size elements, as 
well as the Edit Properties command. 


Exist New 


Note: Elements can be added directly to the system from the underground raceway system Edit toolbar. 


3.7.2 Study Mode 


The Study Mode enables you to create and modify solution parameters (study cases), perform steady-state 
and transient temperature calculations, optimize cable ampacities, size cables, and view output reports and 
plots. 
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Study Toolbar for Underground Cable Raceway Systems 


Me 


3.7.3 Features & Capabilities 


Neher-McGrath Method 

IEC 287 Method 

Utilize custom, NEC, or standard IEEE rule-based spacing 
Automatic conduit and distribution spacing 

Uniform and non-uniform conduit arrangements 
Steady-state temperature 

Ampacity optimization 

Automatic cable zizing 

Transient temperature 

Graphical user interface 

Graphical manipulation of raceways, cables, conduits, etc. 


ETAP 3-26 ETAP 19.0 User Guide 


Overview Underground Raceway Systems 


Drag & drop cables from one-line diagrams 

Cable of different sizes in the same raceway 
Separate phases into different conduits or locations 
Unsymmetical positioning of raceways 

Transient calculations use a dynamic thermal circuit model 
Option to fix cable size and/or loading 
Grounded/ungrounded shielding 

Calculate thermal R, dielectric losses, Yc, Ys, etc. 
User-defined armor cables 

Unbalanced load factors 

Multiple duct banks & direct buried cables 

Place raceways in multiple cross-sections 


Flexible Operation 


Multiple raceways 

Multiple external heat sources 

Optimization of new cables in existing raceways 
Utilize rule-book based wizard for creating raceways 
Cross-sectional analysis 

Duct banks & direct buried raceways 

Integrated with cables in one-line diagrams 
Integrated with load flow results 

Integrated with cable pulling analysis 


Plotting 


Transient temperatures calculations based on load profile 
Option to display multiple cables simultaneously 

Zoom to any detail level 

Export data to Microsoft Excel 

Line, bar, 3-D, and scatter plots 

Customize text and axes 


Reporting 


ETAP 


Flag critical & marginal cable temperatures 

Reports all physical & calculated data 

Use Crystal Reports for full color, customizable reports 
Export output reports to your favorite word processor 
Graphical display of raceway results 
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3.8 Ground Grid Systems 


The safety of people who work and live around electric power installations is of paramount concern. The 
proper design of a grounding system is key to improving safety conditions and protecting the lives of all 
individuals who are in close proximity of electrical power systems. During unbalanced faults, the ground 
potential rise of a grounded structure presents a risk of electrocution to anyone who comes in contact with 
the grounded structure. ETAP provides a three-dimensional, fully graphical tool that allows for the design 
of a ground grid system that adheres to IEEE or Finite Element Method (FEM) standards. 
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To begin working with the ground grid systems, you must first insert a ground grid on the one-line 
diagram. To do so, click the Ground Grid button located on the AC Edit toolbar. After choosing the 
standard (IEEE or FEM) you will use for the design, you can access the Ground Grid Editor by double- 
clicking the ground grid on the one-line diagram. To open an existing ground grid view, use the Ground 
Grid Systems button from the System toolbar. 
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Ground Grid 
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Some of the design features of the Ground Grid Systems module include: 


e Calculation of the safe step and touch potentials for any type of ground grid shape 

e Generation of three-dimensional graphic profiles and tabular results from the step and touch 
voltage values 

Optimization of the numbers of parallel ground conductors and rods 

Calculation of ground resistance and ground potential rise 

Calculation of cost of conductors and rods used 

Inclusion of soil type and configuration in calculations 


Grid2_GRDFEM 


Touch Potential Profile 


Ground Grid Systems Plot Sample 


When working with a ground grid presentation, the Mode toolbar changes as shown below. 


Mode ia) 


Laman 
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3.8.1 Edit Mode 


Edit Mode enables you to build your ground grids based on the 
IEEE (regular shapes) or FEM (Irregular shapes) standard. 


3.8.2 Study Mode 


Study Mode enables you to create and modify solution parameters 
(study cases), perform calculations, optimize the number of conductors, 
optimize the number of conductors and rods, and view output reports 
and plots. 


EDIT and Calculation Toolbars 
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3.8.3 Features & Capabilities 


IEEE 80 Method 

IEEE 665 Method 

Finite Element Method 

Rod and conductors in any 3-D direction 

Rod and conductor optimization 

Two-layer soil configuration plus surface material 
Table of potentials at the earth surface 

External boundary extensions 

Handle irregular configurations of any shape 
Variable weight and temperature options 
Compare allowable currents against fault currents 
User-expandable conductor library 

Ground grid configurations showing conductor and rod plots 


Flexible Operation 


Automatically use short-circuit results 

Optimize number of conductors with fixed rods 
Optimize number of conductors and rods based on cost 
Check the allowable current for grid conductors 


Standards & Methods 


IEEE: 80-1986, 80-2000, 665-1995 
Finite Element 


Calculate 


Reflection factor (K) 

Decrement factor (Df) 

Ground potential rise (GPR) 

Ground system resistance (Rg) 

Surface layer derating factor (Cs) 

Compare potentials to tolerable limits 

Step, touch, and absolute potentials inside and outside grid 


Plot Options 


ETAP 


Rotation animation 

Rotation increment (-15 to 15 degrees) 

Rotation detail - wire frame/plotting style/full detail 
Viewing style - color/monochrome 

Shading style - white/color 

Font size - small/medium/large 
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Numeric precision - 0, 1, 2, 3 decimals 

Grid lines - no grid, X and/or Y axes 

Plotting method - wire frame/surface/surface with frame/surface with contouring/pixels 
Show bounding box - while rotating always/never 

2-D contour 

Off 

Color & Lines on top/bottom 


Plotting/Reporting 


3-D touch potential plots 

3-D step potential plots 

3-D absolute voltage plots 

Color coded contour plots 

Graphical display of overlimit voltages 

Conductor segments oriented in any 3-D direction 
Output results in database file format 

Use Crystal Reports for full color, customizable reports 
Export output reports to your favorite word processor 
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3.9 Panel Systems 


ETAP allows you to model the electrical panels used in electrical power systems directly on the one-line 
diagram. The number of panels that can be represented is unlimited, since ETAP supports the nesting of 
panels. Therefore, a panel can be connected to a sub-panel, and in turn, a sub-panel can be connected to 
yet another downstream panel elsewhere in the circuit. Each panel can be modeled as either a 3-phase or a 
single-phase panel. The 3-phase panels can be either 3-wire or 4-wire configurations, while single-phase 
panels can be 2-wire or 3-wire configurations. Internally, each panel is comprised of protective devices 
and a collection of circuits that supply system loads. 


AC ... [E3} 


Panel Systems 


Panels are added to the one-line diagram by clicking the Panel Systems button located on the AC Edit 
toolbar, and placing the panel anywhere on the one-line diagram. Once added to the diagram, double- 
clicking the panel symbol will open the Panel Editor, and allow for panel and circuit information to be 
specified. The user can customize useful information such as panel ID, phase connections, panel rating, 
number of circuits, circuit schedule, and load summary. 
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3.9.1 Features & Capabilities 


Panel design and analysis 

1-Phase and 3-Phase 

ANSI and JEC standards 

NEC load factors 

Intelligent panel calculations 
Automatic update of upstream panels 
3-Phase 3-Wire 

3-Phase 4-Wire 

1-Phase 2-Wire 

1-Phase 3-Wire 

Column and standard layouts 
Unlimited branch circuits 

Unlimited sub-panel connections 
External network representation 
Internal (spreadsheet) load modeling 
Intelligent panel calculations 
Detailed panel loading summary 
Dynamic panel schedule updates 
Continuous and non-continuous load calculations 
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Flexible Operation 


Diverse operating conditions 

Multiple loading categories 

Multiple demand factors 

Unlimited configurations 

Different nameplate data 

Global and individual bus load diversity factors 


Study Options 


e Ten loading categories per circuit 
e User-definable load types and factors 


Libraries 
e Extensive protection and control device libraries 
e Comprehensive feeder and cable libraries 
e Customizable libraries 
e User-configurable defaults and layouts 


Panel Code Factors 


e NEC load demand factors 
e Customizable multiplying factors 


Reporting 


Customizable panel schedules in Crystal Reports format 
Comprehensive load summary for panel sizing 

Customizable reports for branching circuit evaluation 

Export one-line diagrams with results to third party CAD systems 
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3.10 Cable Pulling Systems 


The accurate prediction of cable pulling force is essential for the design of underground cable systems. 
This knowledge makes it possible to avoid overly conservative design practices and to achieve substantial 
capital savings during construction. 


ETAP Cable Pulling Systems is used to determine the forward tension, reverse tensions, and sidewall 
pressures a cable is subjected to when pulled through conduits. The module can account for cables of 
different sizes and permits complex pulling path geometry. A point-by-point calculation method is 
performed at every conduit bend and pull point. Both the forward and reverse pulling tensions are 
calculated for determining the preferred direction of pull. 


To begin working with Cable Pulling Systems, click the Cable Pulling Systems button on the System 
toolbar. 
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Once created, double-click the cable pulling (CP) symbol to access the CP presentation. The CP 
presentation is divided into three different views: the schematic configuration view, conduit cross-section 
view, and 3-D pulling path view. The conduit cross-section view is primarily to edit the properties of the 
cables and the conduit (which the cables will be pulled into).The 3-D pulling path view applies only to the 
three-dimensional display of pulling path geometry. The CP presentation allows you to graphically 
arrange cables, segments, and bends, to provide a physical environment to conduct cable pulling design 
studies. 
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3.10.1 Features and Capabilities 


Integrated with one-line diagram cables 

Integrated with underground raceways cables 

Pull multiple cables 

Allow any pull geometry 

Full ETAP cable library integration 

Display 3-D pulling path geometry 

Provide reduction factors for calculating allowable tension when pulling multiple cables 
Evaluate possible conduit jamming 

Allow segments to have non-zero slopes as well as horizontal bends (non-planer segments) 
Account for the equivalent tension for cables pulled from reels 

Provide tolerance for cable weights and outside diameters 

Summary and alert windows 


Flexible Operation 


Calculate forward and reverse pulling tensions 

Calculate pulling tensions at all bend points 

Calculate the maximum tension limited by sidewall pressures 

Calculate the maximum allowable pulling tension 

Compare the maximum tension limitations against the calculated pulling tensions 
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e Calculate the conduit percent fill 
e Calculate the total length of run (pull) 
e Cradled and triangular cable configurations 


Reporting 


Fundamental cable pulling results 

Flag cable tensions that exceed limits 

Flag conduit percent fill limits 

Flag non-conforming NEC code requirements 

Graphical display of cable pulling results 

Report sidewall tension, forward pull, and reverse pull including violation flags 
Use Crystal Reports for full color, customizable reports 

Export output reports to your favorite word processor 

Pulling schematic showing segment and bend plots 

Conduit cross-section showing conduit and cable plots 
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3.11 Real-Time Systems (PSMS) 


ETAP Real-Time (PSMS) is an intelligent PC-based 
energy management software application that runs as an 
operator workstation to monitor, control, and optimize the 
operation of your power system. While monitoring your 
system, the workstation can simultaneously be used to 
perform full spectrum power system analyses on real-time 
data. 


ETAP Real-Time’s unique combination of supervisory and 
simulation capabilities provides a powerful new set of 
management tools for more effective operation of your 
power system. ETAP Real-Time simulation capabilities 
also provide an environment for operator training and 
assistance. Compared to traditional training methods, 
operator training is accelerated and becomes an ongoing 
process. 


ETAP Real-Time is an online extension to ETAP power system analysis software. By combining 
Windows client-server modular architecture with state-of-the-art remote monitoring, simulator, and 
supervisory control applications, Real-Time can interface with any combination of computer 
workstations, data storage devices (historians), IEDs, and other SCADA systems. 


ETAP Real-Time enables you to connect your existing power system to your ETAP model; collect, 
monitor, and log live data; set alarms; simulate system responses; execute control actions; run “What if" 
studies; and view output reports and plots. 


While Real-Time monitors and maintains logs in the background, you can simulate load flow, short- 
circuit, motor starting, transient stability, optimal power flow, or operation of the system with data that 
reflects the current status and loading of the system. Previously stored system configuration data and 
loading can also be used for simulations. 


You access the ETAP Real-Time System on the System toolbar as shown in the example below. 
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When working with ETAP Real-Time Systems, the toolbar changes to allow access to the following Real- 
Time capabilities: 


Advance Monitoring 

Real-Time Simulation 

Event Playback 

On-Line Control 

Advisory and Supervisory Control 
Intelligent Load Shedding 
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3.11.1 Advanced Monitoring 


Click the On-Line Monitoring button on the Real-Time toolbar to put the active one-line diagram 
(presentation) into on-line monitoring mode. ETAP acquires real-time data from the electrical system via 
the monitoring devices while in monitoring mode, processes the data (using State Estimator and Load 
Distributor), resets the alarms, stores all parameters, and then graphically displays the data on the one-line 
diagram. 


Advanced Monitoring provides intuitive, intelligent, and integrated real-time monitoring via a state-of- 
the-art graphical user interface. Monitoring functions include checking the condition of the network, 
estimating missing system states, detecting network abnormalities, and initiating alarms based on 
operating conditions and status changes. 


Features and Capabilities 


Continuous real-time monitoring 

On demand data retrieval 

State estimator and load distributor 

Data reconciliation and consistency check 

Bad data detection and correction 

Alarm management and processing 

Energy cost monitoring 

Multi-console and multi-screen monitoring 
Multi-state breaker monitoring 

Graphical monitoring via intelligent one-line diagrams 
Visual monitoring via watch windows (MMI) 
Dynamic coloring of de-energized and overload elements 
Archived (historical) data retrieval and display 
Pseudo measurements (override measured data) 

OPC interface layer 

Message logging 

User-definable scan rates 

User-access levels 


Energy Usage and Cost Analysis 


Predict system-wide energy usage and cost 
User-definable cost functions and heat rates 
Track energy related costs 

Cost of energy calculations 


State Estimator 


ETAP 


Extended estimations of non-observable sub-systems 
Rule-based comparison of measured vs. estimated values 
Dependable and fast convergence solution 

Minimum system measurements requirement 
State-of-the-art estimation techniques 
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e Data consistency checking 
e Bad data and error detection 
e Load distribution 


Alarms & Warnings 


Annunciate local and system-wide alarms and warnings based on equipment ratings 
Alarm priority setting and event triggering 

Annunciate out-of-range measurements 

Graphical, tabulated, and audible annunciation 

Predict abnormal conditions and critical failures 


3.11.2 Real-Time Simulation 


ETAP Real-Time Simulation is a powerful analysis tool that allows for prediction of system behavior in 
response to actions and events via the use of real-time and archived data. Virtual testing of operator 
actions prior to implementation can reveal potential problems, hence reducing human errors and the risk 
of service interruptions. ETAP Real-Time Simulation assists operators, engineers, and planners to make 
informed and logical decisions to reduce operating costs and improve system reliability. 


Features and Capabilities 


Real-time simulation 

Predict system behavior 

Perform "What If" operating scenarios 

Simulate archived offline data 

Built-in training tool for engineers and operators 
Full spectrum AC and DC analysis modules 
Emulate response of protective devices 

Evaluate protection and control systems 

Get online data on demand 

Retrieve archived data for system analysis 
One-touch simulation 

Graphical display of simulation results 
Intelligent interactive graphical user interface 
Operator friendly interface 

Online simulation alerts 

Customizable reports via Crystal Reports 
Integrated database with ETAP 

Automatic scenario simulation using project wizard 
Power analysis techniques 
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3.11.3 Event Playback 


On the Real-Time toolbar, click the Playback button to put the active one-line diagram (presentation) into 
playback mode. Once in Playback Mode, ETAP Real-Time retrieves data from the historian and displays 
it on the one-line diagram. 


The Event Playback Mode provides seamless retrieval of data from the ETAP Real-Time Playback 
Historian for any events from any ETAP Real-Time Console. ETAP Real-Time can be configured to 
provide a complete picture of the electrical system from the stored data. This includes playback of a 
previously recorded monitored data, calculated system parameters, sequence of events, and message log. 


The Event Playback feature is especially useful for root cause and effect investigations, improvement of 
system operations, exploration of alternative actions, and replay of "What if" scenarios. ETAP Real-Time 
Event Playback capabilities translate into reduction of maintenance costs and prevention of costly 
shutdowns. 


The system operator can control playbacks to re-run at original or accelerated speeds, single-step, fast- 
forward, or rewind through the message log. Playback resolution is operator controlled and determined by 
the scan rate of field devices. Since full simulation capabilities are available to the system operator at any 
point during the replay, the operator can explore the effects of alternative actions at any point of recorded 
data. 


Additionally, the event log can be synchronized and displayed while the playback is in progress. This 
allows the operator to precisely determine, at a specific time, what events were occurring in the power 
system, what was being reported to the operator, and what operator action resulted, if any. 


The playback data is stored in an ODBC/SQL database as a binary stream and can be transferred to any 
user with the appropriate authorization and software. Stored information can be accessed from any ETAP 
Real-Time Console. There is no requirement that the Playback Console be online or connected with 
ETAP Real-Time Server. 


Features and Capabilities 


Replay archived data at different speeds 
Improve operator knowledge 

Improve system operation 

Investigate cause and effect 

Explore alternative actions 

Replay "What if" scenarios 

Playback of event views 

Historical alarm database 
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3.11.4 On-Line Control 


This mode allows the user to open or close circuit breakers and receive status confirmations. 


ETAP Online Control Mode gives the operator full remote access over system elements such as motors, 
generators, breakers, and other switching devices. Subsystems that operate independently within the load 
area under ETAP Online Control will need device coordination through either hardware or software 
interlocks with the ETAP Real-Time Server to ensure safety and stable operations. 


Automation 
ETAP Real-Time provides user-definable actions that can be added or superimposed on the existing 


system for automating system control. This is like adding PC-based processors/controllers (kV, kW, kvar, 
PF, etc.) or simple breaker interlocks to any part of the system by means of the software. 


3.11.5 Automatic Generation Control 


ETAP Real-Time offers a range of state-of-the-art control and real-time optimization capabilities for your 
electrical power system. ETAP Real-Time optimization algorithms assist energy consumers to 
automatically operate their system and minimize system losses, reduce peak load consumption, or 
minimize control adjustment. For energy producers ETAP Real-Time can minimize generation fuel cost, 
optimize system operation, optimize power exchange, or maximize system security. 


ETAP Real-Time can dynamically manage your system to respond to disturbances faster than standard 
hardware time-delay operations. The appropriate system response can be determined for a variety of 
changes and disturbances by using electrical and physical parameters, loading and generation levels, 
network topology, and control logic. In addition, ETAP Real-Time can determine the source of a potential 
problem and advise on corrective actions to avoid interruption. 


The optimization of a power system through the utilization of available controls including: 


Voltage/var Control 

MW Control 

Transformer LTC Control 
Multi-State Breaker Control 
Shunt Compensation Control 
Series Compensation Control 
Switching Capacitor Control 
Load Shed Control 


Furthermore, the appropriate application of ETAP Real-Time leads to a more reliable and economical 
operation, while maintaining system voltages and equipment loading within the required range and 
constraints. ETAP Real-Time provides intelligent load flow solutions to minimize system operating costs 
and maximize system performance. ETAP Real-Time maximizes the value of your energy investment. 


ETAP Real-Time pays for itself through an immediate realization of savings in operating and 
maintenance costs. 


e Reduce kWh Costs 
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Reduce Peak kWh Costs 

Reduce kvar/Power Factor Penalties 
Increase Equipment Life Time 
Increase System Capacity 


ETAP Real-Time allows you to monitor, analyze, control, coordinate, and predict load/generation 
demands, real-time costs, and other system parameters while maintaining proper reliability levels 
throughout the system. 


Supervisory Control mode provides automatic implementation of recommended settings to achieve 
continuous optimum system operation. Advisory Control mode allows the systems operator to implement 
the ETAP Real-Time recommendations. 


Features and Capabilities 


Replay archived data at different speeds 
Advisory and/or automatic control 

Shared decision making process 

Chain of logic controls and action validations 
Steady-state optimization control 

Energy cost assessment 

Online control and automation 
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3.11.6 Intelligent Load Shedding 


The Intelligent Load Shedding (ILS) uses a neural network to dynamically determine the best load 
shedding priority. The decision is made based on the actual operating condition of the system and location 
of the disturbance. ILS provides faster execution of load shedding, as compared to conventional 
frequency relays thus further reducing the load relief requirements. 


Real-Time Data 
Generation, Loading, 
Configuration, & 
LTC Position 
Circuit Breakers 
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Individual Load Disturbances 


Priority Table 
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Features and Capabilities 


Fast and reliable response 

System islanding generator logic 

VFD load reduction control 

Automatic generation of transient study cases 
Optimize load preservation 

Reduce downtime for critical loads 

Training of neural network 

User-defined load priority tables (LPT) 

Load shedding scheme redundancy with back-up contingencies 
Redundancy with backup contingencies 

Simulate various disturbances and display the results 
Robust calculation methods 


Fast Corrective Control Based on a Neural Network 


The load shedding operation of ETAP Real-Time is based on maintaining system stability (transient and 
steady-state) with minimum load shed. Load shedding can be initiated by under frequency, over 
frequency, circuit breaker status, reverse power, ground current, etc. In response to electrical or 
mechanical disturbances in the system, load shedding will commence based on a user-defined Load 
Priority Table (LPT) and a pre-constructed Stability Knowledge Base (SKB). SKB is constructed from a 
number of transient stability studies for determining the stability limits of the system. 
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3.12 GIS Systems 


The ETAP graphical user interface integrates GIS data and maps. 
The GIS Data Exchange module enables you to visualize GIS maps 
and sub-maps, as well as utilize the associated data to run power 
system simulations. 


This sophisticated data exchange module always keeps the latest GIS 
data within ETAP, thereby providing consistent and viable results. 
ETAP automatically updates the GIS database with analysis results 
ensuring that the most current information is available for all users. 
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3.12.1 Features and Capabilities 


View GIS maps in ETAP 

Display analysis results on GIS map 

Synchronize GIS data to ETAP projects 

GUI database mapping 

View modifications and accept/reject actions 

Use GIS map tools 

Map attributes of GIS to ETAP elements 

Consistency checks for data synchronization 

Database mapping via a graphic user interface 

Display unlimited GIS presentations 

Perform add, modify, or delete actions for data synchronization 
View modifications and accept/reject actions via graphical user interface 
Use map tools - zoom in, zoom out, full extent, pan, etc. 

Full control of analysis results displayed on the GIS map 
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3.13 Control Systems 


ETAP seamlessly integrates the analysis of power and control circuits within one electrical analysis 
program. The Control System Diagram (CSD) simulates the sequence-of-operation of control devices 
such as solenoids, relays, controlled contacts, multi-sequence contacts, and actuators including inrush 
conditions. CSD has the capability of determining pickup and dropout voltages, losses, and current flows 
at any time instance as well as overall marginal and critical alerts. A large library of equipment enables 
engineers to quickly model and simulate the action of relays associated with control interlocks after given 
time delays. 
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—_ 


Click here to access Control Systems 
Diagram (CSD) 
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3.13.1 Features and Capabilities 


Simulation-of-operation sequence 

Pickup and dropout voltage calculation 

Automatic alerts 

Burden and inrush modes 

Controlled contacts 

Integrated with battery discharge calculation 

Detailed representation of control systems 

Step-by-step simulation of control system operation sequence 
Simulation of logic interlocks between controlling devices and contacts 
Calculation of device operating voltage and current 
Modeling of device burden and inrush modes 
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Alert violations for operating voltage, current, and voltage pickup 

Built-in logic between control devices and contacts 

Multiple sources to a control system 

User's selectable modeling of protective device and contact resistance 
Coil/solenoid resistance temperature adjustment 

Cable/wire length adjustment 

Battery discharge calculation using sequence-of-operation control diagrams 


Study Cases 


Saves solution control parameters for each scenario 

Make changes to your system and re-run studies instantly 

Conduct unlimited "what if" studies within one database 

Option to update initial conditions, voltage profiles, and duty cycles 


Elements 


Extensive libraries 

Control relay 

Coil 

Solenoid 

Light 

Generic load 

Wire 

Fuse 

Circuit breaker 

Single-throw and double-throw controlled contacts 
Single-throw and double-throw switches 
Macro-controlled contacts 


Display Options 


Dynamically adjust the display of calculation results 

Customize display of device names and ratings 

Customize display of equipment impedance 

Customize font types, sizes, styles, and colors 

Customize display of voltage drop calculation results directly on the one-line diagram 


Reporting 


Customize output reports using Crystal Reports 
Generate output reports in any language 
Voltage drops, losses, power flows, etc. 
Sequence-of-operation action summary log 
Input data, detailed voltage drop, and summaries 
Flag device pickup/dropout voltage violations 
Flag element current violations 
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e State-of-the-art graphic display of results 
e Export outputs to your favorite word processing program 
e Export one-line diagrams including results to third party CAD systems 
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3.14 User-Defined Dynamic Model Graphical Editor 


The ETAP User-Defined Dynamic Models (UDM) program is graphical logic editor (GLE) an interpreter 
tool which allows the creation of user-defined governor, exciter, and Power System Stabilizer (PSS) 
models for synchronous machines, generic load and wind turbine generator models. This module allows 
the models to be linked to ETAP’s transient stability program. The models can be built in the ETAP 
UDM Graphical Logic Editor or can be imported from Matlab Simulink files. ETAP uses these dynamic 
models at run time when conducting Transient Stability Studies. This tool has been extremely enhanced 
and is now fully integrated into ETAP to allow the creation of dynamic models without the need to buy 
additional Matlab Simulink software. 


+ 
Ban > ee@ 
fi Fae a wv aS 
Click here to access the 
UDM Graphical Editor. 


The main application of the UDM module is to model dynamic control elements which are not part of the 
standard ETAP dynamic model library. 


This chapter covers the scope of the application of the UDM Graphical Logic Editor and how it is used to 
create the following types of control / dynamic models: 


Synchronous Motors Exciter / AVR models 

Synchronous Generator Exciter / AVR models 

Synchronous Generator Turbine, Engine / Speed Control models 
Synchronous Generator PSS (Power System Stabilizer) models 
Wind Turbine Generator Models 

Generic Load Models (Lumped Load Element Dynamic Models) 


Roe WN 


Accessing the UDM Interface 


There are two ways to access the UDM Editor. The first method is from the system toolbar. A new Icon is 
added at that location. The second method to access the UDM Editor is from the synchronous generator 
editor individual pages (Governor, Exciter & PSS pages), synchronous motor exciter page, dynamic page 
of the lumped load editor and the Info page of the wind turbine generator editor. Please note that the 
model type is inherited from the editor from which the UDM GLE interface was accessed. 


If you open the UDM Editor from the Individual Editors: 


If the UDM Editor is opened from the synchronous generator, synchronous motor, lumped load or wind 
turbine editor, any content that is not related to the individual element is filtered out. This means that only 
the models created specifically for the given machine will be listed in the model selection drop list. If 
there is no model created, then the UDM model selection drop list is blank. Clicking on the UDM Editor 
Button opens the UDM GLE Interface. At this time, a new model can be created. When the model is 
saved, it will be associated it with the element from which the editor was accessed. The model can be 
associated with other elements or added to the model library later on if required. 
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UDM Graphical Editor 


Once the UDM editor is opened from the generator element, the default directory for the file “save” and 


“open” is the current project directory. 


The following image illustrates the process of opening a UDM model for the first time from the generator 


editor: 


Synchronous Generator Editor - Gen1 


(een 


Harmonic | Protection | Reliabilty | Fuel Cost | Time Domain | O&M | Remarks | Comment 
Info| Rating | Capabiity | Imp/Model_| Grounding | Inertia | Excter | Govemor | pss 


[138kV 75MW Voltage Control 
Builtn @ UDM 


_— EEE ce UDM Editor 


% UDM Graphic Logic Editor ela ka) 
Fle Edt View Actions Window Help 
| D oh Ome MSs) > = Ms (MQ foros aaa ss A 1B Uw ES BAX KA % 3 [Sindaion)2| 
2 " 


Governor 


@|Gen1_GOV_GOV230}FREQChg | 


1 


Isoch 


Properties 


+ [Gen1_GOV_GOV2301FREQCha 


a 


> 
0.055 +1 + ]_ 7h ° 
Load Sensor1 | Load Shai 


16 


Pe-Psh 


re Gain: K IsochNLdshr L_ 


: al es 
si>— 
Psh Op Switch 
1 8.28 
ce >| > 0.04 
Pe 0.058 +1 01s +1 + 
LoadSensor Droop Pot Droop = 
1 + 
Wet ry vil 828 epee 
s+ 
one2 | Switch21 one! “Vispeed cet Beta 
— 
0.04 = 
K 
=] 
Dowet |* ba 


Input 


Output 


[Frequency Changes accomplihsed by using Simulation Time Block. 


Engine Fuel 


Engine dead Time 


Lists the block names corresponding to parameters 


+- 


Pmax/Pmin 


Pm 


4 Appearance 
Background Color 
Diagram Size 


Gen1_GOV_GOV2301FREQ( 


White 
Custom 


4 System Model Parameters 


Model Type 
Initialization Method 


Governor 
Iterative 


4 Iterative Method Setting 


Iteration Time 
Settle Time 
Time Step 

4 Direct Method Settings 
Max Iteration 
Precision 
Increment Step 

4 Test Setting 
Gov Test Type 


0.0035 


Fault Bus 


Simulation Time Ste 0.005 
Total Simulation Tir 40 


Speed(W) 
Name 
Diagram name 


1 


Model Parameters 


m 


Block 


Name 


Value 


Once the model is saved the model will be linked to the element for which it was created using the 


following naming convention 


<Element ID>_<Type>_<Model Name>. 


More on the naming convention is presenting under the file saving section of this chapter. 


If you open the UDM Editor from the System Toolbar: 


Opening the UDM Editor from the system toolbar allows you to modify all model files including the ones 
in the current project directory or the ones from the library. The program file open and file save directory 
are defaulted to the UDM library directory (\\ETAP Installation Directory\UDM). However, it is possible 
to save and link to an element as long as the model is saved in the project directory with the proper 
naming convention. If this is done, the model would be linked exclusively to an element and can be 
accessed from the element itself. 


Please refer to Chapter 25: User Defined Dynamic Models for additional information. 


ETAP 


3-50 


ETAP 19.0 User Guide 


Overview UDM Graphical Editor 


3.14.1 Features and Capabilities 


Graphical model builder 

Library of pre-defined UDM models 

Customize existing UDM models 

Create more complex UDM models using library pre-defined UDM models 
Compile and test directly from UDM builder 

Wide variety of blocks for building models 

Control element toolbars including transfer blocks, input ports, output ports, etc. 
Import and export Simulink models 

Automatic UDM links to components 

Create and edit models for Exciter, Governor, Power System Stabilizer, and Lumped Load 
Various model testing methods 
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3.15 System Dumpster 


The System Dumpster consists of a number of cells that contain elements that you have deleted or copied 
from the one-line diagram or underground raceway systems. When you initially cut an element or group 
of elements from the one-line diagram or an underground raceway system, ETAP places these in a 
dumpster cell. These cells are kept within the System Dumpster until you explicitly purge them. When a 
cell is purged from the System Dumpster, ETAP automatically deletes all elements in the cell from the 
project’s database. While an element or groups of elements are inside a dumpster cell, you may move or 
paste copies of the contents of the cell back into the one-line diagram or underground raceway system. 
Therefore, the System Dumpster provides a convenient holding location for elements while you are 
actively constructing a one-line diagram or an underground raceway system. The System Dumpster 
presentation can be accessed using the System toolbar or the System Manager. 


Click here to access 
the System Dumpster. 


Type 


SubOL1 Sub One-Line System 


What Happens to IDs When Elements are Copied or Cut into the System Dumpster? 

e Elements that are copied into the System Dumpster using the Copy command will have new IDs. 

e Elements that are copied into the System Dumpster using the Cut command will retain their original 
IDs. 

e IDs of the elements purged from the System Dumpster are reusable. 


What Happens to IDs when Elements are Pasted or Moved from the System Dumpster? 


e Elements that are cut and pasted from the System Dumpster will have new IDs. 
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e Elements that are moved from the System Dumpster will retain their original IDs. 


Purging Elements from a Project 


e When you purge a dumpster cell, elements within that cell are removed from the project database 
completely and permanently. 
e All the dumpster cells (entries) may be removed from the project using the Purge All command. 


Editing Within the System Dumpster 


You cannot copy, size, rotate, or change symbols of elements inside the System Dumpster. 
Elements may be relocated inside the System Dumpster. 

You can hide or show protective devices (PDs) inside the System Dumpster. 

Status of PDs and loads cannot be changed inside the System Dumpster. 

Navigators within the editors are not functional for elements in the System Dumpster. 
Elements cannot be reconnected inside the System Dumpster. 


Controlled Dumpster 


The Controlled Dumpster is a mechanism for locking information into the System Dumpster and is used 
only when the ETAP project is password-enabled. 


When ETAP cuts any elements from an underground raceway system (UGS) or a one-line diagram, the 
dumpster cell to which the elements are assigned is designated as a controlled dumpster cell, unless the 
element is newly created and has never been seen by the checker. When the dumpster cell is designated as 
a controlled dumpster, the designation has no meaning unless the project is password-enabled. 


Two INI file entries have been added to override the option of not making a cell a controlled cell when 
the elements being cut and pasted into the System Dumpster are newly created: 


[Etap PowerStation] 
Relax UGS Dumpster Controls=1 
Relax OLD Dumpster Controls=1 


The default for both entries is 1, which does not allow the cell to become controlled if the element is 
newly created. If you change the entry to 0, the cells become controlled if the elements you cut and paste 
into them are newly created. 


When passwords are enabled, the Controlled Dumpster is treated as a special entity with the following 
attributes: 


1. The controlled dumpster is displayed as a Controlled Dumpster by displaying the designation (C) or 
(CC) as part of its title in the System Dumpster list window. 


e The designation C (Controlled Dumpster cell) is used to indicate that this is a controlled dumpster 
cell that is not checked. These cells cannot be purged until they are checked. 

e The designation CC (checked Controlled Dumpster cell) is used to indicate that this is a 
controlled dumpster cell that has been checked. A user with Project or Base editor permissions 
can purge these cells. 
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2. The background color of a (C) Controlled Dumpster cell is set by Options (Preferences) command 
line Controlled Dumpster Background Color (UGS Elements) or (One-Line Elements). The 
background is colored only when the project setting has Project/Options/Display Changed Data in red 
selected or the project user is a checker. 


3. When moving a cell from a Controlled Dumpster cell to the one-line diagram or UGS, two behaviors 
are exhibited: 


e Ifthe Controlled Dumpster cell is a (C) dumpster, the elements are moved as normal. That is, no 
special action is taken to flag elements as checked or unchecked.) The dumpster cell is then 
destroyed as normal. 

e If the Controlled Dumpster cell is a (CC) dumpster, the elements are moved as normal but, in 
addition, all property values are forced dirty and are flagged as unchecked (displayed in red in the 
editors). This is the same as placing a new element on the one-line diagram or UGS. The 
dumpster cell is then destroyed as normal. 


4. When in Checker Mode, the Controlled Dumpster cells appear in the checker’s list and can be 
checked like any other element. The act of checking a Controlled Dumpster changes its designation 
from (C) to (CC). This also sets the dumpster background color to normal. 


5. A Project Editor (or Base Editor) cannot purge a Controlled Dumpster with the designation (C). The 


Project Editor can purge a Controlled Dumpster with the designation (CC). The checker must check a 
Controlled Dumpster cell before it can be purged. 
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3.16 Library 


ETAP provides the library structure for the following circuit elements: cable, cable fire protection 
(coating, stop, wrap), transmission line (ground wire, phase), control system devices (button, coil, contact, 
and solenoid), motor (nameplate, model, characteristic, and load), low voltage circuit breaker, high 
voltage circuit breaker, fuse, relay, trip devices (electro-mechanical, motor circuit protector, solid state, 
thermal magnetic), overload heater, harmonic sources, load interruption cost, device reliability, solar 
panel, wind turbine generator, and battery. See Chapter 8 - Engineering Libraries for more information. 


Cable... 
Cable Fire Protection r 
Transmission Line » 


Motor Nameplate... 

Motor CKT Model... 

Motor Characteristic Model... 
Motor Load Model... 


Transformer r 


Fuse... 

Relay... 

Recloser... 

Electronic Controller... 

HV Circuit Breaker... 

LV Circuit Breaker... 

Trip Device » 


Overload Heater... 
Harmonic... 


Interruption Cost... 


Reliability... 


Sector Library... 


Profile... 


The ETAP library file is named ETAPLIB1400.LIB and is located in the Lib folder. Using Library Quick 
Pick you can view and retrieve library data from the element editors in your project. 


To edit or add library data, double-click the Libraries folder in System Manager to expand the folder. 
Then double-click the library of your choice to open its editor. From a library editor you can add, edit, 
copy, and delete library data. You can also access and edit library data from the Library menu in the menu 
bar. You can create an unlimited number of library headers and data entries for each library. 
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You can also create new libraries by right-clicking the Library folder in System Manager and selecting 
the Create command. Use the right-click menu options to locate and open other ETAP library files, or to 
Save, Save As, or Purge the library currently in use. 


Each ETAP project file can be attached (associated with) one library only. To attach a project file to a 
different library, use the Open command from the System Manager (right-click Libraries) or from the 
Library menu in the menu bar. 


There are a number of libraries available for many devices in ETAP. Each library is customized for a 
specific device. 
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3.17 Cable Systems 


Data integration between the one-line diagram and underground raceway system (UGS) includes 
electrical properties, routing, and physical attributes of cable. For example, a cable contains data used for 
load flow studies representing its electrical properties and bus connections. The cable also contains the 
physical data and routing information associated with the raceways through which it is routed. 
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Cables in ETAP are categorized in three groups: One-Line, Equipment, and UGS 


3.17.1 One-Line Cable 


One-line cables, cables that are placed in the one-line diagram, appear as a graphical element in the one- 
line diagram or System Dumpster presentations. This is a cable that you add to the one-line diagram as a 
branch to connect buses. To route a one-line cable through a raceway, click the Existing Cable button on 
the Edit toolbar in an underground raceway presentation, select a cable from the drop-down list, and then 
place it inside a raceway conduit or location. You can also route a one-line cable through a raceway from 
the Routing page in the Cable Editor. 


Note: This action will attach (assign) the cable to the raceway but will not place it in a specific conduit or 
location. 


3.17.2 Equipment Cable 


An equipment cable is a cable that is placed in an editor as a feeder for a load. Equipment cables are 
attached to equipment such as motors and static loads as a feeder cables, but do not appear graphically as 
branch elements on the one-line diagram. You add these cables to equipment from the Property editors 
(Cable/Vd page) of static load and motors. To route an equipment cable through a raceway, do the 
following: 
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1. 


2, 
3. 


Click the Existing Cable button on the Edit toolbar in an underground raceway presentation. 


Select a cable from the drop-down list. 
Drop the cable inside a raceway conduit or location. 


You can also route an equipment cable through a raceway from the Routing page in the Cable Editor. 


Note: This action will attach (assign) the cable to the raceway but will not place it in a specific conduit or 
location. 


3.17.3 Underground Raceway System (UGS) Cables 


UGS cables are cables that are placed only in underground raceways. These cables are used exclusively 
within the underground raceway system. They are routed through an underground duct bank or direct 
buried raceway, but do not exist in the one-line diagram or as an equipment cable. Raceway cables can be 
graphically placed in raceway conduits or locations by clicking the New Cable button on the Edit toolbar 
in underground raceway presentations. To make it into a one-line cable, raceway cables can be 
graphically dragged to a one-line diagram. However, a raceway cable cannot become an equipment cable. 


Features and Capabilities 


ETAP 


Graphical user interface 

Neher-McGrath method 

IEC 287 method 

Intelligent rule-based alignment and spacing tools 
Temperature analysis 

Ampacity optimization 

Automatic cable sizing 

Transient temperature analysis 

Multiple duct banks and direct buried cables 
External heat sources 

Graphical user interface 

Graphical manipulation of raceways, cables, conduits, etc. 
Drag and drop cables from one-line diagrams 
Cable of different sizes in the same raceway 
Separate phases into different conduits or locations 
Unsymmetical positioning of raceways 

Transient calculations use a dynamic thermal circuit model 
Option to fix cable size and/or loading 
Grounded/ungrounded shielding 

Calculate thermal R, dielectric losses, Yc, Ys, etc. 
User-defined armor cables 

Unbalanced load factors 

Multiple duct banks and direct buried cables 

Place raceways in multiple cross-sections 
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Flexible Operation 


Multiple raceways 

Multiple external heat sources 

Custom, NEC or standard IEEE rule-based spacing 
Optimization of new cables in existing raceways 
Cross-sectional analysis 

Duct banks and direct buried raceways 

Integrated with cables in one-line diagrams 
Integrated with load flow results 

Integrated with cable pulling analysis 


Plotting 


Transient temperatures calculations based on load profile 
Option to display multiple cables simultaneously 

Zoom to any detail level 

Export data to Microsoft Excel 

Line, bar, 3-D, and scatter plots 

Customize text and axes 


Reporting 


Flag critical and marginal cable temperatures 

Reports all physical and calculated data 

Use Crystal Reports for full color, customizable reports 
Export output reports to your favorite word processor 
Graphical display of raceway results 


3.17.4 Cable Ampacity 


ETAP calculates cable ampacity based on NEC 70, ICEA P.54-440, IEEE 399, BS 7671, and IEC 60364- 
5-52 Methods for U/G duct banks, U/G direct buried, A/G cable trays, A/G conduits, and air drops. The 
process is systematic and simple. For example, for A/G trays, simply enter the tray height, width, and 
percent fill, ETAP calculates the derated ampacity based on user specified ambient and conductor 
operating temperatures. For duct banks, specify the number of rows, columns, ambient temperature, and 
soil thermals resistivity, ETAP calculates the derated ampacity based on the hottest location not 
exceeding the maximum operating temperature. 


3.17.5 Cable Sizing 


ETAP provides optimal and alternative cable sizes based on voltage drop, short circuit, maximum or 
average phase operating current, load current requirements, and protective device requirements. Load 
current can be based on the full-load amp of any element on the one-line diagram or as a user-specified 
value.You can size cables (motor feeders, transformer cables, etc.) instantly based on the cable derated 
ampacity for any type of installation (direct banks, trays, conduit in air, etc.). 
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3.18 Project Toolbar 


The Project toolbar contains buttons that allow you to perform shortcuts using many commonly used 
commands in ETAP. All of these commands are described in detail in different parts of this manual (e.g., 
Chapter 10 — Menu Bars section One-Line Diagram Menu Bar and Chapter 9, One-Line Diagram GUI 
both describe the graphical user interface of the one-line diagram). 


Command 


New 
Open 
Save 
Print 


Print Preview 


Command Function 


Create a new project file. 

Open an existing project file. 

Save the project file. 

Print active interface views like one-line diagrams or underground raceways. 
Preview the print layout of the active interface view. 


Cut Cut the selected elements from an active interface view. 
Copy Copy the selected elements from an active interface view. 
Paste Paste elements from a dumpster cell to an active interface view. 
Pan Pan the one-line diagram or underground raceway view using a mouse. 
Zoom In Magnify the one-line diagram or underground raceway system. 
Zoom Out Reduce the one-line diagram or underground raceway system. 
Back Undo zoom level for the one-line diagram. 
Forward Redo the zoom level for the one-line diagram. 


Zoom to Fit Page 


Resize the one-line diagram to fit the window. 


Undo Undo previous task on the one-line diagram excluding removing an element. 
Redo Redo a task that was undone. 
Text Box Click to place a textbox on an active interface view. 
Polyline Text Box Click to place a polyline text box (open or closed polygon shapes) 
Show Grid Lines _ Display the grid lines on the one-line diagram. 
Check Circuit Continuity Check the system continuity for non-energized elements. 
SIE Switching Interlock Enforcer to check interlock logic conflict. 
Hyperlinks Click to add a hyperlink to a device or one-line diagram. 


Power Calculator 

DGUV-I 203-078 AF Calculator 
Find 

Help 


Activate Power Calculator. 
Open the DGUV-I 203-078 Arc Flash Calculator 
Click to find a device on the one-line diagram. 


Point to a specific area to learn more about ETAP. 


ETAP 
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New 


Click the New tool to start a new project. This opens the Create New Project File dialog box, as shown 
below. 


fa 
Create New Project File (wom) 


Project File 


Name 


Directory C:\ETAPS 


Unit System Password ODBC 


© English (60 Hz) Driver | Local SQL DB ¥ 


(| Required 


Metric [50 Hz) Advanced Parameters ... 
a 


Create New Project File Dialog Box 


From the dialog box, enter a project file name with a maximum of 32 characters that is suitable for your 
project. For the purpose of this manual, name the new project Test and click OK. This will open the User 
Information dialog box. For more details on user information, see Chapter 5, User Access Management. 


User Information 


User Name OTl 
Full Name 
Cancel 


Description 


Delete 


Help 


Access level permissions 


¥) Administrator |V| Revision Editor V) Librarian 
(¥) Project Editor \¥| Checker VY! Controller 
(V! Base Editor [¥| Browser | Operator 


User Information Dialog Box 
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When you create a new project, ETAP automatically gives you all access level privileges. If you click on 
OK and ETAP logs you on as a Project Editor (i.e., you have full access to all editors including Base 
Data, Revision Data, Libraries, etc.), administrative functions such as adding and deleting users to the 
project are not available to a Project Editor. To access these functions, you must log on as Admin. 


For projects on which security is not an issue or if you are a single user of ETAP, we recommend that you 
do not require a password and that you give yourself full access privileges. You can change the password 
requirement for projects at any time. 


If you forget your User Name or your password, log on as Admin. Type password as the password. We 
recommend that you do not change the password for Admin unless you record it for later use. If you 
forget your User Name or your password, this may be the only way you can access this project. 


Enter your User Name (maximum 20 characters) in the User Name field. User Name is a mandatory field. 
For the purpose of this manual, enter OTI and then click on OK. ETAP will create a one-line diagram 
presentation named OLV1. You can start adding elements and editing the one-line diagram. Each time a 
new project is created, the presentation displayed in the window will be named OLV1 (OLV1 is the 
default name for the one-line diagram presentation). You can change the name of the one-line diagram 
presentation at any time. 


Open 


You can open an existing (previously saved) project file by clicking on the Open toolbar. If you are 
editing a project and you want to open a previously saved project, you will be prompted to save the 
current project. 


In order to open a previously saved project while you are editing a project, the currently opened project 
must be in Edit or Study Mode. 


Note: You CANNOT save or close a project when you are in Revision Data (i.e., you must first change to 
Base Data). 


A file named Example-ANSI.OTI is included in the ETAP installation program. To open this file, click 
on Open toolbar. This will open the Open Project File dialog box, as shown here. 
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fof 
2 Open Project File 


Ov-ll « OS(C:) » ETAP » Example-ANSI > | + 


Organize v New folder 33 ~ Fl e 
yr Favorites a BACKUP 
BM Desktop )) DataEx_2WayExcel 
kh Downloads = _)) DataEx_eDPP 
=) Recent Places )) DataEx_Excel 
_)) DataEx_PSSE 
(= Libraries _)) DataEx_SPEL 
-£] Documents }) Output 
@ Music }) Symbols 
| Pictures } SymbolsXaml 
B& Videos 1) Example-ANSLOTI 
& Comnuter 2 
Filename: *.oti * [Project Files (*.oti) = | 


Open Project File Dialog Box 


The file Example-ANSI.OTI is located in the folder in the ETAP installation directory called Example- 
ANSI. Select the file and click on Open. 


The Example file contains a sample project complete with a one-line diagram and sample values entered 
into the component editors. Performing the actions described in the remainder of this user guide will help 
you to become familiar with ETAP. 


Look in 
Select a network, drive, and directory, where the ETAP project file that you want to open is located. 


File Name 
Type or select the file name you want to open. This box lists files with the extension you select in the List 
Files of Type box. 


Files of Type 
ETAP project files have an extension of .OTI. 


Save 


A project can be saved only when you are in Edit mode or a Study Mode. If you have logged on as a 
Project Editor or Base Editor, you CANNOT save a project while the project is in a revision level of data. 
Saving a project can be done by clicking the Save tool. 


Print 


The Print tool will print the active interface views to your default printer. 


To access the print options, open the Print dialog box by selecting Print from the File menu on the menu 
bar. 
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Print Preview 
Click the Print Preview tool to preview the print layout of the active interface view. 


There are a variety of tools available to modify the print layout in the Print Preview dialog box 


@| BS] Bl 4j 2000 sy] Pave: 
Bi geo oo ow! 


One-Line Diagram - Study View (Edit Mode) _ 


page} = 14:23:30 AmgO4, 2035 Projest Fila: Examplo-ANS] 


Print Preview Dialog Box 


Close 
Click on this button to save the settings and layout, close, and return to the one-line diagram. 


Print 
Click on this button to bring up the Print Dialog box to start a print job. 


Print Setup 
Click on this button to display the Print Setup dialog box, which contains options that allow you to select 
the destination printer and its connection. 


Print Options 
Click on this button to display the Print Options dialog box. 


Next/Previous Page 


If the extent of a one-line diagram exceeds one page you can navigate through multiple pages using the 
Next/Previous Page buttons. 
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Toggle Display 
Click on this button to toggle between a preview of one or two pages at once. 


Zoom In/Out View 
Zoom In/Out of the view to preview the details or overall layout of your one-line diagram prior to 
printing. Zoom In/Out View does not affect the print results. 


Fit to Page 
Fit the extent of the one-line diagram into the selected page size and orientation. 


Zoom In/Out 

Zooms in/out of the one-line diagram so that the size of the diagram changes with respect to the page size. 
Once you print or close Print Preview, all settings are saved for future printing. Zoom levels in the Print 
Preview are independent of zoom levels in the one-line diagram. The default magnification level is 10 
units. You can enter a specific magnification factor in the field provided. 


Scroll 

Scroll the one-line diagram to the right, left, top, and bottom with respect to the selected page size and 
orientation. These scroll functions are provided for centering and/or adjusting the location of the one-line 
diagram with respect to the selected paper size for this one-line diagram. Once you print or close Print 
Preview, all settings are saved for future printing. Scrolling in the Print Preview is independent of 
scrolling in the one-line diagram. The default scroll factor is 10 units. However, you can specify the scroll 
length in the fields provided. 


Cut 


The Cut tool will delete selected elements from the one-line diagram and place them in the Dumpster. 
You can cut elements in Edit Mode only. 


Copy 

The Copy tool will copy selected elements from the one-line diagram and place them in a Dumpster with 
new ID Names while all other data and properties are preserved. You can copy elements in Edit Mode 
only. 


Paste 


To paste an element or a group of elements from the Dumpster, select a cell from the Dumpster and 
activate the view (one-line diagram or underground raceway) you want the element to be pasted into, and 
then click the Paste tool. 


If more than one element is pasted, the pasted one-line diagram will be grouped to facilitate dragging the 
one-line diagram to the desired location. To ungroup the one line diagram, right-click on the pasted 
elements and select ungroup from the menu. 


You can paste elements in Edit Mode only. When an element is pasted from the Dumpster, ETAP assigns 
anew ID to it while all other data and properties are preserved. 


Pan 


Use the Pan tool to move the project around in the window without changing the scale of the view. Click 
the Pan tool and drag the project to the desired view. Press the Esc key to release the Zoom In tool. 
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Zoom In 
There are several ways to use the Zoom In tool to enlarge the view of your project. 


e Click the Zoom In tool once and click the location on the project where you want to magnify the 
view. The view magnifies once and the tool is released. 


e Double-click the Zoom In tool to magnify your view many times. Press the Esc key to release the 
Zoom In tool. 


e Click the Zoom In tool and drag an area on your project to magnify. 


Zoom Out 


Click the Zoom Out tool to reduce the view of your project. Continue to click the Zoom Out tool to the 
desired reduced view. 


Back 


Click on the Back button to return to the previous Zoom level. The button will be grayed when you first 
open the project or you have reached the first zoom level. 


Forward 


Click on the Forward button to return to the next Zoom level. The button will be grayed out when you 
first open the project or you have reached the last Zoom level. 


Zoom to Fit Page 


Use the Zoom to Fit Page tool to view the entire project in the window. If all the elements will not fit 
within the window, the window will be set to maximum reduction with the view located to the window’s 
upper left-hand corner. 


You can select an area of the one-line diagram or select elements by holding down the Control button and 
clicking on the element(s), then click the Zoom to Fit tool to fit only the selected elements to the window. 


Undo 


Undo hiding an element or undo the movement of an element. Also undo moving, adding or deleting a 
connection. You may not use Undo to remove an element. 


Redo 


When undo is used, graphical Redo allows user to redo undone tasks. 


Text Box 


Click and move to the OLV, UGS, or Star presentation to drop a text box. Double click on the text box 
to add text or fields from the editors to display in this box. 


Polyline Text Box 


Click this button to draw a polyline or multiline text box with open or closed polygon shapes. Double 
click on the text box within the polyline to add text or fields from the editors to display in this box. 
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Show Grid Lines 


Click on the Show Grid Lines tool to display grid lines on the one-line diagram. The grid is zoom- 
dependent and will be enlarged or reduced proportionately with the elements when they are enlarged or 
reduced. The grid size can be changed in the Edit Display Options. 


Check Circuit Continuit 

Use the Check Circuit Continuity tool to activate or de-activate this feature. If the Continuity Check is on, 
ETAP determines which element in a presentation is energized. An energized element is an element, 
which is connected by an uninterrupted path to a swing source (generator or utility). Elements, which are 
not energized, are displayed in gray (grayed out) on your screen. 


Out of Service elements are displayed grayed out if the Continuity Check is on, otherwise only their 
annotations are displayed in gray. Motors and loads with Spare status are always shown with gray 
annotations. 


ETAP determines whether every branch in your system is energized or hot. An energized branch has an 
uninterrupted path from an energized bus to another bus. A branch that is not connected to one energized 
bus is considered de-energized. A branch is considered hot if it has one uninterrupted path to an energized 
bus but its other terminal is not connected to another bus. When you run studies only energized buses, 
branches, and loads are considered. De-energized elements, along with their connections, can be printed 
in gray, black, or not printed at all. You can choose to print de-energized elements from Print Options. 


Switching Interlock Enforcer 


Switching interlock enforcer is an easy to use module in ETAP that allows the engineer to design and 
simulate the system while being aware of the existing interlocking between switching devices in the 
system. 


This has the potential to prevent the engineer from designing system configurations that are not allowed 
and save time by simulating scenarios that are unnecessary due to existing interlocks. 


As well as checking for interlocks that prevent the user from changing the configuration of switching 
devices, it also checks if switching a device will trigger the switching of another device or a chain of other 


devices. 


The interlocking can be based on the configuration of another switching device or based on a meter 
readings updated by running Load Flow study. 


Hyperlinks 


Hyperlinks give you the flexibility of linking any document or web page to the ETAP project. Datasheets, 
tables, pictures, manufacturer web pages, maintenance schedules, and much more information can be 
linked directly to specific devices on the one-line diagram, raceways system, or to different presentations. 


Click on the Hyperlinks tool. Drag-and-drop the hyperlink on any device on the one-line diagram, 
raceway, or presentation including composite motors and networks. 


Once you drop the hyperlink, the Hyperlinks Editor opens. 


Enter the description, address, and tool tip. 
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Click on the Add button. If you want to add more hyperlinks, enter the information again and click the 
add button to add the hyperlink to the list. When you complete entering the Hyperlinks, click on the OK 
button. 


If you placed the hyperlinks on the presentation background, the description text is displayed on the 
diagram in black and the tool tip is displayed when you place your mouse cursor over the link. Your 
cursor changes when you are over a hyperlink. 


If you placed the hyperlink on a device, the tool tip is added to the device tool tip. In the image below, the 
tool tip was entered as "Energy Cost Documents." 


Using Hyperlinks 

To activate a hyperlink placed on the presentation background, double-click on the hyperlink. To activate 
a device hyperlink(s), right-click on the device and select the hyperlink(s). A menu is displayed listing the 
hyperlinks for the selected device. 


Editing\Removing Hyperlinks 

To edit or remove a hyperlink, you need to access the Hyperlink Editor. To access the Hyperlink Editor, 
click on the Hyperlink tool and drop it on the device you want the link to be edited\removed from or on 
the link text on the presentation background. 


To edit a hyperlink, click on the hyperlink in the list. The address, description, and tool tip appear on the 
editor. Edit the necessary information and then click on the Add button. The hyperlink is edited. 


To remove a hyperlink, select the hyperlink from the hyperlink list and click on the Delete button. The 
hyperlink is removed. 
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3.19 Power and AF Calculator 


The Power and Arc-Flash Calculator relates MW, Mvar, MVA, kV, Amps, and %PF together for 3-phase 
systems and displays them in either kVA or MVA units. The calculator also provides a means to perform 
quick incident energy calculations for a.c. and d.c. systems. The calculator provides several features in 
addition to the existing arc flash methodology which are described in this section. 


Note: The power and AF calculator was designed to complemet the existing ETAP arc flash calculations 
in ETAP with slightly different functions and capabilities. It is not meant to provide exactly the same 
results. There are differences in the results caused by design and also because the calculator is a 
simplified calculation engine. 


3.19.1 Power Flow Calculator 


The Power Flow calculator allows the conversion between per-unit, percent and actual values for 3-phase 
power flow calculations. The power flow calculator is displayed below: 


ETAP 


3-69 


Power and AF Calculator = x 
Power Flow AC Arc Flash DC Arc Hash 9 ArcFauit 
Base 
— kV — —— Voltage == Current --- V(rms) --— | (rms) 
@ ANs| @ MVA 
4.16 10 
O lec OkVA 
Phases Frequency (Hz) 
3-Phase v 60 v S 
3 
Input Parameters z 
@ Percent O pu O Actual = 
= 
Keep Constant Voltage v 2 
v S 
100 % 100 % 
: = Vv | P 5 
200 |% 600 |x Q 
a a > 15. 2 15 
= = 
z 1 = 1 
\ PF = = 
100 % 80.0 % os ae 
& a ‘ ‘ 
05 7 os 15 
Zz “05 05 
[100 |x Lagging 
71 1 
a Real bs Real 
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Base 


This group of fields is used to specify the base voltage, power and frequency for the power flow 
conversions. 


Voltage ANSI 
This dropdown input field provides several typical ANSI nominal voltage values. A custom value can 
also be entered directly into the field. This field represents the 3-phase line-to-line voltage in kV. 


Voltage IEC 
This dropdown input field provides several typical IEC nominal voltage values. A custom value can also 
be entered directly into the field. This field represents the 3-phase line-to-line voltage in kV. 


Power 

This input field is for the 3-phase base power. The base power can be in MVA or kVA. The actual unit 
conversion uses this base when converting from per-unit or percent into actual units. This field represents 
the base power for all power related parameters in the input paramters group (S, P, Q). 


Phases 
For this version of the power flow calculator, only three-phase calculations are supported. 


Frequency 

This is the base frequency of the power flows. Note that all impedance and power flows entered as 
assummed to have been expressed using the selected base frequency. There is no frequency adjustment or 
conversion of the power when the base frequency is changed. The frequency affects the instantanous 
voltage and current waveforms. 


Input Parameters 


The power flow input parameters in this section are calculated and related to each other based on the 
fundamental 3-phase power flow equations and are converted to actual values based on the base voltage 
and power. 


Percent/Per-unit/Actual Radio Box 
This radio box input field tells the power flow calculator to perform a conversion between p.u., percent 
and actual power, voltage, current and impedance values. 


Keep Constant 

The power flow calculator keeps the voltage constant when recalculating the current, power and 
impedance unless the voltage value itself is changed. If the voltage is changed, then a constant-power 
relationship is applied to the calculation of the impedance and current. 


If the option power is selected, the power flow calculator uses a constant power relationship when the 
impedance and voltage are changed. When the power itself is changed, the voltage is held constant and 
the current and impedance are recalculated. 


Last, the power flow calculator implements a constant-impedance relationship when the impedance 


option is selected. When the impedance itself is changed, the calculator holds the voltage constant to 
recalculate the current and power accordingly. 
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V (Voltage, %, p.u., Actual kVLL) 

This input field allows the user to define the 3-phase voltage. If actual values are being used, then the 
calculator expects the line-to-line voltage. The range of the field is 0 to 200%, yet a higher value can be 
entered directly. 


S (Power, %, p.u., Actual MVA or kVA) 

This input field allows the user to define the 3-phase power flow. If actual values are used, the calculator 
expects either MVA or kVA units. The range of the field is 0.2 to 200%, yet a higher value can be entered 
directly. 


P (Active Power, %, p.u., Actual MW or kW) 

This input allows the user to define the 3-phase active power flow. If actual values are used, the calculator 
expects either MW or kW units. The range of the field is 0.2 to 200%, yet a higher value can be entered 
directly. 


Q (Reactive Power, %, p.u., Actual Mvar or kVar) 

This input allows the user to define the 3-phase reactive power flow. If actual values are used, the 
calculator expects either MW or kW units. The range of the field is 0.2 to 200%, yet a higher value can be 
entered directly. 


I (Current, %, p.u., Actual kA) 
This input allows the user to define the 3-phase current flow. The calculator expects kA as the input for 
actual units. The range of the field is 0.2 to 200%, yet a higher value can be entered directly. 


PF (Power Factor, %, p.u.) 

This input field represents the 3-phase power flow power factor. The calculator receives either per-unit or 
percent values with a range of 0.1 to 100%. The powe factor field is related to the lagging/leading power 
factor dropdown list. The absolute value of the power factor is always used, but the angle is determined 
based on the lagging or leading power factor selection. 


Z (Impedance, %, p.u., Actual Ohm) 
This field represents the 3-phase apparent impedance determined based on the input current and voltage. 
The range of the field is 0.2 to 200%. 


Leading/Lagging 

This field allows the user to define the direction of the reactive power flow. This selection determines the 
angle between the voltage and current where lagging means a negative angle and leading means a postive 
angle. 


Note: on the range of the input parameters. The trackbar position is set to the maximum range value, yet 
the calculator does accept and process the actual higher direct input. 


Power Flow Plots 


This section of the power flow calculator contains three plots which represent the voltage, current and 
power relationship for a three-phase system. 


Instantaneous Voltage and Current 


This section shows the instantaneous voltage and current along with their corresponding rms values. 
These plots are calculated at the base frequency. 
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V/I Phasor Plot 


The phasors for voltage and current show the relationship between voltage and current at the given power 
factor. The phasor plots have a range of 0 to 1.5 p.u. 


S,P,Q Triagle Plot 


The power triangle shows the relationship for S,P and Q for a balanced three-phase power system. The 
power triangle plots are displayed in p.u. with a range of 0 to 1.5. 


3.19.2 AC Arc Flash Calculator 


The AC Arc Flash calculator allows the calculation of arc-flash incident energy in AC power systems 
according to different methods. The AC Arc Flash calculator is displayed below: 


Power and AF Calculator - x 
PowerFlow AC Arc Flash DC Arc Alash ArcFault 
Input — Method Batch Plots Results 
Method and Fault Type Contour 
Method Phases Fault Type | Cortour_| 
IEEE 1584-2018 v] [3Phase v| ([3Phase v| == Arc Flash Boundary —— LAB —— RAB === Working Distance 
=— Arc Flash Plasma 
Input Parameters 
Nom. V(kVLL) — Pre-Fault (%) Bolted Fault Current (kA) 
0.480 100 20.000 
Conductor Gap (mm) Working Distance (inch) | 
Eaui Tee 
[Saige 7] Typical Data 0 5 0 6 20 2% 3 3 40 45 50 
: Distance (inch) 
@ \.E. vs. FCT O LE. vs. Working Dist. 
Height (mm) — Width (mm) — Depth (mm) 
| 660 || 660 |[{ 660 Incident Energy ll LE. @ FCT 
Blectrode Configuration 50 
ve ov e 
Fault Clearing Time 20 
User-Defined FCT (sec) Protective Device Type 
WeeoeresfoT ~ 
a 10 
0 
User-Defined FCT min (sec) 0 02 04 06 08 1 12 14 16 18 2 22 
os 


Please refer to Section 18.13 of the ETAP user-guide for more information. 


ETAP 3-72 ETAP 19.0 User Guide 


Overview Power and AF Calculator 


3.19.3 
3.19.3 DC Arc Flash Calculator 


The DC Arc Flash calculator allows the calculation of arc-flash incident energy in DC power systems 
according to different methods. The DC Arc Flash calculator is displayed below: 


Power and AF Calculator - x 
PowerFlow AC ArcAlash DC Arc Alash ApcFault 


Method and Fault Type — Arc Flash Boundary —— LAB ——RAB == Working Distance 
Method Fault Type === Arc Flash Plasma 
MAXPOWER v Shunt v 
Input Parameters 
Source Voltage (dc Volts) Source Ibf (kA) 
|____480 |___ 20.000 | i 
System R (Ohm) Load R (Ohm) 
| 0.002 | 10 
Working Distance (inch) 0 20 40 60 80 100 120 
Distance re 
a @ |.E. vs. FCT O LE. vs. Working Dist. 
: Incident Energy Mi |.E.@ FCT 
Equipment Type ‘i 
Panelboard v 
60 
oe 
40 
Fault Clearing Time 
User-Defined FCT (sec) 20 
; 
a 0 0.5 1 15 2 25 
FCT - (sec) 
DC Arc Flash Results 
Arcing Current (kA) Incident Energy (cal/em2) Arc Flash Boundary (inch) Calculation Wamings 
9.23 35.77 131.03 


Please refer to Section 34.11 of the ETAP user-guide for more information. 
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3.19.4 ArcFault Calculator 


The ArcFault calculator allows the calculation of arc-flash incident energy in High Voltage AC power 
systems according to different methods. The ArcFault calculator is displayed below: 


Power and AF Calculator = x 


PowerFlow ACArcAlash DC ArcAlash 9 ArcFault 


Inputs Method Batch Process Plots Results 
Method and Fault Type : 
M ieee Sai hee @ NESC Min. App. Distance ©) NFPA 70E Shock Boundary Contour 
Method 2 v| |3Phase v| |LG v| == Arc Flash Boundary == Working Distance 9 ——= Min. App-LL 
wees Arc Flash Plasma —— Min. App-LG 
Input Parameters 
Nom. Voltage (kVLL) Bolted Fault Current kA) 
15.0 | [20000 | 
Conductor Gap (mm) Working Distance (inch) 
| 305 | 24.0 | 
a a 60 0 2 2 4 #50 © 
Distance (inch) 
Equipment Type 
Open-Air v| [_ Typical Data @ Heat Flux vs. Dist. OLE.vs.WD © LE.vs. FCT 
— Heat Flux 
120 
100 
80 
Fault Clearing Time 60 
User-Defined FCT (sec) 40 
20 
0 
a 0 5 10 15 2 2 30 35 40 
Distance - inch 


Please refer to Section 56.9 of the ETAP user-guide for more information. 
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DGUV-I 203-078 Arc Flash Calculator 


3.20 DGUV-I 203-078 Arc Flash Calculator 


The calculator provides a means to perform quick incident energy calculations for a.c. systems based on 
the German Standard DGUV-I 203-078. The calculator provides several features in addition to the 
existing arc flash methodology which are described in Section 18.14 of the user-guide. 


ETAP 


3-75 


ail DGUV-I 203-078 Arc-Flash Calculator - oO x 
Inputs Method Batch Results Plots 
Method and Fault Type Arc Charateristics 
meee pati Fak tye Are Curent (IkLB) (kA) Are Power (PLB) (MW) 
pavers _v] [seam _~] [pete _v 
Input Parameters 
UNn (Volts) I"k3pmax (kA) I"k3pmin (kA) 
[400] 
a Seapennno eee a sk (MVAac) PPE Test Level 
Arc Energy (WLB) (kJ) W LBPK 1 (ku) W LBakK 1 (kJ) 
1680 220 
Electrode gap (d) (mm) Working Distance (a) (mm) W LBPK 2 (kJ) W LBaK 2 (kJ) 
60 300 320.0 480.0 | 
R/X Correction Factors 
Pe - kP (pu) kB (pu) 
a LV Distr. Sys/Switchgear v 15 0.381 0.500 
a PPE Evaluation and Wamings 
Wiel Waming1: WLB > than Class 1 PPE Level - Take other measures or Isolate A 
Waming2: WLB > than Class 2 PPE Level - Take other measures or Isolate 
Duration of Exposure 
Exposure Time (sec) 
: 
Help 
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3.21 Theme Toolbar 


The Theme toolbar contains buttons that allow you to perform shortcuts using many commonly used 
commands in ETAP to change color and line styles for device connectors, symbol color, and background. 


© TAP (Default) ~ Phase ~SZ7a 


Command Command Function 

Theme Manager Customizes the look of the One Line Diagram presentations. 

Theme Name Select from list of saved Theme configurations. 

Theme Color Coding Select color coding of current Theme name. 

Colors Normal Change selected component color to normal based on Theme Color Coding. 
Colors Custom Change selected component color to custom color. 

Enable Contouring Enable Contouring 


Theme Manager 

Use this tool to customize the look of the One Line Diagram presentations. In the Theme Manager you 
create customized themes and change element color schemes, annotations colors, background, grid color, 
and grid size. You can display faulted buses based by symbol or color and can also change the connectors 
wire type and color for single phase systems. Also create customized themes based on voltage ratings, 
area, grounding type (solid, low-Z, high-Z, un-grounded), or earthing type (TT, TN, IT, NEC, earthing 
elements). 


Theme Name 


This drop-down list allows you to switch between themes defined, named and saved in the Theme Editor. 
Colors and styles are automatically switched to the last color configuration selected for the Theme Name. 


Theme Color Coding 


Select the active color code for the energized conductors as defined in the Theme Editor per each Theme 
Name. The energized conductors can be color coded based on the following: 

Standard Colors 

Voltage 

Area 

Grounding 

Earthing 


Colors Normal 


Select any individual or group of elements and click on Colors Normal to overwrite any custom color 
editing and restore the defined colors per the Theme Color Coding corresponding to the Theme Name. 
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Colors Custom 


Select any individual or group of elements and click on Colors Custom to customize the coloring for any 
individual or group of elements. This will overwrite the custom color defined by the Theme Color Coding 
per Theme Name. 


Enable Contouring 


Contact ETAP for more information. 
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3.22 Study Case Toolbar 


This toolbar is displayed automatically when you are in one of the study modes. The Study Case toolbar 
allows you to control and manage the study solution parameters and output reports. 


@B3 ANSI Duty + do. ANSI-Duty . Cable 


Study Case 

The Study Case drop-down list lets you select a previously created study case name to display. The 
solution parameters specified in the displayed study case are used when you run a new study. To create a 
new study case, select Study Cases from the System Manager and right-click the desired study case type 
such as load flow, short-circuit, motor starting, transient stability, or underground raceway systems. 


Edit Study Case 
Click the Edit Study Case button to edit the selected study case. Study Case Editors include Load Flow, 
Short-Circuit, Motor Starting, Transient Stability, and underground Raceway System, for example. 


Output Report 

The Output Report drop-down list lets you select a previously created output report and display it. When 
you run a study, the displayed file name will be used for the output report and plot. To create a new file 
name for your reports, select Prompt from the Output Report drop-down list and perform a study. ETAP 
will prompt you to enter a new file name for the output report and plots. 


List Output Reports 
Click this button to list all ETAP output reports. From this drop-down list, you can preview all previously 
created output reports, which can be in the Crystal Reports format or text reports. 


Report Format 

From this drop-down list, select a complete report or a particular part of a complete report to view. 
Independent of the language version of ETAP being used at the time of executing a study, output reports 
are available in English, Spanish, Chinese, Japanese, Russian, Portuguese, and German. 


View Report Manager 


Click the View Report Manager button to display the contents of the current output file. Crystal Reports 
format is used to browse and print your customized report. 
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3.23 Message Log 


ETAP uses the message log to record activities when you are working with your ETAP project. For 
example, ETAP records an entry whenever you open or close a project. In addition, ETAP records entries 
when you delete OLE objects or update OLE links and whenever some internal errors are encountered. 
The majority of use for the message log is reserved for the online operations (ETAP Real-Time Systems). 


> 


08-19-2015@14:55:02 DBVersion = 100010 Formats Directory = Formats1400 

08-19-2015@14:55:06 Successfully completed project backup as C:\ETAP\Example-ANSI\BACKUP\Example-ANSI~ 
08-19-2015@14:55:11 Successfully completed project backup as C:\ETAP\Example-ANSI\BACKUP\Example-ANSI~ ~ 
08-19-2015@14:56:31 Loaded Library C:\ETAP\Lib\etaplibxcox.lib Write Mode 


Message Logger 


The display size of the message log can be changed by pulling the top end up or down. For most 
applications you can minimize the display size of the message log to zero. 


The operation of the message log is completely transparent. ETAP automatically maintains the log. You 
may, however, customize the log by setting the maximum number of entries that ETAP can display in the 
message log at any given time. Additionally, you may set the size of the text logs generated by ETAP. To 
customize the message log, see Section 1.6, INI File. The default entries for MsgLog Size and Max 
Display Msgs are: 


MsgLog Size=128 
Max Display Msgs=255 
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3.24 Tutorial 


This tutorial provides a brief overview of the basic operation of the ETAP program. Once you finish this 
tutorial, you will be familiar with some the key features and capabilities of the program and the various 
modules available for performing power system analysis. 


Starting ETAP 
1. Start ETAP by double-clicking the icon on your desktop. 


Opening the Example Project File 
Follow these steps to open the EXAMPLE project file: 


1. Type your User Name in the Logon Editor, and select the Project Editor option in the Select 
Access Level Editor. 


Project File 
Name Example-ANS| Project File Name Example-ANSI 


Path User Name oT! 


Access Level 


Administrator 


Name [OT @ Project Editor © Browser 


© Base Editor © Librarian 


© Revision Editor © Controller 


© Checker © Operator 
ETAP License Wizard ... 


Help Cancel Help Cancel 


As previously mentioned, ETAP organizes all work as projects. Each project provides all the necessary 
tools and support for modeling and analyzing an electrical power system. Projects consist of electrical 
systems that require unique electrical components and interconnections. The Example project includes a 
one-line diagram of an electrical system. Notice the toolbars on the top and the right-hand side of the one- 
line diagram. 


One-Line Diagram and Editors 


ETAP provides a fully graphical user interface for constructing your one-line diagram. There are many 
command options in the interface, including the following: 


Graphically add, delete, relocate, and connect elements. 
Zoom in or out. 

Display grid off or on. 

Change element size and orientation. 

Change symbols. 
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Hide or show protective devices. 
Enter properties. 

Lock and unlock element properties. 
Set operating status. 


File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
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Synl CAP1 
1250 HP 0.45 Mvar Busi 


Syn Motor, 1250 HP 
Load Model = Centr. Comp 
Inertia = 0.799 MW-Sec/MVA 


For Help, press F1 


The ETAP one-line diagram is a one-line representation of a power system. The one-line diagram is the 
starting point for all studies. You can graphically construct your electrical system by connecting the 
buses, branches, motors, generators, and protective devices in any order from the one-line diagram’s Edit 
toolbar. You can connect the elements to the buses graphically or from their editors. You can double-click 
elements to open their editors and edit the engineering properties, such as ratings, settings, and loading, 
connections. 
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Editors 


1. Double-click the Power Grid (Utility) symbol on the one-line diagram and view the Utility 
Editor. This is where you enter data for the utility machine model. 


cH Study View (Edit Mode) fee) 


Utility 
1200 MVAsc 


ETAP Tutorials 
Info Rating | Short Circuit | Time Domain | Harmonic | Reliability | Energy Price | Remarks | Comment 


y 


[Bae 


Condition 


[ 345kV Swing 


Configuration 


[Normal 
Operation Mode 
@ Swing 
© Vottage Control 
© Mvar Control 


Synl = 
1250 HP OFF Comme 


Syn1 Motor, 1250 HP 
Load Model = Centr. Comp 
Inertia = 0.799 MW-Sec/MVA 


BEAs bw </>) [ox] 


2. Select different pages of this editor and look over the type of information that you can provide to 
model a utility machine. 


3. Click OK and close the editor. 


4. Double-click other elements and explore their editors. Each available element has a customized 
editor. 


5. Double-click the synchronous motor Syn1 and view its editor. This is where you enter data used 
for synchronous motor models. 
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Syn 
ut © 


‘a 
Synchronous Motor Editor - sym 


CES 


StaringMode | Cable/Vd | CableAmp | Protection | Reliability | Remarks | Comment 
Info Nameplate | Model | LRModel | Inertia | Exciter | Load | StatDev | StantCat 
1 1250HP 13.2kV 1-3/C 4AWG/kcmil 15 kV 
. fe) 
ID Syni 
Revision Data 
Bus | Sub2A yx) 138kV Base 
Equipment Condition 
Tag# 001 
(In 
Service Bo 
Name Syn om 
State 
Description 
Connection 
(@3Phase 
Demand Factor Configuration 
Continuous Intermittent Spare | Normal 
|| & = Hs sus Coniwos =] 
|S888 S&a JD WB [ou [cones] 
Q = 
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Editors are designed so that you can enter a minimum amount of information and still be able to run 
different studies. Voltage and HP data are all you need to perform most studies. If you are interested in 
modeling a motor dynamically for motor acceleration or transient stability studies, you need to enter more 
detailed information such as the motor model, inertia, and load model. 


An exercise that illustrates this point is included at the end of this tutorial. 


[Srmenronous Motor Eator-syml_ 


__StadingMode | Cablevd | CableAmp | Protection | Reliability | Remarks 
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] Cancel | 


6. Click OK and close the editor. 
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Composite Networks 


A composite network is an aggregate of all components in a subsystem, since it can contain buses, 
branches, loads, sources, and even other composite networks or composite motors. You can nest your 
subsystems to an unlimited number of layers. This allows you to construct systems and nest elements by 
their voltage levels, by physical layout, by the geometrical requirements of elements, by study 
requirements, by relays and control device requirements, by logical layout of elements, etc. You have full 
control over how the system should be nested. 


Composite Networks (ETAP PowerStation 3.0 to ETAP 12.6.5) 
1. Double-click the composite network Sub3 Net. The Sub3 Net view, which is a one-line diagram 
nested inside the main one-line diagram, is displayed. 


lm Study View=>Sub3 Net 


Sub 3 


-2.5% TapP 
XFMR 3 


1 8 1000 kVA 
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Pn12 
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Sub3 Net | Cut Sub3 Net 
| Copy 
Add To Template... 
Size > 
Symbols > 
Rotate » 


Properties... 
View... 


Set Defauk Annot. Position 20 
Use Default Annot, Position 


Print Preview... 
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Composite networks can have 4, 8, 12, 16, or 20 external connection points (pins). These include 
the top pin (~Topl1), left pins (~Leftl to ~Left9), right pins (~Rtl to ~Rt9), and bottom pin 


(~Bot1). 


3. Right-click the background of the composite network Sub3 Net to hide or show unconnected 


pins. 


3] Study View=>Sub3 Net (Load Flow Analysis) 
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Composite Network “Sub3 Net” with 8 Pins 


The pins for the composite motors can be connected to any bus, branch, load, or protective device. Once a 
pin is connected internally or externally to an element, it becomes a proxy for that element and all 
connection rules for the element apply to the connected pin. To illustrate this, both AC and DC elements 


are added to Sub3 Net and are displayed here. 
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The number of levels where you can nest composite networks inside of other composite networks is 
unlimited. There is no limitation on the number of elements that you can include inside a composite 
network. The user interface characteristics of composite networks are the same as the one-line diagram 
where you can include both AC and DC elements. 


Composite Networks (ETAP 14.0 and higher) 

With ETAP 14.0, composite networks have unlimited connection capability, i.e. unlimited 
external connections can be routed to a nested network. There are no visible connection pins. 
The pins are visible when you move the cursor to the edge of the composite network as shown 


below. 


Network1 


See section 9.1.24 Composite Networks for more information regarding composite networks for 
ETAP 14.0 and higher. 


Composite Motors 


1. Double-click the composite motor Comp Mtr1. The Comp Mtr1 view, which is a one-line 
diagram nested inside the main one-line diagram, appears. 


imi Study View=>Sub3 Net 


Comp MtriNcci 


vey 


Mtr3 Mtr4 Mtr5 Mtr6é LTG Load 
3x75 HPl25 HPSO HP 2x60 HP 200 kVA 


Composite motors are used as a tool to group motors in the system. The elements that you can 
include inside a composite motor are: 


AC Composite Motor DC Composite Motor 


Induction Motor DC Motor 
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Synchronous Motor DC Lumped Load 
Lumped Load DC Static Load 

Static Load DC Elementary Diagram 
MOV DC Composite Motor 
Composite Motor DC Circuit Breaker 
Circuit Breaker (LV and HV) DC Fuse 

Fuse 

Contactor 

Switch 


Instrument Transformers 
Relays 


You can nest composite motors inside each other for an unlimited number of levels. 


One-Line Diagram Menu 
File Edit View Project Library Rules Defaults Tools RevControl Real-Time Window Help 


The One-Line Diagram menu bar above is displayed when a one-line diagram is active. The One-Line 
Diagram menu bar contains a list of menus, each of which contain a drop-down list of commands. Some 
of the menu commands also have pulldown submenus (an arrow pointing to the right denotes a submenu). 
For example, you can select Project, point to Settings, then select the Data Type command. 


Project Toolbar 


5b SER eit X8®@Q@Qea sh ma BE Ba & Fa © 


The Project toolbar contains buttons that are shortcuts for many of the commonly used commands in 
ETAP. 


Mode Toolbar 


In general, ETAP has three modes of operation: Edit, AC Study, and DC Study. The AC Study Mode 
consists of the following: 


e Balanced Load Flow 
e = Short Circuit 

e §6Arc Flash 

e Motor Starting 

e Harmonics 
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Transient Stability 

Protection and Coordination (ETAP Star) 
Unbalanced Load Flow 

Optimal Load Flow 

Reliability Analysis 

Optimal Capacitor Placement 

Switching Sequence Management 
Contingency Analysis 


The DC Study mode consists of DC Load Flow, DC Short-Circuit, DC Arc Flash, and Battery Sizing 
Analysis. 
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Edit Mode 


Edit Mode enables you to build your one-line diagram, change system connections, edit engineering 
properties, save your project, and generate schedule reports in Crystal Reports formats. The Edit toolbars 
for both AC and DC elements will be displayed to the right side of the ETAP window when this mode is 
active. 


To Add Elements on the One-Line Diagram View 


1. Click any of the elements on the AC Edit or DC Edit toolbars. The mouse 
pointer changes to the element button icon. 


Ee 
? 
=| 
- 
vy 


2. On the one-line view, move the pointer to the desired location and click. 
The element is added to the one-line view. 


To Connect Elements in the One-Line View 
For this example, add a bus and a transformer to the one-line view by doing the 
following: 

1. Move the mouse pointer to the top pin of the transformer so that a red square is displayed. 


2. Left-click and drag the transformer to the bus so that the bus is displayed red. 


3. Release the mouse button. The connection is completed. 
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Study Modes 

Study Modes allow you to create and modify study cases, perform system analysis, and view output 
reports and plots. When a study mode is active (selected), the Study toolbar for the selected study is 
displayed on the right side of the ETAP window. 


You can run studies, transfer data, and change display options by clicking the buttons on the Study 
toolbar. As an example, Load Flow Analysis Mode is described next. 


Working in Load Flow Analysis Mode 


1. 


Go to Load Flow Mode by clicking the Load Flow Analysis button on the Mode toolbar. 


Note: The Load Flow toolbar is now displayed on the right side of ETAP. Also, the top toolbar 
becomes the Study Case toolbar. 
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ETAP 


Le 


Load Flow Analysis 
OBE LF Report > 4S Lr-Report : Cable . 


Click the Run Load Flow button on the Load Flow toolbar. 
The study results will be displayed on the one-line diagram. 


Review the calculation results and familiarize yourself with the type of information displayed on 
your one-line diagram. 


Click the Display Options button and explore the variety of options available for the displayed 
results. 


Click the Alert button to display critical and marginal limit violations for the selected output 
report. 


Click the Report Manager button to view or print any part of the output report. 
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C:\ETAP\Example-ANSI 


os ee 


7. Click the Edit Study Case button on the Study Case toolbar and study the solution parameters and 


alert settings available for load flow analysis. 


© Adaptive Newton-Raphson 
@ Newton-Raphson 

© Fast-Decoupled 

© Accelerated Gauss-Seidel 


Unit 
Pad toe (a=) 
cneang tae (=) 
Options 
rove (WA) 


7 Eau Cabl @ Bus Initial Voltages 
[h] Exclude Load Diversity Factor © User-Defined 


[Calculate Flows For 1-Phase & Panel Systems 


[Apply Transformer Phase Shift 


Update 
[7 Initial Bus Voltages [[) Cable Load Amp [¥] Operating Load & Voltage 


Inverter Operating Load Transformer LTCs 
Study Remarks 


Ce a ——) 


Second line of remarks for "LF Report" study case. 


ETAP 3-91 


ties) a]| (scent 


ETAP 19.0 User Guide 


Overview 


Tutorial 


Panel/UPS/VFD 


PD 


Generator 


Inverter/Charger 


Critical 


[¥] Marginal 


% 


% 


Generator / Power Grid Excitation 


OverExcited 100 


100 
100 
100 


100 


[¥] UnderExcited | 100 


Alarms 


| Copy Online | Copy Online 


Wamings 


Gita) Gece} (sco 


After you run load flow, results are displayed on the one-line diagram. 


ETAP 


3-92 


ETAP 19.0 User Guide 


Overview trial 


Utility 
1500 MVAsc 

_— Operating 

anae 400% Bus Voltage 


Main Bus 


Capacity ~~» 


Exceeded 


TL 
15/10/5 MVA 


a % 
synl CAP1 Bus1 91 16 
1250 HP 450 kvar jes 
Sub3 Net 1375 
syn3 J 
3500 HP 
Motor Dc System 
Terminal 
Voltage : 
Sub2A Sub2B ” Marginal 
eo 7 f—® UnderVoltage Bus 
(color defined by user) 
Cable22 Cable23 
125 
$125 350 $125 8 350 
aka 22 calics T23 
PEees 5 MVA paced 5 MVA 
3014 9% 537 

Sub22 Ol 1868 91+ F sub23 nh 339 99-49% 
4537 
4339 


ETAP 3-93 ETAP 19.0 User Guide 


Overview Tutorial 


ETAP Program Tutorial 
Complete this tutorial to familiarize yourself with how the program works. In this tutorial, you will add a 
new 13.2 kV induction motor to the system and run a Load Flow study. This tutorial also shows the 


minimum data required to perform studies for a motor. 


1. Click the Edit Mode button of the Mode toolbar. 


a a en | 
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2. Add an induction motor to the one-line diagram. 


3. Connect the motor to the bus Sub2B. 
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4. Double-click the motor. The motor’s editor is displayed. 


5. Go to the Nameplate page of the Motor Editor. 


Note: The motor voltage is automatically set to 13. kV since it was connected to a 13.8 kV bus. You 
can change the voltage. 
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6. Enter 2000 in the HP text box and click in any other text box. The program automatically enters 
typical nameplate data for the specified motor size. 


7. Click OK. 


Sc a — | 
Cable Amp [L__ Protection Reliability Remarks | ___ Comment 
Info Nameplate | | Model | Inertia | Load | StartDev | StartCat | Cable/vd 


1 2500HP 13.2kV 1-3/C 2AWG/kcmil 15 kV 
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Loading 
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Operating Load: 0 kw +] | 0 kvar 


SEB w J) (oq | [cone | 


8. On the Mode toolbar, click the Load Flow Analysis button. ETAP changes to Load Flow Mode. 


9. On the Load Flow toolbar, click the Run Load Flow button. 


Note: The study case (solution parameters) for this run is LF Report and the output report file name is 
LF-Report. 


10. Compare the results displayed below for before and after Mtr2 is added. In ETAP, use the Display 
Options to change the display. 
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Energized Branch Required for System Calculation 


In ETAP, all system calculations, such as Load Flow, Short-Circuit, and Motor Starting, require to set up 
the system Y matrix. In order to set up this matrix, the energized system must include at least one branch. 
A branch in ETAP is a two-terminal or three-terminal element that has non-zero impedance values, such 
as a cable, line, two-winding transformer, and three-winding transformer, etc. A tie circuit breaker is not 
considered as a branch since it has zero impedance value. 


Considering the system given in Figure 1 below, it has two buses but no branches. CB-1 is a tie circuit 
branch with zero impedance value. When you run the Load Flow calculation in ETAP, it will give you a 
message indicating the system has no energized branches. 


2 MVASC 
PG1 
% 


Bus-2 Load-1 
0.48 kv 5 kVA 


Mtr-1 Load-2 
15 HP 5 kvA 


Figure 1. System without Energized Branch 


ETAP 3-97 ETAP 19.0 User Guide 


Overview Tutorial 


In case you need to perform system calculations on a system that has no energized branches, you can add 
a dummy branch and a dummy bus to the system as shown in Figure 2. ETAP will then carry out system 
studies on the system. Please note that addition of this dummy branch does not affect calculations and it 
will provide the same results as your original system. 


Mtr-1 Load-2 
15 HP 5 kvA 


Figure 2. System with An Energized Dummy Branch 
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Options (Preferences) 


ETAP contains initialization files (INI files) that are used to set various preferences and parameters for 
the local PC where the software resides. These changes can be as simple as defining a favorite project to 
open automatically, or as varied as selecting Arc Flash analysis results to be also sent to MS Excel format. 


ETAP automatically maintains a PSGRID.INI and an ETAPS.INI file in your application folder (ETAP 


1400 or current version). Normally, you would not need to make changes in this file. However, you may 
want to manipulate certain fields to customize ETAP’s behavior to suit your specific needs. 
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4.1 Options (Preferences) Editor 


Entries in ETAPS.INI can be changed by using the Options (Preferences) Editor. The advantage of using 
this interface is that the majority of the changes are applied to ETAP without requiring the software to 
restart. 
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This editor can be accessed from the Tools Menu within the ETAP environment as shown below. 


_Tools | RevContro! Real-Time Window 
Options (Preferences)... Ctrl+K 
Size » 
Bus Size » 
Symbols > 
Orientation r 
Status r 
Switching Device Status r 
Colors » 
Classification r 
Contour r 
Alignment r 
Rotate » 
Group 
Ungroup 
Use Default Annot. Position 


Sorting 


By default the entries for ETAPS.INI are shown in a categorized view based on the analysis module, one- 
line diagram, printing and other functionality. 


x 


Ha |Saea8 8a 


If the name of the entry is known, then you may also search for it alphabetically by sorting the list of INI 
entries as shown below. 


Apply Switching Logic under Edit mode False 


Amnlks Custahinea | ania ndar | and Clee: mada Calan 
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Expand all items 


Click on ‘Expand all’ to view the contents of each preference category. 


Collapse all items 


Click on ‘Collapse all’ to hide the contents of each preference category. 


Description 


Click on the INI entry to view a brief description as well as ranges and default values for that field. 


’ 
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Wizard File Location 


ETAP Project 


LV Insulated Case Breaker Opening Time when Operated by Relay 

LV Molded Case Breaker Opening Time when Operated by Relay 

LV Power Circuit Breaker Opening Time when Operated by Relay 

Use global IEC LVCB external trip opening times 

Voltage Control Source as Swing Source 

Geospatial View 

Enable Map Server Adjustable 
GIS View Map Tiles Path D:\Distribution Examples\MS_MapTiles 

Ground Gnd Systems 

Calculation Timeout (FEM) 

Calculation Timeout (IEEE) 

Harmonic Analysis 

Calculation Timeout (HA) 

ILS 

ILS AppendDebugLog 

ILS CreateDebugLog 

Load Flow 
Calculation Timeout (LF) 

LV Insulated Case Breaker Opening Time when Operated by Relay 

Enter the opening time or shunt-trip opening time of the insulated case circuit breaker. This time is defined as the total time it takes the 
insulated case circuit breaker to process the relay trip command plus the time it takes the breaker to operate and disconnect all current 
flow in its contacts. Any additional operational delay can be added to this time to make the arc flash and sequence of operation 
calculations consider a longer and more conservative total opening time. The default value is 3 cycles per IEEE 1584b-2011 and the 
range is 0.001 to 100 cycles. 


Help Aeply Cues 


Show / Hide Description 


Click to view or hide the detailed description for each item. 
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Edit ETAPS.INI 
Click to directly view and edit the ETAPS.INI file currently being utilized. 


Note: By editing the ETAPS.INI file directly using this method while ETAP is open will require a 
manual restart of ETAP in order for the changes to be applied. 


The following categories have been included to allow quicker access to a particular entry. 


Options that affect display and behavior of ETAP Star Impedance Relay 


Switching Optimization & Options that affect Switching Optimization and FMSR 
Fault Management and Service 
Restoration 


Transient Stability Options that affect Transient Stability calculations 
Options that affect Underground Raceway System calculations 
Unbalanced Load Flow Options that affect Unbalanced Load Flow calculations 


Optimal Capacitor Placement _| Options that affect Optimal Capacitor Placement calculations 
Optimal Power Flow Options that affect Optimal Power Flow calculations 
Printing / Plotting Options that changes the print style of the ETAP one-line diagram 


Project Database Options that sets how ETAP handles project databases 
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If you are manually editing the ETAPS.INI file, you will notice that there are four sections in this file: 


[ETAP PowerStation] 
[AppVariables] 
[Colors] 

[Recent File List] 


Users can modify entries in three of these sections — [ETAP], [AppVariables], and [Colors]. The 
allowable entries below are listed by section. 


Default values for the indicated entries are shown below. You may NOT find all of these entries in your 
INI file since ETAP automatically use the default values without making an entry in the INI file. 
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4.2 PSGRID.INI 


This initialization file referred to Ground Grid Systems. If a Ground Grid is created within ETAP, the 
PSGRID.INI file will be automatically created. 


The first entry in the INI file is: 


[Grid] 
Initialized=1 


If this entry is set to 1, then ETAP recognizes that Ground Grid Systems have been activated on the local 
PC. 
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4.3 OTIGraph.INI 


The default Star View Plot Options settings (Defaults > Plot Options > Star View) are saved in the 
OTIGraph.INI file. The location of OTIGraph.INI file can be specified in Options (Preferences) editor 
(Tools > Options) by setting “ETAP Star TCC Plot Options Path” located in ETAP Application 
category. The location of the INI file can be set to App, User, Common, or Local. 


App 
Select App to access the OTIGraph.INI file located in ETAP application folder (i.e. ETAP 14.0.0 or 
current version). The ETAP application folder is set the path chosen during installation. 


User 

Select User to access the OTIGraph.INI file located in user’s ‘AppData’ folder. For example, if a user 
logs in as John Smith, the OTIGraphINI file is saved in  C:\Users\John 
Smith\AppData\Roaming\OTI\ETAPS\14.0.0 (or current version). 


Common 
Select Common to access the OTIGraph.INI file located in ‘Program Data’ folder. The OTIGraph.INI file 
is saved in C:\Program Data\ OTI\ETAPS\14.0.0 (or current version). 


Local 

Select Local to access the OTIGraph.INI file located in user’s ‘AppData’ > ‘Local’ folder. For example, 
if a user logs in as John Smith, the OTIGraph.INI file is saved in C:\Users\John Smith\ 
AppData\Local\OTNETAPS\14.0.0 (or current version). 


‘AppData’ and ‘Local’ are hidden folders. Windows folder options should be set accordingly to view 
these folders and the OTIGraph.INI file 
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Options (Preferences) 


j1}|Sae a oO 


Automatically Reload Last Accessed Project False A 
Bus Duct Z Threshold Value 0.0001 

Compact Database While Saving True 

Controlled Dumpster Background Color (UGS Elements) LD Yellow 

Controlled Dumspter Background Color (One-Line Elements) [_] Yellow 

Default Library File Path D:\Pecan64Rel\Lib 

Default Rule File Path D:\Distribution Examples\SO Example Project 

Default Unit Standard Metric 

Display Theme 0 
User v 
ETAP Template Path 

FTP Server Address 

FTP Server User Name 

Last Project Opened 

Last Project Opened Path 

Maximum Undo Actions 20 

Message Log Location User 

Message Log Size (KB) 128 

Message Log Verbosity 3 

No. of Display Lines in Msg Log 255 

Open a LocalSQL project as LocalDE 1 

Pattern Library File Path App 2 

_____ Pattern |ibrary Filename Pattem| ibrar scf 
ETAP Star TCC Plot Options Path 


Location of OTIGraph.config. OT|Graph Path in the INI file can have the following values: 


1. User - Select User to access the OT|Graph files located in user's AppData’ folder. For example, if a user logs in as John Smith, the 
OTIGraph files are saved in C:\Users\John Smith\AppData\Roaming\OTI\ETAPS\(version) 


Help Apply OK Cancel 


Changing the OTIGraph.INI file location in Options (Preferences) editor requires ETAP to be restarted 
for the changes to take effect. When ETAP application is restarted, a new OTIGraph.INI file, with 
default ETAP settings (factory settings) is created in the new location (if it does not already exist). 


Note: In order to use your existing/customized Star View Plot Option defaults, it is necessary to manually 
copy the OTIGraph.INI file from the old location to the new location. 


For more details on the default Star View Plot options settings, refer to Chapter 17 — Star View. 
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4.4 Themes (OTH file) 


The Theme Manager allows (Project Toolbar) changing color and line styles for devices, device 
connectors and one-line background. New themes created are saved as ‘.OTH’ files (i.e. Theme1.oth). The 
location of theme files can be specified in Options (Preferences) editor (Tools > Options) by setting 
“Theme File Location” located in ETAP Application category. The location of the OTH file can be set to 
App, User, Common, or Local. 


App 
Select App to access the theme files located in ETAP application folder (i.e. ETAP 14.0.0 or current 
version). The ETAP application folder is set the path chosen during installation. 


User 

Select User to access the theme files located in user’s ‘‘AppData’ folder. For example, if a user logs in as 
John Smith, the theme files are saved in C:\Users\John Smith\AppData\Roaming\OTI\ETAPS\14.0.0 (or 
current version). 


Common 
Select Common to access the theme files located in ‘Program Data’ folder. The theme files are saved in 
C:\Program Data\ OTI\ETAPS\14.0.0 (or current version). 


Local 

Select Local to access the theme files located in user’s ‘AppData’ ~ ‘Local’ folder. For example, if a 
user logs in as John Smith, the theme files are saved in C:\Users\John  Smith\ 
AppData\Local\OTNETAPS\14.0.0 (or current version). 
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Options (Preferences) 


2t}|Sa et oo 
FTP Server User Name support A 
Last Project Opened D:\Pecan64Re!\Example-ANS!\Example-ANSI.oti 
Last Project Opened Path D:\Pecan64Rel\Example-ANS! 
Maximum Undo Actions 20 
Message Log Location User 
Message Log Size (KB) 128 
Message Log Verbosity 3 
No. of Display Lines in Msg Log 255 
Open a LocalSQL project as LocalDB 1 
Pattern Library File Path App 
Pattern Library Filename Pattem Library sdf 
PM Server - Display Protective Device Status times when onlin 0 
PM Server - Format for Protective Device Status times (%2Y-%m-%d %H:%M-%S) 
Shortcuts - Exclude CTRL key requirement False 
App “ 
Tool 1 User 
Tool 10 Common 
Tool 11 Local 
Tool 12 App 
Tool 13 
Tool 14 
Tool 15 
Tool 16 hs 
Theme File Location 
Location of Etap Themes folder. Theme Path in the INI file can have the following values: 
1. User - Select User to access the theme files located in user's AppData’ folder. For example, if a user logs in as John Smith, the 
theme files are saved in C:\Users\John Smith\AppData\Roaming\OTI\ETAPS\(version) 


Help Apply OK Cancel 


‘Application Data’ and ‘Local Settings’ are hidden folders. Windows folder options should be set 
accordingly to view these folders and the theme files. 


Changing the theme file location in Options (Preferences) editor requires ETAP to be restarted for the 
changes to take effect. 


Note: In order to use your existing/customized themes, it is necessary to manually copy the theme files 
from the old location to the new location. 


For more details on the Theme Manager settings, refer to Chapter 9 - One-Line Diagram GUI. 


Notes: 


1. 


ETAP 


The location of ‘mslog.txt’ and ‘psrept.log’ files can also be set in the Options (Preferences) 
editor to App, User, Common or Local as explained above for OTIGrpah.INI and Themes. 


If older versions of ETAP do not exist (new installation of ETAP 14.0 or current version), the 


default locations for Themes, OTIGraph.ini, Msglog.txt and Psrept.log files set in the ETAP 
Preferences editor are: 
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Themes - App 
OTIGraph - User 
Msglog.txt - User 
Psrept.log - User 


3. If one or more versions of ETAP exist (upgrade to ETAP 14.0 or current version), the default 
locations for Themes, OTIGraph.ini, Msglog.txt and Psrept.log files set in the ETAP Preferences 


editor are: 

e Themes - App 

e OTIGraph - App 
e §=6Msglog.txt - User 
e Psrept.log - User 
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4.5 ETAPS.INI 


File Locations 
The ETAPS.INI file is used by ETAP in the following locations and in the order specified: 


Local - e.g., C:\Users\username\AppData\Local\OTI\ETAPS\<ETAP Version #>\etaps.ini 
User - e.g., C:\Users\username\AppData\Roaming\OTIVETAPS\<ETAP Version #>\etaps.ini 
Common - e.g., C:\ProgramData\OTI\ETAPS\<ETAP Version #>\etaps.ini 

App - e.g., C:\ETAP XXXX\etaps.ini (app folder) 

Windows - e.g., C:\Windows\etaps.ini 


Ol: PeGo Mure 


Any manual changes to the ETAPS.INI file will require re-launching ETAP in order for that change to 
take effect. 


[ETAP PowerStation]| 


AllowProjectRename=1 
A default value of 1 indicates automatic renaming of project files when they are copied outside of ETAP. 


ArcFlashMaxDuration=2 

This entry specifies the number of plotted points in the Arc-Flash Analysis Tabulated Report. The default 
value is 2 (120 Cycles) which equals 2 sec @ 60 Hz and 2.4 sec @ 50 Hz. Two extra points for every 
second past the default value will be added. The maximum value is 999 seconds. 


AutoRecover=1 

This entry creates a temporary entry in each subsequent project database that is opened by your local PC. 
This entry tells ETAP that there is an unregistered One-Line-Element. This allows ETAP to deal with the 
element. Setting this value to 0 will cause ETAP to report the error and shut down the application rather 
than dealing with the unregistered One-Line-Element. 


AverageSourceBranchNumber=10 

This entry indicates the average source contributing branches on a faulted bus. A source contributing 
branch contains short-circuit current from a power grid or a synchronous machine. The range for this 
entry is 5 — 999. 


Calc3C CableG1ByIECMethod=1 

When the Neher—McGrath Method is selected in the Cable Derating Study Case for UGS calculations, 
this entry indicates to ETAP to use the same method specified in IEC 60287 to calculate the geometric 
factor G1 for insulation thermal resistance calculation for 3/C cable. 


Conversion Y=40 

ConversionX=20 

Shown above are the conversion default factors for setting element layout in a one-line diagram when 
converting ETAP DOS database files into ETAP. Reduction of the Conversion Y value results in a 
vertically compressed bus distance. Reducing the Conversion X value results in horizontally compressed 
bus distances. 


CurrentAnnotation orientation=15 
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These values determine the slope for the displays of annotation results for short-circuit currents. Some 
video cards may not be able to draw the rotated annotations used by ETAP. In that case, set the 
orientation entries to 0. 


DCLFMaxIterNoForSrcChange=200 

This is the default maximum number of inner loop iterations in load flow calculations for adjusting DC 
power sources, including charger, DC converter, UPS, battery, PV Array, etc. This is also applied to 
adjustments for inverter MPPT control. 


DCLFMPPTWattPrecision=1.0 watt 

This is the default convergence threshold value for PV array and inverter MPPT control. The default 
value is 1 watt and the minimum value is 0.001 watt. In load flow calculations, a PV array or an inverter 
in MPPT control adjusts its operating values based on system conditions. When the change of power 
between two adjustments is smaller than this threshold value, the calculation is considered to be 
converged. 


DCLFMPPTvVPrecision=0.01 volt 

This is the default convergence threshold value for PV array and inverter MPPT control. The default 
value is 0.01 volt and the minimum value is 0.001 volt. In load flow calculations, a PV array or an 
inverter in MPPT control adjusts its operating values based on system conditions. When the change of 
voltage between two adjustments is smaller than this threshold value, the calculation is considered to be 
converged. 


DCSC LFPrecision=.0001 
This is the default precision for load flow resolutions in DC Short-Circuit. Valid range is .0000001 to 
0.1. 


DCSCNLSrcMaxIter = 500 

This is the default maximum number of iterations for calculating contribution from non-linear short- 
circuit sources, such as PV array. The default value is 500. In DC short-circuit calculation, the 
contributions from non-linear sources vary based on terminal bus voltage of the sources and the 
calculation process is iterative. 


DCSCNLSrcPrecisionKA= 0.000001 kA 

This is the default convergence threshold value for contributions from non-linear short-circuit sources, 
such as PV array. The default value is 0.000001 kA and the minimum value is 0.00000001 volt. In DC 
short-circuit calculation, the contributions from non-linear sources vary based on terminal bus voltage of 
the sources and the calculation process is iterative. When the changes of contribution from all non-linear 
sources are smaller than this threshold value between two iterations, the calculation is considered to be 
converged. 


DisplaySynMachineAbsoluteRotorAngleOrVoltageAngleDifference=1 

If this is set to 1 the results for the synchronous generator absolute rotor angle plots stay the same as 
previous versions. The program will plot the rotor angle deviation from the initial angle determined 
during initial steady-state conditions. This plot indicates if the generator rotor speeds up or slows down. If 
this entry is set to 0, the program will plot the difference between the terminal voltage angle and the rotor 
angle. This plot is useful to see how much power angle deviation occurs during a transient event. 


DrawDown=1 
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DrawLeftRight=1 

DrawArrow=1 

These values indicate the default values for the position of the branch flows (power and current) and 
arrows on the one-line diagram. DSN Version=2 


ETAP maintains and updates the ODBC System Data Source Name version for 'otiaccess' automatically. 
This value will be set to 2 during the installation of ETAP. Setting this value to 0 will cause ETAP to 
create an ODBC System Data Source 'otiaccess' during startup. Setting the value to 1 will cause ETAP to 
reconfigure the ODBC System Data Source 'otiaccess'. 


Dump OL IncX=15 

Dump OL IncY=15 

Dump OL MaxX=3000 

When a database audit is performed, ETAP may recover orphaned database items to a Dumpster cell. 
The recovered one-line diagram elements are placed in rows with Dump OL IncX distance apart up to a 
maximum width of Dump OL MaxX with Dump OL IncyY distance between the rows, i.e., Dump OL 
IncX controls the X-interval, Dump OL IncY controls the Y-interval, and Dump OL MaxX is the 
maximum X of successive elements recovered to the Dumpster. For example, given the default values 
(above), ETAP would place the first element at X=15, Y=15; the second at X=30, Y=15, etc., until the 
3000 logical units is encountered. At that point, the next elements would be placed at X=15, Y=30, and 
next at X=30, Y=30, etc. 


Dump UGS IncX=20 

Dump UGS IncY=20 

Dump UGS MaxX=3000 

When a database audit is performed, ETAP may recover orphaned database items to a Dumpster cell. 
The recovered UGS elements are placed in rows with Dump UGS IncX distance apart up to a maximum 
width of Dump UGS MaxXwith Dump UGS IncY distance between the rows, i.e. Dump UGS IncX 
controls the X-interval, Dump UGS IncY controls the Y-interval, and Dump UGS MaxXis the maximum 
X of successive elements recovered to the Dumpster. For example, given the default values (above), 
ETAP would place the first element at X=20, Y=20; the second at X=40, Y=20, etc., until the 3000 
logical units is encountered. At that point, the next elements would be placed at X=20, Y=40, next at 
X=40, Y=40, etc. 


EstimateAtFixedAmp=1 

This entry is used to interpolate points from battery characteristic curves for battery sizing and discharge 
calculations. If this entry is set to 1, the interpolation will be done at a fixed amp value; otherwise, it is 
done at fixed AH or Time depending the value of “UseAH_AmpCurve” entry also in the INI file. 


HAUseEquipmentBase=1 

If HAUseEquipmentBase is set to 1, element/device rated data will be used as harmonic source bases; 
otherwise if it is set to 0, elements/device fundamental load flow data will be used as harmonic source 
bases. 


IncludeFLAInSCMaxThrough=1 

This entry indicates to the Short-Circuit program to include (or exclude) the rated Full Load Amps (FLA) 
of induction/synchronous machines in the calculation of the maximum through short-circuit current duty 
(momentary or interrupting) of protective devices directly connected to those machines. If this entry is set 
to 0, the FLA will not be considered (this includes generator circuit breakers). This entry only applies for 
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ANSI Short-Circuit calculations (IEC Short-Circuit does not consider the FLA and thus is not affected by 
this option). 


IncludeSystemImpedance=0 

This entry affects modeling method for harmonic current sources in Harmonic Analysis module. It takes 
effect when the option of Thevein/Norton Equivalent for Non-Electronic Sources or Thevein/Norton 
Equivalent for All Sources is selected in the Model page of Harmonic Analysis Study Case. Assuming 
one of these two options has been selected, if this entry equals 0, the pure current source will follow the 
harmonic spectrum of the source, independent of system and source internal impedance values. If this 
entry equals 1, the pure current source will be adjusted so the harmonic current injection into the system 
will follow harmonic spectrum of the source. 


Initialized=1 
If this entry is set to 1, then ETAP has been activated on your local PC. 


LoadBusK VMatch=40 
LoadBusKVMatch is the percent deviation allowed between load voltages and the bus kV to which the 
load is attached. The allowable range is 1 to 99. 


MaxBusAngMismatch=1 

This entry defines the maximum angle mismatch at a bus. When the transformer angle shift is considered 
in a calculation, it can cause angle mismatch in a looped system if angle shifts of transformers involved in 
a loop are not compatible, which will cause circulating power flow in the loop. ETAP identifies such a 
situation and informs the user before a system study. The value defined by this entry is used as the 
threshold for checking bus angle mismatch. The allowable range is 0 to 360. 


MaxBusIniAngDiff=10 

This entry defines the maximum difference between the bus initial voltage angle from the Bus Editor and 
the angle calculated with consideration of transformer angle shift, for determining the initial voltage angle 
used in load flow calculation. In load flow calculation, if the “Apply XFMR angle shift” option is 
checked and the bus voltage is used as the initial value, ETAP calculates bus voltage angle considering 
transformer angle shift. The calculated bus angle is referenced at the angle of first swing machine. Then 
this calculated voltage angle is compared with the bus initial voltage angle displayed in the Bus Editor. If 
the difference between the two angles is smaller than the MaxBusIniAngDiff value, the angle from the 
Bus Editor is used as the initial bus voltage angle in the calculation; otherwise, the calculated angle is 
used as the initial bus voltage angle. 


MaximumPhaseShift=1 

The continuity check will determine whether a looped transformer (2W or 3W) has a mismatched phase 
angle shift by comparing the phase shifts with the allowable shift specified in this entry. ETAP checks 
for the violation when running the following studies: SC ANSI Max, 4 Cycle, Min, IEC 60909, and 1Ph 
Device Duty. This is also checked for Sequence of Operation and 1Ph ANSI Arc Flash. 


MaxIterForAmpCalc=200 
This is the default value for the maximum number of iterations for the Underground Raceway System 
(UGS) for Uniform-Temperature and Uniform-Ampacity calculations. 


MaxIterForCableSizeCalc=1000 


This is the default value for the maximum number of iterations performed by the Underground System 
(UGS) for Cable Sizing calculations. 
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MaxIterForTempCalc=50 
This is the default value for the maximum number of iterations performed by the Underground Raceway 
System (UGS) for Steady-State and Transient Temperature calculations. 


Max Open LightRS=10 

Max Open HeavyRS=10 

These values indicate the default number of database handlers kept open at any time by ETAP in the 
current session. The default values should be sufficient for most cases involving ODBC drivers for 
Microsoft Access and Microsoft SQL Server. 


Due to the limitation imposed on the Microsoft ODBC Driver for Oracle (driver version 2.00.006325), 
Oracle users may need to reduce the aforementioned values to 5 (set Max Open LightRS=5 and Max 
Open HeavyRS=5). 


MaxSourcelfLevel=3 

This entry defines the number of levels of source contributing branches for a faulted bus. A source 
contributing branch contains short-circuit current from a power grid or a synchronous machine. The 
short-circuit currents for these branches are calculated by the Arc Flash program to determine arcing 
current clearing time. The range for this entry is 1 — 20. 


MaxTransientStep=5000 
This is the default value for the maximum number of steps for the Underground System (UGS) for the 
Transient Temperature calculations. 


MinOLVScale=1 

Some video cards may have difficulties drawing ETAP’s one-line diagrams at their minimum scaling 
factors. These difficulties may even cause application errors on some computers. If you experience these 
difficulties, try setting the MinOLVScale to a higher number. Allowable values are 0 through 16. A 
value of 16 effectively disables scaling and zooming on the one-line diagrams. 


Mouse Wheel Timer=400 

The Mouse Wheel scrolling is driven by a timer whose value is set by this INI entry. Normally, this value 
does not need to be changed. If, however, you want to increase or decrease the initial speed, it may be 
changed within the following bounds (minimum = 10ms, maximum=1000MS) 


MsgLogInitialSize=12 


MSSoftStarterConstSOnly=0 

When this value is 1, the soft starter input load (to terminal bus) is always treated as constant power. 
When this value is 0, it is modeled as constant power load if the bus voltage is higher than the control 
settings, otherwise it is modeled as constant Z load. 


MSSoftStarterLFEpsilon=0.005 
This is the threshold value used to check convergence of load flow calculations for adjusting soft starter 
operating values at a given time. The value is in pu for voltage. (Range is from 0.0000001 to 1.0) 


MSSoftStarterLFMaxIterNo=100 
This is the maximum iteration number used in Load Flow calculations for adjusting soft starter operating 
values at a given time. 
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NonLoadBusK VMatch=40 

The nominal kV of the two terminal buses (From Bus and To Bus) of a branch, excluding a transformer, 
should be the same or very close. This field defines the maximum difference allowed between the 
nominal kV values of such two buses. If the difference is more than this limit (defaulted to 40%), an error 
message will be given and ETAP exits the calculation. User can set it to a different value to tighten or 
relax the error checking. 


For transformers this limit is used to compare transformer rated kV with the nominal kV of the terminal 
bus on the same side. 


OLDSpaceManagerCols =10 

OLDSpaceManagerRows=10 

CxSpaceManagerCols=10 

CxSpaceManagerRows=10 

These entries dimension the internal space manager used by the one-line diagram views or composite 
network views to speed up redrawing. The columns and rows define the internal resolution for the space 
manager. Higher values of columns and rows will result in faster redrawing, but requires additional 
memory. Additional memory is allocated on the basis of Rows * Columns. 


ReloadLastProject=0 
When set to 1, ETAP will automatically load the last project that was open. 


Report Font / Report Scaling Factor 
When viewing a localized version of ETAP, make sure the following settings are applied: 


Localized ETAP eee = eis Report Font 
ReportFontTypeFace=M S R14; 
Chinese 85 OLVPrintFooterFontTypeface= (4 
Italian 85 Times New Roman 


ReportFontTypeFace==44L 
OLVPrintFooterFontTypeface=M S 8A 8A 
PlotGraphFontTypeface=M S A&A 
OLVPrintHeaderFontTypeface=M S 498A 
SymbolFontTypeface=M S 8A 8A 


Japanese 85 AlertPrintFontTypeface=M S 4AA 


ReportFontTypeFace=Malgun Gothic 
OLVPrintFooterFontTypeface=Malgun Gothic 
PlotGraphFontTypeface=Malgun Gothic 
OLVPrintHeaderFontTypeface=Malgun Gothic 
SymbolFontTypeface=Malgun Gothic 


Korean 85 AlertPrintFontTypeface=Malgun Gothic 
Portuguese 85 Times New Roman 
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OLVPrintHeaderFontTypeface=Arial Unicode MS 
PlotGraphFontTypeface=Arial Unicode MS 
OLVPrintFooterFontTypeface=Arial Unicode MS 

Russian 100 AlertPrintFontTypeface=Arial Unicode MS 


Spanish 85 Times New Roman 


If installing multiple language output reports, also including Portuguese and German, with the English 
version, the default Report Font Scaling Factor will be set to 85. If only English output reports are 
selected, the default will be set to 100. 


Note: To view any output reports in a language other than English, make sure the operating system 
contains the proper language package settings for that selection. For Korean fonts you can also use 
Batang if Malgun Gothic is not available. Refer to Chapter 2 - ETAP Installation - Step 10 for details 
regarding the language package settings for each type of operating system. 


Note: From ETAP 14.1 and on, Report Scaling Factor will not be considered for Arc Flash Labels. The 
scaling for labels is set to 100 percent. 


Save Initial Bus Updates=0 
The initial bus updates obtained from Load Flow calculations are not written to the database by default. 
Setting this value to 1 will cause ETAP to write the values to the project database when it is saved. 


SCANSICondenserMFOpt=2 
This entry determines how a synchronous condenser is modeled in ANSI short circuit calculations. There 
are three options (0, 1, & 2) and the default value is 2. 


When the option 0 is used, a synchronous condenser is modeled exactly the same as a synchronous motor. 
The synchronous condenser positive reactance for calculating interrupting duty (for 1.5 to 4 cycles) is 
equal to 1.5Xq” 


When the option 1 is used, the synchronous condenser positive sequence reactance for calculating 
interrupting duty (for 1.5 to 4 cycles) is equal to Xa”. However, in the device duty calculation, the 
multiplying factors including dc decrement only (Figure 10, IEEE Std C37.0.10-1999) are applied even if 
a fault occurs at the terminal bus of a synchronous condenser. This means that ac decrement in short 
circuit contribution from a synchronous motor is not included in the calculation. This method may 
provide overly conservative results. 


When the option 2 is used, a synchronous condenser is modeled similar to a synchronous generator in 
interrupting duty calculation. The synchronous condenser positive sequence reactance for calculating 
interrupting duty (for 1.5 to 4 cycles) is equal to Xq”. And the multiplying factors including both ac and 
dc decrement (Figures 8 and 9, IEEE Std C37.0.10-1999) are applied for a fault near the synchronous 
condenser. This means that ac decrement in short circuit contribution from a synchronous motor is 
handled as if a synchronous generator. This option is the default selection. 


Scrub Database=0 
When this is set to 0, ETAP will not automatically scrub the database during startup. 


Scrub Database=1 
When this is set to 1, ETAP will scrub the Database Automatically during startup. 
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The Scrub Database function uses the Compact Database utility provided by Microsoft Access. As you 
change data in a database, the database file can become fragmented and use more disk space than is 
necessary. Additionally, items deleted, from your one-line diagram and Dumpster, are retained within the 
database file until the database is “Scrubbed.” The Compact Database utility will compact your database 
to de-fragment existing data and remove deleted data from the database file. Compacted databases are 
usually smaller in size and generally run faster. 


The Scrub Database function is only available for Microsoft Access 7.0 and higher databases. ETAP will 
automatically scrub the database when converting 1.4.1 project files to 2.0 project files. 


SerializeAudit=1 
This entry verifies all elements in the serialized stream and reports errors on unexpected elements found 
in the stream. Setting this value to 0 will cause ETAP to skip the verification process. 


SpanDischDutyCycleToOneMinute=1 

IEEE Standard 485 requires that when sizing a battery, is a discrete sequence load can be established, the 
load for a one minute period should be assumed to be the maximum current at any instant within that 
minute. Hence, the maximum load is expanded to the whole minimum time span of one minute. 

In ETAP Calculation of battery discharge, if SpanDischDutyCycleToOneMinute=1, the minimum span 
of 1 minute will be applied to the battery duty cycle. If SpanDischDutyCycleToOneMinute=0, the 
actual battery duty cycle will be used in the discharge calculation. The default value is set to “1.” This 
gives more conservative results. Please note that for battery sizing calculations, the minimum time span 
of 1 minute is used for calculations. 


Star FitMaxScaleF actor 

Integer value, default = 400 

This is the maximum scale factor that will be used by Star when Zooming the one-line diagram elements 
to fit in the lower corner of the Star View. 


Star FitBottomPercent 

Integer value, default = 30 

This is the percent of the graph width and height that will be used to display the one-line diagram 
elements when zooming in on the one-line diagram to fit in the lower corner of the Star View. 


Star GroupByDefault 
Integer value, default = 0 
If 1, elements are grouped when they are dropped on a Star View. If 0, they are not grouped. 


SQL_TextSize 79152 

This establishes the maximum length of a binary stream that can be written to SQL Server. If you get 
SQL Server errors when writing a large project to SQL Server, you may need to increase the size of this 
variable. 


SVC Coefficient=0.01 
SVCCoefficient is used to control SVC adjustment step. The default value is 0.01. You may set it to a 
smaller value to improve load flow convergence or a bigger value to increase load flow converging speed. 


SwingEquation=1 


If this parameter is set to 1, which is set by default, Transient Stability program will use an enhance 
integration method for synchronous generator swing equations. 
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Time-outs 
The following entries are calculation time-out defaults in seconds: 


CDTimeOut=60 
HATimeOut=60 
LFTimeOut=60 
MSTimeOut=600 
OPFTimeOut=600 
RATimeOut=60 
SCTimeOut=60 
TSTimeOut=600 


TS_Flag1=0 
If entry is set to zero (default) the ETAP Transient Stability Module uses the frequency dependent model 
for the induction machines and calculates bus frequency based on weighted machine speed. 


If this entry is set to 1, the ETAP Transient Stability Module uses a non-frequency dependent model for 
induction machines and bus frequency is calculated based on bus voltage phase angle. 


tsSVCInitialLoadFlowMethod=1 

If this parameter is set to 1, which is set by default, Transient Stability program will employ a method to 
automatically adjust SVC reference voltage (Vref) to achieve the best possible voltage regulation by SVC 
during the initial load flow solution. If this parameter is set to 0, Transient Stability program will keep 
SVC reference voltage (Vref) to the editor defined value during the initial load flow solution. Depending 
on the system configurations and SVC locations and parameters, the automatically adjusting Vref method 
sometimes may experience difficulty in initial load flow convergence. When this occurs, the parameter 
can be set to 0. 


UseWeightedFrequency=1 

The default setting for this field in the ini file is UseWeightedFrequency =1. This ini entry is used for 
Transient Stability to select Use Weighted Machine Frequency. To change Synchronous Machine 
Damping to Use Nominal System Frequency set the ini entry UseWeightedFrequency =0. The system 
frequency will affect the synchronous machine damping effect. 


UGS MaxX=10000 

UGS MaxY=10000 

These values determine the maximum size of the Underground Raceway System (UGS). These values 
can range from 5000 to 50000. However, this value should be altered only on Windows 2000 or NT since 
Win 98 or Me do not have enough resources. 


UseAH_AmpCurve=1 

This entry determines the type of battery characteristic curves used for battery sizing and discharge 
calculations. The battery characteristic curves entered in the Battery Library describe the relationship 
between the discharging current and the time of the discharging with respect to a certain cell voltage, 
referred to as the Time-Amp curve. If this entry is set to 1, the Time-Amp curve is converted to an AH- 
Amp curve and then used in the calculation; otherwise the Time-Amp curve is used in the calculation. 


UserDefinedCfFactor=1.5 


Placing this entry below the [ETAP PowerStation] header section of the ETAPS.INI file allows the 
modification of the correction factor used to calculate the incident energy for low voltage equipment 
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configurations. If this entry is not present in the INI file, keeps the Cf value used as 1.5 (per IEEE 1584 
2002). The Cf value is modified using the value entered into this INI entry. 


UTAmpAccelFactor=0.7 

This parameter is used in the Uniform-Temperature Ampacity calculation in the Underground Raceway 
System (UGS). The allowable range is 0.0 to 2.0. The value can be set higher than the default setting of 
0.7 to speed up the calculation; however, the calculation may diverge. 


UpdateConnections=0 
If set to 1, ETAP will automatically update the connections for all of the elements in the project database 
every time the project database is saved. 


VoltageAnnotation orientation=15 

These values determine the slope for display of annotation results for bus voltages. Some video cards 
may not be able to draw the rotated annotations used by ETAP. If this is the case at your site, set the 
orientation entries to 0. 


Message Log 
The following entries are related to the ETAP message log. 


Max Display Msgs=255 
ETAP’s message log, displayed within ETAP, shows up to 255 messages. The maximum value that can 
be entered is 16384. 


MsgLogInitialSize=12 
This entry sets the initial height of the log window displayed at the bottom of the screen in logical units. 
ETAP will save the height of the log window into this entry during the shutdown process. 


MsgLog Size=128 

ETAP maintains a text message log on disk that records all messages sent to the message log. This file is 
named “~msglog.tmp.” ETAP maintains the last completed messages up to the maximum file size as set 
by this INI file entry. The size of the message log files is in kilobytes, ie., 128 is 128 kb. Setting 
MsgLogSize=0 will disable message text logging. The maximum size you can set for the message.log 
file is 1024 kb. 


Bus and Node Drawing and Printing 
The following entries are related to the width of a vertical bus, or height of a horizontal bus, and diameter 
of the nodes. These entries will define how the bus and the node are printed. 


INI Entry Default value Valid values and notes 

Print Bus Substitutes 0 Not limited. This enables the use of the following entries if 
non-zero. 

Bus 1 Print 0 0-5. Disabled if 0 

Bus 2 Print 0 0-5. Disabled if 0 

Bus 3 Print 0 0-5. Disabled if 0 

Bus 4 Print 0 0-5. Disabled if 0 

Bus 5 Print 0 0-5. Disabled if 0 

Print Node Substitutes | 0 Not limited. This enables the user of the following entries if 
non-zero. 
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Node 1 Print 0-5. Disabled if 0 


Node 2 Print 0-5. Disabled if 0 


Node 3 Print 0-5. Disabled if 0 


Node 4 Print 0-5. Disabled if 0 


Co;O;O;O}O 


Node 5 Print 0-5. Disabled if 0 


These INI entries allow the user to over-ride the automatic selection provided by the tables in the 
following manner. If the Print Bus Substitutes, or Print Node Substitutes entry is non-zero, the print draw 
routines consult the appropriate Bus n Print, or Node n Print (n stands for the symbol size). If the Bus n 
Print, or Node n Print, value is 0, that entry is disabled and the standard table look-up is used. If that 
value is 1-5, ETAP treats the bus, or node, as using the symbol size specified by value. 


For example, if the Print Node Substitutes is set to 1, ETAP will retrieve the values from Node 1 Print .... 
Node 5 Print as each node of the specific symbol size is printed. If Node 1 Print is set to 5, all nodes of 
symbol size 1 are printed as if they were of symbol size 5. If Node 1 Print is set to 0, ETAP disregards 
the Node 1 Printing substitution and prints the node with its normal size (symbol size 1). 


Print Gray Line=1 
Some printers cannot print a gray line. Setting this value to 0 will cause the printer to print a black line 
instead of a gray line for de-energized connectors. 


Relax UGS Dumpster Controls=1 

Relax OLD Dumpster Controls=1 

The controlled dumpsters provide security for a password-protected ETAP project by prohibiting the 
deletion of elements on the dumpster unless the dumpster has been checked by the checker. Subsequent 
to normal operation, the checker is presented with the controlled dumpster to check. If the checker 
checks the dumpster, the dumpster may then be safely deleted by the engineer. 


This revision modifies the controlled dumpster logic in the following manner. When an element(s) is cut 
to the dumpster, the dumpster checks the element to determine if the “Checked by Name” is blank. If so, 
this is taken to indicate that the element is a newly created element that has never been seen by the 
checker. In such conditions, the element is placed on a non-controlled dumpster when it is deleted from 
the OLD or the Underground. 


When any elements are cut from the OLD, or UGS, the newly created dumpster must recursively check 
all elements involved in the cut to determine if there is any element that has been previously seen by the 
checker. If so, the dumpster is designated a controlled dumpster and the normal checker controls are 
applied. If the recursive check passes, the dumpster is left in an un-controlled state. Recursively 
checking the elements means that the dumpster must check every element, not only on the OLD, but in 
any nested composites regardless of depth. This same logic applies to the UGS. 


The two INI entries are established to over-ride this behavior. Both entries default to 1, which implements 
the revised behavior. Changing the entry to a 0 causes the dumpster to ignore the revised logic (uses the 
old behavior). 


PanelSystemLFMaxIteration=200 
This entry gives maximum number of iterations for panel system load flow calculation. 


PanelSystemLFPrecision=0.00001 
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This entry gives the precision value for checking panel system load flow convergence. The precision is 
applied on bus per unit voltage values. 


Name Type default Min Max 
PanelSystemLFMaxiteration Int 200 
PanelSystemLF Precision Float .00001 .0000001 .001 


ConvertloMSAccess2000Format=1 

Due to support of the features available later to the international version, ETAP needs to convert the 
project databases (*.MDB, *.GRD, and *.CPX files in the current project location) to the format of the 
database engine (Jet engine) used in the Microsoft ACCESS 2000 program. Setting this value to 0 will 
cause ETAP to skip the conversion. The default setting for this entry is 1. 


AutoConversion = 0 

Setting this value to 0 will cause ETAP to ask for user permission to convert the project databases 
(*.MDB, *.GRD, and *.CPX files in the current project location) each time ETAP opens a project. Set 
this value to 1 means ETAP will no longer ask for permission to convert. The permission to convert the 
project databases itself is based on the setting in the entry "ConvertToMSAccess2000Format". The 
default setting is 0. 


CompactDBIni = 1 

The value of this setting determines the value of the checkbox "Compact Database When Saving" in the 
Logon dialog when opening the next project. Upon closing the current project, ETAP will update this 
setting in the configuration file (ETAPS.INI). The default value is 1. 
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[AppVariables] 


DefaultStandard=English 
ETAP uses English units as a default for all new projects created. This may be changed to metric by 
replacing ‘English’ with ‘Metric.’ 


LastLibrarySubDir=C:\etaps\powerstn\lib 
ETAP stores the location of the library file associated with a project. 


LastProject=C:\etaps\powerstn\example\example.oti 
ETAP stores the name of the last project opened. 


LastSubDir=C:\etaps\powerstn\example 
ETAP stores the location of the last project opened. 


Project Default Path=C:\etaps\powerstn 

ETAP will use its own directory as the default project path unless this entry is placed into the ETAPS.INI 
file. The ETAP default path is C:\etaps\powerstn if ETAP is installed using default settings. For 
example, if you set: Project Default Path=D:\temp\testproj, then a new ETAP project named userproj will 
have a folder created with the name of the project. ETAP will store all associated project files, output 
reports, plots, etc. in the subdirectory shown: Project Default Path=D:\temp\testproj\userproj 


KeyAdapter=U 
Use this entry if you are using an USB Key. 


KeyAdapter=P 
Use this entry when using a Parallel port key. This is the default configuration. 


KeyAdapter=S[, [COMx][, [nnnn]]] 
1. COMx means COM1, COM2, COM3 or COM4. Default is COM1 if it is not provided. 


2. mnnn means bauds rate. Default is 9600 if it is not given. 
3. For Example, KeyAdapter=S, or KeyAdapter=S, COM2, 9600 


License Manager Server 


Two options are available for the licensing of ETAP. The primary option utilizes Microsoft Name Pipes 
(text names for PC’s). The secondary option is direct TCP/IP communication where the Name Pipe 
service is not available, for example, Novell networks. 

The Named Pipe License Manager is named ETAPSLM.exe. 

The TCP/IP License Manager is named ETAPSLMT.exe. 


ETAPSLMT and ETAPSLM cannot run simultaneously on the same License Manager Server. 


LM Port= 
LM Port=<Communication Port> 
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<Communication Port> specifies the port number that ETAP uses to communicate with the TCP/IP 
server. If this entry does not exist, the port number defaults to 6260. However, this can be configured by 
modifying the following registry entry: 


HKEY_LOCAL_MACHINE\SOFTWARE\Operation Technology, Inc.\LM\Port 


LM Server= 
LM Server=<Server Name> 


This entry identifies the location of the License Manager Server where the ETAP License Manager and 
network hardware key are installed. Default <Server Name> is blank. This entry is required if you are 
using a network hardware key for simultaneous usage of ETAP, i.e., this entry is not required if you have 
a stand-alone license. 


When LM Server=<Server Name> is available, ETAP will ignore the values of <TCP/IP Server Name>, 
<Server’s IP Address>, and <Communication Port>. In such a case, Named Pipes are used for 
communications. 


When <Server Name> does not exist, ETAP will find the value of <TCP/IP Server Name> and try to 
connect to it. If <I'CP/IP Server name> is also missing, ETAP seeks to connect to the server with IP 
Address found in <Server’s IP Address>. In the event when none of <Server Name>, <T'CP/IP Server 
Name>, and <Server’s IP Address> exist, ETAP will try local license authentication. 


LM Server IP= 
LM Server IP=<Server’s IP Address> 


<Server’s IP Address> allows the user to enter the License Manager Server’s IP address when <TCP/IP 
Server Name> is not available. This entry can only be made if the Server is using a fixed IP address. 


LM TCP Server= 
LM TCP Server=<TCP/IP Server Name> 


<TCP/IP Server Name> indicates the License Manager Server’s TCP/IP address. The name is resolved to 
an IP address using any available Domain Name Service (DNS) or the HOSTS file can be used to point to 
a fixed IP address. 


CD Key=XXX-YYY-ZZZ 

ETAP automatically creates this entry when you enter the Activation Code provided with your ETAP 
CD-ROM. This sequence of letters and numbers needs to match with your company’s specific license. 
This sequence changes with each major release. 


LM Server=lm 

LM TCP Server=tcplm.oti.com 

LM Server IP=10.10.10.191 

LM Port=5000 

Specifies that the host lm will be used as License Manager through Named Pipes. All TCP/IP entries are 
ignored. 


LM Server IP=10.10.10.191 
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Specifies that the host with IP address 10.10.10.191 will be used as License Manager through TCP/IP via 
default port number 6260. 


LM TCP Server=tcp!m.oti.com 

LM Server IP=10.10.10.191 

LM Port=5000 

Specifies that the host tcplm.oti.com will be used as License Manager through TCP/IP via port number 
5000. 


ReportProcessor=C:\program files\Microsoft Office\Office\Winword.exe 

ETAP uses Notepad by default to view the output report of calculations. You can change this entry to use 
your preferred viewer. In most cases, you must enter the fully qualified path and application name as 
shown above for Microsoft Word. 


%N=String 
Enter a customized macro (string) to be used within the ETAP INI file. You can set up to 10 macros (%0, 
%1...%9). 


The following is a list of macros available for use within the ETAP INI file: 


%0 ODBC connect string including the path and name of the project source database 
%p Fully qualified path (path+project name) of the currently open ETAP Project 
%d Path of the currently open ETAP Project 


Note that macros can only be used for arguments for the Tool entry. In all cases, the trailing \ is not 
provided by macro expansion. Expansion does wrap the appropriate phrases in "" to allow for long 
filenames and spaces, etc. 


ETAP provides a mechanism allowing you to define external programs (external tools) in the ETAPS.INI 
file. ETAP lists external programs on its Tools menu bar allowing you to launch and execute the external 
programs. You may define up to 20 external programs (menu entries). 


You can define each external program’s menu entry in ETAP, the name and location where the program 
resides, and arguments to be passed. Overall, this mechanism provides a flexible interface to external 
programs from ETAP. 


Tool1=text|path|jargument1|argument2|argument3|argument4 

Tooll Up to 20 external tools (Tool1, Tool2, Tool20) 

text Text to be displayed in ETAP submenu “Tools” 

path Fully qualified path (path + program name) of the external program 
argument Arguments to be passed to the external program 


Macros may be entered into the path and arguments (argument 1, argument 2 etc.). The macros are 
expanded when the tool is invoked according to the following rules: 


MACRO expansion 


%p expands to the fully qualified project path and project name 
e.g. -f%p.MDB expands to -fD:\fullProjDir\Proj Name. MDB 
%d expands to the fully qualified project path 


e.g. |Y%d\pdconfig.exe]... expands to d:\FullProjDir\pdconfig.exe 
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%0 expands to the full ODBC connect string which would be utilized to allow 
an external program to make an ODBC connection to the project database. 


%0...%9 expands to the contents of ETAPS.INI entry 0...9 as defined in the 
ETAPS INI 
[AppVariables] 
O=string0 
1=string1 


9=string9 


In all cases, the trailing \ is not provided by macro expansion 
Expansion does wrap the appropriate phrases in "" 


Using Tools examples: 
Start Microsoft Word from ETAP: 


Tooll=MS Word] C:\program files\Microsoft Office\Office\Winword.exe 


Launch “PDConfig” as an external tool within ETAP: 


Tool2=Configuration Report|C:\ETAPS\PowerStn\PDConfig.exe|%o|C:\etaps\powerstn\target.mdb 


PDConfig is an external program that creates an MS Access database that contains the status of all 
protective devices, motors, and loads for each Configuration Status you have defined. In this example, 
PDConfig.exe requires an argument for the ETAP project file (including ODBC connect string) and an 
argument for the target file where the results are saved. Macros may be used to simplify the entries. 


Tool2=Config Tables|C:\ETAPS\PowerStn\PDConfig.exe|%o|%d\Target.mdb 


Oracle database users have three additional entries in the INI file. These entries store the name, user ID, 
and password of the associated Oracle database. 


ORACLE Database=MyOracleDB 
Name of the Oracle database (default ‘2:’ for local Oracle) 


ORACLE UserID=MyOracleID 
Oracle user ID (default ‘SCOTT’ for local Oracle) 


ORACLE UserPassword=MyPassword 
Oracle user valid password (default ‘TIGER’ for local Oracle) 


Wizard Path="" 

This entry defaults to '"". Typically, the ETAP Wizard is located in the ETAP directory and ETAP 
directory is used if the Wizard Path entry is blank (its default). If you want to relocate the ETAP Wizard 
to another directory, set Wizard Path="d:\someotherDirectory" where d:\someotherDirectory is the 
directory where you want to place the ETAP Wizard file. 
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[Colors] 


Refer to the Theme Manager for details on using colors for the one-line diagram. 


[Recent File List] 


ETAPS.INI 


ETAP stores the last nine ETAP project names and locations for easy access directly from the File Menu 


inside ETAP. 


File1=C:\etaps\powerstn\example\example.oti 
File2= C:\etaps\powerstn\sample\sample.oti 
File3= C:\etaps\powerstn\userproj\userproj.oti 
File4= C:\temp\example\example.oti 

File5= D:\powerstn\example\example.oti 
File6= D:\powerstn\sample\sample.oti 

File7= D:\powerstn\userproj\userproj.oti 
File8=D:\temp\projfile\sample\sample.oti 
File9= D:\temp\projfile\example\example.oti 


ETAP 
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Chapter 5 


Database and Project Management 


ETAP organizes an electrical system into a single project. Within this project, ETAP creates three major 
system components: 


= A, Presentation » Composite > +] Normal 


e Presentation - Unlimited, independent graphical presentations of the one-line diagram that 
represent design data for any purpose (such as impedance diagram, study results, or plot plan). 


e Configuration - Unlimited, independent system configurations that identify the status of 
switching devices (open and closed), motors and loads (continuous, intermittent, and spare), 
Generator Operating Modes (swing, voltage control, reactive power control, power factor control) 
and MOVs (open, closed, throttling, and spare). 


e Revision Data - Base Data and unlimited Revision Data IDs that keep track of the changes and 
modifications to the engineering properties (for example, nameplate or settings) of elements. 


These three system components are organized in an 
orthogonal fashion to provide great power and 
flexibility in constructing and manipulating your 
ETAP project. Using this concept of Presentation, 
Status Configuration, and Revision Data, you can 
create numerous combinations of networks of 
diverse configurations and varying engineering 
properties that allow you to fully investigate and 
study the behavior and characteristics of the 
electrical networks using one database. This means 
that you do not need to copy your database for 
different system configurations, “What If” studies, 


etc. _—_— 


ETAP relies on a three-dimensional database concept to implement all Presentations, Configurations, and 
Base and Revision Data. The use of this multi-dimensional database concept allows you to independently 
select a particular Presentation, Configuration Status, or Revision Data within the same project database. 
These selections can be used in conjunction with multiple loading categories and multiple Study Cases to 
quickly and efficiently perform system design and analysis, while avoiding inadvertent data discrepancies 
created when multiple copies of a single project file are used to maintain a record of various system 
changes. 


Operating 
o» Status 
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5.1 Presentations 


When a new project is created, a one-line diagram presentation named OLV (one-line view) is be created 
and displayed in your ETAP window. This is where you build a one-line diagram presentation of your 
electrical system. ETAP supports the creation of an unlimited number of presentations of a one-line 
diagram. This powerful feature provides you with the ability to customize each one-line diagram 
presentation to generate different graphical representations, as shown below. One presentation may have 
some or all protective devices visible, while another presentation may have a completely different layout 
best suited for displaying load flow results, and so on. 


| Study View (Edit Mode) o |e 


Hyperlink for etap.com 
ETAP Tutorials 


1 
15/10/5 MVA 


B || Relay View (Star Sequenc 


Syn Mtr2 Bg CAP1 
14250 HP 2500 WP 450 kvar Bust 
‘Syat Meter, 259 Sub3 Net 0.48 kV 


Lead Madel-Coner 
Tecréa- 0.799 MW-SeeMVA, 


Add taxt to your one-tine diagram 


Three Different Presentations of the same One-Line Diagram 
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5.1.1 Presentation Customization Features 


One-line diagram presentations have the following features: 


Graphical location of elements and connectors 

Graphical representation of connectors based on Phase type (i.e. 3-Phase, 1-Phase) 
Sizing of elements (five sizes) 

Sizing of buses (five sizes) 

Colors of elements and connectors 

Ground grid elements 

Symbols (ANSI and IEC Standard symbols for AC and DC elements) 

Element grouping including connectors 

Element orientation (0, 90, 180, and 270 degrees) 

Annotation orientation (-90, -45, 0, 45, and 90 degrees) 

Visibility options (hide and show) for switching and protective devices 

Display options of Annotations (results, AC, AC-DC, and DC elements) 

Display options for each Operating Mode (for example, Edit, Load Flow, or Short-Circuit) 
Grid display and size option 

Continuity check option (on or off) 

Status configuration association 

Print options (such as print size, centering, printer type, or paper size) 

OLE objects independent of each presentation 

ActiveX object independent of each presentation 

Themed Appearance 


Additionally, each presentation stores the last configuration, Operating Mode, zoom ratio, view location, 
print setup, etc. 


5.1.2 Adding Elements to a Presentation 


When you add an element to one presentation, the same element with identical engineering properties will 
automatically be added to each of your other presentations. Modification of the engineering properties of 
an element in one presentation will be reflected in all presentations, because all presentations share a 
common database. 


5.1.3 Creating New Presentations 


You can create new one-line diagram presentations by copying any one of the existing one-line diagram 
presentations. 


1. You can make a copy of a presentation by using one of these two techniques: 


e Click the New Presentation button on the Presentation toolbar. ETAP displays the Create 
Presentation dialog box, or: 


e In the System Manager window, right-click the One-Line Diagrams folder (under the 


Presentations folder), then select the Create New command. ETAP displays the Create 
Presentation dialog box. 
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sk Base > [By study view > Study View + “~& Normal eo 


Click to create a 
new presentation 


System Manager 

a One-Line Components 

F Mult-Dimensionl Database 

Sq Example-ANSI 
&-q Configurations 
| G-(@ Procedure 
| Ge-G@ Status - 3 
| 8-(@ Switching Sequence 
| eG System Logic 
=|-(2q Presentations 
| (Gq Cable Pulling Systems - 1 
| (Gy DC Control Systems - 3 
(59 Ground Grid Systems 
_ Gi retin aoe 
ea (Gy Star - Create New Right click and 
-f Underground Raceway Systems - 2 select create new. 


In the From drop-down list, select the existing one-line diagram presentation that you want to 
copy. The new presentation will be assigned OLV1 by default, or you can enter a new name in 


the To text box. 
Create Presentation - ' [eer 
From: 


To: OLV1 


G&G) -- -) i GH - 


2. Click OK. ETAP displays the new presentation. 
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5.1.4 Changing Presentation Names 


A presentation name can be changed at any time by double-clicking the one-line diagram window’s 
background while you are in Edit Mode. Using the One-Line Diagram dialog box, enter the new name in 
the Name text box. You can change the presentation name to any name that is 25 or less alphanumeric 
characters in length. 


One Line Diagram - Study View 


Name 


i | toe 


5.1.5 Purging Presentations 


The purging of a presentation can only be accomplished from the System Manager. Once you purge a 
presentation, it is permanently deleted from the project, so use caution. To purge a presentation, do the 
following: 


1. In the System Manager window under the Presentations folder, expand the folder that contains 
the presentation you want to purge. 


2. Right-click the presentation folder you want to purge, and then select the Purge command. ETAP 
will require you to confirm that you want to purge the presentation. 
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5.2 Status Configurations 


ETAP possesses a powerful configuration capability that allows you to configure the operating status of 
each of the various electrical elements included in the one-line diagram of your project. Electrical 
components such as circuit breakers, fuses, and switches can be set to open or closed status. Loads and 
motors may be operating continuously, intermittently, or can be assigned as spares. Power sources can be 
operating in swing, voltage control, Mvar control, or power factor control modes. Implementation of this 
configuration concept follows the guidelines described below: 


e When you attach a configuration to a one-line diagram presentation, all elements in that 
presentation assume its predefined status, just as if they have been saved under that configuration. 


e Each configuration is independent of all others since the status of elements can be set 
independently for each configuration. 


e Any configuration can be attached to any one-line diagram presentation. Conversely, any or all 
one-line diagram presentations can be attached to the same configuration simultaneously. 


e You can create an unlimited number of configurations. 
e To attach or associate a configuration to a presentation, make the presentation window active, and 


select a configuration status from the Configuration toolbar. The figure below shows the changes 
in presentation when changed from Normal to TSEvents configuration. 


“Suny View lot Meee Som «= Cdk ‘Sty View Et Moe! 


1200 Meee 208 MOAR 


ste 


RUAP Tutorials 
mmasnoans 00mene. x 
epertioh for ote om Mest s 


Switching Status Configuration from Normal to Stage 1 


By using this status configuration feature, it becomes unnecessary to maintain several copies of one 
project to perform electrical system studies for different configurations. In addition, when you modify 
engineering properties or add new elements to the one-line diagram, the changes will be automatically 
saved for all configurations. 
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5.2.1 Changing the Status of Devices 


The status of switching devices (fuse, contactor, HV circuit breaker, LV circuit breaker, switch, double- 
throw switch, and the panel’s main disconnect) can be changed from their editors, the configuration 
manager or from the menu displayed when you right-click the device on the one-line diagram. 


High Voltage Circuit Breaker Editor -CB2 |S) 
Rating | Reliability | Interlock | Remarks | Comment | 


38kV 5Cy 40kA 108kA 


Info 


° = ° 


From [Main Bus | 3A 5kV Revision Data 


Real Time 


Control Pin Alam 


Scanned 
[Not Scanned Cose [==] |b 
Control 
[rete — om (ES Ba 
Bes ez =>) (2) Loc) cee | 
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Utility 
1200 MVAsc 


Main Bus 
34.5 kv 


AX 
Cut Ctrl+X 


Copy Ctrl+C 
Paste Ctrl+V 
Sub2A Move From Dumpster Ctri+Shift+V 
a | Template » 
Size +/-> 
Symbol » 
Colors » 
Alignment > 
Rotate Ctrl+R > 
Connector > 
Group Ctrl+G/U 
syn 
1250 HP 
“In Service 
State > 


a ee ee 


Status Change of a Switching Device for Configuration “Normal” 
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The status of load devices (synchronous motor, induction motor, lumped load, MOV, static load, 
capacitor, and filter) can be changed from their editors, as shown in the figure below. 


DC Static Load Editor - DCStLoad1 — os [een 


ID DCStLoad1 


Bus | DcBus3 y| 125V 


ESyC = ta) (2 2) (0%) [cone 


Status Change of Load Device for Configuration Normal 
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The status of source devices (power grids and synchronous generators) can be changed from their editors, 
as shown in the figure below. 


| = 
SmevoronGenewereae Get 


Info 


aa) [Gl [| (oc [cee | 
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5.2.2 Configuration Manager (Project Editor Access Level) 


The purpose of the configuration manager is to provide an interface for the following capabilities: 


Viewing the configuration status of each device in the active project in a tabular fashion 
Ability to change the configuration status of any PD / Source / Load in the project 

Ability to track changes in the configuration status of any PD / Source / Load in the project 
Ability to check (checker) configuration status any PD / Source / Load in the project 


The configuration manager can be accessed by clicking on the Configuration Manager button on the main 
ETAP interface, as shown below. 


> [By Relay View > Relay View 


The configuration manager may also be accessed from System Manager as shown below. 


i] One-Line Components 
=| Multi-Dimensional Database 
=)-4Sq Example-ANSI 
=) Configurations 
| -Gy Procedure 


} 


oy Status=2 
a -@ Swi Create New 
Gy Syst Configuration Manager 


4) Preseni 
(2g Study Cases 


The configuration manager interface is shown below: 


Configuration List 
TSEvents 


Continuous 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Open 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 
Closed 


Normal 
Stage 1 
TSEvents 


Device Selection 
@AC ©bdc @Aacé&de 


AlLAC Elements 

AILAC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

All AC/DC 

Circuit Breakers, HV 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw Display Options 
AC Switches, Ground 
AC Fuses 

Contactors 


| Copy. | | Delete | Rename | New... | | Expott... | Find Apply | Help ] 


OW WWW BMg99 990 9/9/90 90/90/90'9 


OjOBWO/ 99 9/9/9/9/9/9/9/9/9/90/90/90/90)\/9 


¥) Normal Status Differences Changed Data in Red 
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Configuration List 


This list contains all existing configurations in the project. If the Project Editor has deleted checked 
configurations they will not show up in this list because they have been hidden. The configuration view 
will show the configuration status for only the selected configurations from the configuration list. 


The following devices (AC and DC) are considered by the configuration manager and tracked for the 


checker 


ry ROU OB grr Tr rhe Aan op 


ETAP. 


HVCB 

LVCB 

SPST Switch 
SPDT Switch 
Fuse 
Contactor 
Induction Motor } Waters 
Synchronous Motor 

Lumped Load 

MOV 

Static Load 

Capacitor Loads 


. Panels 


Harmonics Filters 
Phase Adapter 


UPS 
Charger AC/DC 


Inverter 
Synchronous Generator 

S 
Power Grid / Utility } mane 


5-12 


Protective / Switching Devices 
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Device Selection 


Devices shown in the configuration view may be filtered based on the following categories: 


a. AC 
b. DC 
c. AC&DC 


Based on your selection, the following device lists are displayed. By default, AC elements are always 
shown in the configuration view. 


AC 
All AC Elements 
All Protective Devices 
All Loads 
All Motors 
All Sources 
All AC/DC 
Circuit Breakers, HV 
Circuit Breakers, LV 
Switches, Single-Throw 
Switches, Double-Throw 
Fuses 
Contactors 
Induction Motors 
Synchronous Motors 
Lumped Loads 
MOVs 
Panels 
Phase Adapters 
Harmonic Filters 
Static Loads 
Capacitors 
Generators, Synchronous 
Power Grids, Utility 
UPS’s 
Chargers 
Inverters 


ETAP. 


DC 
All DC Elements 
All DC Protective Devices 
All DC Loads 
DC Circuit Breakers 
DC Fuses 
DC Lumped Loads 
DC Motors 
DC Static Loads 
DC Switches, Double-Throw 
DC Switches, Single-Throw 


5-13 


AC & DC 
All Elements 
All Protective Devices 
All Loads 
All Motors 
All Sources 
All AC/DC 
Circuit Breakers, HV 
Circuit Breakers, LV/DC 
Switches, Single-Throw 
Switches, Double-Throw 
Fuses 
Contactors 
Induction Motors 
Synchronous Motors/DC Motors 
Lumped Loads 
MOVs 
Panels 
Phase Adapters 
Harmonic Filters 
Static Loads 
Capacitors 
Generators, Synchronous 
Power Grids, Utility 
UPS’s 
Chargers 
Inverters 
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Configuration View 


When a device is selected from the device selection list, corresponding device ID’s are shown in the 
configuration view (column 1). For example, if ‘All Devices’ is selected then all device ID’s will be 
shown that are included and controlled by your various configurations. 


Clicking on the device ID will trigger an automatic search for that device on the active one-line diagram. 
ETAP will show the selected device in Red even if it exists in nested / composite networks. This can be 
accomplished without having to close the configuration manager. 


3] Study View (Edit Mode) (eo je |i) 


1200 MVAsc 


34.5 kV 
Main Bus 


Hyperlink for etap.com 


a ETAP - Configuration Manager 


Configuration List 


Normal Stage 1 TSEvents 


AN IW name Continuous Continuous Continuous a 
= |¥) Stage 1 pa 
iw] TSEvents Closed Closed Closed [a 

a Closed Closed Closed 

Closed Closed Closed 

Click to Closed Closed Closed 

Find Device Closed Closed Closed 

Closed Closed Closed 

Closed Closed Closed 

Closed Closed Closed 

Cc Closed 

E 


Device Selection a ; 5 Aised 
OSE pen lOSEt 
@rc be OAcEDC Closed Closed Closed 
ALAC Elements Closed Closed Closed 
All AC Protective Devices a Closed Closed Closed 
fn ae rae 2 | Closed Closed Closed 
Syn1 All Sources F Closed Open Closed 
All AC/DC | Closed Closed Closed 
1250 HP Grou Broskere, HY 1cB20 Closed Closed Closed 
MCU DIEAaKErs, aa 
Syn] Motor, 1250 HP AC Switches, Single-Throw ACB21 Closed Closed Closed 
Load Model = Centr. Com AC Switches, Double-Throw Display Options 
Inertia= 0.799 MW-Sec/\ AC Switches, Ground 
Covenants a [¥) NormalStatus [| Differences — [/) Changed Data in Red 


| Copy... | | Delete | Rename New... | | Export... Find Apply | Help | 


wil 


Since the configuration view lists the status of each device, the user can change the status of any device 
from the configuration manager rather than having to go to the individual Device Editor. Select the 
required status (open or close in case of circuit breaker) and click OK to apply the changes. 
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Show Normal Status 


Selecting this option causes the normal status of all devices to be displayed in the configuration view. 
Unselecting this option will filter the configuration view and show the off-normal or alternate status for 
all selected devices. The table below lists devices displayed in the configuration view based on their 


operating status. 


Show Normal Status (Checked) 


Show Normal Status (Unchecked) 


Circuit Breakers - Closed 


Circuit Breakers — Open 


DT Switches — Position A 


DT Switches — Position B 


Switches — Closed 


Switches — Open 


Fuses — Closed 


Fuses — Open 


Generator — Voltage Control 


Generator — Swing / Mvar Control / PF Control 


Power Grid — Swing 


Power Grid — Voltage Control / Mvar Control/ PF Control 


Load Demand Factor — Continuous Load Demand Factor — Intermittent / Spare 
MOVs — Open MOVs -— Closed / Throttle / Spare 


Panel — Closed 


Panel — Open 


Phase Adapter — Closed 


Phase Adapter — Open 


Harmonic Filter — Continuous 


Harmonic Filter — Intermittent / Spare 


G 
a ETAP - Configuration Manager 


Configuration List 


. Normal Stage 1 TSEvents 
[¥| Normal . 
|¥| Stage 1 
uma — 
Open 
Device Selection Open Open Open 


® Ac )bc ©OAackDC 


All AC Elements 7 


AIL AC Protective Devices 


All AC Loads 
AIL AC Motors 


Ww 


All Sources 


All AC/DC 


Circuit Breakers, HY 


Circuit Breakers, LV 


| AC Switches, Single-Throw 
AC Switches, Double-Throw 
| AC Switches, Ground 


Display Options 


sien : a |Differences {| Changed Data in Red 
| Copy... | | Delete | | Rename | | New... | | Export... | | Find | | Apply | 
Normal Status - Closed 
Displaying Breakers that are Open (Not Normal) 
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Show Differences 


Selecting this option will compare the selected configurations from the configuration list and show only 
those devices with differences between their configurations. For instance, the example below shows that 
three configurations have been selected (Normal, Stage 1 and TSEvents). When Show Difference is 
selected, based on your device selection (All AC Elements), ETAP will be displaying the differences 
across all selected configurations, and CB2 and CB10 have different status across at least two of the three 
selected configurations. 


G 
& ETAP - Configuration Manager 


=) 


¥) Normal 


Configuration List 


¥) Stage 1 
¥|TSEvents 


@ AC 


All AC/DC 


Device Selection 


, 
AILAC Protective Devices 
AILAC Loads 

AILAC Motors 

All Sources 


Circuit Breakers, HV 

Circuit Breakers, L¥ 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 


bc AC & DC 


TT] 


Stage 1 TSEvents 
E Open 
Open 
Open 


Displaying devices with different 
configuration status between selected 
configurations 


Display Options 


as — - a Normal Status ¥) Differences Changed Data in Red 
| Copy... | Delete | | Rename | New... | Export... | Find | | Apply | 


| Help | Ca) | Caneel 


The results of selecting Display Changed Data in Red and Show Normal Status logic are summarized in 
the table shown below: 


Device ID Config 1 Config 2 Config 3 Config 4 
CB1 Open Open Open Open 
CB2 Closed Closed Closed 
CB3 Closed Closed 
CB4 Open Open Open Open 
M1 Continuous Continuous 
M2 Intermittent Intermittent Intermittent Intermittent 
G1 Swing Swing Swing Swing 
G2 VoltControl VoltControl VoltControl VoltControl 
Config Open —> Close Open —> Close Open —> Close Open —> Close 
Change 
Show Normal Status | Show Normal Status | Don’t Show Normal | Don’t Show Normal 
Don’t display Display changed data | Status Status 
changed datain Red | in Red Don’t Display Display changed data 
changed datain Red | in Red 


ETAP. 
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Creating New Configurations 


You can create new status configurations in the follow manner: 


On the Configuration Manager, click the New button. ETAP then displays the New Configuration dialog 
box. From this dialog box you can create a new configuration using default settings, as shown in the 
following figure: 


HV Circuit Breaker Closed 
LV Circuit Breaker Closed 
Single Throw Switch Closed 
Double Throw Switch Position A 
Fuse Closed 
Contactor Closed 
Recloser Closed 
DC Circuit Breaker Closed 
DC Single Throw Switch Closed 
DC Double Throw Switch Position A 
DC Fuse Closed 
Induction Motor Continuous 
Synchronous Motor Continuous 
Lumped Load Continuous 
Motor Operated Valve Open 
Static Load Continuous 
Capacitor Continuous 
Panel Closed 
Harmonic Filter Continuous 
Phase Adaptor Closed 
DC Machine Continuous 
DC Lump Load Continuous 
DC Static Load Continuous 
Inverter (DC Load) Continuous 
Charger Continuous 
Inverter (AC Operation) Voltage Control 
Uninterruptable Power Supply Continuous 
Generator Voltage Control 
Utility Swing 


In the System Manager, right-click the Status folder under Configurations folder, and select Create New. 
ETAP displays the New Configuration dialog box along with the status of the elements for your new 
configuration. 
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System Manager 

G One-Line Components 

[zB Multi-Dimensional Database 

| &-€q Example-ANs| 

a 4q Configurations 
Procedure 


Configuration Manager 


ce fa Study C Cases 
Create a New Status Configuration 


Copying Existing Configurations 


You can copy existing status configurations using one of the two following methods: 


On the Configuration Manager, click the Copy button. The Copy From option allows you to copy an 
existing configuration. From the drop-down list, select the configuration you want to duplicate. The 
Create a New Configuration with Default Settings option allows you to create a new configuration with 
the default settings listed in the dialog box. Enter a name for the new configuration in the To text box. 


Copy Configuration [eS Configuration List 
: ¥| Normal 
tails ¥| Stage 1 


-) Create a new Configuration with default setting: 


CopyofNormal 
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If you right-click the specific configuration you want to duplicate and select the Duplicate command, 
ETAP displays the Copy From option and allows you to create a new configuration based on an existing 
one. 


S One-Line Components 
= Multi-Dimensional Database 
=)-q Example-ANSI 
| =)-q Configurations 
(4) Procedure 
&)-Gy Status - 3 
i be [) Normal 


Properties... 


ee | T 
cs) -(@ Swite 
Gy Syste 
oa Presenta Delete... 
- Study Cz 


View 


Save 


Duplicate... 


w Rules & Libraries 


Delete Configurations 


Click to delete the selected configuration(s) from the project. If these configurations were previously 
checked then they will be hidden in access levels other than checker access level. If the configurations 
were not checked previously, then they will be deleted permanently. Confirmation dialog is provided 
when deleting a configuration. 


Once you choose to accept the delete action, the configuration will be permanently removed and another 
configuration with the same name can be created once the configuration manager is closed and reopened. 
Note that if the configuration was checked then it will not be permanently removed from the system even 
if the project is closed. Such a configuration can only be deleted if the checker approves the delete action. 


ETAP. 5-19 ETAP 19.0 User Guide 


Multi-Dimension Database Status Configuration 


Rename Configurations 


Clicking the Rename button will bring up the “Rename Configuration” Editor, as shown below. 


r 
i) ETAP - Configuration Manager [_ 3 
Configuration List 
= Normal Stage 1 TSEvents 
5 Set Continuous Continuous Continuous a 
7 a aie Closed Closed Closed (i 
Closed Closed Closed 
Closed Closed Closed 
Closed Closed Closed 
Closed Closed Closed 
Closed Closed Closed 
Rename Configuration : 
Rename |Normal 
Device Selection 
@ac @be Oaceoce To) [Rename 
AILAC Elements a 
All AC Protective Devices Fz [Cancel | 
All AC Loads [Conca 
All AC Motors = 
All Sources 
AlLAC/DC 
Circuit Breakers, HY 
Circuit Breakers, LV 7 
AC Switches, Single-Throw Closed [Closed Closed 
AC Switches, Double-Throw Display Options 
AC Switches, Ground 
Casas ¥) Normal Status {") Differences Changed Data in Red 


| Copy... | | Delete | | Rename | | New... | Expott... | Find Apply Help. 


Print Configurations 


Click OK to export the configuration settings to a data table. 
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(ity ETAP - Conmupusn Namen [zeal 


Configuration List 


Normal TSEvents 


Stage 1 


“ Pl Continuous _¥ | Continuous Continuous 4 
Stage 1 || Closed Closed |Closed 
0 || Closed Closed |Closed 
|| Closed Closed |Closed 


Create Configuration Status Report for Protective Devices and Loads. 


Project File | Example-ANSI| 
Report File [c: SETAPSExample-4NSI\ConfigR eport.xls Browse... 


All AC Loads 

All AC Motors 

All Sources 

AILAC/DC 

Circuit Breakers) 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw Display Options 
AC Switches, Ground 

AC Fuses 
Contactors 


[ Copy... |{ Delete | [Rename] [New...} [ Export... | { Find | [App | [Help | 


¥)| Normal Status | Differences _| Changed Data in Red 
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5.2.3 Configuration Manager (Checker Access Level) 


When the checker access level is accessed, the following screen will appear. Checking information for 
configurations can be accessed by selecting “Configuration” option. Make sure the “Display 
Configuration Manager” option is selected to display configuration manager in checker access level. The 
purpose of the configuration checker is to validate changes made to configuration settings of various 
devices in a project. This is similar to the checker for engineering properties. The Configuration Manager 
Editor is similar to the one described for Project Editor Access Level with just a few limitations and 
modifications, as shown in the figure below. 


r 
& ETAP - Configuration Manager xs Checking Information axe) 
(eesieeetea List | Help 
¥| Normal 
\[w|Stage 1 = No Element Selected 
¥|TSEvents Edited by 
Name 
Date 
Checked by 
Name 
Date 
Project 


Device Selection 
AC DC @AC&DC 


All Elements 


Library 


Wie boo 
@ Configuration 


Filter by 


¥| Skip Checked Configurations 
| Date 


Display Options 


- ? = | ¥_ Display Configuration Manager 
Normal Status Differences Changed Data in Red Unchecked Data 


¥ 
estore Expott... | | Find Apply | Help Ok | | Cancel | Ik | ed] | Check All | >] 


Check button actions only apply to 
item in the selector 


Edited By 


The previous user name (ID) and the Date are displayed here for the selected configuration. 


Checked By 


Clicking on the Check button will insert your user name (ID) and the date in the Checked By area for the 
selected configuration. 


Skip Checked Configurations 


Use this filter if checked configurations should not be included in the configuration list. 


Display Configuration Manager 


Click this checkbox to display the configuration manager. All changes or modifications of individual 
configuration status are displayed in red by the configuration manager. 
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Check / Uncheck Data 


When you click on the Check button, the color changes to blue, and a red check mark appears in the 


corner. If you click again, the selected element will be unchecked. 


Restore 


The Restore function will only be active for configurations that were previously checked and then deleted. 
These configurations have been hidden from the Project Editor (because they were deleted) however they 
are visible in Checker Access Level. The Checker can choose to permanently delete these configurations 
by checking them, i.e. accepting the delete action or by clicking on the restore button to unhide them in 


Project Editor Access Level. 


In the example below “BatterySize” is a checked configuration that has been deleted by the Project 


Editor. 


Status Configuration 


rc 
® ETAP - Configuration Manager 


Configuration List 


¥| Normal 
Stage 1 
TSEvents 


|S 


Delete Checked 
Configuration 


Device Selection 


@AaC 9d OAacs&dc 


Normal Stage 1 TSEvents 
Continuous _v | Continuous Continuous Continuous 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 
Closed Closed Closed Closed 

CBg Closed Closed Closed 


& 
® ETAP - Configuration Manager 


Configuration List 


AIL AC Elements a 
AILAC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

All AC/DC 

Circuit Breakers, HV 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 

Contactors + 


m 


Display Optiot 


{¥) Normal 9 


| New... [4 


| Copy... | Rename 


When you (as checker) log into this project, ETAP will display all configurations (Normal, NewConfig, 
and Stage 1) that must be checked in addition to the “BatterySize” configuration since this was a checked 


AC Switches, Single-Th 
AC Switches, Double-Thro 
AC Switches, Ground 

AC Fuses 

Contactors 


- Normal Stage 1 TSEvents 
¥) Normal 7 . : 
- Continuous _y | Continuous Continuous a 
¥)Stage 1 
7 TSE vents Closed Closed (Closed fi 
Closed Closed Closed 
Closed Closed Closed 
Closed |Closed Closed 
Closed |Closed Closed 
Closed Closed Closed 
Closed (Closed Closed 
Closed |Closed Closed 
Closed Closed Closed 
———= = Closed |Closed Open 
Device Selection Closed |Closed Closed 
- Closed Open Closed 
ex We leo Closed Closed Closed 
clerents -_ a |Closed Closed Closed 
rotective Devices FZ | 
‘AIAC Loads pes Closed Closed 
AILAC Motors F losed Closed Closed 
All Sources Closed Open Closed 
AILAC/DC |Closed Closed Closed 
Circuit Breakers, HV Closed | Closed Closed 
Citcult Breakers, LV Closed [Closed [Closed S 


Display Options 


[¥] Normal Status 


{"] Differences 


{-) Changed Data in Red 


| Apply | 


(ee) a (cee 


| Rename | | New... | | Export... | | Find 


configuration that was deleted by the Project Editor. 


ETAP. 
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Status Configuration 


r 
©) ETAP - Configuration Manager 
Configuration List 


Deleted Configuration 
Displayed to be 
Verified 


Device Selection 
©4c ©bdC @OACKDC 


All Elements 


Battery Size 


Display Options 


Normal Status Differences 


Cisse | 
| Battery Size 


Edited by 
Name OoTl 


Date 09-08-2011 


Checked by 


Namef SS 
Dae[ —<“is—SSCSS 


© Project 
Library 
Rule Book 
© Configuration 
Filter by 


Skip Checked Configurations 
Date 


Display Configuration Manager 
Changed Data in Red Unchecked Data 
atteyy Size ms 


Ge] Co | (coxa) ff) S Gietl (oe) be) 


Check button actions only apply ta 
item in the selector 


You can check the BatterySize configuration, in which case this configuration will be permanently 
deleted from the project, or you can chose to restore this configuration name along with the status for 
every device. To restore a configuration, click on the BatterySize configuration column and then click 
Restore. ETAP will prompt you with the confirmation dialog shown below: 


ETAP - Configuration Manager (Restore) 


\ 2) Are you sure want to restore deleted configuration: Batter ySize? 


Loves Jw) 


ETAP. 
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5.2.4 Reserved Configurations 


Some status configurations are reserved for ETAP Real-Time and cannot be renamed or purged. These 
configurations are active when ETAP is online and include the following: 


Reserved Configurations Mode 

On-Line On-line Monitoring 
Playback Playback 

Advisory Advisory Control 
Supervisory Supervisory Control 
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5.3 Revision Data 


Revision Data is the third orthogonal system component provided by ETAP. The engineering data 
associated with the elements in your project are stored in the project database. ETAP provides ready 
access to an unlimited number of unique engineering Revision Data associated with each element. 


ETAP establishes a revision level of zero for the data used as Base Data. You may assign a revision at 
any time to distinguish the engineering parameters associated with any or all of the elements on the one- 
line diagram without impacting or changing the Base Data. An element cannot exist in Revision Data 
without also existing in the Base Data. ETAP constrains your project to using the engineering data in one 
Revision Data ID (name) at a time. You must be working with the Base Data to add or delete system 
elements or to make connectivity changes to your one-line diagram. Also, the Base Data must be active 
(instead of Revision Data being active) for you to be able to save or close a project. 


5.3.1 Using “What If” Studies 


The primary use for Revision Data is to enable you to run “What If” studies for an electrical system 
where you vary the engineering data of the network’s components and compare these results with the 
Base Data or other Revision Data. For example, you can change the impedance of a transformer in the 
Revision Data (leaving the Base Data untouched) and compare the short-circuit results with the Base 
Data. 


Other applications of Revision Data allow the creation of future modifications of the system without 
changing your Base Data. For example, you can add a new substation to an existing system and keep all 
of your modifications in Revision Data. In this example, the Base Data represents your existing system 
and the Revision Data represents your design for future modifications. 


To take this example further, first add the new elements for the substation to the Base Data and flag them 
as Out of Service so they will not affect the study results of the existing system. In the Revision Data, you 
then set the flag to In Service and enter all other required properties. When the new substation is 
commissioned, merge the Revision Data to Base Data to implement and save the modification. 


5.3.2 Changing Engineering Data in Revisions 


To exchange engineering data for Revision Data, you need to activate the Revision Data in your system. 
This is accomplished through the Revision toolbar (located on the top left hand corner of the ETAP 
window by default). From the Revision toolbar drop-down list, select the Revision Data ID (name) you 
want to modify. ETAP 11 onwards, new projects only have Base revision, instead of the default 15 
Revision Data IDs, but you can add an unlimited number of new IDs to your project. 


After selecting the Revision Data ID, you can modify device data just as you would while in the Base 
Data. The changes you make will not affect the Base Data, unless they are changes common to all 
Revision Data (such as configurations, Study Cases, and presentations). 


Revision Data is integrated with user access control to keep users from manipulating Base Data. Only 
users with the access level of Project Editor or Base Editor can manipulate Base Data. User access 
restrictions insure that specific sections of the project can only be altered by those authorized to make 
changes. 


ETAP keeps track of delta differences between Revision Data and the Base Data. The delta is zero when 
you activate a Revision Data ID for the first time. When you are in Revision Data and you change a single 


ETAP. 5-26 ETAP 19.0 User Guide 


Multi-Dimension Database Revision Data 


property of an element, that element (with its new engineering properties) is saved for that Revision Data 
ID. In our future substation example, the delta between this Revision Data ID and the Base Data is one 
element only. Any subsequent change to the properties of this element in the Base Data will not affect the 
element’s properties in the Revision Data. However, any changes to the Base Data for other elements that 
have not been altered in this Revision Data will be used when you run studies with this Revision Data ID 
active. 


5.3.3 Identifying Changed Elements 


The ETAP System Manager displays the delta difference between Revision Data and the Base Data. 
Changed elements and the folders in which they are stored are colored green. In the example below, Gen3 
is flagged as an element that has parameters that differ from the Base Data. Also note that the Cable 
folder is colored green with the integer 2 added to it, meaning that there are two cables under this 
Revision Data ID that are different from the Base Data. ETAP includes a Data Manager that can also be 
used to identify changed elements as well as changed properties. See Data Manager section of this chapter 
for more details. 


System Manager x 
G One-Line Components 
+) Battery A 


ES Multi-Dimensional Database 
i Rules & Libraries 
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3.4 Data Manager 


The purpose of the data manager is to provide an interface for the following: 


View engineering properties of each device in a tabular fashion for each revision 
Ability to merge complete revisions 

Ability to merge individual devices 

Ability to reset / remove delta for entire revision 

Ability to reset / remove delta for individual devices 

Ability to print difference report based on device type 

Filter properties based on engineering studies and/or non-engineering data 


The data manager can be accessed by clicking on the data manager button on the main ETAP interface as 
shown below. 


+ "Ay study View > Study View + +“ Normal 


The data manager interface is shown below: 


fa ¥ 
i) ETAP - Data Manager =a 


© All Data Rev. 
© Change # 


2008 2010 


Elements Modifications — Modffications 


© Group # | Cable 13 
Revision Control Cable18 


Base | CB21 
2007 Modifications lGen1 
2008 Alternate Mods. - 
2008 Modifications Line4 
2010 Modifications Load1 


/LUMP1 
/LUMP2 
/LUMP4 

LVBus 
MOV1 

| Mir2 

AILAC Elements — 


AILAC Protective Devices | Sub3 Swor 
AILAC Loads | Synt 
All AC Motors ee 

All Sources ™ 

All AC/DC Display Options 
All Branches 
Circuit Breakers, HV © 

Circuit Breakers, LY ool. 
AC Switches, Single-Throw | Engineering Data 
AC Switches, Double-Throw 
AC Switches, Ground = . 
AC Fuses ~) Properties 

Contactors Rev. Data Exists 


Device Selection 
@Aac ©obc © éC&DC 


| Create. Copy... | | Edit... | Merge... | Delete. | | Expat. | 
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Revision Control Selection 


The revision control selection allows the user to view and organize the revision control list based on 
Revision Name, Change # or Group #. 


® All Data Rev. 
Change # 


Group # 


Revision Control 


\V| Base 

¥)| 2007 Modifications 
¥) 2008 Alternate Mods. 
¥| 2008 Modifications 
¥| 2010 Modifications 


Revision Control List 


Updated Based on 
Selection 


All Data Revisions 


Select this option to view list of all available data revisions in the project. The revision control list will be 
populated with revision names in alphabetically order. 


@ All Data Rev. 


~ Change # 
Group # 


Revision Control 


\V| Base 

(V| 2007 Modifications 
7) 2008 Alternate Mads. 
¥| 2008 Modifications 
¥| 2010 Modifications 


Change # 


Select this option to view list of all available Change #’s in the project. The dropdown list displays the 


available Change # in the current project. For the selected Change #, the revision control list is populated 
with revisions that are members or part of the selected Change #. 
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All Data Rev. 


(V| 2007 Modifications 


Group # 

Select this option to view list of all available Group #’s in the project. The dropdown list displays the 
available Group # in the current project. For the selected Group #, the revision control list is populated 
with revisions that are members or part of the selected Group #. 


|) All Data Rev. 

() Change # 
Revision Cont 
(¥| 2007 Modifications ] 


(¥| 2010 Modifications 


Revision Control List 


This list contains all existing revisions in the project including base. If the project editor has deleted some 
revisions they will be hidden and will not show up in this list. The revision view will show the revision 
data for only the selected revisions from the revision control list. Default: Nothing Checked. When data 
manager is closed these selections are saved so that the next time the data manager is launched the 
previously saved selections are recalled. The selections are saved in the data manager based on active 
ETAP session. Selection settings would be reset to default whenever ETAP is restarted. 
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Revision Control 


Base 

2007 Modifications 
2008 Alternate Mods. 
2008 Modifications 
2010 Modifications 


SISS88| 


SJ 


All AC and DC one-line elements that have engineering properties associated with them are tracked by 


the data manager. 


Device Selection 


Devices shown in the data manager may be filtered based on the following categories: 


a. AC 
b. DC 
c. AC&DC 


ETAP. 


Device Selection 
@ AC © DC )AC& BC 


SIAL Elements 

All AC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

All AC/DC 

All Branches 

Circuit Breakers, H¥ 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 


Contactors 


mI 


ETAP 19.0 User Guide 


Multi-Dimension Database & Wizard Data Manager 


Based on your selection, the following device lists are displayed. By default, AC elements are always 
shown in the configuration view. 


AC DC AC & DC 
All AC Elements e All DC Elements e All Elements 
All Protective Devices e All DC Protective Devices e All Protective Devices 
All AC Loads e All DC Loads e ©All Loads 
All AC Motors e All DC Branches e ~All Motors 
All Sources e DC Circuit Breakers e =All Sources 
All AC/DC e DC Circuit Breakers e All AC/DC 
Circuit Breaker, HV e DC Fuses e §©Circuit Breakers, HV 
Circuit Breaker, LV e DC Lumped Loads e §©Circuit Breakers, LV/DC 
AC Switches, Single-Throw e DC Motors e Switches, Single-Throw 
AC Switches, Double-Throw e DC Static Loads e Switches, Double-Throw 
AC Switches, Ground e DC Switches, Double-Throw e AC Switches, Ground 
AC Fuses e DC Switches, Single-Throw e Fuses 
Contactors e VFDs e Contactors 
Recloser e Batteries e ~Reclosers 
Induction Motors e DC Buses e Induction Motors 
Synchronous Motors e DC Converters e Synchronous Motors/DC 
MG Sets e DC Composite CSD Motors 
AC Lumped Loads e DC Impedances e MG Sets 
MOVs e DC CSD Wires e Lumped Loads 
AC Static Loads e DCCSD Contacts, Macro- e MOVs 
Capacitors Ctrl e Static Loads 
Panels e DC CSD Contacts e Capacitors 
Phase Adapters DC CSD Push Buttons e Panels 
Grounding/Earthing Adapter DC CSD Control Cables e Phase Adapters 
Harmonic Filters e Grounding/Earthing 
Generators, Synchronous Adapter 
Power Grids, Utility e Harmonic Filters 
UPSs e Generator, Synchronous 
Chargers e Power Grids, Utility 
Inverters e UPSs 
PV Array e Chargers 
AC Buses e Inverters 
AC Cables e =PV Array 
Impedance Branch e AC Buses 
Bus Duct e AC Cables 
Ammeters e Impedance Branches 
Multi-Meters e Bus Ducts 
Voltmeters e Ammeters 
Reactor, Current Limiting e Multi-Meters 
Relays, Frequency e Voltmeters 
Relays, Reverse Power e Reactors, Current Limiting 
Relays, Solid State Trip e =Relays, Frequency 
Relays, Voltage e Relays, Reverse Power 
Relays, Multi-Function e  =Relays, Solid State Trip 
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Transformers, 2W 
Transformers, 3W 
Transformers, Current 
Transformers, Potential 
Transmission Lines 
Ground Grids 

Overload Heaters 

DC Link, High-Voltage 
Static Var Compensators 
Wind Turbine Generators 
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Relays, Voltage 

Relays, Multi-Function 
Transformers, 2W 
Transformers, 3W 
Transformers, Current 
Transformers, Potential 
Transmission Lines 
Ground Grids 

Overload Heaters 

DC Link, High-Voltage 
Static Var Compensators 
Wind Turbine Generators 
VFDs 

Batteries 

DC Buses 

DC Converters 

DC Composite CSD 

DC Impedances 

DC CSD Wires 

DC CSD Contacts, Macro- 
Ctrl 

DC CSD Contacts 

DC CSD Push Buttons 
DC CSD Control Cables 
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Revision View 
When a device selection is made from the device selection list (for example All AC Motors), 
corresponding devices (all AC motors, induction and synchronous) are shown in the revision view 
(elements column). 


Clicking on the device ID will trigger an automatic search for that device on the active one-line diagram. 
ETAP will show the selected device in Red even if it exists in nested / composite networks. This can be 
accomplished without having to close the data manager. 


% Study View=>...=>Netl (Edit Mode) - ETAP 14.0.0 
File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
BEE SBE £ER SQ@QQ8H wna fl) a8 __¥3 Example Default Phase 
E] Base > By study view > Nett - Data Manag 
2S ze A \ © AllData Rev. 
V4 Re x AS Aue Ne sey 2013 al 2014 2015 2015 
alt (© Change # a Modifications rate! Modifications Modifications Renewables 
Ve ¥ || 3) Study View (Edit Mode) a 
te M Group # 1 | Cable13 
ele | 1) Study View=>Sub2A-N (Edit Mode) Revision Control 2 |Cable18 
| 2 = 
eta) = 3) Study View=>...=> MCC 3A (Edit Mode) W)Base 3 |CB21 
« i = | 2013 Modifications 4 /deBus3 
LH é [¥|2014 Altemate Mads, 
ee (¥] 2014 Modifications 5 |Gen1 
[oo] (| 2015 Moditications 6 Gnd 
@O} [¥]2015 Renewables cus 
eal 8 int 
& 9 | Lines 
10 | Load 
. 11 LUMP1 
ae are @ AC&DC be 
sub4 & 
a |= 
¥ | | 14|LVBus 
qr 15) MainPNL l 
+ BT-E alta 
Fi Display Options 
Circuit Breakers, HV 9 
E | Circuit Breakers, LV/DC or 
— Switches, Single-Throw TS = 
Es Switches, Double-Throw 
Ex AC Switches, Ground 
Ee uses Properties 
w@ Contactors ws IV) Rev, Data Exists 
<i 
= [Create.. | Copy } | Edit. ] Meroe. | { Delete. { Export. Find Dose 
2: — 4 


Display Options 

Use the display options in order to select between element status information or individual element 

engineering properties. This section also allows the user to view differences across multiple revisions for 

multiple elements in the ETAP project as well as perform advanced filtering on engineering properties. 
Display Options 


(@ Elements 


Engineering Data ¥ 


|| Rev. Data Exists 


() Properties 


ETAP. 5-34 ETAP 19.0 User Guide 


Multi-Dimension Database & Wizard Data Manager 


Elements 


When this option is selected, the data manager revision view shows the list of elements based on the 
device selection (AC, DC or AC & DC). 


When Elements is selected corresponding drop down list shows additional filters 


- Engineering Data 
- Service 

- State 

- Lock 

- Edited By 

- Checked By 

- Unchecked 


Engineering Data 

When Engineering Data is selected, the data manager shows the list of elements based on device selection 
filters. Further it color codes the cells in Red whenever it encounters a revision record set for each 
displayed element. For example Cable 9 data is not revisioned however Cable 13 has revisioned data in 
2007 and 2010 revisions. Note that revisioned properties based on this engineering data are shown with 
red color in the cell background color. 


fa ¥ 
& ETAP - Data Manager aa 
® All Data Rev. 2008 2008 
Blements Base 2007 Altemate age 2010 
Change # Modfications rr Modifications + Modifications 
Revision Control Cable10 = 
|V| Base Cable11 
¥) 2008 Alternate Mods. 
(¥] 2008 Modifications Cable 14 
Cable19 
Cable20 
Cable21 
Cable22 
= = == Cable23 
Device Selection Cable25 
AILAC Elements 
AILAC Protective Devices = 
All AC Loads = CB2 
AIL AC Motors 
All Sources CB3 ¥ 
All AC/DC Display Opti 
All Branches isplay Uptions 
Circuit Breakers, H¥ 
Circuit Breakers, LY @ Elements 
AC Switches, Single-Throw SS = 
AC Switches, Double-Throw Domes oe 
AC Switches, Ground 
AC Fuses (> Properties 
Contactors bo ("| Rev. Data Exists 
| Create... | | Copy... | | Edt... | | Merge... | | Delete... | Export... | | Find | | Help | 
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Rev. Data Exists 

Whenever this checkbox is clicked, the data manager displays elements with revision record sets, i.e., 
elements that are not revisioned (based on revision control selection) are discarded from the list. For 
example, Cable 9 was not revisioned and hence it will be removed from the list when Rev. Record Exists 
option is checked. 


Service 

When Service is selected, then the data manager displays “In / Out / Same As Base” condition for each of 
the displayed elements. In Service is shown as ‘In’ and Out of Service is displayed as ‘Out’. Same as 
Base implies that the element in revision inherits the same service condition as base. “In/Out/Same As 
Base” condition can be setup from the individual property editor. Note that revisioned properties based on 
this engineering data are shown with red color in the cell background color. 


é . 
im) ETAP - Data Manager =x) 


© All Data Rev. 
) Change # 


>) Group # Same As Base | Same As Base 


Same As Base | Same As Base | Same As Base 

PI ser 2: b2s- | Same As Base 
Same As Base | Same As Base | Same As Base 
Same As Base | Same As Base | Same As Base 
| Same As Base | Same As Base | Same As Base 
‘Same As Base | Same As Base Same As Base 
Same As Base | Same As Base | Same As Base 
Same As Base Same As Base 
Same As Base 


Revision Control 


Base 

|¥| 2007 Modifications 
2008 Alternate Mods. 
7| 2008 Modifications Load2 
2010 Modifications LTG Load 


LUMP1 
LUMP2 
LUMP3 
LUMP4 


LUMP6 
Device Selection LVBus 
@ AC © bc Main Bus 


Load1 


AIL AC Elements 

AILAC Protective Devices f — 
All AC Loads = MOV1 
All AC Motors | 

All Sources MRI 
All AC/DC En z 

All Branches Display Options 
Circuit Breakers, H¥ E 
Circuit Breakers, LY (@ Elements 

AC Switches, Single-Throw 

AC Switches, Double-Throw [7] Show Detaut 
AC Switches, Ground 

AC Fuses (© Properties 

Contactors (-] Differences 


SS Fis iris | FI Fis Fis isis st Tis 


| Service /\ Same As Base 


| Create... | Copy... | | Edt... | Merge... | | Delete... | Expott... 
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Changing Service Information from Data Manager 
The data manager can also be used to directly change the “In/Out/Same As Base” condition directly from 
the data manager element grid. Click on row to select a particular element, for example LUMP1. 


& 
= ETAP - Data Manager 


@ All Data Rev. 
(© Change # 
© Group # 


Revision Control 


Base 

2007 Modifications 
2008 Alternate Mods. 
2008 Modifications 
4}2010 Modifications 


S888 


Device Selection 
@ac @opc 


Contactors a 
Recloser 

Induction Motors 

Synchronous Motors 


AC Static Load 

Capacitors 

Panels 

Phase Adapters 

Grounding/E arthing Adapter 
Harmonics Filters 

Generator, Synchronous ~ 


2008 
2007 2008 2010 
Ie oa Modfications Atemate dications Modfications 
Same As Base Same As Base Same As Base Same As Base 
LUMP2 In Same As Base | Same As Base | Same As Base | Same As Base 
LUMP3 In Same As Base | Same As Base | Same As Base | Same As Base 
LUMP4 In Same As Base | Same As Base | Same As Base | Same As Base 
LUMP6 In Same As Base | Same As Base | Same As Base | Same As Base 
Display Options 
. Yi In 
@ Elements ¥] Out 
(V| Show Default Service y ¥) Same As Base 
© Properties 
{_] Differences 


[ Create. [ Cory... | | Edit.. 


Merge... | Delete... | | Expot.. | 


Find 


cc 


[=a] 


Click “In” in the Base column in order to change the condition from In to Out of Service. A drop down 
list will be provided with the appropriate options. 


ETAP. 


t 
= ETAP - Data Manager 


© All Data Rev. 
© Change # 
© Group # 


Revision Control 


Base 

2007 Modifications 
2008 Alternate Mods. 
2008 Moditicati 
2010 Mo 


SISiSisig 


Device Selection 
@ac © pc 


Contactors a 
Recloser 
Induction Motors 
Synchronous Motors. 
Sets 


MOVs 

AC Static Load 

Capacitors 

Panels 

Phase Adapters 

Grounding/E arthing Adapter 
Harmonics Filters 

Generator. 5 yynchronous ~ 


oe 208 2010 
Modifications — Modifications 
Mods. 
LUMP1 Same As Base | Same As Base | Same As Base 
Same As Base | Same As Base | Same As Base 
Same As Base | Same As Base | Same As Base 
Same As Base | Same As Base | Same As Base 
Same As Base | Same As Base | Same As Base 
Display Options 
2 (VI In 
@ Elements J) Out 
Show Default Service ba ¥) Same As Base 
© Properties 
{_] Differences 


[ Create... [ Cory... | | Edit.. | 


Merge... | | Delete... | Export... | 


Find | 


Help 
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The following reflects the new base information for LUMP1. Not only is the element out of service in the 
data manager but the continuity check now reflects that this equipment is indeed not in service. Since all 
the other revisions are set to “Same As Base”; all revisions will now inherit this out of service status 
automatically for LUMP1. In order to independently change the condition in other revisions, the same 
steps as above can be followed to switch from “Same As Base” to any other condition without having to 
go to the property editor. 


] Study View=>...=>MCC 3A (Edit Mode) o ie is) 
a 
=) ETAP - Data Manager 
0.48 kV ) ) ) ) 
© AllData Rev. 2008 
2007 fee 2008 2010 
Change # lodifications Mods = Modifications — Modifications 
VFD1 Group # e As Base | Same As Base |Same As Base | Same As Base 
200 HP ~~ Revision Control ame As Base |Same As Base | Same As Base | Same As Base 
[Base LUMP3 In Same As Base |Same As Base |Same As Base |Same As Base 
' ] ] MF12007 Modtications LUMP4 in Same As Base |Same As Base | Same As Base |Samalte Baca | 
7) 2008 Alternate Mods, { Same As Base 
— 7)2008 Modifications LUMP6 In Same As Base |Same As Base | Same As Base 
£12010 Modifications 
ae ee Load1 MOV 
280 kV. 15H 
AV. } Device Selection 
picied @ Ac pc AC &DC 
|| [Contactors = 
aL Recloser 
Induction Motors 
Synchronous Motors 
Vi Display Options 
AC Static Load : 
Capacitors @ Elements 
d ie Prose Adapters v7) Show Default Service - W|Same As Base 
Grounding/E arthing Adapter 
AX 1.5 MVA Harmonics Filters >) Properties 
Generator, Synchronous e Diferencas 
CAP1 ) Create... } | Copy... | Edit... ] | Merge... [ Delete... | Export... | Find } | Help (Gece | 
450 kvar Bus1 
0.48 kV 


When the Show Default option is selected, the data manager shows elements that are Out of Service as 
‘Out’ for Base and any other selected revisions. Elements that are ‘In Service’, i.e. ‘In’ have the text 
blanked out and not displayed. 


Differences 
When this checkbox is clicked then the data manager displayed only those elements that have differences 
in their service status for the selected revisions. 


In / Out / Same As Base (Filters) 

Filters are a quick and efficient way of viewing the information most important. In / Out / Same As Base 
state of the elements can be used to filter the elements displayed in the data manager. If ‘In’ is unchecked 
then the data manager will only show elements that have ‘Out’ and ‘Same As Base’ settings. 
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State 

Equipment states are available in ETAP 11 onwards. States allow the user to not only define engineering 
states of various equipment in the network but also connect the In/Out of Service condition of the 
equipment with its state. 


State In / Out of Service Intended Usage 
As-Built TecGer Engineering properties in the data revision is based on nameplate 
information found in the system. 
Engineering properties in the data revision as well as In/Out Service 
New In or Out condition are based on the fact that this is new equipment added to the 
system. 
Engineering properties in the data revision as well as In/Out Service 
Future In or Out condition are based on the fact that this is equipment that is to be 


added in the future. 

Engineering properties in the data revision as well as In/Out Service 
Moved In or Out condition are based on the fact that this is equipment that is moved to 
a different location in the system. 

Engineering properties in the data revision as well as In/Out Service 
Modified In or Out condition are based on the fact that this is equipment nameplate or 
other parameters have been modified. 

Engineering properties in the data revision as well as Service 
condition is based on the fact that this is equipment has been removed 


Removed Out from the system and will automatically not participate in any system 
calculations. 
Engineering properties in the data revision as well as Service 
condition is based on the fact that this is equipment is in a warehouse 
Warehouse Out 


and has not been installed in the system. This equipment will 
automatically not participate in any system calculations. 
Engineering properties in the data revision as well as Service 
condition is based on the fact that this is equipment is not in service 
Abandoned Out permanently or equipment is not in commission (ENIC). The 
equipment however may still be on its skid / pad but disconnected 
from the electrical system. 

Engineering properties in the data revision as well as Service 


Repair Out condition is based on the fact that this is equipment has been removed 

Shop temporarily for maintenance / repairs. This equipment will 
automatically not participate in any system calculations. 

Other Out Any other reasons not covered by the above status 
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When State is selected, then the data manager displays the state (one of 10) for each of the displayed 
elements and whether the revision data for the element is different or ‘same as base’. Note that revisioned 
properties based on this engineering data are shown with red color in the cell background color. The 
following states are fixed in ETAP and have the following In / Out of Service condition associated with 
each one. 


££ = 4 
i) ETAP - Data Manager ==) 


© All Data Rev. = 
optus 2007 2008 2008 2010 


») Change # Modifications pvc a Modifications — Modffications 


» Group # | Same As Base |Same Aa Base |Same As Base | Same As Base 
Revision Control Same As Base Same As Base Same As Base | Same As Base | 
Base | Same As Base | Same As Base | Same As Base | Same As Base 
2007 Modifications | | Same As Base | Same As Base | Same As Base | Same As Base | 
2008 Alternate Mods. ; | 
2008 Modifications | WII s2rv- 4: ase. Same As Base | Same As Base 
2010 Modifications Same As Base | Same As Base Same As Base | Same As Base 
| Same As Base Same As Base Same As Base | Same As Base 
| Same As Base | Same As Base |Same As Base | Same As Base 
|‘Same As Base | Same As Base |Same As Base | Same As Base 
‘Same As Base |Same As Base | Same As Base | Same As Base 
| Same As Base | Same As Base | Same As Base | Same As Base 
Device Selection [Same As Base |Same As Base |Same As Base | Same As Base 
@AaC © be | Same As Base Same As Base | Same As Base | Same As Base 
ANAL Elements | |Same As Base |Same As Base Same As Base |Same As Base | 


AIL AC Protective Devices 


_ fe ae Same As Base | Same As Base | Same As Base | Same As Base | 
otors } 

All Sources Same As Base | Same As Base | Same As Base | Same As Base 
All AC/DC er : ; 5 ; 
All Branches Display Options 
Circuit Breakers, HY : 7) As-built 
Circuit Breakers, LV (@ Elements New 
eeeeep raed UishovDeaat [Ste re 
AC Switches, Ground Moved 
AC Fuses © Propetties Modified 
Contactors 1 Differences Removed 


| Create... | Copy... | | Edit... | | Merge... Delete... | | Expott... | Help | 


Changing State Information from Data Manager 
Just like service condition, data manager can also be used to directly change the State information directly 
from the data manager element grid. Click on row to select a particular element, for example LTG Load. 
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© All Data Rev. 


© Change # 


© Group # 


Revision Control 


V| Base 

2007 Modifications 
2008 Alternate Mods. 
2008 Modifications 
2010 Modifications 


EEEEEREE f 


Device Selection 
@ac ©Ooc Oa4cé& dc 


Ele $ 
All AC Protective Devices 
AIL AC Loads 
ALAC Motors 
All Sources 
All AC/DC 5 5 
All Branches Display Options 
Circuit Breakers, HV 
Circuit Breakers, LV @ Elements 
AC Switches, Single-Throw — 
AC Switches, Double-Throw = SEE 
AC Switches, Ground - 
AC Fuses © Properties Modified 
Contactors ~ Z © Differences Removed 


(iets) (aon) (ui) (emms} (oims} (imma) (inks) | (nios} Gl 


EEE EIRENE 


Click “Same As Base” in any of the revision columns in order to change the state. A drop down list will 
be provided with the state options. 


© All Data Rev. 

© Change # 

© Group # 

Revision Control 

V| Base 

¥) 2007 Modifications 
¥} 2008 Altemate Mods. 


¥} 2008 Modifications 
Vv Modifications 


Device Selection 
@ac @oe @acsoc 


AILAC Elements 

All AC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

AllAC/DC 5 : 
All Branches Display Options - 
Circuit Breakers, HV ‘ ¥)As-built 
Circuit Breakers, LV © Elements V\New 
AC Switches, Single-Throw - = 
AC Switches, Double-Throw | Show Default {State al 
AC Switches, Ground sib 
AC Fuses © Propetties Modified 
Contactors Differences Removed 


Create... Copy... Edit... Merge... Delete... Expott... Help 
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Once the selection is made, Base and Revision will not be the same and the state of the element will be 
revisioned and displayed in a red color. 


fé 
7 FAP bo Morag 


| © All Data Rev. — 2008 xii a 
© Change # Elements Base r —— Modifications ifications 
© Group # \Gen1 As-built Same As Base |Same As Base | Same As Base | Same As Base 
Revision Control Grid1 As-built Same As Base Same As Base | Same As Base Same As Base 
V) Base Grid2 As-built Same As Base | Same As Base | Same As Base | Same As Base 
Wi 2007 Modifications Gsw1 As-uilt Same As Base | Same As Base | Same As Base | Same As Base 
¥) 2008 Alterate Mods. 
iy) 2008 Modifications Invi As-built Same As Base | Same As Base | Same As Base | Same As Base 
F2}2010 Modifications Line4 As-built As-built Same As Base | Same As Base Same As Base 
Load1 As-built Same As Base | Same As Base | Same As Base Same As Base 
Load2 As-built Same As Base | Same As Base | Same As Base Same As Base 
Soe Bae [Sane A Boe Sane eS || 
LUMP1 As-built Same As Base | Same As Base | Same As Base | Same As Base 
LUMP2 As-built Same As Base | Same As Base Same As Base | Same As Base 
Device Selection LUMP3 Asbuit | Same As Base | Same As Base | Same As Base | Same As Base 
ee Lele )AC EDC LUMP4 Asbuit | Same As Base | Same As Base |Same As Base | Same As Base 
LUMP6 As-built Same As Base | Same As Base | Same As Base | Same As Base 
a ae rate = LVBus As-built Same As Base |Same As Base |Same As Base Same As Base 
otors | | 
All Sources wi Main Bus As-built Same As Base | Same As Base | Same As Base Same As Base | ~ 
All AC/DC y g 
All Branches Display Options - 
Circuit Breakers, HV ‘ Vv) As-built a 
Circuit Breakers, LV (@ Elements 7iNew Sa 
AC Switches, Single-Throw = 
AC Switches, Double-Throw | Show Default State x - heal 
AC Switches, Ground oye’ 
AC Fuses © Properties ¥| Modified 
Contactors ~ Differences ¥| Removed + 
| Create... | | Copy... | | Edit... | Merge... | | Delete... | | Export... Find | Help | 


——— = 


As-Built / New / Future (Filters) 
Filters are a quick and efficient way of viewing the information most important. State filters (As-Built, 
Future, Moved, etc.) can be used to filter the elements displayed in the data manager. If “As-Built” is 
unchecked then the data manager will only show elements that have other states. Note that if only Base is 
selected then the filters automatically hide/show elements based on the filter selection. If Base and 
Revision(s) are selected together then the “Same As Base” filter may need to be unchecked first in order 
to effectively utilize the other filters. 
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Lock 

When Lock is selected, then the data manager displays the lock / unlock status for each of the displayed 
elements. Note that different properties based on this engineering data are shown with red color in the cell 
background color. The equipment can be locked / unlocked from the individual property editor as well as 
the data manager. 


ta , 


® All Data Rev. 2008 a 
Hlements Base 20U7 Altemate ans 2010 
Change # Modifications Mods. Modifications Modifications 
> Group # LUMP4 Unlock Unlock Unlock Unlock Unlock 
\V) Base LVBus Unlock Unlock Unlock Unlock Unlock 
22 Mossi ek ies | Wik | ck 
(¥] 2008 Alternate Mods. 
(¥] 2008 Modifications MCC1 Unlock Unlock Unlock Unlock Unlock 
£4}2010 Modifications MOV1 Unlock Unlock Unlock Unlock Unlock 


MR1 Unlock Unlock Unlock Unlock Unlock 
| Mtr1 Lock 
Mtr2 Unlock Unlock Unlock Unlock 
Mtr3 Unlock Unlock Unlock Unlock Unlock 
— — Mtr4 Unlock Unlock Unlock Unlock Unlock Z 
|| Device Selection Mir5 Unlock Unlock Uniock I  Uniock 
@ar OC OAcede Mir Unlock Uniock I uniock Unlock 
AILAC Elements a 
AILAC Protective Devices 1 |] Mtr7 Unlock Unlock Unlock Unlock Unlock 
AIAC Loads =| OcRI Uniock J uniock Unlock Unlock 
All AC Motors 
All Sources z OCR2 Unlock Unlock Unlock Unlock Unlock v 
All AC/DC : ; 
All Branches Display Options 
Circuit Breakers, HV 3 (¥) Unlock 
Circuit Breakers, LV @ Elements FW] Lock 
AC Switches, Single-Throw 
AC Switches, Double-Throw (¥) Show Default Lock = 
AC Switches, Ground 
AC Fuses © Properties 
Contactors Me |") Differences 


Create... | Copy... | | Edit... | | Merge... | Delete... | | Expott... 


Lock / Unlock are available in ETAP 11 onwards. This functionality allows a user with 
Project/Base/Revision editor privileges, the ability to show that their changes to an Elements’ Property 
Editor are finalized by disabling property fields on the Editor. This excludes Service and State fields 
(In/Out/State/SameAsBase), Configuration fields (Open/Close), as well as the OK Button. Below is an 
example of the new Property Lock in the locked state in the Base Revision and below that, an example of 
the Property Lock in the unlocked state in a Revision without revision data. 


The lock button toggles a Browser-like-level access on an Elements’ Property Editor. The difference 
being that the Configuration Fields (Open/Close) and OK button are still active. The lock is enabled when 
the user is a Project or Base Editor in the Base Revision, and when the user is a Project, Base, or Revision 
Editor in a Revision with revision properties. 


When the Editor is in the locked state, the Property Editor restricts direct user modification of property 
fields. In a revision, if the revision has no saved properties and is the same as the base revision; then the 
property lock will be unlocked and disabled. The reasoning behind this is that there are no revision 
properties to lock and thus the user should not be able to lock/unlock. 
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Data Manager 


Equipment 
Tag# Unedit 
Name | Able 
Description Fields 
Equipment 
Tag# Edit 
Name Able 


Changing Lock/Unlock Information from Data Manager 
Just like service and state, data manager can also be used to directly change the lock/unlock information 
from the data manager element grid. 


@ All Data Rev. 
(© Change # 


© Group # 


Revision Control 


evo tos ono 


2008 
Modfications 


2010 
Modificati 


¥)\Base 

2007 Modifications 

7) 2008 Alternate Mods. 
¥}| 2008 Modifications 
2010 Modifications 


Device Selection 


@ AC ©oc © AC& DC 


AILAC Elements 

AI AC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

All AC/DC 

All Branches 

Circuit Breakers, H¥¥ 

Circuit Breakers, LY 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 

Contactors 


+ 


Unlock 


Unlock 


Unlock 


Unlock 


Unlock 


Unlock 


Unlock 


Unlock 


Unlock 


Display Options 
@ Elements 
¥)| Show Default 


© Properties 


Unlock 


Lock v 


— Differences 


Create... [ Copy... ] | Edit... | Merge... | | Delete... | Expott... 


ETAP. 


5-44 


ETAP 19.0 User Guide 


Multi-Dimension Database & Wizard Data Manager 


Show Default 
This option is unchecked by default. Default is “Unlocked”. When this option is unchecked then any Base 
or Revision with this status will show blank cells and the text “Unlock” will not be displayed. 


Differences 
When this checkbox is clicked then the data manager displayed only those elements that have differences 
in their lock status for the selected revisions. 


Lock / Unlock (Filters) 
If “Lock’ is unchecked then the data manager will show elements that are unlocked, i.e. in state other than 
“Lock” across Base and Revision. 


Edited By 

When Edited By is selected, then the data manager displays the account names who have edited 
properties for each of the displayed elements. Note that revisioned properties based on this engineering 
data are shown with red color in the cell background color. Edited by information cannot be changed from 
the data manager. 


f = 7 
=F ona nae i = 


@ All Data Rey. — 
>) Change # Gemmerts Case Modfications — Modfications 


» Group # || Steam Pipe oT oT om 
Revision Control Steam Pipe2 oT OTl 


Base OTl OT 
2007 Modifications oTl oTl 
2008 Alternate Mods. —__— : : : } 

| 2008 Modifications | oTl 

2010 Modifications OTI 

OT 

oTl 

OTI 

OTl 


OTl 
Device Selection OTI 
@Aac © DC 


oTl 

oTl 

| OTl 

T77 Tanuj.Khand... | Tanuj.Khand... | Tanuj.Khand... | Tanuj.Khand... | Tanuj.Khand... | = 


All AC Elements 
AILAC Protective Devices | 
AIL AC Loads | 

All AC Motors 

All Sources 

All AC/DC 


All Branches 

Circuit Breakers, HV 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 

Contactors 


Display Options 


(@ Elements 


| Edited By 


V]tarrokh.shokooh 


(> Properties 
{_] Differences 


/\ Desiree 


Jung 
OT! 


nazan 
oti 


| Create... | Copy... | | Edt... | | Merge... | | Delete... | | Expott... | 


Differences 


When this checkbox is clicked then the data manager displays only those elements that have differences 
in their edited by status. 
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Edited By Account (Filters) 

If any of the accounts is unchecked then the data manager will show elements that are edited by the 
remaining accounts. For example if OTI is unchecked then all elements not modified by OTI will be 
displayed. 


Checked By 

When Checked By is selected, then the data manager displays the account names that have checked 
properties for each of the displayed elements. Note that revisioned properties based on this engineering 
data are shown with red color in the cell background color. 


fa = 7 
"EAPO none i = 


© All Data Rev. L 
titers 2007 2008 2008 2010 


>) Change #t Modifications ate Modifications Modifications 
(©) Group # Checker Checker Checker 


Revision Control Checker Checker 


= a °-.- 


2007 Modifications Checker Checker 
2008 Alternate Mods. 


2008 Modifications | Be 
2010 Modifications Checker 
| | Checker 
Checker 
Checker 
Checker 
Checker 


Device Selection | | Checker 
@4c ©DC @OAC&DC F T T 


Checker 
AILAC Elements 7 | a | Ck 3 r = 
AIL AC Protective Devices | | 
All AC Loads Checker 
All AC Motors } | 

All Sources Checker 
All AC/DC ; ; . 
All Branches Display Options 
Circuit Breakers, H¥ ETAP 
Circuit Breakers, LV @ Elements Checker 
AC Switches, Single-Throw 
AC Switches, Double-Throw | Checked By 
AC Switches, Ground 
AC Fuses © Propetties 

Contactors [") Differences 


Create... | | Copy... | | Edt... | Merge... | | Delete. | Expat... | Help | 


Differences 
When this checkbox is clicked then the data manager displays only those elements that have differences 
in their checked by status. 


Account Filters 
If any of the accounts is unchecked then the data manager will show elements that are checked by the 
remaining accounts. For example if “Checker” is unchecked then all elements not modified by “Checker” 
will be displayed. 


Unchecked 
When unchecked is selected, then the data manager displays elements that are not checked. 
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G 


| ETAP - Data Manager 


a 


© All Data Rev. Hlements 


© Change # Pump 1 
© Group # Relay4 
Revision Control RW1 

Base RW2 


2007 Modifications S1 
2008 Alternate Mods. 

2008 Modifications — 
2010 Modifications SPST1 


Steam Pipe 


Steam Pipe2 


Device Selection 
@ Ac ©bdc @acs&dc 


AILAC Elements 

AILAC Protective Devices 
AIL AC Loads 

AlLAC Motors 

All Sources 

All AC/DC Save : 

All Branches Display Options 
Circuit Breakers, HY me 
Circuit Breakers, LY (© Elements 

AC Switches, Single-Throw 

AC Switches, Double-Throw Unchecked z. 
AC Switches, Ground 
AC Fuses (© Properties 
Contactors "| Differences 


Differences 
When this checkbox is clicked then the data manager displays only those elements that have differences 
in their unchecked status. 
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Properties 


When an element is selected and “Properties” option is selected then the data manager grid switches from 
element list and displays properties for the elements as found in the project database. 


If only Base is selected, then based on the device selection, the property grid can show data for individual 
element or data for all elements within one specific device type. This concept is illustrated with a few 


examples. 


Example Revision Control Device Selection 
1 Base Only All AC Elements 


Note that in this example, all AC elements are displayed with element IDs in a drop-down list and the 
property for each element is arranged row-wise. 


a ETAP - Data Manager 


@ All Data Rev. [ Baaestion 


© Group # | Allowable Ampacity Option 
Revision Control | Ampacity, Allowable | 
J) Base Ampacity, Ampacity UGS Calculated 
() 20U/ Modiications |Ampacty, Ampacity User Defined | 
on es 
©) 2010 Modificallons | Ampacity. Application 
| Ampacity, Base 
| Ampactty, Coat ACF 
| Ampacity, Coat Config 
[party emia! | Display shows selected 
| Ampacity, Coat Material element information only 
| Ampacity, Derated 
| Ampacty, IEC60364 Sub Type 
|Ampactty, Oper RHO 


Device Selection 
@Aac 


AILAC Loads 


ALAC Motors | Ampacity, Oper Ta 


All Sources p 
AILAC/DC % i 
All Branches 


Circuit Breakers, HV - Non-Engineering Data 
Circuit Breakers, LV ee " Load Flow 

AC Switches, Single-Throw Short Circuit 

re ae aiopfias 7 Vlarc Flash 

Ac Fuses eran © Properties Motor Acceleration 
Contactors ba V| Other Studies 


Create... | Copy... | | Edit... Merge... c 
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Example 
2 


Revision Control 
Base Only 


Device Selection 
Circuit Breakers, HV 


Note that in this example, all HVCB are displayed with element IDs arranged row-wise and the property 
for each element is arranged column-wise. 


Study Filters 


Fd Hep exe | 


When any of the study filters is checked then the properties used for the selected study will be displayed 


and all others will be hidden. The following study filters are available in ETAP 14. 


Non-Engineering Data — Lists all properties for selected element that is not associated with any 
analysis / calculation 

Load Flow - Lists all properties for selected element that is associated with load flow analysis. In 
addition, generation categories for power sources are also properties used for load flow type 
studies. Generation categories will be added to this list in the future. 

Short Circuit - Lists all properties for selected element that is associated with short circuit 
analysis 

Arc Flash - Lists all properties for selected element that is associated with arc flash analysis 
Motor Acceleration - Lists all properties for selected element that is associated with motor 
acceleration. In addition, generation categories for power sources are also properties used for 
motor starting studies. Generation categories will be added to this list in the future. 

Other Studies - Lists all properties for selected element that are associated with all other 
engineering studies 


Differences 


When this checkbox is clicked then the data manager displays only those elements that have differences 


in their properties across Base and selected revisions. 


Rev Data Only 


When this option is selected, then the drop down element list is narrowed to show list of elements that 
have revisioned properties. For example if Bus1 is not revisioned then it will be removed from the list 


completely. 
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5.4.1 Find Tool 


The data manager includes a find button similar to those within the element property editors. The find 
button automatically closes the data manager, stores any selections made and finds the selected element 
on the active single line diagram. The element is then highlighted using the selected element color (can be 
set from the theme manager). This color is red by default. 


5.4.2 Export 


The data manager exports the data being viewed in the grid / spreadsheet view into Excel while 
maintaining the color codes of revisioned data. The Excel output is WYSIWYG hence it is possible to 
export all the properties for individual device types into this format. The spreadsheet view also allows you 
to export the data to Excel by selecting the grid (using mouse to highlight the rows) and using Copy 
(CTRL+C) and paste (CTRL+V) into any other document such as Excel. 


| ETAB - Data Manager om 
tbe es Check reeiock Race fat 
Checker, ‘- Equpmert «— Equpmert boupmert Equemert Marcfecturer, Operator a +r 4r ANS! Lb 
Charge tt berets Checked Comment “ pm i 10 Loge ~ AMS! ANSI Us ANSI Lb 
sd Rana By Deere ' Saat Tag fees Nee Overt by _ nah Pr 
Gig = 
on Checker cer 900 1200.00 ABE erm ono 
cee on heck Aabut cuz 000 on 
Fae = ——— — 
2007 Moxie aliens ce) on Checker Aad Coa 000 000 
2009 Abemale Moda cea on Check de che 000 000 | 
2008 Modticationa = 
A010 Hediiookare ces Checker Ae Bot 8 om ono 
ces razon Checker Aad 6 000 oo 
ced Tory hand, hea Aad 08 Or i) 
cea on Check Aafut 8 000 ono 
cew 1 Checker haba er0 000 x0 ono 
cen ect Asda en oo 000 ono 
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J NenEngrecng Dats 
Clemente Lond Flow 
Shoe Creat 
# Arc Fisch 
Motor Aeesieranon 
© Properties 7 
Y Cates Stars 
Canes} [coepe.} [stdia.) [Nowe] [sae] | see | ind ve (aon) 
A 8 c D £ 6 J K L M = 
Chackat, Altered By | Checker, Checked By Comnent Equpmect Desengton | Equpmect Nave Equpeent State tecock Loge | Marctactuer Name | Operator Overnde | Resting, ANS! CAL era 
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5.4.3 Creating Revisions 


In ETAP 7.5 and prior releases, you can create revisions from the revision control toolbar or from the 
RevControl Menu. ETAP 11 onwards you can create new revisions from the RevControl menu or the 
Data Manager. All data in a new revision is identical to the Base Data (delta is equal to zero), until you 


begin to make changes. 


1. You can create a new Revision Data ID by selecting any of the actions listed below: 


e From the RevControl menu, select the Create command. 


e From the Data Manager 


f 
RevControl | Real-Tin i) ETAP - Data Manager 
Create : 
2 ®@ All Data Rev. 5 
opy ; Checker. 
_) Change # Elements : @] 
Edit : Altered By 
' Group # 
CB1 OTl 
Merge Revision Control 
— OTl 
Delete (V) Base = 
7] 2007 Modifications CB3 OTl 
|} 2008 Alternate Mods. CB4 OT 
|| 2008 Modifications 
[FJ 2010 Modifications = on 
CB6 nazan 
CBS Tanuj.Khand... 
CBS OT 
CB10 OT 
CB11 OTl 
Device Selection CB12 oT! 
@ AC © DC )A4C& DBC CB13 OTI 
AILAC Elements A CB18 OTl 
AIL AC Protective Devices 
AILAC Loads = CB13 OTl 
AIL AC Motors a a = 
All Sources 
All AC/DC Display Options 
All Branches 
Circuit Breakers, HV ; 
Circuit Breakers, LY Ere 
AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground : . 
AC Fuses (@ Properties 
Contactors 2 
[Creat.. | | Copy... | | Edit... | | Merge... | | Delete... | | Expott... | 


= = 


ETAP displays the Create version of the Project Revision Control dialog box. In this dialog box, 
you can create a new Revision Data ID or copy an existing one and use it as a base for your new 
revision. For information about copying revision data for a new revision, see the Copying 


Revision Data Section below. 
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= 
Project Revision Control - Create 


ETAP. 


From Revision Data 


Change # 
Existing 


Group # 
® New Authorization 


Create revision records based on: Description 


(| Star short-circuit updates 
Poem Schedule 
|| Prompt for confirmation 


(| Are Flash fault current updates Renate 


|| Prompt for confirmation 


To Revision Data 
Change # 


Group # 
Authorization 


Description 


Schedule 


Remarks 


Gia) Ca) (oma 


Project Revision Control Dialog Box — Create Version 


In the From Revision Data group, make sure the New option is selected. 

In the New option text box, enter the new Revision Data ID. 

Enter the revision information in the text boxes on the right, including Change # (design change 
notification number), Group # (design group number), Authorization, Description, Schedule, and 
Remarks. 


Note: When you want to merge Revision Data, you can merge by specifying the Revision Data 
ID, Change #, or Group # entered in this dialog box. For more information about merging 
Revision Data, see the Merging Revision Data Section below. 


Click OK. ETAP adds the Revision Data ID to the Revision toolbar’s drop-down list. 
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Create revision records based on: 

ETAP property editors such as bus and protective devices are updated with short circuit and arc flash 
values. These values are stored with the property editor and hence revisioned in the event the analysis 
results are different between Base and any other revision. This option allows the user to force ETAP to 
create revision records based on Star and Arc Flash updates. 


From Revision Data 


ae Change # 
Existing | 2007 Modifications 
Group # 
® New Authorization 
Create revision records based on: Description 
Star short-circuit updates 
Schedule 
Prompt for confirmation 
Are Flash fault current updates Rlemarks 


| Prompt for confirmation 
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5.4.4 Copying Revision Data 


You can create new revisions by copying Revision Data from existing Revision Data IDs (names). All 
data in a copied revision is identical to the revision from which it was copied, until you begin to make 
changes. You can also copy revisions by using the Data Manager Copy button. 


1. From the RevControl menu, select the Copy command. 


—— — r 
ae aie a ETAP - Data Manager 
1 Copy © All Data Rev. " 
F| Edit | Change # Hlements Atered By Cc 
= 
Merge ~) Group # 
Amant CB1 OT 
Delete evision Con 
— OT 
|W] Base = 
[2007 Modifications CB3 OTl 
[-} 2008 Alternate Mods. CB4 oTl 
{| 2008 Modifications 
™]2010 Modifications i sl 
CBE nazan 
CB8 Tanuj.Khand... 
CBS OT 
CB10 oTl 
CB11 OTl 
Device Selection CB12 OT 
@AC © DC ) AC & DC CB13 OTl 
AILAC Elements a CB18 OT 
All AC Protective Devices 
AILAC Loads = CB19 OTl 
All AC Motors L whe — 
All Sources 
All AC/DC Display Options 
All Branches 
Circuit Breakers, HV El t 
Circuit Breakers, LY salislas 
AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground : : 
AC Fuses ®@ Properties 
Contactors a 
| Create... | | Copy... | | Edt... | | Merge... | | Delete... | | Export... | 


ETAP displays the Copy version of the Project Revision Control dialog box. In this dialog box, you can 
also create a new Revision Data ID by copying the Base Data. For information about copying the Base 
Data for a new revision, see Creating Revisions section above. 
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Project Revision Control - Copy axe) 


From Revision Data 
Change # 197-02 


@ Existing | 2007 Modifications 


Group # GAS 
New Authorization SS-07 
Create revision records based on: Description | Increase T2 size 
(| Star short-circuit updates 
; Schedule July 2007 
|| Prompt for confirmation 
= Analysis of the system with 15 M¥A, 
("| Are Flash fault current updates Remarks | Transformer. 
|| Prompt for confirmation 
To Revision Data 


Change # 197-02 
Group # GR3 
Authorization $S-07 
Description Increase T2 size 
Schedule July 2007 


Analysis of the system with 15 MVA4, 
Remarks Transformer. 


2. Inthe From Revision Data group, make sure the Existing option is selected. 


3. Select the Revision Data ID you want to copy from the drop-down list. 

4. Inthe text box under the To Revision Data group, enter the name of the new Revision Data ID. 

5. Edit the revision information as required in the text boxes on the right, including Change # 
(design change notification number), Group # (design group number), Authorization, Description, 
Schedule, and Remarks. Change # and Group # can be any alphanumeric combination up to 36 
characters. 

Note: When you want to merge Revision Data, you can merge by the Revision Data ID, Change 
#, or Group # entered in this dialog box. For more information about merging Revision Data, see 


the Merging Revision Data Section below. 


6. Click OK. ETAP adds the Revision Data ID to the Revision toolbar’s drop-down list. 
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5.4.5 Edit Revision Data ID Name and Information 


You can rename a Revision Data ID and edit any of its information by doing the following: 


1. From the RevControl menu, select the Edit command. ETAP displays the Edit version of the 
Project Revision Control dialog box. 


in 
Project Revision Control - Edit =x) 


Revision Data Info 
Change # 197-02 
2007 Modifications ¥ 
Group # GR3 
RevControl | Window Authorization $S-07 
Create ' 
Create revision records based on: Description Increase T2 size 
Co "| Star short-circuit updates 
= ? E Schedule July 2007 
Edit [> || Prompt for confirmation 
Arc Flash fault current updates Analysis of the system with 15 M¥A 
Merge = Remarks Transformer. 
Delete || Prompt for confirmation 
| OK | | Cancel | 


Project Revision Control — Edit Version 


2. Edit the Revision Data ID name and information as required, and then click OK to save the 
changes. 


You can also edit the revision ID and information from the data manager using the edit button. 


Note: The Revision Data ID information includes Change # (design change notification number) and 
Group # (design group number), which may be used to merge Revision Data. For more information 
about merging Revision Data, see the Merging Revision Data Section below. 


5.4.6 Merging Revision Data 


You can merge Revision Data to study the effects of multiple revisions’ changes and modifications on the 
project simultaneously. When you merge Revision Data, the combined revision will consist of the 
elements and engineering properties from the Base Data, except where properties of the Revision Data 
have been changed. In those cases, the merged revision uses the Revision Data properties instead. Where 
the same changed properties differ between two revisions, the revision that is being merged into is the one 
that has its properties overwritten. 


You can use the following three Revision Data types to merge Revision Data: 
Revision Data ID (name) 


Change # (design change notification number) 
Group # (design group number) 
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5.4.7 Merging by Revision Data ID 


You can merge one revision into another revision by using their Revision Data IDs. Where the same 
changed properties differ between two revisions, the revision that is being merged into is the one that has 
its properties overwritten. However, the merged revision keeps the Revision Data Info values of the 
revision that is being merged into. 


You can also merge Revision Data into the Base Data, if you have project, base, or Revision Editor logon 
access. When you merge Revision Data into the Base Data, that Revision Data is deleted because there is 


no longer any delta difference between it and the Base Data. 


Note: You cannot merge the Revision Data of one ID into the same ID (for example, Revision 1 into 
Revision 1). 


To merge one revision into another revision, follow these steps: 


1. From the RevControl menu, select Merge. ETAP displays the Merge version of the Project 
Revision Control dialog box. 


- 
Project Revision Control - Merge =x 
/ From Revision Data 
@ ID [Base Ba Change # 
Change # Group # 
Group # Authorization 
Description 
RevControl | Window Schedule 
Create 
Remarks 
Copy > l 
Edit To Revision Data 
+ Change # 
Merge iS Group # 
Delete Authorization 
\ Description 
Schedule 
Remarks 
i 
| Help Cancel | 


Project Revision Control — Merge Version 
2. Inthe From Revision Data group, select the ID option. 


3. Inthe To Revision Data group, select the name of the Revision Data ID into which you want to 
merge the selected Revision Data. 


4. Click OK to merge. 
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To merge one revision into another revision, these steps can be followed as well. 
1. Launch the Data Manager 


2. Click the Merge button. ETAP displays the Merge version of the Project Revision Control dialog 
box. 


3. Inthe From Revision Data group, select the ID option. 


4. Inthe To Revision Data group, select the name of the Revision Data ID into which you want to 
merge the selected Revision Data. 


5. Click OK to merge. 


Project Revision Control - Merge 


From Revision Data 


f @ | ETAP - Data Manager @ ID | 2007 Modifications Change # 197-02 
© All Data Rev. © Change # Group # | GR3 
© Change # © Group # Authorization s¢.q7 
© Group # Pay 
j Description | |ncrease T2 size 
Revision Control 
Base Schedule |.) 2007 
2007 Modifications 
(-) 2008 Alternate Mods. Analysis of the system with 15 MVA, 
2008 Modifications Remarks sto 
©) 2010 Modifications 


To Revision Data 


2010 Modifications Change # | 200-10 


Group # GAS 


: 5 Authorization 55-07 
Device Selection s 


@AaCc © bc 


All AC Elements 
AILAC Protective Devices Schedule July 2010 
All AC Loads 
All AC Motors 
All Sources 
All AC/DC Remarks 
All Branches 

Circuit Breakers, HV 
Circuit Breakers, LY : 

AC Switches, Single-Throw 
AC Switches, Double-Throw 

AC Switches, Ground = E 

AC Fuses 
Contactors 


Create... | Copy... | Edit... | Delete... | Expat... Find 


Description |Genset Upgrade Project 


Analysis of the system with Gen1 upgrade. 


[¥] Other Studies 
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5.4.8 Individual Element Merge 


Merging using the Data Manager can be done graphically as well. Not only does the data manager allow 
for complete data revision merges, it may also be used to merge individual elements as well. 


Graphical merge of base / revision to another 


NS 


Launch the Data Manager 
Set the Display Options to Elements 

Select the Base / Revision you want to review or merge 
Drag the Base / Revision column name to the destination Revision / Base. 


fi 
& ETAP - Data Manager 


®@ All Data Rev. 
Change # 
~-) Group # 


Revision Control 


|¥| Base 

|¥| 2007 Modifications 
FA}2008 Alternate Mods 
|| 2008 Modifications 
2010 Modifications 


Device Selection 


@ AC )dbC SA4C&DC 


All AC Elements 

AIL AC Protective Devices 
AIL AC Loads 

AIL AC Motors 

All Sources 

All AC/DC 

All Branches 

Circuit Breakers, HV 

Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 

Contactors 


Hlements 


Base 


Cable13 


Cable18 
CB21 
Line4 
Load1 
LUMP1 
LUMP2 
LUMP4 
LVBus 
MOV1 
Mtr2 
Panel 
Sub3 Swor 
Syn1 

T2 


kw} 


Display Options 


(@ Elements 


(© Properties 


2007 
Modfications 


Engineering Data 


(¥] Rev. Data Exists 


| Create... | | Copy... | 


| Edit.. | 


| Merge... | | Delete... | 


| Expott... | 


Drag and 
Drop 


" 


5. A confirmation dialog is displayed indicating the From and To Data Revisions that will be merge. 


Click Yes to continue with the merge. 
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Please Confirm [mcr 


Are you sure that you want to merge the revision data? 


From Revision: 2007 Modifications 
To Revision: 2008 Alternate Mods. 


Graphical merge of base / revision data for individual element to another 


Launch the Data Manager 

Set the Display Options to Elements 

Select the Base / Revision you want to review or merge 

Find the element you want to merge between data revisions 

Drag and drop the cell corresponding to the element from one data revision column to another 


@ y 
i ETAP - Data Manager aa 


@ All Data Rev. 2008 


2007 
Change # Modifications ae 


Revision Control 


[¥| Base Drag and 
|) 2007 Modifications : drop the 
|v] Alternate Mods t = cell 

{| 2008 Modifications 


2010 Modifications 


OPwWNP 


Device Selection 
@ AC ©oc 


AILAC Elements 

AIL AC Protective Devices 
All AC Loads 

All AC Motors 

All Sources 

All AC/DC Display Options 
All Branches 

Circuit Breakers, HV 
Circuit Breakers, LV 
AC Switches, Single-Throw Engineering Data 
AC Switches, Double-Throw 
AC Switches, Ground : : 
AC Fuses (© Properties 
Contactors [¥) Rev. Data Exists 


@ Elements 


Create... | | Copy... | | Edit... | Merge... | Delete... | Expott... | 


6. A confirmation dialog is displayed indicating the From and To Data Revisions that will be merge. 
Click Yes to continue with the merge. 
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Element Revision Merge 


Element 


Merge LUMP1 
From Base 
To 2007 Modifications 


Do Not Ask for Comfirmation 
(This Session Only) 


Yes [ No | 


7. If confirmation dialog is not required then you may check the option “ Do Not Ask for 
Confirmation (This Session Only)”. When this option is checked, as long as the Data Manager is 
not restarted, this confirmation dialog will not be displayed again. 


5.4.9 Merging by Change # or Group # 


The Change # (design change number) and Group # (design group number) options are used to merge 
together phases of design projects. Each Revision Data ID can have both a Change # and a Group # 
assigned and each can be considered a phase of a project. 


For example, you can use Change # to associate the revisions of a project. If you want to study how the 
phases (revisions) of the project are working together, you can merge all the revisions assigned to that 
particular Change #. Then, you can use Group # to merge common revisions between one or more 
projects to study how the projects work together. 


In the above example, Group # is a meta-variable of Change #. However, you can use Change # and 
Group # interchangeably to match the needs of a design project and the structure of your design group. 
Either one can be used for any level of projects that have more than one design revision associated with 
them, as long as you are consistent with the project levels where you are using them. 


To merge revisions by Change # or Group #, do the following: 


1. From the RevControl menu, select Merge. ETAP displays the Merge version of the Project 
Revision Control dialog box. 
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Window 


Create 


Copy 
Edit 


Merge 


Delete 


& 
Project Revision Control - Merge 


From Revision Data 


+ Change # 


Group # 
Authorization 
Description 


Schedule 


Remarks 


+ Change # 


@ID Base 
© Change # 
© Group # 
lJ 
> To Revision Data 


Group # 
Authorization 
Description 


Schedule 


Remarks 


Project Revision Control — Merge Version 


2. In the From Revision Data group, select the Change # or Group # option. Depending on your 
option selection, ETAP displays one of the following versions of the Project Revision Control 


dialog box. 


ETAP. 


e 
Project Revision Control - Merge 


From Revision Data 


2007 Modifications 


July 2007 


Remarks 


4 
To Revision Data 

2010 Modifications 7| Change # 
Group # 
Authorization 
| Description 
Schedule 
Remarks 

| 


Inctease T2 size 


PID Change # 
@ Change # 197-02 = Group # ¢ 
© Group # Authorization 55.97 
r List of Revisions Description 
Order Rev ID Schedule Schedule 


July 2007 


Analysis of the system with 15 MVA, 
Transformer. 


200-10 
GR3 


$-07 


a 


Genset Upgrade Project. 


July 2010 


Analysis of the system with Gen1 upgrade. 


Cancel 


x=) 


Change # Option 
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% a 
Project Revision Control - Merge Px] 
I From Revision Data 
ID Change # 200-10 
~) Change # Group # GA3 
® Group # GR3 >) Authorization (55.97 
i List of Revisions : Description | Genset Upgrade Project 
Order Rev ID Schedule 
—_ — Schedule July 2010 
2010 Moditications July 2010 i 
2 2007 Modifications duly 2007 = = 
Analysis of the system with Gen1 upgrade. 
| Remarks 
4 J 
To Revision Data 
2008 Alternate Mads. ’ Change # 197-05 
Group # |GAS 
Authorization 55-084 
| Description | Increase Sub24 Load 
Schedule August 2008 
Remarks * 
| 
[ Help Ca] Cancel 
8 4 
Group # Option 


3. In the Change # or Group # drop-down list, select the change number or group number whose 
associated revisions you want to merge. ETAP displays the Revision Data IDs of all the revisions 
that have the selected change or group number in the Revision Data box. 

Note: Since both Revision 1 and Revision 2 were assigned Change # 1 and Group # A, both 
revisions appear in the Revision Data box of the figures above when either Change # 1 or Change 
# A is selected. 


4. Inthe To Revision Data group, select the Revision Data ID of the revision into which you want to 
merge the displayed Revision Data. 


5. Click OK to merge. 


6. The Merge function can also be launched from the data manager. 
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5.4.10 Deleting Revision Data 


If you are logged on at the project, base, or Revision Editor access level, you can delete Revision Data by 
specifying the Revision Data ID. You cannot delete the Base Data. 


Note: Once you have deleted Revision Data, it is not retrievable. Deleted Revision Data is not put into the 
dumpster. 


To delete a Revision Data ID, follow these steps: 


1. From the RevControl menu, select the Delete command. ETAP displays the Delete version of the 
Project Revision Control dialog box. 


Project Revision Control - Delete 
Revision Data Info 
Change # 197-02 
2007 Modifications ¥ 
RevControl | Real-Tin pice ina 
Create Authorization SS-07 
Copy Create revision records based on: Description | Increase T2 size 
- Star short-circuit updates 
Edit sai ae Schedule [July 2007 
Prompt for confirmation 
Merge Arc Flash fault current updates Analysis of the system with 15 MVA, 
Remarks | Transformer 
Delete 


Prompt for confirmation 


2. From the Revision Data Info drop-down list, select the Revision Data ID you want to delete. 
3. Click OK to delete. 
The delete function can also be launched from the Data Manager. 


| | MOV1 


Device Selection 

AILAC Elements 

AILAC Protective Devices 
All AC Loads -) 
All AC Motors 

All Sources 72 

All AC/DC Display Options 
All Branches 
Circuit Breakers, HV © 

Circuit Breakers, LV eer 
AC Switches, Single-Throw | Engineering Data 
AC Switches, Double-Throw 
AC Switches, Ground ; 
AC Fuses (© Properties un 
Contactors i V Rev. Data Exists 


Create... | | Copy... | | Edt... | | Merge... | 
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5.4.11 Copy / Paste Bulk Data using Data Clipboard 


If only a single revision and device type is selected, choosing the “Properties” display option will also 
expose the Data Clipboard section. Please see reference chapter (Appendix A) for details regarding how 
the Data Clipboard is used in the Copy / Paste Bulk Data feature. 


A File Edit View Project Defaults RevContiol Library Warehouse Rules Real-Time DalaX Tools Window Help 
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By C80 Contact 
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e}-Gy OC Converter -1 
it-Giy OC Fuse - 12 
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Gy OC Link, High-Voltage 
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5.09 ETAP Wizards 


ETAP includes time-saving project management tools called the ETAP Wizards, which allow you to 
record and run any study at any time. The ETAP Wizards include the Scenario Wizard, Study Wizard, 
and Project Wizard. All three are described in more detail below. 


Using the ETAP Wizards, you will be able to combine the orthogonal tools (Presentations, 
Configurations, and Revision Data), study types, Output Reports, and Study Cases (the loading and 
generation system operation factors together with solution parameters) to perform a complete system 
study with the click of a button. 


Base & Rev. Data 


9 
J $ 
$ 
al 2 
$ 


Loading Generation 


Study Solutions 


= € Scenario Wizard 


The three ETAP Wizards are located on a € study Wizard 


the lower portion of the System toolbar. 
**° € Project Wizard 
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5.5.1 Scenario Wizard 


A scenario allows you to group all study options into one place. For this reason, scenarios are useful 
anytime you want to record a study for execution. Every project file contains a Scenario Wizard. 
Scenarios are created and recorded in the Scenario Wizard and can be run individually at any time. A 
project can have an unlimited number of scenarios. Scenarios are composed of the following parameters: 


System (Network Analysis, UGS Analysis, or CSD Analysis) 

Presentation (for example, one-line diagram, UGS, or CSD) 

Revision Data (Base or Revision Data) 

Configuration Status (for example, Normal, Stage 1, or TSEvents) 

Study Mode (for example, LOAD FLOW or SHORT-CIRCUIT) 

Study Case (loading and generation system operation factors and solution parameters) 
Study Type (vary depending on Study Mode) 

Output Report (vary depending on Study Mode) 


When a scenario is run in a project, it will automatically create an Output Report or overwrite an existing 
report with the same name. 
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i 
Scenario Wizard 


Scenario 


ID LF-Report 
New Copy Rename Delete | 
Parameters 
Sytem (Neiai Anas =) Sty Mode (LOAD FLOW >] 
Presentation (Sudy ewe) «Sty Type (loadfiow >) 
ete | 
~~ | | Normal + | Output Report LF-Report 


Get Real-Time Data 


= 


Project and Library 


@ ETAP Default Library C:\ETAP \Lib \etaplib 1400. lib 


© Project Specific Library C:\ETAP Lib \etaplib 1400. lib 


Project File C:\ETAP\Example-ANSI\Example-ANS! 


Output Data Comparison 


Benchmark File C:\ETAP\Example-ANSI\Output\LF-Report.LF1S 


Scenario Wizard Editor 
You can create a scenario either by selecting parameters in the Scenario Wizard or by recording options 


you have already selected for your study in the one-line view. To record the options already selected in 
your study in the one-line view, follow these steps: 
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1. Open the Scenario Wizard 
2. Click on the New button 


ETAP sets up the options in the Scenario Wizard based on the selected Study Case, report, presentation, 
revision, and Study Mode. 


Scenario 


Scenario ID 

The Scenario ID is displayed in this text box. You can rename a scenario by deleting the old ID and 
entering a new one. The Scenario ID can be up to 30 alphanumeric characters long. Use the navigator 
buttons at the lower left of the dialog box to page through the existing scenarios. 


New 

Click the New button to save the current setup of the editor as a new study. In effect, a new scenario will 
be created based on the existing System, Presentation, Revision Data, Config. Status, Study Mode, Study 
Case, and Output Report settings. If there are multiple Study Types under the same Study Mode 
parameter, the Study Type will default to the first type. 


Note: When you click the New button, the Scenario ID is incremented by one to maintain an unique ID. 
You can navigate to the previous or next scenario by using the navigator buttons at the lower left of the 
editor. 


Copy 
Click the Copy button to copy the existing scenario. The Scenario ID is incremented by one to preserve 


ID uniqueness. After copying the scenario you can modify and save any of the settings. 


Delete 
Click the Delete button to delete the selected scenario. There is one exception to this, you cannot delete 
the last scenario in the project. There must be at least one scenario in a project. 


Rename 

Click the Rename button to rename the selected scenario. ETAP will save the System, Presentation, 
Revision Data, Config. Status, Study Mode, Study Case, Study Type, and Output Report settings 
specified in the Scenario Wizard under the new scenario name. 


Run 


Click the Run button to execute the selected scenario. ETAP will use the System, Presentation, Revision 
Data, Config. Status, Study Mode, Study Case, Study Type, and Output Report settings specified in the 
current scenario. 
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Project & Library 


Project File 
The path to where the project is stored. 


ETAP Default Library 


Path to where the ETAP default library is located. Please note that this path location will be dynamically 
updated for every release of ETAP once this option is selected. This means that if this option is selected, 
the program will automatically select the library provided with the current release of ETAP being used 
run the project file (i-e., C:\ETAP xxxx\LIB\Etaplibxxxx.lib). 


Project Specific Library 


Path to where the library being used for this project is stored. The program will always look in the 
specified path for the library to be used to run this project file. 


Parameters 
In this group you can select the parameter values ETAP will use when you execute this scenario. 


System 

This parameter is accessible from the drop-down list. Use it to select either the Network Analysis or CSD 
Analysis system. The system selected determines the Study Mode and Study Type parameters that are 
available. 


Presentation 
Use the drop-down list to select any of the presentations available under the system selected. The selected 
presentation will be used when the scenario is executed. 


Revision Data 

Use the drop-down list to select any of the Revision Data IDs available under the system selected. The 
selected Revision Data will be used when the scenario is executed. The button to the left of the drop down 
menu will open the Data Manager to modify, delete or add revisions. 


Config. Status 

When you select the Network Analysis System, use the drop-down list to select any of the available 
configurations. This option is only available under Network Analysis, since it is the only system that uses 
configurations. The button to the left of the drop down menu will open the Configuration Manager to 
modify, delete or add configurations. 


Study Mode 

Use the Study Mode drop-down list to select one of the available modes. The Study Modes available are 
dependent on the system selected. If you select CSD Analysis under the System parameter, only CSD is 
available under the Study Mode parameter. If you select UGS Analysis or Network Analysis under the 
System parameter, the figure below shows the available Study Modes (and the available study types for 
each): 
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System Study Mode Study Type 
Network Analysis DC Battery Discharge——__ DC Battery Discharge 
DC Battery Sizing —————___ DC Battery Sinng 
DC Load Flow ———————__ DC Load Flow 
DC Short Cirewtt ——————_ DC Short Circuit 
Harmonic TT Harmonic Load Flow 
Harmonic Frequency Scan 
Load Flows —————————__ Load Flow 
Motor Starting <<<} Dynaruc 
Static 
ocP ——————————__ OCP 
OPF ———_—_—_—_—————___ OF F 
Reliability —————————___ Reliability 
Short Cire uit ANSI Device Duty 


ANSI 3 Phase 30Cyrle 
ANSI All Fault Momentary 
ANSI All Fault Interrupting 
ANSI All fault 30Cyle 
ANSI Arc-Flash 
IEC Device Duty 
IEC All Fault 
IEC Transient Fault Current 
IEC Are-Flash 
Star Mode —————————___ Short Circuit 
Transient Stability —————__ Transient Stability 
Unbalanced Load Flow Unbalanced Load Flow 


UGS Analysis ————— UGS Cable Sizing 
Steady-State Ternperature 
Transient Temperature Calc. 
UA Ampacity Calc. 
UT Armpacity Cale. 


Study Case 

Study Cases include the loading and generation system operation factors in combination with solution 
parameters. Use the drop-down list to select any of the Study Cases available under the selected Study 
Mode. The button to the left of the drop down menu can edit the study case. 


Study Type 

Use the Study Type drop-down list to select one of the available values. These study types are dependent 
on the System and Study Mode values selected. If you select CSD Analysis under the System parameter, 
only Voltage Drop is available under the Study Type parameter. If you select UGS Analaysis or Network 
Analysis under the System parameter, the available Study Type parameters depend on the Study Mode 
parameter selected, as shown in the figure in the Study Mode Section above. 


Output Report 

Enter an Output Report name or select a Study Mode and choose one from the drop-down list of reports 
that are available there. When a scenario is executed in a project, ETAP will automatically create the 
Output Report or overwrite an existing report of the same name. 
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Preferences/Ini File 


Editing the ini entries through this editor will supersede the existing entries set globally in the etaps.ini 
file or under the Options Preferences editor for the selected scenario. A list of all INI settings can be 
found by using the Add button when the Edit button is selected. 


Note: To include the ini updated in this field, the study must be run from the scenario wizard. If the study 
is run from the study toolbar, the ini entry will not be considered. 


“What-If” Studies 


Editing the “What-If” studies through this editor will supersede the conditions in the Configuration 
Manager. 


Remarks 
Enter any remarks you want saved with the current scenario. 
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5.9.2 Study Wizard 


Macros reduce the time it takes to run several scenarios. Every project file contains a Study Wizard. The 
Study Wizard enables you to sequentially group existing scenarios into study macros. You must have 
created the scenarios that will be included in the study macro before you can create the macro. You create 
these scenarios using the Scenario Wizard. (See the Scenario Wizard Section above for additional 
information.) 


A project may include an unlimited number of study macros. When you run a study macro, all of the 
scenarios included in it are run, and create new Output Reports or overwrite existing Output Reports, 
much the same way as if they were run individually. For example, it is possible to group scenarios related 
to load flow or a specific type of load flow into one study macro. 


Study Wizard 
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a , 
Study Wizard _. [peso 


Phase-1 


Send LF Results to File eal 


Scenario 
ULF 
STARModeSC 
LFReport 
ANSI-1-Phase 
ANSI-Max 


ARI AD. 


Study Wizard Editor 


1 RI RRR le 


To create a study macro, follow these steps: 


Open the Study Wizard. 

Click in the Scenario box, and then select the scenario you wish to run first. 

Repeat Step 2 for the next empty row and repeat for each scenario you wish to include. 
When you are finished selecting scenarios, click OK to save the study macro. 


PWNEP 


Study Macro 


New 
Click the New button to create a new study macro. 


Note: When you click the New button, the macro ID is incremented by one to maintain a unique ID. You 
can navigate to the previous or next scenario by using the navigator buttons at the lower left of the editor. 


Delete 


Click the Delete button (located at the top of the dialog box) to delete a selected macro. There is one 
restriction, you cannot delete the last macro in the project. There must be at least one macro in a project. 
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Copy 
Click the Copy button to copy the existing study macro. A new macro is created with the selected macro 


settings. The macro ID is incremented by one to maintain an unique ID. Once you have copied the macro 
you can modify and save any of its settings. 


Rename 
Click the Rename button to rename the selected study macro. ETAP will save the current settings under 
the new macro name. 


Run 
Click the Run button to execute the selected macro. ETAP will use the System, Presentation, Revision 


Data, Configuration Status, Study Mode, Study Case, Study Type, and Output Report settings specified in 
the first scenario and then move to the next scenario according to the sequence recorded in the macro. 


Parameters 


Order 
This defines the sequence in which the macros will be executed. 


Active 
Select this to activate the row. Any scenario not activated will be skipped during the execution of the 
macro. 


Scenario 
Select one of the scenarios available in the project from the drop-down list. 


Pause 

Select Pause to cause macro execution to stop at the current scenario. This option allows you to 
automatically stop the execution of the macro when you want to review the results after running the 
scenario. 


UP/DOWN 
Select a row and click the Up and Down buttons to change the sequence in which the scenarios are 
executed. 


Add 
The Add button allows you to add a new row so that a new scenario can be added to the current study 
macro. 


Delete 

Click on this button to delete the selected scenario from the current study macro. Please note that this 
action simply removes the scenario from the current study macro list, but does not remove the scenario 
from the project. 


Insert 
This button allows you to insert a new row above the selected one. This allows you to insert an scenario at 
any point in the study macro list. 
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5.9.3 Project Wizard 


The Project Wizard is project independent and is saved within the ETAP folder. It enables the user to 
group existing study macros into project macros. You should use a project macro when you have several 
projects from which you want to run multiple study macros and their scenarios simultaneously. This 
feature automates opening and closing project files and individually executing study macros and their 
scenarios. 


Project 
Macro 


Project Wizard 
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ID Wizard1 
- Run Selected Run Active 


Study Wizard Selection 


[¥  CAETAP\Example-ANS|  EXAMPLE-A LF-All 
2 [¥  CAETAP\Example-ANSI  Example-AN Phase-1 


(twee) (view) Gamal 


Comparison Files 


Global Summary (Pass/Fail) Report 
C:\Users\OTI\App Data \Roaming \OTI\ETAPS\14.0.0\GlobalSummaryReport sdf 
Instructions Database 


C:\ETAP\dbcompareinstr.sdf 
) ae) <s 


Project Wizard Editor 


You create a project macro in the following manner: 


1. Open the Project Wizard. 
2. Click the macro field, and then select the study macro you want to execute first. 
3. Repeat Step 2 for the next empty row and repeat for each study macro you wish to include. 
4. When you are finished adding study macros, to save the project macro, click OK. 
Project Wizard 
New 


Click the New button to create a new project Wizard. 
Note: When you click the New button, the Project Wizard ID is incremented by one to maintain a unique 


ID. You can navigate to the previous or next project macro by using the navigator buttons at the lower left 
of the editor. 
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Delete 
Click the Delete button located at the top of the dialog box to delete the selected project wizard. There is 
one restriction, you cannot delete the last project wizard (i.e. there must be at least one project wizard in 
the list). 


Copy 
Click the Copy button to copy the existing project wizard. A new project wizard is created with the 


current settings. The project wizard ID is increased by one to preserve ID uniqueness. After copying the 
project wizard you can modify it and save any of the its settings. 


Rename 
Click the Rename button to assign a new name to the selected project wizard. ETAP will save the current 
settings under this new project wizard name. 


Run 

Click the Run buttons to execute the selected project wizard. ETAP will run the scenario settings 
specified in the first study macro then move to the next one according to the sequence recorded in the 
project macro. 


Run Selected 
When the Run Selected button is selected, the study will only run the selected projects. Selected projects 
may or may not be active. 


Run Active 
When the Run Active button is selected, the study will only run the projects which have the active 
checkbox marked. 


Study Wizard Selection 


Order 
Defines the sequence in which the study macros will be executed. 


Active 
Select Active to activate the row. Uncheck this box if you want to skip the execution of this study macro 
for the current project wizard. 


Path 
Enter the path to the project that contains the study macro you wish to run. If you do not know the path, 
use the Browse button on the right to locate the project wizard and the desired study macro. 


Project 

Enter the name of the project that contains the study macro you wish to run. If you do not know the 
project name, use the Browse button on the Right to locate the project wizard and the desired study 
macro. 


Study Macro 
From the Macro drop-down list, select one of the study macros available in the selected project wizard. 


Pause 
Select to pause at the current study macro. This option allows you to automatically stop the execution of 
the project macro when you want to review the results after running the study macro. 


Note: If you include study macros that contain scenarios that have been set to pause during execution of 
the study macro, the project macro will also pause after that scenario. 
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UP / DOWN 
Select a row and click these buttons to change the sequence in which the study macros are executed. 


Browse 
If you do not know the project name that contains the study macro you wish to run, use the Browse button 
on the Right to locate the project wizard and the desired study macro. 


Delete 
The Delete button on the right side of the dialog box will delete the selected row. 


Insert 
Select a row and click the Insert button to insert a row above the selected row. 


Add 
Click on this button to add a new row to the current project wizard. This will allow you to specify a new 
study macro. 


Add Multiple 

Click on this button to add multiple study macros to the current project wizard. The following editor 
allows you to specify the path of the study macros you want to add. The “Include Subfolders” allows the 
program to search all the subdirectories within the path specified. If there is any study macro in the 
subdirectories, it will be added to the current project wizard. 


7 
Add Multiple Study Wizards 


Path:  C:\ETAP\Example-ANSI Browse 


1] Include Subfolders [Help Cancel 


ETAP. 5-79 ETAP 19.0 User Guide 


Multi-Dimension Database & Wizard ETAP Wizards 


5.9.4 Wizard Example 


This example illustrates how you can create macros for previously executed Load Flow, Short-Circuit 
(Three-Phase Duty), and Reliability Study Cases and save yourself time later on. For this example, the 
project file contains the following items: 


Two sets of data (Base and Revision1) 
Three configurations 

Two different generation categories 
Two different loading categories 


According to these parameters, the example includes 24 different scenarios for each study. 


Scenario Setup 

As a first step, you would create the 72 scenarios (24 for each Study Case) using the Scenario Wizard. For 
example, one of the scenarios would be a load flow analysis using Base Data, Config1 status, and 
maximum loading and generation categories. To create this scenario, you would set it up normally from 
within the one-line view, and then open the Scenario Wizard and click New. ETAP will automatically 
capture all of the parameters and conditions related to the study. 
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File Edit View Project Library Warehouse Rules Reereetn Wired 
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8 3 (1 ] [Base 7) (EB [LF Report = 
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Inertia = 0.799 MW-SecMVA_ 
in 34 
i [<) (fewer =) @) [tee] ox] Ceara] : 
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You would then create the remaining scenarios by repeating the above actions, or by selecting New from 
the Scenario Wizard and then specifying the parameters manually. 
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For example, you would run this load flow study with the following options: 


Two Loading Conditions (Summer Load and Winter Load) 
Two optional settings on Generation (Generators set to Power Factor Control or Voltage Control) 
Two options for a Transformer Size (LOMVA and 30 MVA) 


For the above conditions, you would set up the following options in ETAP: 


Two Study Cases: 
e LF-Casel set to use Summer Load 
e LF-Case2 set to use Winter Load 


Two Configurations: 
e Config-1 with generators set to Power Factor Control 
e Config-2 with generators set to Voltage Control 


Two Revisions: 
e Revision-1 with Transformer set to 10 MVA 
e Revision-2 with Transformer set to 30 MVA 


Given the above settings, in the Load Flow Mode you would select one case from the following, or any 
other combination: 


LF-Case1, Config-1, Revision1, and name the Output Report (Case1) 
LF-Case2, Config-1, Revision1, and name the Output Report (Case2) 
LF-Case3, Config-1, Revision1, and name the Output Report (Case3) 


If you were to repeat the setup of these cases without the Study Wizard, you would have to remember all 
of this setup information. Using the Study Wizard you can create multiple scenarios for each case. For the 
example above, there would be one scenario for each combination of options. 


Next, using the Study Wizard, you would organize the 72 scenarios into three study macros based upon 
Analysis Type. For example, the first study macro would contain the 24 Load Flow scenarios and be 
named LF_Study. To create the LF_Study macro, you would open the Study Wizard, click New, and then 
add the 24 Load Flow scenarios. 
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Send LF Results to File 


| Scenario 
LF-Report 
LF-Scn-1004 
LF-Sen-100B 
LF-Scn-200DF 
LF-Scn-200Su 


| ERenart 


(tae) | 
[tele } [0K] [cence] 


IN ADs 
Volojojoio 


The other two study macros can be created by clicking New and adding the respective scenarios. 


Next, you would link the three study macros, by opening the Project Wizard and adding the three study 
macros. 
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ID Wizard1 


Study Wizard Selection 


[¥ CAETAP\Example-ANS| | EXAMPLE-A LF_Study 
[¥  CAETAP\Example-ANS]  Example-AN LF_Study_Case2 
J¥  CAETAP\Example-ANS|  Example-AN LF_Study_Case3 


Comparison Files 


Global Summary (Pass/Fail) Report 
C:\Users\OTI\App Data \Roaming\OTI\ETAPS\14.0.0\Global SummaryReport sdf 
Instructions Database 


C:\ETAP\dbcompareinstr.sdf 
[s) (Wat es) J [0K] : 


After completing all of the required steps for the ETAP Wizard, you have the choice of running all 
scenarios using the Project Wizard, running only the scenarios related to a specific study using the Study 
Wizard, or running one or more scenarios individually using the Scenario Wizard. 


The more configurations and studies you have within a project, the more valuable ETAP Wizards will 


become for you in terms of increased efficiency and time savings, time that might otherwise be expended 
performing repetitive setup tasks. 
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5.9.9 Output Database Comparison Program 


The Output Database Comparison Program (DB Compare Program) is a console designed to compare two 
SQL Server Compact Database File (SDF) files as instructed by a third SDF file (instruction database). 
This console has been designed to interface with the scenarios in ETAP to allow the comparison of 
current ETAP output database results against results from a benchmark Output Report database. The 
benchmark results could have been generated using a previous version or the same version of ETAP. 


This comparison console can be used for different purposes: 


1) 


2) 


3) 


It can be used as a raw database comparison utility. In this form, it can compare all the tables 
inside a database (current results) against the same tables in another database (benchmark). 
Depending on the results of the comparisons, the program will generate pass/fail reports for each 
table/database being compared. 


It can be used as an automatic validation tool to compare ETAP results generated in one computer 
against the same results generated from a different machine. This can be the case with the 
installation tests required for ETAP under a high impact software program (i.e. nuclear grade 
software application ETAP installation tests). 


It can be used to compare the deviation on ETAP results between different scenarios (i.e. 
deviation caused by using different Study Case parameters, configurations, revisions, preferences 
(options) etc. 


The DB compare program has the following components: 


1) 


2) 


3) 


4) 


The Output Report database file: This Output Report database file is created by ETAP upon 
execution of the current scenario. 


The benchmark report database file: This Output Report database is the benchmark file. The DB 
compare console compares the output database against this database to create the comparison 
results. 


The comparison instruction database file: This database contains instructions on the comparison 
that should be executed. This instruction database tells the DB compare console what tables to 
compare and/or which tables to skip. It also has command instructions on how each table should 
be compared as well as what deviation is allowed. 


The comparison results databases: These databases are created at the time the output database and 
the benchmark database are compared. They contain the specific results of the comparison 
including pass/fail items and the reasons for the failures (deviation report and global summary 
report databases). 


Output Data Comparison Editor 


The Compare Output (Output Database Comparator) Editor can be accessed from the Scenario Wizard 
window. 


Output Data Comparison Checkbox 
You must check the “Output Data Comparison” checkbox in order to enable the “Edit” button. Clicking 
on the Edit button will bring up Compare Output Editor: 


ETAP. 
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¥| Output Data Comparison Compare 


Benchmark File |D:\Pecan64Rel\Example-ANSI\Output\LFreport.LF1S 


LFReport SA Help OK Cancel 


a“ 


Compare 

The Output Report comparison is launched automatically from this button. You can launch the 
comparison by clicking on this button once you have setup the “Compare Output Editor” options and you 
have specified which Output Report SQL Server Compact Database is to be considered the benchmark in 
the comparison. 


Edit 

The edit button opens the “Compare Output” Editor window. This is where all the comparison 
preferences and instruction databases can be specified. 

View 

The view button allows you to quickly open the Output Report comparison result database. This database 
contains the results of the comparison. 


Benchmark File Path 
This path shows the name and directory which contains the benchmark Output Report database. This path 
is display only and can be changed from the “Compare Output” Editor window. 
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Compare Output Eg 
Database Comparison 


Selected Report 
D:\Pecan64Rel\Example-ANSI\LFreport.LF1S View 


Benchmark Report 
D:\Pecan64Rel\Example-ANSI\Output \LFreport.LF1S Browse View 
Comparison Results 


Deviation Report 
D:\Pecan64Rel\Example-ANSI\LFreport_DBCompare sdf 


Global Summary (Pass/Fail) Report 


CAOTINETAPS\14.0.0\Global SummaryReport sf Browse View 
Clear 
DB Compare Options Plot Compare Options 
[¥] Skip Records That Pass with Deviation < 0.1 % . = 
Max Plot Diff % 
[¥] Skip Project Information 
Total Plot Diff % 
¥| Compare All Database Tables (Global) 


Instructions Database 
D:\PECAN64REL\DBCompareinstr.sdf Browse View 


Command-Line Instructions 


Remarks 


Help Close Cancel 


Compare Output Editor (DB Compare Console) 


Database Comparison 


The “Compare Output” Editor allows you to setup the DB compare program so that it can automatically 
compare the newly generated Output Report database from the scenario against the benchmark database. 


Selected Report 

This is the path of the current output result database to be generated by the current scenario. Once the 
scenario finishes generating this report database, it will be compared to the benchmark database. This 
path is automatically selected by the program once the scenario is configured and you have selected an 
Output Report name for the particular scenario. 


Benchmark Report 
This is the Output Report database which serves as the benchmark in the comparison. This means that the 
comparison is taken as: 
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View (selected report) 

This button allows you to open the Output Report database. Once this button is clicked, the program 
opens the SQL Server Compact Database file (SDF) directly. Once the viewer is open, click File, then 
select the report to be viewed from the menu. The report will open in a new report viewer window. This 
serves as a quick way to open the selected Output Report database (instead of using windows explorer 
and/or launching it directly from a copy of SQL Server Management Studio). 


Browse (for benchmark report path) 
This button opens a browse window so that the path to the benchmark Output Report database can be 
specified. 


View (benchmark report) 

This button allows you to open the selected benchmark Output Report database. Once this button is 
clicked, the program opens the SQL Server Compact Database file (SDF) directly. This serves as a quick 
way to open the selected benchmark Output Report database (instead of using windows explorer and/or 
launching it directly from a copy of SQL Server Management Studio). 


Comparison Results 


This section allows you to specify the name and location of the databases which contain the results of the 
Output Report database comparisons. 


Deviation Report (Comparison Results Database) 

This path points to the location of the database which contains the detail results of the comparison 
between the output and benchmark report databases. This path is automatically selected by the program 
faster setup; however, it can be modified by specifying a new path and name by clicking on the Browse 
button. 


Browse (deviation report) 
This button opens a browse window in which you can specify the name and location of the Deviation 
Report database (comparison results database). 


View (deviation report) 
This button allows you view the Deviation Report (comparison results database) using the SQL Viewer. 


Generate Excel Plot Comparison 

By selecting this option, it compares Transient Stability plots for devices selected and saves a report in 
excel. The report will consist of a summary of all the devices that were selected in the TS study case and 
an individual report of each type of plot. Once the selected report, benchmark report and this option is 
checked, it will compare all the devices that were plotted and will have separate excel sheets based on the 
type of plot (I.E- Slip, Accel Power, MWe, etc.). The browse button adjacent to this field opens a browse 
window that can specify the name and location of the excel plot comparison report. 


Global Summary (Pass/Fail) Report 

This path points to the location of the database which contains the global results of the comparison 
between the output and benchmark report databases. This path is automatically selected by the program 
and it defaults to the ETAP installation directory under a file called “GlobalSummaryReport.sdf.” The 
DB Compare Console will write the location path of the Global Summary Report Database into the 
ETAPS.ini file. Once this is done, all the global comparison results for each scenario will be created in 
that location. This means that if you set this path and report name, the program will utilize it for any 
scenario unless it is changed again. 


Browse (Global Summary) 
This button opens a browse window in which you can specify the name and location of the Global 
Summary (Pass/Fail) Report Database. 
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View (Global Summary) 
This button allows you view the Deviation Report (comparison results database) using SQL Viewer. 


DB Compare Options 


This section has the purpose of providing global comparison options for the DB Compare Console. These 
options allow you to skip comparing some parameters such as project names, database versions, and dates 
which do not need to be compared since they are not part of any calculation results. 


Skip Records that Pass with Deviation < 0.1% 

If this box is selected, The DB Compare Program will not report any comparison result whose deviation 
is less than 0.1%. This means that all records with a percent deviation less than 0.1% automatically will 
pass and will not be reported in the deviation report. The records with a deviation percentage higher than 
0.1 % will be reported as failures in the deviation report. It is recommended to use a default value of 0.1% 
as the default for the comparison values to allow for different calculation precision and small deviations 
in significant figures. 


Skip Project Information 

The project information for the load flow Output Report database will not be compared. Please note that 
this option only applies to load flow Output Report database. The project information is typically 
included inside a table called “Header”. This checkbox instructs the program to automatically skip the 
comparison of the fields inside this table. However, for some other modules, the project information may 
be contained inside of a table with slightly different name like “HeaderRA”, HeaderTS, etc. and thus this 
option only applies to LF Output Report databases. 


The instruction database provided with the current version of ETAP already provides specific instructions 
for skipping the comparison of the project information for all modules including load flow. Because of 
this situation, this option may not have any impact on the comparison results. 


Compare All Database Tables (Global) 

Once selected, the instruction database will be used and then all database tables for each Output 

Report Database will be compared. If this option is not selected, the comparison tool will only compare 
the tables listed in the Instruction database and ignore the other tables listed in the Output Report 
database. 


Plot Compare Options 


This section is used to set a limit, based on percentage, for pass and fail criteria. If the percentage is above 
the limit set, the plot compare results will print Pass or Fail. 


Max Plot Diff 
Set the maximum limit for each point in the plot for passing criteria. If difference is higher than the value 
entered, the summary report will list that device and plot type as a failure. 


Total Plot Diff 

Set the total limit for all points in a single plot for passing criteria. Example of this is plotting Mtr 7’s 
MWelectrical. If the sum of benchmark points and the sum of all generated points are compared, the delta 
difference of the sum will be the total limit.) If difference is higher than the value entered, the summary 
report will list that device and plot type as a failure. 
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Instructions Database 


This section allows you to specify the name and location of the specific comparison instructions for the 
DB Compare Console. The comparison instructions are provided in the form of a SQL Server Compact 
Database and also certain comparison instructions can be entered directly through the command-line 
instructions (for advanced users) 


Instruction Database Path 

The instruction database contains the instructions for comparing the Output Report databases. The DB 
Compare program has a default comparison instruction database provided with all versions of ETAP from 
7.0.0 onwards. It is located under “C:\ETAP (Version #)\ DB_Comparelnstr.sdf”. This instruction 
comparison database has been configured by ETAP engineers to assist in the comparison of ETAP results. 


Browse (Instruction database) 

This button opens a browse window in which you can specify the name and location of the Comparison 
Instruction Database. This path only needs to be specified once since the DB Compare program stores this 
location in the ETAPS.INI file. The program will use the same set of instructions for all the scenarios that 
are executed (from the Study Wizard or Project Wizard). 


Command-Line Instructions 
This command line input field allows you to provide specific instructions to the DB Compare Console for 
comparing the results and benchmark databases. 


The following command can be added in this version of the DB Compare Console: 


-daction = Instructs the DB Compare program to compare only the tables listed in the comparison 
instruction database Comparator Table. If a table is not listed in the Comparator table, then the program 
will not compare it. This command can be very useful when you do not want to specify each table in the 
comparator table (either to skip or compare), and you only want to compare the tables for which you add 
specific instructions. 


Instructions Database 
D:\PECAN64REL\DBCompareinstr.sdf Browse View 


Command-Line Instructions 


Remarks 


Help Close Cancel 
| 


Comparison Instruction Database Setu 


This section describes the commands which can be setup inside of the comparison instruction database. 
This database contains two tables. The first table is called the “Comparator” table and it contains the 
specific comparison instructions. The second table is called the “LookupTable” and it contains 
translations for each of the table column headers (field names). These translations attempt to give a more 
meaningful description of the data in each field (since the database may be abbreviated or has not so 
meaningful names which may be hard to understand). 
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Comparator Table 


This 


table has 


the following fields: 


“TableName”, 


“CompMethod”, “CompVariance” and “DoOrderBy”. 


“FieldName”, 


“Action”, 


ETAP Wizards 


“CompType”, 


The structure of the table and the possible commands which can be entered into this table are shown 


below: 
6 : Com Com 

TableName | FieldName Action CompType Me pe d eee DoOrderBy 
Name of the | N/A (leave | e C (Compare) | N/A (leave N/A N/A fieldname1, fieldname2, 
table in the blank) e S (Skip) blank) (leave (leave fieldname3 
database to e CSN blank) blank) 
which this (compare Applies to table entry only. 
entry skip new) Specifies the sort order of the 
applies. table in the Results and 


Benchmark database. If no 
entry, the primary key is used if 
there is one. If no primary key, 
the program guesses. Add 
NOSORT for “side-by-side” 
comparison. 


The following is a sample database comparison instruction “Comparator” table: 


9 D:\\PECAN64REL\DBCompareinstr.sdf - a Es 
File 
TableName | FieldName + Action » CompType » CompMethod ~ CompVariance ~ DoOrderBy ~ CompEpsilon +) “ 
LookupTable 1 CSN DevicelD, NOSO.... 
Versioninfo 2 | NertDeviceSum CSN DevicelD, Devic... 
3. | AletTS CSN DevicelD, Conditi... 
4 | ArcHlash Ss ArcCycle, ArcDur... 
5 BatteryCharacten... ss Time 
6 | BDBusVoltage CSN Time, Bus!D, NO.. 
7 | BDResults CSN Time 
8 | Branchinfo s 


The following indicates how you would interpret the instructions on the second line of the Comparator 
table: 


The table name field specifies the name of the table for which the specific instructions apply. The action 
field indicates that the “AlertDeviceSum” table will be compared based on CSN criteria. CSN stands for 
compare but skip new. This means that this table will be compared but any new fields in the results table 
which do not exist in the benchmark table will be ignored. Only the fields that exist in both the results and 
benchmark Output Report database Alert table are to be compared. 


The DoOrderBy field indicates which fields can be used by the program to create unique records to be 
compared. In this case, the “DeviceID” and “DeviceType” fields can be used to establish unique records 
for the comparison. If no unique records can be created (i.e. the table does not contain any fields which 
can be used as unique keys to identify each row in the table), then the DB compare program cannot make 
a comparison and the end result will be a failure in comparing this table. However, another command 
called “NOSORT” can be added along with any field name to tell the DB compare program to continue 
the comparison of this table on a record by record basis without establishing unique keys. 
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The NOSORT command will work in most cases as long as the sorting of the rows in the result and 
benchmark tables remains the same. If the sorting is different, then this will result in a failure in 
comparing the table. 


Actions: 


C = Compare = specifies that a table is to be compared. If there is any new field in the results database 
which does not exist in the benchmark database, then the comparison will result in a failure. 


CSN = Compare Skip New = Specifies that a table is to be compared, but any new fields which exist only 
in the results database and do not exist in the benchmark database will be skipped. This may help to 
compare tables between different versions of ETAP. In newer versions of ETAP, new fields may have 
been added to a particular table. Since these fields do not exist in previous versions, there is no need to 
compare them (or there is nothing to compare against). 


S = Skip = specifies that this table is not to be compared. This can be specified for any table which 
contains project information or data which is not calculation related. 


Field Name = Specifies the name of the table for the specific instructions 


CompType = Specifies the type of comparison to be performed. This value can be left blank. Numbers 
are treated as float comparisons and text as string comparisons. 


CompMethod = Specifies the method of specifying the deviation results. This value can be left blank. 
The default for this value is percent. 


CompVariance = Specifies the deviation allowed for this table. This value can be left blank. The 
variation allowed can be specified globally from the Compare Output Editor for each scenario. The 
default is 0.1%. 


DoOrderBy = DoOrderBy applies to tables only. The Do Order By field allows you to specify which 
columns can be used to establish unique records in a table. If DoOrderBy includes an entry of NOSORT, 
a different algorithm is used for selecting what rows to compare. NOSORT causes the DB Compare 
program to start at the top of the table and compare the rows of each table in order, as if it were looking at 
side-by-side printouts of the two tables. The purpose of the NOSORT instruction is to handle table 
comparisons that have no unique keys. 


LookupTable 
The lookup tables in the comparison instruction database serve the purpose of translating the field names 
(column names) to more meaningful descriptions. 
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° D:\PECAN64REL\DBComparelnstr.sdf - «a 
File : 
Comparator 
1 
Versioninfo 2 
3 
4  |AmpacityRepot | Ampacity Report 
5 | ArcRlash Arc Flash Look-Up Table 
6 | AssociatedLinein... | Associated Line Input Data 
7 |BatteryCharacter... | Battery Characteristics : 
8 |BDBusVoltage | Bus Voltage Input Data 
9 | BDResults | Battery Sizing / Discharge Results 
10 | Branchinfo | Branch Capacity Release Report 
11 |BSDutyCycle | Battery Load Profle 
12. |BSLoadDutyCycle | Duty Cycle 
13 |BSNonRandom — |Non-Random Loads 
14 |BSRandom | Random-Loads 


As you can see in the image above, the LookupTable contains different output names for the field names 
in different ETAP Output Report database. As an example, the table called “BusArcFlash” in the report 
database is called “Arc Flash Analysis and Summary” in the Comparison Results Reports. 


You can fully customize the comparison instruction table or the lookup table to whatever preferences you 
may have by simply replacing the values. 


Deviation Report (Comparison Result Database) 


This deviation results or comparison results database contains the results of all the comparisons 
performed by the DB Compare program. This database is divided into three tables and reports: 


e Summary Results 


e Table Results 
e Detail Results 
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3 D:\Pecan64Rel\Example-ANSI\LFreport_DBCompare.sdf ol 


DBVersion 
DetailResults 
GeneralResults 
TestResults 


D:\Pecan64Rel\Example-ANSI\LFreport DBCompare.sdf 


Open... 


View Detail Report 
View Summary Report 
View Results Report 


Exit 


The DB compare program names the deviation report by default using the name of the result database 
being compared. For example if the results database being compared is called “LFReport”, then the 
deviation report will be automatically named “LFReport_DBCompare.sdf.” The browse button next to 
the deviation report path can be used to change the name and location of the Deviation Report. 


Summary Results 
This table/report contains a summary of the comparisons for this test case. It indicates an overall pass or 
failure for the comparison on the result and benchmark Output Report databases. 


Operation Technology, Inc. 


Summary Results 


Test Name Result 

LFreport Pass Result file: C.\FicusRel\Example-AnsiLFreport.LF1 
Benchmark: C\\F icusRel\Example-Ansi Output\LF report. LF 1 
Summary Report 
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DBVersion 


DetailResults D:\Pecan64Rel\Example-ANSI\LFreport.LF1S | D:\Pecan64Re!l\Example-ANSI\Output\LFreport.LF1S 
GeneralResults 


TestResults 


Test Results Summary Table 


This table/report can be accessed from the view button on the Compare Output and/or Scenario Wizard 
Editors. 


Table Results 
This table/report contains a summary of pass/fail results for each compared table. 


Operation Technology, Inc. 

Table Results 

Test Name Table Result 
LFreport Summary - Input (lsummary) Pass 
LFreport Bus Loading Summary Report (BusLoadSummary) Pass 
LFreport |Adjustments Pass 
LFreport Bus Input Data (|Bus) Pass 


Table Comparison Summary Report 


DBVersion 
DetailResults 


GeneralResults 


TestResults 


Branch Connections (IConnect) 
IDistEC 


Equipment Cable Input Data (IEqCable) 
Table Comparison Results 


1 
2 
3 
4 
5 
6 
7 
8 


This table/report can be accessed from the view button on the Compare Output and/or Scenario Wizard 
Editors. 
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Detail Results 

This table/report contains detailed summary results for each comparison performed for each field in every 
table compared. This summary can be shortened to only include the results with a deviation higher than 
the specified value. This can be accomplished by selecting the option to skip records that pass with a 
deviation < %Dev. This option is located in the Options section of the Compare Output Editor. 


Operation Technology, Inc. 
Detail Results 
Value Value Deviation Deviation 
LFreport 
Alerts (Alert) 

Bus1 csn (String) Condition Under Voltage Under Voltage - - Pass 
Bus1 csn (String) Code - - Pass 
Bus1 csn (String) DevicaD Bust Bus1 - - Pass 
Bus1 csn (String) DeviceType Bus Bus - - Pass 
Bus1 csn (String) Unit kV kV - - Pass 
Bus1 csn (Float) Rated 0.48 0.48 0% 0.1% Pass 
Bus1 csn Float) Deviation 97.89089 97.89089 0% 0.1% Pass 
Bus1 csn (String) AlertType Marginal Marginal - - Pass 
Bus1 csn (String) Remarks 3Phase 3-Phase - - Pass 
Bus1 csn (Float) Calculated 0.46988 0.46988 0% 0.1% Pass 
Bus2 csn (Float) Calculated 0.46452 0.46452 0% 0.1% Pass 
Bus2 csn (String) Remarks 3Phase 3Phase - - Pass 
Bus2 csn (Float) Deviation 96.77485 96.77485 0% 0.1% Pass 
Bus2 csn (String) DevicaD Bus2 Bus2 - - Pass 
Bus2 csn (Float) Rated 0.48 0.48 0% 0.1% Pass 
Bus2 csn (String) AlertType Marginal Marginal - - Pass 


Detailed Results Report 


% D:\Pecan64Rel\Example-ANSI\LFreport_DBCompare.sdf = Oo 
File 

DBVersion TestName +  TableName + RowKey ~ ColumnName ¥ ActionType ~  ResultValue » 3enchmarkValue ~ ActualDeviation + llowableDeviatio ~ PassFail a 
>1 EST vessaces 11100 ALL no record in resut |- E : ; FAIL™ 
Genetalesults 2 |LFrepot Messages 11100 (Category compare (rt) (38 30 8 0 FAIL~ 
TestResults i 

3 | LFreport | Messages 11100 BlemiD1 compare (String) | Sub22 | Sub2B - - FAIL~ 

4 | LFreport Messages 11100 CalcValue compare (Float) | 3.26715 1.64668 98.41% 0.1% FAIL™ 

5 | LFreport Messages 11100 LimitValue compare (Float) | 0.59181 0.73913 19.93% 0.1% FAIL™ 

6 | LFreport ‘| Messages 11100 AL norecordin BM IE a |FAIL~ 

7 | LFreport | Messages 11200 ALL no record in result | - - - - FAIL 

8 | LFreport Messages 11200 Category ‘compare (Int) 35 21 14 0 FAIL™ 

9 | LFreport | Messages 11200 BlemType1 compare (String) | CABLE | XLINE - - FAIL™ 

10 | LFreport Messages 11200 BlemID1 compare (Sting) | Cable 14 Lined - - FAIL™ 

11 | LFreport Messages 11200 CalcValue compare (Float) | 6.2483 4.19472 48.96% 0.1% FAIL™ 

12 | LFreport | Messages 11200 LimitValue compare (Float) | 1.06837 158177 32.46% 0.1% FAIL™ 


Detailed Results Table 
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Global Summary Report Database 

The Global Summary Report database contains the results of the comparison for the entire database. If all 
the tables compared in the Output Report database for a particular scenario match the benchmark tables, 
then a “Pass” result will be written in the global summary database for this scenario. In the same fashion, 
if any the tables in the database fails the comparison, then the overall result will be a **FAIL**. 


The Global Summary Report can be accessed directly once the comparison process is complete by 
clicking on the View button next to the Global Summary (Pass/Fail) Report path. 


The image below shows the global summary report and table: 


Operation Technology, Inc. 
Summary Results 
Test Name Result 
LF report1 = FAIL * Result File: C:\FicusReNE xample-AnsiLF report1.LF1 
Benchmark: C:\FicusRehE xample-Ansi0 utput\LFreport1.LF1 
LF report2 Pass Result File: C:\FicusRehE xample-AnsiLF report2.LF1 
Benchmark: C:\FicusReht xample-Ansi0 utputiLFreport2.LF1 
LF report3 Pass Result File: C:\FicusReNE xample-AnsiLF report3.LF1 
Benchmark: C:\FicusRehe xample-Ansio0 utputiLFreport3.LF1 
Global Summary Results Report 
? D:\Pecan64Rel\Example-ANSI\LFreport_DBCompare.sdf => 2 | x ff 
File 
DBVersion | 7 ResultFile 
DetailResults | 
GeneralResults | 
lTestResults 


Global Summary Results Table 
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Setup of DB Compare for Example-ANSI 


All versions of ETAP beginning with 7.0.0 and onward have a sample project called “Example-ANSI”. 
This project has been configured to run for multiple scenarios on different ETAP modules. This section 
shows you step by step how to configure the DB Compare program to compare all the scenarios in this 
example against the benchmark reports contained within a directory called output. This example assumes 
that ETAP has been installed under the default installation directory C:\ETAP (Version #). 


1) Open the Example-ANSI project: 
z Open Project File | x | 


tT ad « Pecan64... » Example-ANSI > v @ Search Example-ANSI Pp 


Organize ¥ New folder a-= w a @ 
> Pictures « Name Type 

2 BACKUP File folder 

.) Output 

2 Example-ANSl.oti 


1 This PC 
oc Desktop 
EE Documents 
my Downloads 
r) Music 
E Pictures 
(BB Videos 
jy Local Disk (C:) 
ca New Volume (D:) 
&B DVD Drive (E:) ET 


File folder 
OTl File 


Ge Network 


Ps > 


Filename: Example-ANSl.oti v_| Project Files (*.oti) ¥ 


Open Cancel 


2) Open the Scenario Wizard Editor and open the Output Compare Editor by clicking on the Edit 
button for any scenario. In this case LFReport: 


[¥] Output Data Comparison Compare View 


Benchmark File |D:\Pecan64Rel\Example-ANSI\Output \LFreport.LF1S Edit 


< | | LFReport Mi lice Help OK Cancel 


3) The Database comparison section has been configured to automatically compare the selected 
report “LFreport.LF1S” against the benchmark report with the same name inside of the “Output” 
directory as shown in the image below: 
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4) 


5) 


6) 


7) 


ETAP. 


Compare Output 


Database Comparison 


Selected Report 
D:\Pecan64Rel\Example-ANSI\LFreport.LF1S View 


Benchmark Report 
D:\Pecan64Rel\Example-ANS!\Output \LFreport.LF1S Browse View 


Comparison Results 


Deviation Report 
D:\Pecan64Rel\Example-ANSI\LFreport_DBCompare.sdf Browse View 


Global Summary (Pass/Fail) Report 


C:\OTINETAPS\14.0.0\Global SummaryReport sdf Browse View 
Clear 
DB Compare Options Plot Compare Options 
¥] Skip Records That Pass with Deviation < 0.1 % é ~ 
Max Plot Diff 4 
¥] Skip Project Information 
Total Plot Diff % 
¥| Compare All Database Tables (Global) 


Instructions Database 
D:\PECAN64REL\DBCompareinstr.sdf Browse View 


Command-Line Instructions 


Help Close Cancel 


By default the deviation report should also be named “LFreport_DBCompare.sdf”. 

By default the Global Summary Report field will be blank. Click on the Browse button next to the 
path for the global summary and name as_ follows: “C\ETAP (Version 
#)\GlobalSummaryReport.sdf”. 


The options to skip records that pass with deviation less than 0.1% and to skip project 
information should be selected. 


The name and location of the instruction database may be blank. Click on the Browse button to 
specify the following name and location “C:\ETAP (Version #)\DB_CompareInstructions.sdf”. 
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8) At this point you can close the Output Compare Editor and Scenario Editor. Click OK to save all 
of your changes. 


9) Open the Study Wizard. Select Phase-1 Macro and execute it (click on Run button). You must 
wait until all the scenarios finish running and all the comparisons have completed. The DB 
Compare program places some icons on the task bar during execution. You should also wait until 
all the icons have been removed from the task bar before opening the global summary or 
deviation results databases. The comparisons could take a considerable amount of time depending 
on the size of the Output Report databases being compared. 


ws aa ETAP Tutorials 
ui iZar 
z Hyperlink for etap.com 
Study Macro 
ID Phaeca-t 
- ETAP Wizard Task in Progress q — 
Ne Ian = 
21.96 

» (1) Sene Study Macro D:\Pecan64Rel\Example-ANSI 
? 

Parameter 
T — 

+ > Scenario AF-HalfCycle 
‘i You should wait until all the scenarios 

1 — have been executed and the DB Compare 

- comparisons have been completed. 
<_ Phase-1 Ae Help OK 
Mtr2 
0.48 kv ) CB2@EB = 5.7 
IE 2459 @24 
gh ye 
EJ 
DC System S 
> > 2 

E128-9705 EXAMAE e 


i + Base 


10) You can reduce the number of scenarios to be executed by creating a new study macro or by 
simply de-activating the scenarios that do not apply to your license. For example, you may only 
want to run load flow and short-circuit calculation in one study macro. 


11) If your installation directory is different from C:\ETAP (Version #), then you may need to 
reselect the name and location of the benchmark Output Report databases for each scenario you 
want to run with the DB Compare tool. To do this, simply click on the Browse button and click 
on select the name of the benchmark report. The best way to setup the comparisons is to place all 
the benchmark reports inside of a directory called “output” inside of the current project that 
contains the reports you want to compare. 


Click on this button to select the benchmark report to compare against the currently selected Output 
Report. 
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Database Comparison 
Selected Report 


[View | 
Benchmark Report 
D:\Pecan64Rel\Example-ANSI\Output \LFreport. LF1S | View | 


Comparison Results 


Deviation Report 


D\Fecon6tfeh Game ANSHFepet OBCompsead | (Bewse | | View | 


© >)v ff nT) « Pecan64... > 


Organize v New folder 


mY) Documents a Name 


mY) Pictures : 
: ile folder 
) BACKUP 6/11/2015 8:46AM File fold 


Output 3/13/2015 1:32PM _‘ File folder 
¢& This PC J " 


( Apple iPhone 
jm Desktop 

B Documents 

|B Downloads 

(Wb Music 

\E) Pictures 

|B Videos 

iy Local Disk (C:) 
ca New Volume (D:) 
23 DVD Drive (E:) ET 


Gia Network v 


File name: | LFreport.LF1S vy LF1 files (*.LF1) v 
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User Access Management 


ETAP provides program security by relying on two tiers of user access control. The first level is 
controlled by the operating system under which ETAP is running (Windows 7, Windows 8 and Windows 
10). The user must be an authorized user as determined by the operating system administrator. 


Select Access Level 


Project File Name EXAMPLE 
User Name OTI 


Access Level 


Administrator 


@ Project Editor 
© Base Editor 
© Revision Editor 


© Checker 


ETAP provides the second level of access control by assigning one or more of the ten access level 
permissions to an authorized user for each individual project. These access levels are listed in the 
following table. 
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Access Level Off-Line On-Line 
User Access Management User Access Management 
(ETAP) (ETAP Real-Time) 
Administrator Xx xX 
Project Master 4 4 
Project Editor Xx Xx 
Base Editor Xx - 
Revision Editor Xx - 
Checker Xx - 
Browser Xx - 
Librarian xX - 
Controller - Xx 
Operator - Xx 


Users may be assigned one, all, or any combination of access level permissions, but each user must have 
at least one of the access level permissions to open a project. The level of access and responsibility are 
different for each access level. A user may access a project under only one permission level at a time. 


If a password is not required for a project, ETAP will automatically default to the highest assigned 
permission level for that user and open the project. While passwords are recommended for optimal 
security, they are not required. 


The administrator is responsible for assigning and maintaining the status of the other users and their 
permissions and passwords. As an administrator, you do not have access to the project one-line diagram, 
underground system, or editors. The first level of authority on a given project is Project Editor, which has 
access to all functions except disabling accounts and changing passwords. 


Note: Project Editors and Base Editors cannot serve as checkers for engineering (equipment) data that 
they have added or modified. You can have access to the same project as a checker (providing checker 
access level permission has been assigned to you), but you cannot check any data that you have modified 
under your user name. 


The ETAP libraries, which are stored in Microsoft compound files, are opened in read-only mode for all 
access levels except Project Editor and librarian. A Project Editor and librarian can open these libraries in 
read/write mode. Consequently, only one user can access a library at any given time. Changes made to the 
ETAP libraries are not permanent until the user saves the entire library, either explicitly or when 
prompted while exiting the program. 


ETAP project data are stored via ODBC (in non-exclusive mode) and cannot have multiple readers or 
writers at the same time. ETAP data is structured in such a way so that transactioning support by the 
database is not required. 


This chapter consists of the following sections: 


Access Levels 

User Management 

Creating a New Project File 
Opening an Existing Project File 
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6.1 Access Levels 


When an ETAP project file is created or opened, several functions can be performed on each device or the 
entire project. The use of these functions varies for different access levels. These functions are 
categorized into three groups in the following tables. 


Group 1 Functions 

Move elements 

Change element sizes 

Change element symbols 

Change element annotation orientation 
Edit engineering properties 

Change operating status 

Hide or show protection devices 

Auto route connections 

Change bus to node symbols or the reverse 
Delete data revisions 

Merge data revisions to other revisions 


Group 3 Functions 

Change Phase/Ground mode in Star View. 
Compute Time Difference in Star View. 
View Alerts. 

View Device Setting Reports. 


ETAP 


6-3 


Group 2 Functions 

Add (place) elements 

Cut (delete) elements to dumpster 
Copy elements to dumpster 

Paste elements from dumpster 
Move elements from dumpster 
Connect elements 

Purge elements from dumpster 
Re-sizing elements (UGS) 

Merge data revisions to base data 
Graphical adjustment of Star Views 
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6.1.1 Administrator 


The administrator access level is dedicated to user management only. When you are logged on as an 
administrator, you cannot access projects for editing. An administrator can access any project file for 
administration purposes, but is unable to edit the project. The administrator is in effect the project 
supervisor responsible for establishing and maintaining all user access control on a specific project by 
project basis. The administrator can add, modify, or delete user accounts, passwords, and access levels. 


Administrators cannot delete themselves, or another user, while they have a project open and running. 
Once assigned, only the default administrator, Admin, may delete a user from the administrator 
permission. 


Note: If two or more administrators have been assigned to a project, one can delete the other. 


Every project must have at least one user with administrator access. This is a permanent administrator 
with the user ID Admin and they cannot be deleted from the project. The password for Admin defaults to 
password when you create a new project. 


Note: If a project requires a password, Admin is the only administrator, and if you have changed and then 
forgotten the Admin password, you cannot add, delete, or modify user access levels for this project—that 
is, you cannot open the project. ETAP has no backdoor method for circumventing this access level 
lockout. Therefore, either do not require an Admin password, do not change the password, or make sure 
you have multiple administrators and keep a record of all project passwords in a secure location for future 
reference. 
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6.1.2 Project Master 


Project Master is the highest access level to project files. The Project Master is capable of establishing 
and maintaining all user access control on a specific project basis from within the project via the Project 
pulldown menu. 


Select Access Level 


Project Fle Name [——Prsjeet XZ 
UserName [PM— 


f File Edit View | Project | Defaults RevControl Library Warehouse Rules Real-Time DataX Tools Window Help 


Information... a = Bl a|et af fF HR @ .. & emp(vetautt) 2 -MZ7B.: 
Standards... ee normal ~-Rel. ihe! us vw? Saat &eé As. 2 
Settings » Z +,.- +- ie Vv: PQ — 

ae Q:P*# Bite CEA Hien *Z 7m 


Mutual Coupling Group... 3 User Manager x 
DC Control Cable Schedule... 


AC Control Cable Schedule... 


Librarian 
Controller 


Gy At_Defauit Calendar 


‘G@ AC CSD Control Cable 
AC CSD Devices 


Base Editor 


© |) © Windows Authen. 


©!) C1) Administrator 


O18) Project Master 
0 ©) S| Revision Editor 


O|}8)|8) 
O|8)O 
O}8)/O 


HM © § > 


There can only be one Project Master per project. 
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Similar to an Administrator, a Project Master can perform the following user management actions: 


- Add/Delete/Modify user accounts 
- Change user passwords 

- Modify user access levels 

- Enable/Disable an account 

- Enable/Disable Passwords 


A Project Master cannot disable or delete their own account nor can they modify their own access levels. 
Such changes must be made by another Administrator. 


Only the Project Master can access the Data Exchange Manager (DataX Manager) when passwords are 
enabled. 


DataX | Tools Window Help 


DataX Manager... 


oe 


Project Merge r 


In addition, the Project Master also has all the same project access privileges as a Project Editor. 


Function Can Change Cannot Change 


User access management Xx 
Project data/defaults 
Base data 

Revision data 
Group 1 changes 
Group 2 changes 
Group 3 changes 
Configuration status 
Library data 
Library path 

DataX Manager 


x MK KM KM KM XK 
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6.1.3 Project Editor 


The Project Editor has the second highest access level to project files. When a new project file is created, 
ETAP will automatically log you on as a Project Editor. 


In the On-line Mode (ETAP Real-Time), the Project Editor can construct the project database, create and 
audit field equipment software interfaces, and upload the database to the ETAP Real-Time server. The 
Project Editor can perform any function involved with the engineering, installation, or operation of ETAP 
Real-Time, including taking the system off-line and performing control operations (if equipped). The 
Project Master and Editor are the highest access levels for editing project files. 


Function 


Can Change 


Cannot Change 


User access management 
Project data/defaults 
Base data 

Revision data 
Group 1 changes 
Group 2 changes 
Group 3 changes 
Configuration status 
Library data 
Library path 

DataX Manager 


x KM KM KM KX 


Xx 


6.1.4 Base Editor 


The Base Editor has read/write access to the base revision of the project. Base Editor access is more 
restricted than Project Editor access. The Base Editor cannot change the library data or access the user 


access management functions. 


Function 


Can Change 


Cannot Change 


User access management 
Project data/defaults 
Base data 

Revision data 
Group 1 changes 
Group 2 changes 
Group 3 changes 
Configuration status 
Library data 
Library path 

DataX Manager 


x KM KM MK OX 


Xx 


~ 


ETAP 
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6.1.5 Revision Editor 


The Revision Editor access is more restricted than the Base Editor access. The Revision Editor can 
change revision data only. The Revision Editor cannot change base revision data. And, similar to base 
editors, revision editors cannot change the library data or access the user access management functions. 


Function Can Change Cannot Change 
User access management Xx 
Project data/defaults Xx 
Base data Xx 
Revision data xX 

Group 1 changes xX 

Group 2 changes X* 
Group 3 changes Xx 

Configuration status Xx 

Library data & path Xx 
DataX Manager 4 


Note: You must access a project as a Project Master, Editor, or Base Editor to add or rearrange the one- 
line diagram or the underground raceway systems. Revision data reflects the difference (delta) between 
the engineering properties in the base and revision data. Therefore, if a new substation needs to be added 
and studied for future installation, you need to be logged on as a Base Editor to add it to the system. The 
elements in this substation can be flagged Out of Service for the base data so they will not affect the 
calculation results of the existing system. 


*Note: an exception to this is that Star Views can be graphically adjusted for revision data and not for 
base data in Revision Editor. 
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6.1.6 Checker 


The checker access level is provided to allow verification of changes to project engineering properties and 
libraries for both base and revision data. 


Function Can Check Can Change Cannot Change 


User access management 

Project data/defaults 

Base data Yes 
Revision data Yes 
Group 1 changes 


x KK KM XK 


Group 2 changes 

Group 3 changes Xx 
Configuration status 

Library data 

Library path 

DataX Manager 


x Kx KX 


When you log on as a checker, ETAP displays the Checking Information dialog box. (See the figure on 
the left below.) You use this dialog box to verify that all changes to the engineering properties and library 
data are correct. 


Note: If you are the user who inserted data or made changes to the data, you cannot also be the checker 
for that data. Another user with a different user ID will have to check your changes. 
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Checking Information Checking Information = 


Bus] Bus] 


Edited by Edited by 
Name OT Name OT| 


Date | 03-03-2011 Date | 03-03-2011 
Checked by Checked by 
Name | Name Checker1 
Date| Date | 03-07-2011 
(@ Project (@® Project 
Library Library 


Rule Book Rule Book 
©) Configuration 


©) Configuration 


Filter by Filter by 


Element Type 


All AC Elements ¥ 


VY! Skip Checked Elements 


~ | Date 


Element Type 


All AC Elements a 


\V) Skip Checked Elements 


Date 


Display Editors 


Check All > 


Display Editors 


Bus ¥ 


Check button actions only apply to 
item in the selector 


Check button actions only apply to 
item in the selector 


Checker Dialog Box for Bus1 Before and After Checked by a User 


Edited By 

This group displays the user ID (Name field) and the date that the selected element properties or libraries 
were last changed (Date field). In this example, the last user who modified the element Bus1 was OTI on 
03-03-2011. 


Note: The user OTI might have changed one or a number of properties of Bus1. 


Checked By 

Once you click the Check button, your user ID and the date are entered in the Name and Date fields as the 
checker for this element. If you edited the element or library data, you cannot also be the checker for the 
data. Another user with a different user ID will have to logon and check the changes. 
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Project 

Select the Project option to verify the changed element properties of the currently opened project. When 
you select this option, the Element Type, Skip Checked Elements, and Date options are displayed in the 
Filter By group. 


Library 
Select the Library option to verify changed libraries in the project library. When you select this option for 
the first time you will open the project as a checker, and ETAP displays the Select a Project Library 
dialog box. 


- 
Checking Information 


=a 


Edited by 


Name |i ti‘ 
Date | 


Checked by 


Name | 
Date | 


©) Projec 


|) Configuration 
Filter by 


All AC Elements 


Display Editors 


biny 
\<| GW | Check all | | > | 


Check button actions only apply to 
item in the selector 


Once you select and open a project library, its libraries are displayed in a window adjacent to the 
Checking Information dialog box. Once you have selected a project library, ETAP displays the library 
window automatically when you logon as a checker and select the Library option. 
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E 
Library 


ES 
=): El Transmission Line 
=) [I Phase 
i Enalish 
=) [Ei 60 
(+): f Aerial Line 
(4: [¥) EPRI 
(4) [4] EPRI/5005 
(4) [4] EPRI/6201 
(4): [V4] EPRI/M.LAYER 
(4) [V4] EPRI/S.LAYER 
c)-[¥) EPRI/SL.HST 
G4) [¥) Southwire 
(4) [¥) Southwire/M.LAYER 
f)-[¥) Southwire’S.LAYER 
(4) [¥) Southwire/SL.HST 
(4) [¥] T&D Book 
(4): [i] Metric 
(4) [) Ground Wire 
(4): [&) Trip Device 
(4): [&) Control System Device 
(4): [&) L¥ Breaker 
(+): [FE] Fuse 
(4): [&) Overload-Heater 
(+): [El] Relay 
(4): [&) Electronic Controller 
=) [ Recloser 


When viewing the Library window, libraries that are colored red have been changed but have not been 
checked. Libraries with magenta colored icons have been checked, but have changed sub-libraries. To 
find changed sub-libraries, expand magenta colored libraries until you find libraries with red icons. For 
descriptions of the different icons in the Library window, see the table below: 


Icon 


Library Status 


Sub-library Status 


Magenta with gray box 
Magenta with blue check 
Magenta with green check 
Red 

Red with green check 
White with black check 
White with gray box 


Unchanged 
Checked 


Just checked (can still be unchecked) 


Unchecked 


Just checked (can still be unchecked) 


Checked 
Unchanged 


At least one not checked 
At least one not checked 
Checked or not checked 
Checked or not checked 
Checked or not checked 
No unchecked sub-libraries 
Checked 


When you select a library in the Library window, ETAP will display that library’s information in the 
Checking Information dialog box. Also, if you have selected a library with no sub-libraries and the 
Display Editors option is selected, ETAP will display the editor for the library. 


ETAP 
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a 


Source Name Conductor Type Frequency BaseT1 25 °C qe Impedance Unit 


Aerial Line Cu 60 BaseT2 50 °C Te 75 *c 1 mile Jel 


Avail Code Size | Strand Dia. 


MM |ARCHERY [49.5 


Steel Strands | Strand Dia., Steel 


Ampacity | Strands 


0.292 | 


The data and options that have been changed for that library are displayed in red in the Library Editor, so 
that you know what the last editor changed. If you have verified the changes for the selected library, click 
the Check button in the Checking Information dialog box. ETAP changes the display of the data and 
options in the editor from red to black and the Library icon in the Library window according to the table 
above. 


If you wish to uncheck the library, click the Check button again. You cannot uncheck a library after you 
have selected another library in the Library window, however. 


Note: If ETAP is not displaying changed data in red, you need to edit the project setup. Select Options 
from the ETAP Project menu. In the Editor Options group of the Project Options dialog box, check the 
Display Changed Data in RED option box, and click OK. 


Configuration 


Selecting “Configuration” option allows you to check information for configurations. Make sure the 
“Display Configuration Manager” option is selected to display configuration manager in checker access 
level. The purpose of the configuration checker is to validate changes made to configuration settings of 
various devices in a project. This is similar to the checker for engineering properties. The configuration 
manager editor is similar to the one described for Project Editor Access Level with just a few limitations 
and modifications. 


Filter By 

You can select the project elements that you wish to check using the options in this group. The options in 
this group only display when you select the Project option. If you select the Library option, use the 
Library window to verify changed libraries. 


Element Type 


Select the element type you wish to display in the list box above the Check and Check All buttons. The 
list of element types includes the following: 
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All AC&DC Elements Dumpster 

All DC Elements Individual AC Elements 

All CSD Elements Individual AC-DC Elements 
All Cable Pulling Systems Individual DC Elements 

All Ground Grids Individual UGS Elements 
All Generators & Loads Composite Motors 

All Branches Composite Networks 


All Protective Devices 
All Meters 


If you have the Display Editors option (see below) selected, ETAP displays the editor dialog box for the 
specific project element you have selected in the list box above the Check and Check All buttons. 


Skip Checked Elements 
If you do not want to view elements that have already been checked just select this option. 


Date 
Select this option to display a range of dates during which changes have been made. You can change the 
date ranges by clicking Select Dates and entering new dates, as shown in the dialog box below: 


r 
Select range of dates 


Format = mm-dd-yyyy (USA) 


From Date: (ey SER 


ToDate: 07-13-2011 


Display Editors 

Use this command to display the editors for the project elements or libraries that you are checking. 
Changes or modifications that have been made to individual fields are displayed in red in the editor dialog 
box. 


Note: If ETAP is not displaying changed data in red, you need to change the project setup. From the 


ETAP Project menu, select Options. In the Editor Options group of the Project Options dialog box, check 
the Display Changed Data in RED option box and click OK. 
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Check/Uncheck Data 


DY) a 


When you click the Check button, the color of the check icon changes to blue and a red check mark 
appears inside the corner box. If you click again, the selected element or library will be unchecked. 
However, once you select another project element or library, you will no longer be able to uncheck the 
previously checked item. 


Check All 


Click this button to check all the changed project elements or libraries. ETAP displays the dialog box 
shown below that allows you to confirm that you wish to check them all. 


r 


Are your sure you want to 
check all unchecked elements 
in the selector list? 


If you are checking project elements (Project option selected), clicking this button checks all the elements 
for your selected element type. If you are checking libraries (Library option selected), clicking this button 
checks the library selected in the Library window and all its sub-libraries. 


Controlled Dumpster 


The controlled dumpster is a mechanism for locking information into the dumpster. This feature becomes 
active only when the ETAP project is password-enabled. 


When ETAP cuts any elements from a UGS or OLV, the dumpster cell to which the elements are 
assigned is designated as a controlled dumpster cell. But, this controlled dumpster cell designation has no 
meaning unless the project is password-enabled. 


When passwords are enabled, the controlled dumpster is treated as a special entity with the following 
attributes: 


1. The controlled dumpster is identified as a controlled dumpster by the designation (C) or (CC) in its 
title (in the Dumpster list window). These designations have the following meanings: 
e The designation C (Controlled Dumpster Cell) is used to indicate that this is a controlled 
dumpster cell which is not checked. These cells cannot be purged until they are checked. 
e The designation CC (Checked Controlled Dumpster Cell) is used to indicate that this is a 
controlled dumpster cell that has been checked by a checker. A user with project master, project 
editor, or base editor permissions can purge these cells. 
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2. The background color of a (C) controlled dumpster is the color set in the command line Controlled 
Dumpster Background Color (UGS Elements) or (One-line Elements). The background displays this 
specified color only when the project setting has Display Changed Data in RED selected in the 
Project Options dialog box or the project user is a checker. 

3. When moving a cell from a controlled dumpster to the one-line diagram or UGS, two behaviors are 
exhibited: 

e If the controlled dumpster cell is a (C) dumpster, the elements are moved as normal—no special 
action is taken to flag elements checked or unchecked. The dumpster cell is then destroyed 
normally. 

e If the controlled dumpster cell is a (CC) dumpster, the elements are moved as normal but, in 
addition, all element property values are flagged as unchecked, (and will be displayed in red in 
the editors.) This is, for all practical purposes, identical to placing a new element on the one-line 
diagram or UGS. The dumpster cell is then destroyed normally. 

4. When in checker mode, the controlled dumpster cells appear in the checker’s list and can be checked 
as any other element can be checked. The act of checking a controlled dumpster changes its 
designation from (C) to (CC). This also sets the dumpster background color back to normal. 

5. A Project Editor (or Base Editor) cannot purge a controlled dumpster with designation (C). The 
Project Editor can purge a controlled dumpster with designation (CC). The checker must check a 
controlled dumpster cell before it can be purged. 


6.1.7 Browser 


Working at the Browser access level does not allow any modification of the project or library data. When 
you have this access level you can view the one-line diagram and underground raceway systems, browse 
the editors, and print, but the attached libraries cannot be opened. If you try to access Star Views with this 
access level, only fixed-point curves will be displayed. 


Function Can Change Cannot Change 


User access management 
Project data/defaults 
Base data 

Revision data 

Group 1 changes 


x Kx MK XM XK 


Group 2 changes 

Group 3 changes Xx 
Configuration status 

Library data 

Library path 

DataX Manager 


x x mM XK 
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6.1.8 Librarian 


The librarian can browse the project file and modify library data. 


Function Can Change Cannot Change 


User access management 
Project data/defaults 
Base data 

Revision data 

Group 1 changes 

Group 2 changes 

Group 3 changes 


x KM KM KM XK 


Configuration status 

Library data Xx 
Library path 

DataX Manager 


x xX 


6.1.9 Operator 


Operator access level is used for On-line Mode (Real-Time). Operator access level allows you to 
acknowledge alarms, playback system actions, and run simulation studies (predicting system response to 
operator actions) based on the latest system or stored data. 


6.1.10 Controller 


Controller access level is used for On-line Mode (ETAP Real-Time). Controller access level authorizes 
you to control, take elements out of service, set operating limits, set alarm levels, and set ETAP Real- 
Time to supervisory control. The controller possesses all the permissions of an operator. 


Acting as a controller, you can perform operations for monitoring and control of the electric system, but 
you are restricted from reloading the ETAP Real-Time server database. A controller can take the ETAP 
Real-Time system off-line, save the console database, perform electric system control operations, and set 
pin protective devices and meters. 
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6.2 User Management 


ETAP displays the User Manager dialog box when you log on as an Administrator. A user with Project 
Master Access can also open a project and view this dialog from the “Project” pulldown menu. 


=) User Manager 


Controller 
Operator 


Base Editor 
Librarian 


Windows Authen, 


Koo mq) Administrator 


(J) (|) Revision Editor 


<1 (I) Project Editor 


ks TS 


KC) 1) Project Master 


<< ) 8) 
KN) S)O 
A) 8)O 


master Project Manager Name manager@company.com 


If accessed as an Administrator, closing this window will automatically bring you back to the ETAP 
Logon window. 


Note: The logged in Administrator or Project Master cannot disable, delete, or modify the access levels of 
their own account. There is a permanent administrator with the user ID Admin that cannot be deleted 
from the project. The password for Admin defaults to password when you create a new project. 


Please see previous sections regarding specific capabilities and limitations of Administrator and Project 
Master. 


6.2.1 User List and Access Levels 


The User Manager table lists registered users in the given project. Information in this table is only 
editable if the logged in user has Administrator or Project Master access. 


Double clicking the User ID will open the User Information window. 


The boxes indicate which access levels the user has and can be checked/unchecked by a Project Master or 
Administrator. 
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6.2.2 User Info 


Clicking the User Info button displays the User Information dialog box. This dialog box allows you to 
modify the information of existing users. With Project Master or Administrator Access you may update 
full name, e-mail, description, or even disable or delete user accounts from this dialog. 


User Information 


ETAP Authentication 


Windows Authentication 


User Name Engineer! 


Full Name My Full Name 


E-Mail Engineer! @email.com 


| Sample Engineer 1 


(_] Account Disabled 


Cancel Delete 


User Name 
The log on name of the user is displayed here. The user name cannot be changed in this field. 


Full Name 


Enter or modify the full name of the user here. This information will not be printed in any report and is 
only available to the project administrator. It allows you to identify the users currently using ETAP. 


E-Mail 
Enter an e-mail address for the user. This information is not printed in any report. It is used by Data 


Exchange Manager (DataX Manager) to identify the “To” and “From” recipients of ETAP project 
publications. 


Description 


This field describes the type of user to allow further identification by the project administrator. The 
information will not be printed in any report. For projects that do not require a password, the default for 
this field is Instant User. 


OK 


Saves the information you have entered on the page to the access list. 
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Delete 


This button is active when you bring up the User Information dialog box from the User Manager dialog 
box. The Delete button is used to delete a specified user from the user list. 


6.2.3 Add User 


The Add User dialog box is similar to the User Information dialog box except it is used to enter a new 
user’s name and password. 


User Information 


@ETAP Authentication 
O Windows Authentication 


Windows Authentication 


This option is unchecked by default. Checking Windows Authentication disables the password fields and 
enables the “Select User...” button. Pressing this button calls the Windows dialog used for searching the 
established directory for a user. 


Note: Only one user may be added at a time. 


User Information 


User Name 


Full Name 


E-Mail 


Password 


Confirmed 
Password 


Desai 


ia 


Once a user is selected from the directory the relative information will be automatically pulled into the 
User Info Dialogue. You may add a description to Windows Authenticated users however if you modify 
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the username, full name, or e-mail, the checkbox will automatically uncheck and enable the password 
fields indicating the addition of a normal non-authenticated windows user. 


Note: Passwords of Windows Authenticated users cannot be changed through ETAP. 


6.2.4 Enable/Disable Passwords 


Click this button to change the password requirements for this project. 


Project files can be set up with or without user password requirements. Passwords are recommended for 
optimal security. If a password is required, every user must enter their user name and password before 
accessing the project. If a user forgets their user name or password, the project administrator must reset 
the passwords. If a password is not required for a project, ETAP will automatically add the user name to 
the user list for the project and default to the second highest assigned permission level (Project Editor) 
and open the project. 


Every project must have at least one user with administrator access. This permanent administrator is 
assigned a user ID “Admin” that cannot be deleted from the project. When you create a new project, the 
default password for “Admin” is password. You can log on at any time as Admin to open the User 
Manager dialog box to disable or enable the password requirement. 


6.2.5 Change Password 


Click this button to change the password of a user. Passwords can be up to 20 characters long. Only the 
Admin can change the default Admin password. 


Change Password x 


User Name [  ——s«Engineer? 


New Password 


Confirm Password 


Date | Wednesday, March 28, 2018 
Ma Carel 
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6.2.6 ODBC Parameters 


Advanced ODBC Parameters 


Driver Options 
Buffer Size 


Page Timeout 


Database 
User ID 


Password 


Help 


Driver Options 


Buffer Size 

The Buffer Size option allows you to set the capacity of the internal buffer, in kilobytes, that is used to 
transfer data to and from ETAP to an associated project database. The ETAP project default for the Buffer 
Size is 16384. 


Page Timeout 
The Page Timeout option allows you to specify the time (in tenths of a second) that an unused page of 
data remains in the buffer before being removed. The ETAP project default for the Page Timeout is 600. 


Database 


The User ID and Password are associated with the database itself. If you open the database using a third 
party database manager (such as Local SQL DB), the User ID and Password is needed to open the 
database. This User ID and Password are different from the ETAP logon and password, which enable you 
to open and edit the ETAP project. 


User ID 
Enter the User ID in this field that the third party database manager will need to access the ETAP project 
database. 


Password 


Enter the Password in this field that the third party database manager will need, in combination with the 
User ID, to gain access to the ETAP project database. 
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6.2.7 Register/Re-register to NetPM 


Click this button to register the project and it’s users to NetPM. This option is only available when logged 
into the project with Project Master Access. 


Register to NetPM x 


Priect [D\RoeasNaPWFoetA 


NsPMURL [ReTismpuerenelaeeOM 


For full details please see Registering to NetPM section (41.5.1) within the Chapter 41 — Data 
Synchronization. 


6.2.8 Unregister from NetPM 


Click this button to clean out any queued NetPM modification messages form the Master ETAP machine 
and NetPM server. This will also remove the project itself from NetPM so previously registered users will 
no longer be able to download the project or submit changes to the Project Master. 


Warning x 


Unregistering this project will disable NetPM functionality for all 
connected users. The Uploaded project and unsynchronized changes 
from all users will be removed from NetPM. 
Do you wish to continue? 
Registered Project Info 

NetPM Address: http://Computer-Name/etapDXM/ 

Machine Name: Computer-Name 

Local Path: D:\Projects\NetPM_Project-A 


Date Registered: 2/7/2019 


Time Registered: 11:15 AM 


For full details please see Registering to NetPM section (41.5.1) within the Chapter 41 — Data 
Synchronization. 
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6.3 Creating a New Project File 


To create a new project, select New Project from the File menu, or click the first button on the Project 
toolbar. 


G \ 
Create New Project File x=) 


Project File 
Name | 
Directory C:AETAPS | Browse ... 
Unit System Password ODBC 


Driver ‘Local SQL DB 7 | 


®@ English (60H 
os ( 2) Required : 
Metric [50 Hz) | Advanced Parameters ... 


| Help | Cancel | 


Project File 


Name 
Enter a name for the new project file, which can be up to 30 characters long. ETAP will not allow you to 
enter illegal characters in the project name. 


Directory 
ETAP automatically sets up a subdirectory in the ETAP directory for your new project. If you wish to 
place your project in a different subdirectory, click Browse to locate and specify the directory. 


Unit System 


Select English or Metric as the default unit system for your project. 


Note: you can change the unit system default from English to Metric, or vice versa, for a project at any 
time. However, the defaults for each element type must then be changed individually. . 


Password 


Project files can be set up with or without passwords, but the use of passwords is recommended for 
optimal security. When a password is required, all users must enter their user names and passwords before 
accessing the project. If a password is not required for a project, ETAP will automatically add a new user 
name to the user list when they open that project and assign them the highest permission level (Project 
Master). If you store project files locally on your computer and you can control access to your computer 
and project files, you do not need to use the password function. 
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ODBC 


Driver 
Select Local SQL DB or SQL Server from the list box. 


Note: The ODBC driver must be installed on your computer with the data source set to otilocaldb. 
Advanced Parameters 


See previous section regarding, ODBC Parameters. 


User Information 


When a project is created the first user must be identified and input into the user manager. By default, this 
first user is assign the highest permission level (Project Master) 


User Information 


@ ETAP Authentication 
O Windows Authentication 


User Name Engineer 3 


Full Name 


E-Mail 


Select Access Level 


Project File Name Project_XYZ 


User Name I Engineer 3 


Access Level 
O Administrator 


@ Project Master & Editor O Browser 
O Base Editor O Librarian 
O Revision Editor © Controller 


OvChecker O Operator 


He | [0 || conc 
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6.4 Opening an Existing Project File 


1. To open an existing project file, select Open from the File menu, or click the second button on the 
Project toolbar. 

2. In the Open Project File dialog box, select a file with an .OTI extension. ETAP displays the Log on 
dialog box. 


f . 
Open Project File =) 
OW |) « OS(C) > ETAP » Example > | SearchEample § £| 

Organize v New folder | @ 
yr Favorites ) BACKUP = 

Hl Desktop ft Bample.OTl 

ie Downloads = 


=| Recent Places 


(ed Libraries 
-*] Documents 
@ Music 
| Pictures 
| Videos 


© Computer 


Filename: Example.OTI y | Project Files (*.0ti) | 


[open fr} [cancel _] 


6.4.1 Logon 


Enter your user name and password (if required) in the log on dialog box. The user name which you used 
to log on to Windows is placed here as the default. If you have changed your user name for this project, 
you will need to use that name to log on to this project. 
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ETAP Logon 


Project File 


Name EXAMPLE 


Path C:\ETAP\EXAMPLE 


User 
Authentication | ETAP Authentication 


Name | Engineer1 


If this project does not require a password and you are accessing it for the first time, you will be logged in 
automatically as a project editor and will be added to the project user list as an Instant User. If your user 
name is listed in the project user list (because you have opened this project before or the administrator has 
added your name to the user list), then you will be logged in with the highest access level that is available 
to you (for example, Project Editor, base editor, revision editor, or checker). 


Project File 


Name 
Enter the file name of the project you wish to work on. 


Path 
This is the complete path to the project file you wish to open. 


User 


Authentication 
Select the authenticated user type as either ETAP or Windows. 


ETAP Authentication is the default method of logging into projects. The info of ETAP users (username, 
full name, email, password, and description) is defined solely in the project through the user manager. 


The Windows Authentication option is used when an Administrator or Project Master added the user 


profile from an existing windows directory. When this option is selected the username and password are 
disabled and set as the signed in windows user. 
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Username and Password 

If your project requires a password, ETAP prompts you to open the project file with one of the access 
levels available to you. Only those access levels assigned to you by the project administrator or project 
master are available for selection; the others are grayed out and unavailable. Select an access level (with 
the exception of administrator, if it is available) in the Select Access Level dialog box. 


Click OK. ETAP will then open the project file. 


Select Access Level 


Project File Name EXAMPLE 
User Name Engineer! 


Access Level 


Administrator 
@ Project Editor O Browser 
© Base Editor O Librarian 
Revision Editor Controller 


Checker Operator 


[ae] | om 


Note: If you have only one access level permission, ETAP does not prompt you for access level selection 
and automatically logs you on with your access level. 
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Printing and Plotting 


ETAP provides you with a variety of options for printing and plotting one-line diagrams, Star device 
coordination plots, underground raceway systems (UGS), control system diagrams (CSD), output reports, 
plots, input data, and libraries. 


pzel 14:4528 Aug23,2011 Project File: EXAMPLE-ANSI 
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Printing & Plotting Overview 


The table below provides an overview of how to use the printing and plotting features described in this 


Section. 


This section... 


7.1 Schedule Report 
Manager 


7.2 Printing One-Line 
Diagrams 


7.4 Output Reports 


7.5 Plots 


ETAP 


Describes how to... 


View and print project (input) 
data directly from the database 
and in Crystal Reports format 


Preview, print, or batch print one- 
line diagrams while adjusting 
setup, scale, and other options for 
each one-line diagram and its 
nested composite networks and 
motors 


Preview and print output reports 
of calculation results from 
analysis modules in Crystal 
Reports format 


Preview and print plots generated 
by module studies, after adjusting 
the plot graphs for optimal 
presentation 


7-2 


Using... 


The Schedule Report Manager 
button from the AC Edit toolbar in 
Edit mode 


Print Preview, Print, and Batch Print 
commands from the File menu in the 
ETAP menu bar and the right-click 
menus in the Project Editor and the 
one-line diagram 


Report Manager button on the study 
toolbar for the analysis mode and the 
Study Case toolbar 


Plots button on the study toolbar for 
the analysis mode and double- 
clicking elements in the plot 
windows 
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7.1 Schedule Report Manager 


The Schedule Report Manager allows you to preview and print the input data, for elements shown on the 
Branch, Bus and Load pages, using the Crystal Reports formats. 


Schedule Report 
Manager Button 


Ener 
Oe 


To print the input data: 


1. Go to Edit Mode. 

Click the Report Manager button on the AC Edit toolbar. 

3. Select and open the report format of your choice to preview or print. This editor allows for multiple 
report selection. 


fi \ 
Schedule Report Manager x) 


Oe 


Branch | Bus _ | Load 


PW -Transf : ™ Configuration Include Elements 


3W-Transformer Schedule 71 De - 
Cable Data Schedule Normal (V) De-energiz 
Line Data Schedule v7] = 
Reactor Schedule Base / Rey Data Energ 


Revision 


(| Dumpster 


Base + Revision 


@) Viewer 
») PDF 
[ox] [caret | 


The Project database is used to generate these reports. 


ML 


The Report Manager provides a variety of options for printing input data including: 


Using Base Data or any revision level of data. 

Using Base and Revision Data or only Revision Data (the differences with respect to the Base Data). 
Including or excluding energized, de-energized, and dumpster elements in your print selection. 
Using any configuration. 


Note: The impedance data on the Cable Data Schedule report originates from the Cable Editors. If the 
cable is linked to a library, the impedance data will be extracted from the library. This may cause 
differences between the reported data and the Cable Editor. 
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7.2 Printing One-Line Diagrams 


When you are ready to print one-line diagrams in ETAP, you can select from any of the following 
options: 


File | Edit View Project Library We e Print Setup 
New Project... e Print Preview 
(ss Open Project... + Ee ; 
e Batch print 
Close Project 
Log Off One-line diagrams can be printed (in black & white or color) on 
any printer or plotter supported by your operating system. 
bel Save Project Before printing, you can use the ETAP Theme Editor to 
Cans Peadeck Ta. customize the text, element, bus, and background colors to your 
specific requirements. The zooming scale inside ETAP (for a 
Save Library one-line diagram) is independent of the print scale. 
Note: Every one-line diagram, including nested composite 
[Q Print Preview... Ctrl+Shift-P | networks and motors, has an independent print setup, print 
& Print... options, and print scale. This allows you to Set the print 
zooming scale independently and print each one-line diagram to 
~coniysslenarin a different printer or plotter. 
Data Exch » : : : : 
ee The Print button always prints the currently active view. You 
Convert old OC Relay... may have several views displayed in your ETAP window; 
however, only one view can be active at a time. The title bars of 
1 Rogte Sem the active and inactive windows are displayed in unique colors 
ae as specified in the Windows Control Panel. To activate a view, 
click any part of its window. 


Note: Unless you have rubber-banded or selected a specific portion of your presentation, your entire one- 
line diagram or underground raceway system will be printed. 


To print a one-line diagram, follow these steps: 


1. Go to the File menu, and select Print Preview 
2. Make the desired adjustments 
3. Print 


A variety of options are available for printing one-line diagrams and underground raceway systems, such 
as the following: 


Print all or a selected portion of your one-line diagram or underground raceway system. 
Preview and print only energized elements. 

Print or exclude OLE objects on the one-line diagram. 

Print or exclude AC elements, DC elements, and AC-DC interface elements. 

Print in color or black and white. 

Print annotations such as element IDs and ratings. 

Print study results as displayed in your ETAP window. 
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Include or eliminate the header or footer from the printed one-line diagram or underground raceway 
system (the capability to edit header or footer information is not currently available). 


ETAP includes tools with print functions for convenience, flexibility, and control, which include: 


Select any printer or plotter supported by your operating system. 
Choose any paper size supported by your printer. 
Select Portrait or Landscape for paper orientation. 
Preview your diagram before printing. 
From Print Preview, center or adjust the one-line diagram with respect to the page. 

From Print Preview, increase or decrease the size of the printed one-line diagram by zooming in or 


out on the diagram. 


Batch Print your selection of one-line diagrams or any composite networks or motors. 
Automatically save print preview adjustments so you can reprint using your final print layout. 


O 


Utility 
R 
Main Bus 
o SSD T1 
AAAS 95/1675. MA 
aaae 
A 
-2.5% TapP 
PS An55 T2 S ) Gen1 
10 MVA 
Sub2A 1 Sub2B 7 sub 3 
|| a Oo 
Oo a AKL 
NO DS 
Of 1. 
syn1 ) 
Busi 
Sub2A-N 
DCSystem | 


ETAP 


Revised DCN # 99-1692 


FSP 


DSN 


Revised DCN # 99-1456 


DSN 


JRB 


Revised DCN # 98-1689 


DSN 


JRB 


Revised DCN # 92-0035 


JFD 


JRB 


One-Line Diagram 
Legend 


Sub3 Neti 


REVISION DESCRIPTION 


ENGR 


CHK’D 


APPV’D 


Operation Technology, Inc. 


Lake Forest, CA 


E001-MAIN-0000315 


Printout of a One-Line Diagram with OLE Objects 
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15/10/5 MVA 


T4 
1.5 MVA 


Sub2A-N 


- ¥ 
Synt A CAP1 ) gp-rh 
1250 HP 2500 HP 450 kvar Bust 
Syn] Meter, 1250 HP Sub3 Net 4509.2 
Lead Medel= Centr. Comp | 
Inertia = 0.799 MWeSecIMIVA 
DC System 


Printout of a One-Line Diagram with Load Flow Results 
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7.2.1 Print Preview 


Select this option to preview the print layout of the active one-line diagram. 


Note: All print layout (print setup, options, zoom factors, and 
position) information entered here relates to the selected one-line 
diagram only. Other diagrams have their own layouts. 


You can access Print Preview from the File menu on the menu 
bar. 


The tools available for this option allow you to modify the 
layout of your one-line diagram prior to printing. Print Preview 
adjustments and settings are saved when you print or close Print 
Preview. In addition, each view has its own separate Print 
Preview adjustments and settings. This means that you can have 
different settings for different views and use the Batch Print 
option to print a number of views at once. 


The Print Preview option is also available from the System 
Manager window in the one-line diagram and U/G Raceway 
views. 


to} One-Line Components 
i} Distribution Components 
= Multi-Dimensional Database 


&)-y Example-ANSI - C:\ETAP\Example-ANSI\ 
(4) Configurations 
=)-q Presentations 
(Sg Cable Pulling Systems - 1 
# DC Control Systems - 3 
Distribution 
4) Dumpster 
GIS 
I: Ground Grid Systems 
&)-q One-Line Diagrams - 3 


4 OLV Presl 
a Relay View 
# a Study View 
ce @| View 
oe) Save 
4) Stul 
Associate with Distribution 
Properties... 
Purge... 
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File | Edit View Project Library We 


vl New Project... 

eG Open Project... 
Close Project 
Log Off 


=| Save Project 
Copy Project To... 
Save Library 


Print Setup... 


[QJ Print Preview... Ctrl+Shift+P 
& Print... 


Batch Print... 


Data Exchange Ls 


Convert old OC Relay... 


1 Example-ANSLOTI 


Exit 
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ETAP provides a variety of tools that allow you to modify the print layout of your one-line diagram. 


page 1 07:34:44 «Aug 24,2011 Project File: EXAMPLE-ANSI 


Close 
Click this button to save the settings and layout, close, and return to the one-line diagram. 


Print 
Click this button to bring up the Print dialog box to start a print job. 


Print Setup 
Click this button to display the Print Setup dialog box, which contains options that allow you to select the 


destination printer and its connection. 


Print Options 
Click this button to display the Print Options dialog box. 
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Next Page/Previous Page 
If the extent of a one-line diagram exceeds one page, you can navigate through multiple pages using the 
Next Page and Previous Page buttons. 


Single-Page/Two-Page View 
Click this button to toggle quickly between the previews of one or two pages. 


Zoom In/Zoom Out View 
Zoom In or Zoom Out of the view to preview the details or overall layout of your one-line diagram prior 
to printing. Zooming in on the view does not affect print results. 


Fit to Page 
Fit the extent of the one-line diagram into the selected page size and orientation. 


Zoom In/Zoom Out 

Zooms In or Zoom Out of the one-line diagram so that the size of the diagram changes with respect to the 
page size. Once you print or close Print Preview, all settings are saved for future printing. Zoom levels in 
the Print Preview are independent of zoom levels in the one-line diagram. The default magnification level 
is 10 units. You can enter a specific magnification factor in the field provided. 


Scroll 

Scroll the one-line diagram to the right, left, top, and bottom with respect to the selected page size and 
orientation. These scroll functions are provided for centering and adjusting the location of the one-line 
diagram with respect to the selected paper size for this one-line diagram. Once you print or close Print 
Preview, all settings are saved for future printing. Scrolling in the Print Preview is independent of 
scrolling in the one-line diagram. The default scroll factor is 10 units. However, you can specify the scroll 
length in the fields provided. 
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7.2.2 Print Setup 
[ Print Setup =x) 


Printer 


Name: — |\\otide05\ENG Baw 


Status: Ready 

Type: Xerox Phaser 3600 PCL 6 
Where: Next to Shervin's office 
Comment: 


Printer 


Select the printer you wish to use. You can choose the Default Printer or select one of the currently 
installed printers from the Name list. To install printers and configure printer ports, use the Windows 
Control Panel folder. 


Paper 


Size 
Select the paper size on which you want to print the document. 


Source 
Select the paper tray here, providing your printer offers multiple trays for paper sources. 


Orientation 
Choose Portrait or Landscape. 
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One-Line Diagram - Study View (Edit Mode) 


1 
10 MVA 15/10/5 MVA 


Grd2 Sub2B 
13.8 


07:45:24 Ang 24, 2011 Project File: EXAMPLE-ANSI 


Print Preview with Printer Orientation in Landscape 


Network 
Click this button to connect to a network location, assigning it a new drive letter. 
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7.2.3 Print Options 


Click this button to display a dialog box that allows you to specify additional printing choices. 


f \ 
One-line Diagram Print Options x=} 


Include 


(¥| AC Elements 


'¥V| DC Elements 


AC-DC Interface Elements 
OLE Objects 


| TextBoxes 


| De-energized Elements 


| Un-selected Elements 


V) Header 


Footer 


Help Cancel 


Include 
Select the elements you wish to print in the Include group. 


AC Elements 
Select this option to preview and print the AC elements in your one-line diagram. 


DC Elements 
Select this option to preview and print the DC elements in your one-line diagram. 


AC-DC Interface Elements 

Select this option to preview and print the AC-DC interface elements in your one-line diagram. These 
elements include UPS, VFD, inverter, and charger/converter. Composite networks, which can be AC or 
DC, are included in this category. 


OLE Objects 
Select this option to preview and print OLE objects inserted in your one-line view. 


Text Boxes 
Select this option to preview and print text boxes that have been added to your one-line view. 


ETAP 7-12 ETAP 19.0 User Guide 


Printing & Plotting Printing One-Line Diagrams 


Print 


De-energized Elements 

Select this option to preview and print the de-energized elements of your one-line diagram. De-energized 
elements are displayed as grayed out images on one-line diagram presentations if the Continuity Check is 
on. Unless you select this feature, ETAP will suppress the printing of any branch with de-energized 
elements in it and display only the active electrical components in your system. 


Un-selected Elements 
Select this option to preview and print both selected and un-selected elements in your one-line diagram. 


Header 


Select this option to print the name of the one-line diagram presentation at the top of each page. The 
capability to modify header information is currently not available. 


Footer 


Select this option to print the page number, time, date, and project file name at the bottom of each page. 
The capability to modify footer information is currently not available. 
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7.2.4 Print Dialog Box 


Open the Print dialog box by selecting Print from the File menu on the menu bar or by right-clicking on 
the one-line diagram, selecting Print Preview, and clicking the Print button. The following options allow 
you to specify how the document will be printed: 


a 
Print Study View 


Printer: ‘\SotidcO5\ENG BY 


so) 


| Options... | 
Print Range ae 


® Entire diagram 


Selected elements only 


Pages OK 


From: 1 To: SS 
ante 
Print Quality | 600 dpi = Ty 
Copies 1-2 Cancel ALL 


Printer 


This is the active printer and printer connection. Click the Setup button to change the printer and printer 
connection. 


Print Range 


Entire diagram 
Select this option to print the entire document. 


Selected elements only 
Select this option to print the currently selected items. 


Pages 
Select this option to print the range of pages you specify in the From and To boxes; for example, From: 1 To: 
4; From: 3 To: 6. 


Print Quality 


Select the quality of printing. Generally, lower quality printing requires less time for the computer to set- 
up and produce. 


Copies 


Specify the number of copies you wish to print. 
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Setup 


Click this button to display the Print Setup dialog box. The options in the Print Setup dialog box allow 
you to select the destination printer and its connection. For information about print setup, see Section 
7.3.2, Print Setup. 


Options 


Click this button to display the One-Line Diagram Print Options dialog box. For information about print 
options, see Section 7.3.3, Print Options. 
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7.2.5 Batch Print 


Select this command to print any number of views at once. Views include any presentation and any 
number of composite networks/motors that are nested in that presentation. Batch print allows you to print 
without individually activating and printing each view. For best results, adjust each view in Print Preview, 
and then perform a batch print. You can access Batch Print from the File menu on the menu bar. 


Batch Print Setup 


‘File ‘| Edit View Project Library We 


si New Project... 

eS Open Project... 
Close Project 
Log Off 


= Save Project 
Copy Project To... 
Save Library 


Print Setup... 
[Q_ Print Preview... Ctrl+Shift+P 


r= Print... 


Batch Print... 


Data Exchange » 


Convert old OC Relay... 
1 Example-ANSLOTI 


Exit 


The Batch Print dialog box displays a nesting tree that shows all the composite networks and composite 
motors included in the one-line diagram. The nesting tree also shows the composite network or motor 


path. 


ETAP 
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faa . 
Batch Print —aa 


Select All Composites 


5 [V] Study View 
41 DC System 
fa Sub3 Net 
MCC 34 
4] Comp Mtr1 
=) [M] Sub24-N 
[_]Nett 


Print Options 
| Save while Printing 


This is where you select all or a specified number of views to be printed. You can make your selection by 
clicking the box provided for each view or clicking the selection buttons. Selection buttons are provided 
for global selection. 


Select All Composites 
Clicking the Networks, AC Motors, and DC Motors buttons selects these views for printing. 


De-Select All Composites 
Clicking the Networks, AC Motors, and DC Motors buttons de-selects these views for printing. 


Print Options 


In the Print Options group, select the Save While Printing option to save any changes made to the Print 
Options while making a batch print. 
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Batch Printing 
The dialog box below appears after you click OK in the Batch Print dialog box. 


a 
Print Study View 


Printer: ‘\SotidcO5\ENG BY 


Options... 
Print Range 


® Entire diagram 


Selected elements only 


Pages | [| oK 
From: 1 To: 
Cancel 
Print Quality | 600 dpi = OK ALL 
Copies 15 [Conca 


Setup 

Click this button to display the Print Setup dialog box. The options in the Print Setup dialog box allow 
you to select the destination printer and its connection. For information about print setup, see Section 
7.3.2, Print Setup. 


Options 
Click this button to display the One-Line Diagram Print Options dialog box. For information about print 
options, see Section 7.3.3, Print Options. 


Print Range 
You have the option to print the entire one-line diagram, selected elements only, or a range of pages. 
When you select a range of pages, the entire diagram is printed for the selected pages. 


OK 
Press OK to proceed with printing of the next one-line diagram. 


OK ALL 
Print all one-line diagrams in the batch without confirmation. 


Cancel 

Clicking on the Cancel button will cancel the print action for the currently queued one-line diagram in the 
batch without confirmation, and moves to the next diagram in the batch. The currently queued diagram is 
specified in the title bar. 


Cancel ALL 
Cancel printing for all one-line diagrams in the batch without confirmation. 
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Print Quality 


Select the quality of printing. Generally, lower quality printing requires less time for the computer to set- 
up and produce. 


Copies 
Specify the number of copies you wish to print. 
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7.2.6 Batch Print for Control System Diagrams (CSD) 


Select this command to print any number of CSDs at once. Batch Print allows you to print without 
individually activating and printing each CSD. For best results, adjust each CSD file in Print Preview, and 
then perform a batch print. You can access Batch Print from the File menu on the menu bar. 


Batch Print Setup 


File | Edit View Project Library We 


si New Project... 

x Open Project... 
Close Project 
Log Off 


ld Save Project 
Copy Project To... 


Save Library 


Print Setup... 
[Q. Print Preview... Ctrl+Shift+P 
& Print... 


Batch Print... 


Data Exchange r 


Convert old OC Relay... 


1 Example-ANSLOTI 


Exit 


The Batch Print dialog box displays the project’s CSDs. 


ETAP 
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CSD Batch Print | 


CSDs 

CSD1 
cSD2 
CSD3 


Print Options 


Save while Printing 


Select All Deselect Al Help 


This is where you select all or a specified number of CSDs to be printed. You can make your selection by 
highlighting the CSD name(s) in the list or clicking on the Select All or Deselect All buttons or by using 
<Ctrl> or <Shift> key in the keyboard. 


Print Options 


In the Print Options group, select the Save While Printing option to save any changes made to the Print 
Options while making a batch print. 


Select All 
Clicking the Select All button selects all the listed CSDs. 


Deselect All 
Clicking the Deselect All button deselects all the selected CSDs. 


Help 
Clicking on the Help button sends you to the Help Text topic for printing CSDs. 


OK 
Press OK to proceed with printing of the selected CSDs. 


Cancel 


Clicking on the Cancel button cancels any selections you have made and closes the CSD Batch Print 
pane. 
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Print CSD1 (GZS) «One-line Diagram Print Options (za) 


Printer: System Printer (‘otidcO5\G estetner] Include 


AC Elements 


Vv 
VY DC Elements 

Print Range V! AC-DC Interface Elements 
Vv 
Vv 


(@ Entire diagram OLE Objects 


~) Selected elements only TextBoxes 


-) Pages 


From: To: 


De-energized Elements 


Un-selected Elements 


Print Quality | 600 dpi ne 


Copies 1/4 


Header 


Footer 


Setup 

Click this button to display the Print Setup dialog box. The options in the Print Setup dialog box allow 
you to select the destination printer and its connection. For information about print setup, see Section 
7.3.2, Print Setup. 


Print Setup (Sou) 
Printer 


Name: \\otidc05\Gestetner nS? Properties... 
Ready 

Type: NRG 4545/4518/4532 PCL 6 

Where: — Printer Room 

Comment: 


Orientation 


Letter (8.5" x 11") = ©) Portrait 
> Landscape 


[Hep [ Network. 


Options 
Click this button to display the CSD Print Options dialog box. For information about print options, see 
Section 7.3.3, Print Options. 
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Print Range 
You have the option to print the entire CSD, selected elements only, or a range of pages. When you select 
a range of pages, the entire diagram is printed for the selected pages. 


OK 
Press OK to proceed with printing of the next one-line diagram. 


OK ALL 
Print all CSDs in the batch without confirmation. 


Cancel 

Clicking on the Cancel button will cancel the print action for the currently queued CSD in the batch 
without confirmation, and moves to the next diagram in the batch. The currently queued diagram is 
specified in the title bar. 


Cancel ALL 
Cancel printing for all CSDs in the batch without confirmation. 


Print Quality 
Select the quality of printing. Generally, lower quality printing requires less time for the computer to set- 
up and produce. 


Copies 
Specify the number of copies you wish to print. 


papel 082225 Aug24,2011 Proc File EXANPLE-ANSI 
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7.3 Printing Star Views 


When you are ready to print Star Views in ETAP, {4 tain bus- Feeder? (star TCC) 
you can select from any of the following options: S&S RORQH BZ BEX LIS Gene x 
— X 10 Main Bus (Nom. kV=34.5, Plot Ref. kV=34.5) a 
¢ View Print Preview eas 
e = Print a oe cna | ttt 
e Setup printing + 
e Select print options “Ee 
e Batch print 7 
Star Views can be printed (in black & white or 


color) on any printer or plotter supported by your 
operating system. 


Seconds 
spucoss, 


Note: Every view has an independent print setup, 
print options, and print scale. This allows you to 
set the print zooming scale independently and print 
each view to a different printer or plotter. 


The Print button always prints the currently active 
view. You may have several views displayed in 
your ETAP window; however, only one view can “Lull Li LUT \ 
be active at a time. The title bars of the active and Amps X10. Main Bus (Nom. kV=345, Plot Ref. hV=34 5) 
inactive windows are displayed in unique colors as 
specified in the Windows Control Panel. To : 

activate a view, click any part of its window. ee ie 


‘This Info Is printed on every outout reper, 1st remanc line. (120 cherectess) 


To print a Star View, follow these steps: 


1. Go to the File menu, and select Print Preview. Alternatively, you can access the print preview right 
from the selected Star View toolbar menu 

2. Make the desired adjustments 

3. Print 


A variety of options are available for printing TCC views such as the following: 
e =Include/exclude one-line diagrams. 

e =Include/exclude OLE objects. 

e = Include/exclude Text Boxes. 


ETAP includes tools with print functions for convenience, flexibility, and control, which include: 
Select any printer or plotter supported by your operating system. 

Choose any paper size supported by your printer. 

Select Portrait or Landscape for paper orientation. 

Preview your TCC view before printing. 

From Print Preview, center or adjust the TCC with respect to the page. 

From Print Preview, increase or decrease the size of the printed TCC by zooming in or out. 
Batch print your selection of TCCs. 

Automatically save print preview adjustments so you can reprint using your final print layout. 
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7.3.1 Print Preview 
Select this option to preview the print layout of the active Star View. 


Note: All print layout (print setup, options, zoom factors, and position) information entered here relates to 
the selected Star View only. Other Star Views may have their own layouts. 


You can access Print Preview from the File menu on the menu bar or from the Star View toolbar menu. 
The tools available for this option allow you to modify the layout of your Star View prior to printing. 
Print Preview adjustments and settings are saved when you print or close Print Preview. In addition, each 


view has its own separate Print Preview adjustments and settings. This means that you can have different 
settings for different Star Views and use the Batch Print option to print a number of Star Views at once. 
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ETAP provides a variety of tools that allow you to modify the print layout of your Star View. 


Zoom in for Viewing Fit to Page es ane. Scroll up 
Print Setup Next Page Line Diagram) 


Print Options N 
\ r q 


ee wy 
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Close 
Click this button to save the settings and layout, close, and return to the Star View. 


Print 
Click this button to bring up the Print dialog box to start a print job. 


Print Setup 
Click this button to display the Print Setup dialog box, which contains options that allow you to select the 
destination printer and its connection. 


Print Options 
Click this button to display the Print Options dialog box. 


Next Page/Previous Page 
If the extent of a one-line diagram exceeds one page, you can navigate through multiple pages using the 
Next Page and Previous Page buttons. 


Single-Page/Two-Page View 
Click this button to toggle quickly between the previews of one or two pages. 


Zoom In/Zoom Out View 
Zoom In / Zoom Out of the view to preview the details or overall layout of your one-line diagram prior to 
printing. Zooming in on the view does not affect print results. 


Fit to Page 
Fit the extent of the one-line diagram into the selected page size and orientation. 


Zoom In/Zoom Out 

Zooms In or Zoom Out of the Star View so that the size of the diagram changes with respect to the page 
size. Once you print or close Print Preview, all settings are saved for future printing. Zoom levels in the 
Print Preview are independent of zoom levels in the Star View. The default magnification level is 10 
units. You can enter a specific magnification factor in the field provided. 


Scroll 

Scroll the Star View to the right, left, top, and bottom with respect to the selected page size and 
orientation. These scroll functions are provided for centering and adjusting the location of the Star View 
with respect to the selected paper size for this one-line diagram. Once you print or close Print Preview, all 
settings are saved for future printing. Scrolling in the Print Preview is independent of scrolling in the Star 
View. The default scroll factor is 10 units. However, you can specify the scroll length in the fields 
provided. 
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7.3.2 Print Setup 
f Print Setup x=) 


| \\otide05\ENG B&W 


Ready 
Xerox Phaser 3600 PCL 6 
: Next to Shervin's office 


Printer 


Select the printer you wish to use. You can choose the Default Printer or select one of the currently 
installed printers from the Name list. To install printers and configure printer ports, use the Windows 
Control Panel folder. 


Paper 


Size 
Select the paper size on which you want to print the document. 


Source 
Select the paper tray here, providing your printer offers multiple trays for paper sources. 


Orientation 
Choose Portrait or Landscape. 
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NET, iui 
“™ 


Amps X 10 Main Bus (Nom. kV=34.5, Plot Ref. k¥=34.5) 


Print Preview with Printer Orientation in Landscape 


Network 
Click this button to connect to a network location, assigning it a new drive letter. 
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7.3.3 Print Options 


Click this button to display a dialog box that allows you to specify additional printing choices. 


Star Print Options 


Include 


¥) One-Line Diagram 
OLE Objects 


\V| TextBoxes 


Help | Cancel 


Include 
Select the elements you wish to print in the Include group. 


One-Line Diagram 
Select this option to preview and print the one-line diagram in your Star View. 


Text Boxes 
Select this option to preview and print text boxes that have added to your Star View. 
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7.3.4 Print Dialog Box 


Open the Print dialog box by selecting Print from the File menu on the menu bar or selecting Print 
Preview from the Star View toolbar menu and clicking the Print button. The following options allow you 
to specify how the document will be printed: 


ia 7 
Print Study View ox 


Printer: ‘‘otidcO5\ENG BY 
Options... | 


Print Range 
® Entire diagram 


Selected elements only 


Pages Ok 


From: 1 To: —— 
Print Quality | 600 dpi = OK ALI 
Copies 1K Cancel ALL 


Printer 


This is the active printer and printer connection. Click the Setup button to change the printer and printer 
connection. 


Print Range 


Entire diagram 
Select this option to print the entire document. 


Selected elements only 
Select this option to print the currently selected items. 


Pages 
Select this option to print the range of pages you specify in the From and To boxes; for example, From: 1 To: 
4; From: 3 To: 6. 


Print Quality 


Select the quality of printing. Generally, lower quality printing requires less time for the computer to set- 
up and produce. 


Copies 


Specify the number of copies you wish to print. 
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Setup 


Click this button to display the Print Setup dialog box. The options in the Print Setup dialog box allow 
you to select the destination printer and its connection. For information about print setup, see Section 
7.3.2, Print Setup. 


Options 


Click this button to display the One-Line Diagram Print Options dialog box. For information about print 
options, see Section 7.3.3, Print Options. 
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7.3.5 Batch Print 


Select this command to print any number of Star Views at once. Batch Print allows you to print without 
individually activating and printing each Star View. For best results, adjust each Star View in Print 
Preview, and then perform a batch print. You can access Batch Print from the File menu on the menu bar 


when a Star View is active. 


ETAP 


File | Edit View Project Library We 


si New Project... 

Se Open Project... 
Close Project 
Log Off 


=| Save Project 
Copy Project To... 
Save Library 


Print Setup... 
[Q_ Print Preview... Ctrl+Shift+P 


& Print... 


Batch Print... 


Data Exchange » 


Convert old OC Relay... 


1 Example-ANSLOTI 


Exit 
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Batch Print Setup 


The Batch Print dialog box displays all available Star Views and their associated components. 


Star Batch Print x 


[_] Filter Star view list by selected component(s] 


Star Views Components Print 
|Bus 1 - TCC CBI 
Geni - TCC CB10 Phase Mode 
L¥Bus TCC CT10 
Main Bus - Feeder 1 CT2 Ground Mode 
Main Bus - Feeder 2 CT3 : 
Main Bus - Feeder 2* GSW L]Nomaiized TCL 
ble —_ or Skip Blank Star Views 
Sub3 Swarr: XFMR3 OCR2 
OCR? 
$1 
T1 
Utility 
Print Setup 
@ Global based on 
[M ain Bus - Feeder 1 
O Individual 


Select All Deselect All Help Cancel 


This is where you select all or a specified number of Star Views to be printed. You can make your 
selection by selecting each Star View in the list or clicking on the Select All or Deselect All buttons or by 
using <Ctrl> or <Shift> key in the keyboard. 


Star Views 
The Star Views column lists all the Star Views in the project. Multiple Star Views can be selected by 
using the Shift or Ctrl keys. 


Select All 
Select all the Star Views from the list to print. 


Deselect All 
Deselect all the Star Views from the list to print. 


Components 

The Components column lists the IDs of the element(s) that are included in the selected Star View(s). 
When the Filter Star View list by selected component(s) is checked the Components column will list the 
IDs of all elements in the project. 
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Filter Star View list by selected component(s) 
Checking this option will list the IDs of all the components (elements) in the project. This allows 
selection of Star Views based on the elements that are contained within them. 


Phase Mode 
Check this option to print the Star View(s) in the Phase Mode. 


Ground Mode 
Check this option to print the selected Star View(s) in the Ground Mode. 


Normalized TCC 

Check this option to print the Star Views in Normalized TCC Mode. This check box is unchecked by 
default. Normalized TCC option is a filter for Phase and Ground modes to allow you to print the Star 
View(s) that have a valid Sequence-of-Operation output report associated with it. Checking this option 
prints the selected Star Views in Normalized TCC Mode depending on the Phase / Ground Mode 
selection above. This option is disabled (grayed out) if both Phase Mode and Ground Mode check boxes 
are unchecked. 


Skip Blank Star Views 
Check this option to skip blank Star Views (without plots) from being printed. 


Print Setup - Global based on: ‘star view name’ 
Select this option to print all selected star views using the print setup of the top selected star view when 
‘OK All’ is clicked in printing dialog. The name of top selected star view will be displayed in the field. 


Print Setup - Individual 
Select this option to print all selected star view base on its own print setup. 


Batch Printing 
The dialog box below appears after you click OK in the Batch Print dialog box. 
fa \ 
Print Main Bus - Feeder 2 =) 


Printer: System Printer (4dobe PDF] 


| Options... 


Print Range 

(@) Entire diagram 
Selected elements only 
Pages OK 


From: 
Cancel 


Print Quality | 600 dpi OK ALL 


Copies Cancel ALL 
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Setup 

Click this button to display the Print Setup dialog box. The options in the Print Setup dialog box allow 
you to select the destination printer and its connection. For information about print setup, see Section 
7.3.2, Print Setup. 


Options 
Click this button to display the Star Print Options dialog box. For information about print options, see 
Section 7.3.3, Print Options. 


Print Range 
You have the option to print the entire Star View or a range of pages. When you select a range of pages, 
the entire diagram is printed for the selected pages. 


OK 
Click OK to proceed with printing of the next Star View. 


OK ALL 
Click OK ALL to print all Star Views in the batch without confirmation. 


Cancel 

Clicking on the Cancel button will cancel the print action for the currently queued Star View in the batch 
without confirmation, and moves to the next diagram in the batch. The currently queued Star View is 
specified in the title bar. In the Print dialog box above, Bus 1 - TCC is queuing. 


Cancel ALL 
Click Cancel ALL to cancel printing for all Star Views in the batch without confirmation. 


Print Quality 
Select the quality of printing. Generally, lower quality printing requires less time for the computer to set- 


up and produce. 


Copies 
Specify the number of copies you wish to print. 
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7.4 Output Reports 


ETAP allows you to view and print all calculation results of your project or study case in output reports 
using Crystal Reports formats. 


These reports can contain varying levels of detail, depending on your study case requirements. The report 
header is printed on the top of each page of the output report and contains general information about the 
project. This general information is entered in the Project Information Editor. The report header also 
contains specific information related to the study case. 


To view and print output report files, click the Report Manager button, included on all study toolbars, 
then make your selection from the displayed report formats. 


ETAP uses the Crystal Reports program to generate output reports. Crystal Reports is a reporting tool 
with superior capabilities and presentation-quality output. Crystal Reports is a Business Objects product. 
For more information, go to http://www.businessobjects.com. 


ETAP provides you with report formats for input data (device schedule), library data, and output reports. 
However, using Crystal Reports you can also customize the output reports. You can add or remove fields, 
change fonts and sizes, include your company information and logo, add plots, even export your reports 
to HTML format so you can publish your reports on the World Wide Web, etc. 


Note: You must use your copy of Crystal Reports for any output report modifications. 
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7.4.1 Output Report Database File 


After you run a study, ETAP generates a database file that contains data associated with the study case, 
input, calculation results, and summary tables. Then Crystal Reports uses the data stored in the database 
for producing output reports. Crystal Reports output reports are provided for all ETAP analysis modules. 


The database files for output reports are located in the same directory as your ETAP project files. The 
database files have different extensions depending on the analysis type and include the following: 


Report Extension 


Mode / Study Type 


* AAFS Arc Flash, ANSI 

* AAFI Arc Flash, ANSI, 1-Phase 

* TAFS Arc Flash, IEC 

* UAFS Arc Flash, User-Defined 

* DBIS Battery Sizing 

* CP1S Cable Pulling 

* CBL Cable, Ampacity Reports 

*.CA2S Contingency Analysis 

* VDIS Control Systems 

* VD25S CSD (AC), Voltage Drop (AC CSD) 
* VDIS CSD (DC), Voltage Drop (DC CSD) 
* DAIS DC Arc Flash 

* DL1S DC Load Flow 

* DS1S DC Short-Circuit 


Project Database 


Edit Mode, Schedule Report 


* SFIS 


Failure Mode Sensitivity Analysis 


* FMI1S Fault Management and Service Restoration 
*.GRIS Ground Grid Systems, Ground Grid Design 
* HAIS Harmonics, Load Flow and Frequency Scan 
* LOAS Load Allocation Report 

* LAIS Load Analyzer 

* LFIS Load Flow 

* MS15S Motor Starting 

* CAIS Optimal Capacitor Placement 

*.OP1S Optimal Power Flow 

* PN1S Panel, Panel Reports 

* PEIS Parameter Estimation 

* RAIS Reliability 

* SA4S Short-Circuit, ANSI, 1-Phase 

* SA3S Short-Circuit, ANSI, 30 Cycle 

* SAIS Short-Circuit, ANSI, 3-Phase 

* SA2S Short-Circuit, ANSI, Unbalanced 
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* SGIS Short-Circuit, GOST, 3-phase Fault 

* SG2S Short-Circuit, GOST, Unbalanced Fault 
* ST4S Short-circuit, IEC, 1-Phase 

* SI3S Short-circuit, IEC, 363 

* STS Short-circuit, IEC, 3-Phase 

* SI2S Short-circuit, IEC, Unbalanced 

* ASIS Star Auto, ANSI 

* AS2S Star Auto, IEC 

* SQ1S Star, ANSI, Sequence of Operation 

* STIS Star, ANSI, Update Short-Circuit 
Project Database Star, Device Setting Report 

* SQ2S Star, IEC, Sequence of Operation 

* ST2S Star, IEC, Update Short-Circuit 

* SZ2S StarZ, Load Flow 

* SZ1S StarZ, Single Fault 

* SZ3S StarZ, Sliding Fault 

* SO1S Switching Optimization 

* TUIS Time Domain Unbalanced Load Flow 

* TP1S Train, Traction Power 

* TS1S Transient Stability 

* XL2S Trtansformer Sag & Tesnsion, Sag and Tension 
* ULIS Unbalanced Load Flow 

* SC3S Unbalanced Short-Circuit, ANSI, Duty 
* SC5S Unbalanced Short-Circuit, ANSI, Max, Min, 4~ 
* SC7S Unbalanced Short-Circuit, IEC, 60909 
* SC6S Unbalanced Short-Circuit, IEC, Duty 

* SC8S Unbalanced Short-Circuit, IEC, Transient 
*.CD15S Underground Raceway Systems 

* VS1S Voltage Stability 

* VVOS Volt-Var Optimization 

* XLIS Xline Ampacity 


For example, if you run a Load Flow study with the output report name LFresult, ETAP generates a file 
named LFRESULT.LF1S, which is the database file for Load Flow Report. 
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Crystal Reports Formats 


Crystal Report formats have an extension of .RPT and are located in the ETAP 1100\FORMATS1100 (or 
current version) folder. Crystal Reports output formats are divided into four categories: Complete, Input, 
Result, and Summary, therefore, the directory for each study is categorized accordingly. The reports 
stored here are displayed in each module’s Report Manager Editor. Copies of report formats are also 


added directly to a study folder, which can be viewed from the Study Case toolbar. 


ETAP 


cal Disk (C:) » ETAP » Formats1100 


New folder 


Name 


_}) AF Custom Label Templates 
)) ANSI1-Phase SC 

_)) ANSI3-Phase SC 

)) ANSI 30 Cycle SC 

)) ANSI Arc Flash 

,) ANSI Sequence of Operation 
)) ANSISTAR 

)) ANSI STAR 1-Phase 

_}) ANSI Unbalanced SC 

id Arc Flash 

a Auto Star 

r) Battery Sizing 

J) Cable 

ide Cable Model Forms 

mY) Cable Pulling 

ad Control Systems 

a) Data Sheet 

m) DC Load Flow 

)) DC Short-Circuit 


7-40 
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7.4.2 View Output Reports 


Output reports from the analysis modules can be viewed directly from ETAP. You can view output 
reports by clicking the Report Manager button on the Study toolbar or on the View Output File button on 
the Study Case toolbar. 


Report Manager 


Click the Report Manager button, which is provided for every Study toolbar, to view the Report Manager 
Editor. 


As 
pe 2 Report Manager 


fps) Open the Report Manager 


The Report Manager Editor for the output reports consists of four tabs: Complete, Input, Results, and 
Summary. Output report formats are sorted into these categories. To view an output report, select a report 
template and format and then click OK. The Complete output report is the compilation of input, results, 
and summary reports. 


Using the Report Manager you can view output reports in Crystal Reports Viewer, PDF, MS Word, Rich 
Text Format, and MS Excel. The default format is set to the Crystal Reports Viewer. However, you can 
set the default to other formats by selecting a format and checking the Set As Default option. 

Note that PDF, MS Word, Rich Text Format, and MS Excel formats are exported from the report 
templates created with Crystal Reports. In some cases the exported formats may not appear exactly as the 
Crystal Reports templates. 


The output filename, project name, and path are also displayed in this dialog box. 
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Load Flow Report Manager i, 


© Viewer 

© PDF 

© MS Word 

») Rich Text Format 
© MS Excel 

Set As Default 


Output Report 


Path 
C:\ETAP\Example-ANS! 


View Output File 


Another method of viewing the output reports is from each Study Case toolbar. Click the View Output 
Report button on any study case toolbar to view output reports. A list of all output files in the project 
directory is provided. This list only includes the output reports associated with the active study mode. To 
view any of the listed output reports in Crystal Reports Viewer, select the output report name, select any 
of the report templates from the list box, and then click the View Output File button on the Study Case 
toolbar. 


Ge OBR Study Case + 4S output Report 3 Complete o 


Report Manager 


Report Viewer 


The Report Viewer allows you to view reports, navigate to different pages, find by text search or element 
ID, print, and export to a variety of formats. 
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C , 
ai] Output Report LF1S / Cable Lo), =a) 


Project Example 

Locatior Irvine, Califomia 

Contract OTE12345678 

Engines: Operation Technology, Inc. 
Filename ExampleANSI 


Study Case: Study Case 


This info is printed on every output report, 1st remark Ime. (120 characters) 
Second line of remarks for "LF Report” study case. 


Line/Cable Input Data 


ohms or siemens/1000 ft per Conductor (Cable) or per Phase (Lime) 


Line/Cable Length 


Size Adj.) = % Tol 5 CO xX 


222.0 00 5 0.022300 0.036400 
330.0 00 5 0.055200 0.037900 


Current Page No.:1 Total Page No.:1 Zoom Factor: 100% 


Viewer Toolbar 
The Crystal Reports Viewer toolbar contains the following features: Find, Navigate, Print, Export, and 
Zoom. 


Find 
To activate the Find feature click on the Find icon on the top toolbar or go to View on the main toolbar. 
Find allows you to search by element ID or by text. 


To find by Element ID, select the Element option in the Find dialog box. Then select an element type 
from the Type list box. Based on the selected type IDs of the existing elements will be displayed in the 
ID list box. Select the ID of your choice and click on the Find button. Find searches for all occurrences 
of the selected ID and highlights them one by one. Note that for a complete search you must start your 
search from the first page. 


To find by Text, select the Text option in the Find dialog box. Then type in the text of your choice and 
click on the Find button. Find searches for all occurrences of the specified text and highlights them one 
by one. Note that for a complete search you must start your search from the first page. 


Note that the Find option is not case sensitive. 
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Navigate 
To view all report pages, click the navigation buttons (arrow icons) to move forward or backwards. Also, 
you can type in a page number and click on enter to go the specified page. 


Print 

The Print option allows you to print all or a selected number of pages, to specify the number of copies to 
be printed, and the capability to collate them. 

You can also set up the printer to be used, the paper size and source, and the paper orientation by clicking 
the Printer Setup button. 


dah Print |S 


a Gestetner on otidc05 =! PrintRoomColor on otid« 
& Kyocera TASKalfa 420i KX on otidc05 a Snaglt 8 
@ Microsoft XPS Document Writer 


Page Range 
(* All 
G ‘e 


Pages: 


Enter page numbers and/or page ranges 
separated by commas. For example, 1,5-12 


Export 

You can export your reports to a number of popular spreadsheet and word processor formats, into PDF, 
HTML, ODBC, and a number of common data interchange formats as well. To achieve the best text 
format results, use the Rich Text Format option. 


Click the Export button to view a list of all available formats. 
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[= Adobe Acrobat (PDF) 


Destination: 


[= Disk file 7| 


Zoom 

Use the Zoom drop-down list to zoom in and out on your report. You can view your report from 25% to 
400% of its actual size. The zooming capability relates to viewing only and does not affect the printed 
results. 
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7.5 Plots 


The plot format is also available for viewing and printing. To preview and print plots, click the Plot 
button on the Study toolbar. 


Plot Button 


Plots generated as a result of ETAP calculation modules such as motor starting analysis, transient stability 
analysis, and transient temperature of cables can be printed to any printer supported by your Windows 
platform. To view plots from motor starting or cable derating studies, click the Plot button from the Study 
toolbar. 


Plot views can be divided into two portions. The upper portion is the plot is generated using the axis 
limits directly from the program parameters. The lower portion is designed to show a zoomed view of the 
upper portion. You may display the zoomed view by moving the mouse pointer to the bottom edge of the 
view until the Divide View pointer appears. Click and hold down the left mouse button, then drag the 
divider upwards until the Zoom View is displayed to your satisfaction. Now use the right mouse button to 
rubber band the area of the plot on which you wish to zoom in. The Zoom View is then displayed in the 
lower section of the window. 


ETAP 7-46 ETAP 19.0 User Guide 


Printing & Plotting Plots 


MS-Dyn - Acceleration Torque 


Acceleration Torque 


ETAP offers a split-screen view of plots for motor starting, harmonics, and transient stability studies 
where the lower window is an enlarged (zoomed) view and can be sized to your specific needs. Either 
view can be printed independently, but you cannot print both views simultaneously. 


=) MS-Dyn - Acceleration Torque a es) 


Acceleration Torque 


Acceleration Torque (zoom view) 
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7.5.1 Modifying Plot Parameters 


Parameters such as plot line type, axis, legend, and text can be modified directly from the Plot View. For 
example, to modify plot line type, double click the plot line and change the line type from the Plot 
Parameters Editor. 


Plot Parameters 


Double-click the plot line to open the Plot Parameters Editor. Using this editor you can specify line type, 
attributes, and curve fitting algorithm. 


Plot Parameters 


Tye [bine ss) 
| LINE ATTRIBUTES... | Cancel | 
Step Start (Data... ] 


FillArea |_| Spline Step End 


Line Attributes 
Click the LINE ATTRIBUTES button to modify line color, style, and width. 


Line Parameters 


Color | Blue = 
Style | Solid 


Width 4 7 
Cancel 


Export Plot Data 


You can also display the plot data by clicking the Data button. If you want to use the data in another 
program, click the Copy option on the menu bar and paste the data into the other application. Copied data 
has a tab-separated format. 
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31.2439 0.1 a1 _ 
31.3357 : : 


31.4275 0.11 31.2439 
31.5191 3 0.12 31.3357 
31.6107 0.13 31.4275 
31.7022 ’ 0.14 31.5191 
31.7937 6 0.15 31.6107 
31.8851 0.16 31.7022 
31.9764 0.17 31.7937 


32.0676 
E 31. 
32.1588 a = a 


32.2499 44> >| Sheet1 “Shed ial 
32.3409 Average: 2.995 Count:600 Sum:1797 


| 
Seweon om kha WON ocean ona Ww Nn $$ & 


Mm MN RO 
wh = 


Text Parameters 


To modify horizontal and vertical axis titles or the plot title, double-click each cell to open the Text 
Parameters Editor. Using this editor you can change the text, font, color, size, and style of the selected 
title. 


Text Parameters 


Text 


Fok 
Coe 


Size: 9 = 


{| Bold [¥) Italics [7] Underline 
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Vertical & Horizontal Axis Parameters 


To modify vertical and horizontal axis parameters, double-click either axis to open the Axis Parameter 
Editor. Using this editor you can change the axis limits, interception point, line attributes, tick marks, grid 
line, and scale type. 


Horizontal Axis Vertical Axis 
From {ij LINE ATTRIBUTES... From 92 LINE ATTRIBUTES... 
To 6 Intercept 92 To 104 Intercept Q 
Ticks Ticks 
Grids Grids 
St = St ae 
— U Major Style  & Major Style 
Minor Ticks 4 : : Minor Ticks 4 ee : 
Minor Style Minor Style 


Position ‘) Right 
@ Left ("} Logarithmic Scale 


~) Middle 


Position ‘) Above 
© Below Logarithmic Scale 


(@) Middle 


Axis Labels 
To open this editor, double-click the axis label of the horizontal or vertical axis. This editor allows you to 
modify the label position, format, text parameters, and precision. 


Axis Labels 


Labels Position Text Parameters... | 
(@ Below Axis Format 
©) Above Axis 


© Above Plot @ Decimal |] Set precision 
(>) Scientific 


©) Below Plot # Places: | 9 
(©) Engineering 


Last Label 
On @ 
Off 


() Time 
©) Date 
Date Parameters 


Text © 
Date Format | 9/15/98 ¥ 
Date Time Base Dy + | 


Starting Date 
Month Year 


+}(1998_ | 
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Legend Parameters 


Double-click any displayed legend to open the Legend Parameters editor. This allows you to modify 
legend parameters such as the legend rectangle size and color, text, text parameters, and border (providing 
you have clicked on the Border check box). 


Legend Rectangle 
Left [EM % Width 101 % Color 
Top 7.0 % Height 27 % 


[E)Border [BORDER ATTRIBUTES... 


Synt 
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7.9.2 Printing Plots 


The Plot View must be the active view in the window for you to be able to print a plot. You can have 
several plot views displayed in your ETAP window; however, only one view can be active at any time. 
The title bars of the active and inactive windows are displayed in unique colors, as specified in the 
Windows Control Panel. To activate a view, click any part of it. 


To print a plot, display the Plot View, make formatting modifications, if required, and print. The printed 
plot size will be set to the size of the paper on which it is being printed. 


To print plots with a split view, click the view you wish to print, make any necessary print modifications, 
then print. Either view can be printed independently, but you cannot print both views simultaneously. 
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7.5.3 Printing Ground Grid Plots 


You can use the Export Function of the 3D Plots to print these plots and selecting printer in the export 


destination. 


Export Plot Data 


Viewing Style 
Border Style 

Font Size 

Show Legend 
Numeric Precision 
Grid Options 

Show Bounding Box 
Rotation Animation 
Rotation Increment 
Rotation Detail 
Plotting Method 


Maximize... 


Customization Dialog... 


Export Dialog... 


The data from the Ground Grid plots can be exported using a metafile, bitmap or text file format by right- 


clicking on the 3D plot and selecting the export dialog option. 


Export 


Plot data can be exported using either image file formats like metafile (.wmf) or bitmap (.bmp). The data 


can also be exported using the text (.txt) or data (.dat) file formats. 


ETAP 
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( EMF © WMF © BMP ¢ JPG ( Text / Data 


— Export Destination 
 ClipBoard 
File 

© Printer 


Export Size - 


(© Millimeters © Inches © Points 
Width: [152.400 / fi01.600 Milimeters 
ppl: [300 +] =F Large Font Cane | 


Export Destination 

Once the file format is selected, the export destination option can be used to select the location of the 
exported data. The data can be placed either on the clipboard (system memory) to be used later by some 
other program, physical file, or sent directly to a default printer. 


Object Size 

Use this option to adjust the size of the exported image file. When metafile format is used, the image can 
be scaled during export by adjusting in millimeters, inches or points. When bitmap format is used, the 
image can be scaled during export by adjusting the pixels only 
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7.6 Plot Manager 


Plot Manager is a new and easy to use plotting software that will allow the user to customize their plots to 
their liking. It will also allow the user to create deliverables quickly and easily. To activate Plot Manager, 
click the Tools > Options (Preferences) menu, and change the Plot Default Application setting to 1. 


Tools | Help 
| Options (Preferences)... 
Size 
Bus Size 
Symbols 
Orientation 
Status 
Switching Device Status 
Colors 
Classification 


Contour 


Bt} |S met mo 


db 
D 
b 
Dd 
D 
b 
db 
Db 


Default Plotting Application 


Plot Auto Legend: X 

Plot Auto Legend: Y 

Plot Axis Line-Style: Color 
Plot Axis Line-Style: Style 
Plot Axis Line-Style: Width 
Plot Background: Color 
Plot BarGraph: Hatch Style 
Plot BarGraph: Justification 
Plot BarGraph: Width 


Default Plotting Application 
0- ETAP Built-in Plots (default), 1 - ETAP Plot Manager 


After activating Plot Manager, previewing and printing plots can still be accomplished by clicking the 


Plot Button shown below. 


ETAP 


Plot Button 
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Plots generated as a result of ETAP calculation modules such as motor starting analysis, harmonic 
analysis, and many more can be printed to any printer supported by the Windows platform. To view plots 
in Plot Manager from any of these studies, click the Plot button from the Study toolbar. 


Export 


el — | bh O68 [Ee / Te 

ce 6 | Hl WA wa h EB A Ci i Default — 

Add Remove Horizontal Tabs Close Close Plot Refresh a Copy Hairline Horizontal Auto-Scale Save First 
Re Line 


Plot All Properties \efres| 


Plot Files Layout Windows Data Plot Tools Plot Type Style Pagination 


Plot Explorer Gen1 - Current * 


Gen1 - Current 
2/27/2018 3:17:36 PM 


Device Type Devices 


Bi iD 


Motor Genl 


StLoad / Capacitor = 
[Cap 5) utility 
Bus i 


Current (% of FLA 
~ ~ 
Poy 8 
e2 3 KR 


~ 
_ 
a 


~ 
ind 
— 


Time (Sec.) 


*Gen1 - Vt (Machine Base) x 


Gen1 - Vt (Machine Base) 


Plot Type 


DESCRIPTION 
3 99. 
Current 
Vt (Machine Base) 2 
it) 


MW 


1 2 
Time (Sec.) 
D:AETAPS\Pecan2-FG1-ADMS-Rel\Example-ANSI\MS-Dyn.mapt PROJECT: STUDY: Motor Starting Dynami PLOTS: 2 


{) Combine Plot 


7.6.1 File Menu 


=f Print Active Plot 


ay Print All Open Plots 


Print Checked Plots 
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Help Topics 


The Help Topics button opens the help file for Plot Manager and will give additional information 
regarding how Plot Manager functions. 


About 


The About button opens a pane with general information about Plot Manager. Help links and phone 
numbers are provided here for support. 


About Plot Manager 


ETAP® 
Plot Manager 


Copyright © 2018 OTI 


Operation Technology, Inc. 
Corporate Headquarters 
17 Goodyear 

Irvine, CA 92618-1812 
www.etap.com 


(949) 462 - 0400 
User Support (949) 462 - 0500 fax 
supportetap.com 


(949) 462 - 0100 
(949) 462 - 0200 fax 


sales@etap.com 


Close 


Exit 
The exit button simply exits the program. 


7.6.2 Home Ribbon 


Plot Files 


Adding and removing plot files from Plot Manager simply adds the data from the specific study that was 
ran so that it may be plotted. When first opening Plot Manager, the selected study will be loaded into the 
plot explorer pane. Plot Manager can only handle plot files of the same type so plotting from multiple 
studies (modes) is not allowed. Using the two buttons below allows the user to add and remove plot files 
from Plot Manager. 


Add Remove 


Plot Files 
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Layout & Pagination 


Changing the layout of Plot Manager is useful for making the plots easier to view. Vertical, Horizontal, 
and Tabs are the three layout options that can be utilized in Plot Manager. The vertical and horizontal 
layout options will limit the visible plots to 4 before activating the pagination buttons on the right hand 
side of the ribbon. Each page of plots will hold 4 or less plots and navigating through the plots is as 
simple as clicking the pagination buttons and then clicking on the desired plot to select it. Using the tabs 
layout will limit the visible plots to 1 and allow the user to navigate through the plots by clicking the 


desired tabs. 
a 
— fF] lz alt. 


Horizontal Tabs Close Close 


Plot All 
Layout 
Page 1/2 é > 
ge 1/ Next Last 
Pagination 

Vertical layout will tile the plots vertically. 

a Howe See 

BaQso: hme OSfar 7 AAS 2 Pf = 

owartp Genl - Current 
MS-Dynumapt 2/27/2018 3:27:36 PM 


= 736 
na 
a ee 
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a. | 
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Horizontal layout will tile the plots horizontally. 
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The Close Plot, and Close All buttons are utilized to close either the selected plot or close all plots that are 
in the plot window of Plot Manager. 


Windows 


Plot Explorer and Plot Properties are the buttons included in the Windows section of the ribbon. The Plot 
Explorer allows the user to decide with an easy check box system what to plot and whether or not to 
combine those plots. The Plot Properties button allows the user to easily customize the plot to the desired 


look. 
5 yy 
lt, aly 
Plot Plot 
Explorer Properties 
W ndows 
Plot Explorer 


The Plot Explorer is a pane that defaults to the left hand side of Plot Manager. This pane allows the user 
to select the plots desired and if the plots should be combined on one plot. Certain plots are not allowed to 
be combined and this will result in a grayed out combine plot button. To use this pane simply select the 
device type, the device, and the plot type for that device. After selecting in that order the user can click 
the plot button which will produce the desired plot in the plot area. 


Plot Explorer a x 


CREATED 
MS-Dyn.mapt 2/27/2018 4:17:36 PM 


Device Type Devices 


iil J) Geni 13.8 
StLoad / Capacitor 
tap Utility 34.5 


Bus 


Plot Type 
DESCRIPTION 
Current 


Vt (Machine Base) 


Combine Plot Plot 
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Plot Properties 


The Plot Properties button activates a pane at the right of Plot Manager. This pane allows the user to 
adjust the visual appearance of any plot. This pane has three tabs (Plot Area, Data Series, and Color 


Palette) at the bottom that have their own functionalities. 


The plot area tab allows the user to adjust the visual aspects of the title, major grid, horizontal axis, and 


the chart legend. 


Plot Area 
v Chart Title 
Background Color 
Border Color 
Border Thickness 
Text Color 
Text Size 
Title 
Visibility 
v Major Grid 
Color 
Style 
Thickness 
Visibility 
Vv Axis, Horizontal 
Label Interval 
Major Step 
Maximum 
Minimum 
v Chart Legend 
Position 


Visibility 


Geni - Mvar 


¥| 


— a e 


Right ee 


Visible | 


fies Data Series | Color Palette 


ETAP 
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The data series tab allows the user to adjust the settings for the selected series’ vertical axis and the line 
styles. 


Data Series ae! 
v Axis, Vertical 

Label Interval | 1 | 
Major Step 0.05 | 
Maximum | 1.4 | 
Minimum 1.1 | 
v Line 

Style Solid 
Thickness | 2 | 


Plot Area | Data Series | sJe(--8 Color Palette 
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Explanations of all of the propeties available to be changed are included in the table below. 


Plot Area Data Series 

Chart Title 

Background Color Changes the chart title’s 
background color. 

Border Color Changes the chart title’s 
border color. 

Border Thickness Changes the chart title’s 
border thickness. 

Text Color Changes the chart title’s 
text color. 

Text Size Changes the chart title’s 
text size. 

Title Changes the chart title’s 
text. 

Visibility Changes the chart title’s 
visibility. 

Major Grid 

Color Changes the grid color 

Style Changes the grid line 
style. 

Thickness Changes the grid 
thickness. 

Visibility Shows or hides the grid. 


Axis, Horizontal 


Axis, Vertical 


Lable Interval 


= 1 show label at each 
tick mark; = 5 shows 
labels at every 5" tick 
mark. 


Lable Interval 


= 1 show label at each 
tick mark; = 5 shows 
labels at every 5" tick 
mark. 


legend. 


Major Step Tick mark interval size | Major Step Tick mark interval size 
(e.g, = 20 shows tick (e.g, = 20 shows tick 
marks at 20, 40, 60, marks at 20, 40, 60, 
etc.). This setting also etc.). This setting also 
impacts the major grid. impacts the major grid. 

Maximum Changes the maximum | Maximum Changes the maximum 
value of the horizontal value of the horizontal 
(X) axis. (X) axis. 

Minimum Changes the minimum | Minimum Changes the minimum 
value of the horizontal value of the horizontal 
(X) axis. (X) axis. 

Chart Legend Chart Legend 

Position Changes the position of | Position Changes the position of 
the legend. the legend. 

Visibility Shows or hides the | Visibility Shows or hides the 


legend. 


ETAP 
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Line 

Style Changes the line style of 
the line in the series. 

Thickness Changes the thickness 


of the line in the series. 


The color palette tab allows the user to select a specific color scheme for the selected plot window. 


Color Palette 


Arctic 
Autumn 
Cold 
Flower 
Forest 
Grayscale 
Green 
Ground 
Lilac 
Natural 
Office2013 
Pastel 
Rainbow 
Spring 
Summer 
Warm 
Windowsé 
VS2013 


Plot Area 
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Data 


Refresh, Auto-Refresh, and Overwrite are the three buttons that make up the data section of the ribbon. 
The functionalities of these buttons are described below in detail. 


Refresh: 

The refresh button will get the new data for all of the plots and will plot the new data according to the 
overwrite setting selected. The two possible cases of plotting can be described as either overlaying the old 
plot in tandem with the new plot (Overwrite not depressed), or wipe the plot and plot the new data 
(Overwrite depressed). See the screenshots below for examples of plotting with or without overwrite 
depressed. 


Auto-Refresh: 

The auto-refresh button has the same functionality of the refresh button, but is constantly looking for new 
data. New data is only considered when a change was made in the study case and is ran again. As soon as 
new data is detected, Plot Manager will plot the new data according to the overwrite setting selected. See 
the screenshots below for examples of plotting with or without overwrite depressed. 


Overwrite: 
The depression of the overwrite button makes an occurrence of a refresh or auto-refresh wipe the 
currently plotted data and will plot the newly created data. 


OS 


Refresh Auto Overwrite 
Refresh 


Vata 


Original data: 
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Refresh with overwrite off (not depressed): 
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Refresh with overwrite on (depressed): 
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Plot Tools 


There are four plot tools currently available to annotate or move around plots efficiently in Plot Manager 
and they are Copy, Hairline, Horizontal Line, and Auto-Scale. 


mA / TF 


Copy Hairline Horizontal Auto-Scale 
Line 


Plot Tools 


Copy allows the user to copy the currently selected plot to their clipboard as a .png file so that it can be 
easily pasted into any document. To use this feature simply plot the desired plot. Click the copy button, 
and then open the document desired and use the keyboard shortcut CTRL + V or use the right click menu 
to paste. 


Hairline allows the user to drop points on all series in the plot window by activating the tool by 
depressing the button and then dragging the mouse over the desired location. With a left click the tool will 
drop points on each line with annotations for each point showing the x and y values of that point. 


yirane MSOUN Pict Manager - oe 
Home Export 
[ [ ee ly an / = & = 
Bee ee Oo Oe ee fos 
et properties tebe ue 
onan Gent - Current 
MS-Dya.magt 3/29/2018 1:04:20 PM 73.6 
3.17, 73.45) 
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Horizontal Line allows the user to plot a horizontal line at any y-axis value. These line can be plotted by 
activating the tool by clicking it and then inputting the value at which the line should be drawn 
horizontally from. 


Vertical axis value: 


[ 


| Cancel 


| DALTAPS Pecan2-§6)1-ADMS-Ret\Lxammple-ANSIMS-Oynmagt PROUT STUD Motor Starmag Dynarme MOTE T Lome POINTS: 6001 


Auto-Scale can be used to reset the plot axis to their original state after zooming or after changes are 
made in the plot properties pane. 


Plot Type Style 


The Plot Type Style saving dropdown allows the user to save certain plotting defaults for the plot type 
selected. This can be used to save settings like color, axis labelling, title, and anything that has been 
adjusted in the plot properties menu. To use this feature simply plot something, adjust the properties 
desired to become the default and then click save. This feature will then save the default for that specific 
plot type with the name of that plot type. 


Plot Type Style 
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Application Theme 


The application theme adjusts the theme of the entire application. Use the drop-down in settings to choose 


the desired theme. 


ETAP 


Hairline Precision 
Print to PDF - Create many files? Office_Black 
Summer 


VisualStudio2013 


Application Theme 
The application theme used when the program starts. 
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7.6.3 Export Ribbon 


The export ribbon allows the data produced in Plot Manager to be exported to COMTRADE files to be 
used in Waveform Viewer, or exported as an excel file for data comparison. The Printing is also handled 
in the export ribbon. 


Print 

Currently, Plot Manager will print to PDF only. To print only the selected plot, navigate to the Export tab 
and click Print Active Plot button. To print the plot(s) in the plot area simply navigate to the Export tab 
and click the Print All Open Plots button. To print all the plots that are checked in the Plot Explorer, click 
the Print Checked Plots button. 


=) — 
Ss Se 
Print Print All Print 
Active Plot Open Plots Checked Plots 


Print to PD 


To COMTRADE 


Export to COMTRADE is used to export the files plotted to a folder that can be opened with the 
Waveform Viewer. These files are useful when running the IEC-363 Short Circuit studies. 


To Excel 


All of the plots in Plot Manager can have their data exported to excel. To accomplish this the user must 
plot the desired plots, navigate to the Export tab, and then they have the option of exporting only the 
selected plot by using the export selected button or they may choose to export all of the currently plotted 
plots using the export all button. 


Sa Sk 


Export Export 
Selected All 


O ExXce 


ETAP Apps 
The Waveform Viewer can be launched from within ETAP and is useful when plotting COMTRADE 
files. 


Waveform 
Viewer 


ETAP Apps 
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Engineering Libraries 


ETAP provides customized libraries for many devices for which typical, standard, and manufacturer 
information has been compiled. Additional devices may be added to each library through ETAP’s Library 
editors. This chapter provides an overview of each library and description of all the data and functions 
available that allow you to create new libraries and access existing ones. 


Fire Coating 
Cable... | Fire Stop 
Cable Fire Protection » aed Fire Wrap 
Transmission Line » Phase Conductor... 
Motor Nameplate... aa 
Motor CKT Model... 
Motor Characteristic Model... 
Motor Load Model... 
Transformer » Distribution Transformer... 
Fuse... 
Relay... 
Recloser... 
Electronic Controller... 
HV Circuit Breaker... 
LV Circuit Breaker... 
Trip Device » Solid State... 
Overload Heater... Thermal Magnetic... 
Sissies Electro-Mechanical... 


Motor Circuit Protector... 


Interruption Cost... 


Reliability... 


Sector Library... 


Profile... 


Battery... 
Control System Device » Contact... 
Control Relay... 


Photovoltaic... 
Solenoid... 


Wind Turbine... 


Train Rolling Stock... 


Open... 

Save 

Save As... 
Create... 
Copy/Merge... 
Purge 


Export. 


Import... 
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i“ One-Line Components 
eS Distribution Components 
= Multi-Dimensional Database 
we Rules & Libraries 


=) Example-ANSI - C:\ETAP\Example-ANSI\ a 
&)-Zq Libraries - C:\ETAP\Lib\etaplib1400.lib | 
- - Battery 

fg Cable 

(+)-(Sj Cable Fire Protection 

(+)-(y Control System Device 

bs (4 Electronic Controller 

-( Fuse 

i. (5 Harmonic 

(5 HV Breaker 

(5 Interruption Cost 

(5 LV Breaker 

~~ Motor Characteristic 

a (9 Motor Load 

»--({9g Motor Model 

; “(59 Motor Nameplate 

(59) Overload-Heater 

~~ PV Array 

a (5 Recloser 

(jj Relay 

~-(3y Reliability 

(9 Train Rolling Stock 

Transformer 

~-( Transmission Line 

{ Trip Device 

(59 Wind Turbine Generator a. 


<| Tm | r 


WW 


Pores © ees = fe 3 eee 


ETAP library files have the extension .lib and by default are located in the ‘Lib’ folder within the ETAP 
application folder. ETAP displays this path along with the name of the current library in the System 
Manager. 


The ‘Lib’ folder in ETAP includes two types of library files - Complete and Incremental. These are 
briefly described below: 


Complete Library file 
Complete Library file is designated with the prefix ‘etaplib’ followed by the ETAP release number (i.e., 
etaplib5.lib, etaplib503.lib, etaplib550.lib). It includes all issued ETAP device libraries. 


Incremental Library file 

Incremental Library file is designated with the prefix ‘Libchanges’ followed by a library release date. (i.e. 
Libchanges_2005-86.lib, Libchanges_2005-232.lib). It includes only the changes made between library 
releases. 


ETAP 8-2 ETAP 19.0 User Guide 


Engineering Libraries Utility Tools 


8.1 Library Utility Tools 


ETAP provides a number of utility tools to manage your libraries. 


Open 

This option allows you to associate a library with your current ETAP project. When you open a new 
library, the association between the ETAP project and its existing library will be disconnected. For 
example, Motor Characteristic Model and dynamically linked cable library data associated with the 
previous library, which does not exist in the new library, will be missing. A warning message as shown 
below is issued. 


There are two ways to retrieve this missing data: 


1) Reselect the old library file 
2) Merge the old library file into the new library file 


[ Warning =) 


You are about to disconnect from the project library... If this project has Motors 
containing Characteristic library information, Cables that are dynamically linked 
to the library, Relays or other Protective Devices linking to this library, these 
records may become invalid. 


Do you wish to continue? 


Ne] 


To open a library, select Open from the Library menu and click ‘Yes’ on the above warming message to 
continue. The ‘Select Library File to OPEN’ dialog appears. Navigate to the appropriate directory, select 
the new library file, and then select Open. This library is now attached to the ETAP project. 


Open a Read-Only Library File 


When you to open a library file that is read-only, you will receive a message that restricts you from 
opening the file. Select one of the three options in the editor, which are shown below: 


Cc 


ETAP 


Failed to open Library file due to Read-Only attribute. 


C:\ETAPSLib\etaplib1 400. lib 


@ Remove Read-Only attribute 


~-) Degrade access level to read-only 


Select another Library file 
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Remove Read-Only attribute 
Remove the read-only property from the library file and select the library file for the project. The library 
file will be open to read and write capabilities. 


Degrade access level to Base Editor 

Base editor allows the user to have all the same rights to the project as the project editor except for library 
data. All other rights are active to the base editor but the library list is disabled, making the library file 
still locked from write capabilities. 


Select another Library file 
Open the Window’s “open” dialog to select another library file that has write privileges. 


Note: This option is available if this is the first time the user is selecting a library file after opening the 
project. 


Go back to previous selection 
If there is a library file that was previously used and is not a read-only file, the user can select to go back 
to that library file. The third option will change as shown below: 


fa ™ 


ETAP 


Failed to open Library file due to Read-Only attribute. 


C:\ETAPSLib\etaplib1 400. lib 


Remove Read-Only attribute 


Degrade access level to read-only 


® Go back to previous selection 


a 


Open a Network Library File already in use 


Library files may be shared over a public network. When a second user tries to open a library file that is 
currently in use, ETAP will display a message that will alert the user of the sharing violation. 


c ~ 


ETAP 


Failed to open Library file due to sharing/lock/share violation. 


C:\ETAPSLib\etaplib1 400. lib 


Degrade access level to read-only 


® Go back to previous selection OK 
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Degrade access level to Base Editor 

Base editor allows the user to have all the same rights to the project as the project editor except for library 
data. All other rights are active to the base editor but the library list is disabled, making the library file 
still locked from write capabilities. 


Select another Library file 
Open the Window’s “open” dialog to select another library file that has write privileges. 


Note: This option is available if this is the first time the user is selecting a library file after opening the 
project. 


Go back to previous selection 


If there is a library file that was previously used and is not used by another user, the user can select to go 
back to that library file. 


Copy/Merge 


The Copy/Merge function can be accessed on the following two menus: 


(a) Library menu on the main toolbar 
(b) Right-click menu on the Library folder in the System Manager 
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ETAP 


Library | Warehouse’ Rules 
Cable... 
Cable Fire Protection 


Transmission Line 


Motor Nameplate... 
Motor CKT Model... 


Motor Characteristic Model... 


Motor Load Model... 
Transformer 


Fuse... 

Relay... 

Recloser... 

Electronic Controller... 
HV Circuit Breaker... 
LV Circuit Breaker... 
Trip Device 


Overload Heater... 
Harmonic... 


Interruption Cost... 
Reliability... 
Sector Library... 


Profile... 


Battery... 
Control System Device 


Photovoltaic... 
Wind Turbine... 


Train Rolling Stock... 


Open... 
Save 
Save As... 


Create... 


Purge 


Export... 
Import... 


Defaul 


8-6 


i LV Breaker 

“(9g Motor Characteristic 
“(9g Motor Load 

“(9g Motor Model 

(9 Motor Nameplate 


Train Rolling Stock 
a-G Transformer 

ao Transmission Line 
w-f Trip Device 

Wind Turbine Generator 


SSS 
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The Copy/Merge function allows you to merge partial (selected device libraries) or complete library file 
from one library (source) to another library (sink). The Copy/Merge function is enabled only for the 
Project Editor and Librarian access levels. The source library overwrites any duplicate information found 
in the sink library during the merge process. 


Selecting the Copy/Merge option brings up the following editor: 


Library Copy/Merge al 
Library files to Copy/Merge 


C:AETAP\Lib\etaplib1 100. lib File... | 2011-205 Library Release # 


a ee 


|| Connect the project to the merged library 


Copy/Merge Direction 


Available Library List 
(Source) 


Warning: The merged library will be overwritten when the library headers are 
the same. 


You must login as librarian Access Level to perform 
partial } reverse library merge. 
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Library files to Copy/Merge 
Click on the ‘File...’ button to navigate and select the library files you wish to copy/merge data to and 
from. 


Note: The project is not required to be connected to a library to select library files for copy/merge. 
However, if the project is connected to a library, the first selection displays the path of the connected 
library file. If this is not the library file you wish to copy/merge, click on the ‘File...’ button to select 
another library file. If a library selected (source or sink) has not been converted to the latest version, 
ETAP asks you to convert the library. 


Old version of library detected 


@ Use Latest ETAP 18.0.0C Library : D:\ETAP1800\LIB\Etap Lib 1800 lib 


© Convert Selected Library : D:\ETAP1800\Lib \etaplib Jib 


This library needs to be converted to ETAP 18.0.0C format. 
A backup of the library will be created as - 
D:\ETAP 1800\Lib \etaplib .212 Ibk 


Hep | Lok ]} | Carca 


If you select OK Library is converted to the latest version 
If you select Cancel Select a different library 


Release Number 
The release number is displayed when a library is selected. 


Note: Libraries released before ETAP version 5.0.1 displays a release number 2005-0. Also, for newly 
created library files the release number is displayed as 2005-0. The final merged library will have the 
same release number as the source library. The Release Number is an internal revision designation issued 
by OTI for the purpose of tracking the library file generations. 


Copy/Merge Direction 
The copy/merge direction can be controlled by clicking the arrow button. The arrow points to the sink 
library file to which data will copy/merge. 


The default direction of library merge is from the library with latest Release Number (i.e. 2006-126) to an 
older Release Number (i.e. 2005-232). Thus, the merge arrow points to the older library file. Note: 
Certain library merge functionalities are dependent on the Project Access Level. 


e For Project Editor Access Level, the direction of the merge arrow is always pointing from the 
older to the newer Release Number library file. The arrow button is grayed out and the direction 


cannot be changed. 


e For Librarian Access Level, the direction of the merge arrow can be changed in any direction. 


For library files with same Release Number, the direction of copying/merging is user-selectable. The 
direction of the merge arrow can be changed by clicking on the arrow button. 
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Connect the project to the merged library 
Select this option to connect the project to the library where the data is merged to (sink library). This box 
is unchecked by default. 


Available Libraries List 

The list of available library devices in the Source library file is provided in a tree structure. Devices 
containing library data are marked as checked by default, and those without library data are displayed as 
unchecked and grayed out. Note: Certain library merge functionalities are dependent on the Project 
Access Level. 


e For Project Editor Access Level, only complete merge of the device libraries is allowed. The 
status of the available source library list checkboxes cannot be changed with this Access Level. 


e For Librarian Access Level, partial merging of the device libraries is allowed. The status of the 
available source library list can be changed to allow for partial library merge. 


Note: The Trip Device library tree checkbox can be unchecked only if LV Breaker is unchecked. 
Library Copy/Merge Confirmation 


Clicking the OK button displays a Library Copy/Merge confirmation message in order to reconfirm your 
Copy/Merge selections. The confirmation message displayed for different scenarios as described below. 


a 
Library Copy/Merge Confirmation =) 


‘You are about to merge etaplib1 265.lib to etaplib1 400.lib library file. 
Duplicate entries, if encountered, will be overwritten. 


The following device libraries will be updated with data from etaplib1 265 lib file: 


Battery 
Cable 
Contact 
Control Relay 
Electro-Mechanical 
Electronic Controller 
Fire Coating 
Fire Stop =| 


Piew be lena 


m) > | 


The following device libraries will NOT be updated with data from etaplib1 265 lib file: 


Do you wish to continue? 


Help | Cancel 
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Clicking OK begins the merge process and clicking Cancel takes you back to Library Copy/Merge Editor 
to change your merge selections. 


Save 


Select this option to save the entire associated library file. The Save option in the Library menu only 
saves the associated library file and is independent of the ETAP Save Project function in the File menu. 


Save As 


Select this option to save the current library file as a new library file. This new library file contains all the 
information in the current library file but now has a new name in an independent location. If the name for 
the new library file already exists in the selected location, it will request permission to overwrite the old 
library file, and then do so if you click ‘Yes.’ The new library must have a .lib extension. 


Save Project Library... 


Project specific library file with engineering devices 


| Library | Warehouse Rules Real-Time DataX Tools Windc 


Cable... 
Cable Fire Protection 


Transmission Line 


Motor 


Transformer 


Fuse... 


Relay... 

Recloser... 

Electronic Controller... 

HV Circuit Breaker... 

LV Circuit Breaker... 

Trip Device » 
Overload Heater... 
Converter » 
Harmonic... 

Reliability... 

Sector Library... 

Profile Library... » 
Battery... 

Control System Device » 
Renewable Sources » 


Train Rolling Stock... 


Open... 


Save 
Save As... 
Create... 
Copy/Merge... 
Purge 


Export... 


Import... 
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This option allows the user to create and save a new library file, which includes device library models 
used in that particular project only. This library can be saved in any user-defined location. 


The table below summarizes the extent of export per device library. 
e.g. if project has 5,000 lines and all of them are using the same model from the library then the exported 
library will contain only that model, i.e. specific device lib only 


Specific Device Complete Device 
Lib Only Lib Export 

Transmission Line X 

Fuse 

High Voltage Circuit Breaker 

Low Voltage Circuit Breaker 

Relay 

Renewable sources 

Converter 

Cable 

Cable Fire Protection 

Motor 

Trip Device 

Harmonic 

Reliability 

Battery 


Device Library 


am << X< 


an >< fee >< fee >< 


Create 
This option allows you to create a new library and associate it with the current project file. The old 


library file will be disconnected. Motor Characteristic Model and dynamically linked cable library data 
associated with the previous library, which does not exist in the new library, will be missing. 


There are two ways to retrieve this missing data: 


1) Reselect the old library file 
2) Merge the old library file into the new library file 


Purge 


This action will permanently delete all data from the current library file. Be certain that you no longer 
require the library data prior to clicking on the Purge button. Motor Characteristic Model and 
dynamically linked cable library data associated with the previous library, which does not exist in the new 
library, will be missing. 


Import 

This option allows you to automatically import cable library data from a Microsoft Excel file into ETAP’s 
cable library. A predefined cable library Excel template for the cable library data entry resides in ETAP 
XXXX\ExcelTemplates\CableLibrary. This folder contains a CableLibraryInputData.xls and 
CableLibraryInputData.xlsx file. The CableLibraryInputData.xls file is for Microsoft Excel versions 1997 
and prior. The CableLibraryInputData.xlsx is for Microsoft Excel 2010 versions and higher. 
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Note: The CableLibraryInputData Excel template contains two Excel sheets. One named English Cable 
Library Data (for cables specified in English units) and another one titled Metric Cable Library Data (for 
cables specified in Metric units). The appropriate sheet should be used for each cable model being 
imported as the units are different. 


To import please follow the process explained below: 


Create a copy of the Excel file and populate it with your cable library data. 
In ETAP, go to the Main menu bar, select Library/Library File and Import option. 


Library File r Open... 
Save 
Save As... 
Save Project Library... 
Create... 
Copy/Merge... 
Purge 


Export... 


Import... 


Browse and select the appropriate Excel file. 


? Open 


€ ad i C:\ETAPXXXX\ExcelTemplates\CableLibrary vl? Search CableLibrary 


Organize ¥ New folder 


[) PUBLICFOR # * Name Date modified 
} Downloads 
| | Example-ANSI 


CableLibrarylnputData.xls 1/29/2016 8:53 AM —_—— Microsoft Excel 97.. 


|| IR-Attachments 
|} Lib 


(i This Pc 


v< 


File name: | CableLibrarylnputData.xlsx v| MS Excel Files (*.xls;*.x<lsx) 
cn 
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An ETAP message will display informing you that cable library data has been successfully imported. 


ETAP x 


Cable library data has been successfully imported. 


Go to the Main menu bar, select Library and the Cable... option to access the set(s) of imported cable 
library model(s). 
? Study View (Edit Mode) - ETAP 18.0.0 = 
File Edit View Project Defaults RevControl | Library | Warehouse Rules Ri 
DataX Tools Window Help 
[a = el aR ¥ F464 OQ ea "Cable Fire Protection r 


: : Transmission Line » 
: SB Base > "Ay study view - 


To save the newly imported models in the cable library, go to the Main menu bar, select Library/Library 
File and the Save option. 


Library File >| Open... 
Save As... 


Save Project Library... 


Create... 
Copy/Merge... 
Purge 


Export... 


Import... 
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8.2 Cable 


The Cable Library is set up in a similar manner to a file directory system. You can have unlimited cable 
headers (Cable Types) within the library and unlimited cable sizes for each header as shown below. 


Cable Library Cable Header 
Cable Header Cable Size 
Cable Header Cable Size 
: Cable Size 
Cable Header ; 
Cable Size 


8.2.1 Cable Library Header 


Cable headers are used to indicate the type and construction of a cable. Cable headers consist of the 
following items: 


Unit System Frequency Conductor Type Installation Voltage kV Class 
English 60 Hz » Dn Magnetic 0.6 ae 100% 
L Metric 50 Hz ab Non-tag. 5.0 wh 133% 
Overhead 173% 


400 Hz 


U/G Base Ampacity A/G Base Ampacity Impedance 
Ta Te RHO Ta Te Unit Length Base T 
20 60 90 20 1000 ft 
25 $0 120 rs rs 1000 m z: 
1 mile 50 


Source Insulation #/Cable 


ICEA = Rubber vc 

NEC XLPE C 

MFR 1 EPR : 

: : 10/C 

MFR n THHN 
e Unit System Metric or English unit system; used for all cable physical dimensions 
e Frequency Rated base frequency of the cable in Hz 
e Conductor Type Copper or Aluminum 
e Installation Magnetic or non-magnetic conduit installation 
e kV Line-to-line rated voltage of the cable in kV 
e % Class Voltage Class in percent of rated kV. 100, 133, & 173% 
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100 Percent Level: Cables in this category may be applied where 
the system is provided with protection such that ground faults will 
be cleared as rapidly as possible, but in any case within 1 minute. 
133 Percent Level: This insulation level corresponds to that 
formerly designated for ungrounded systems. Cables in this 
category may be applied in situations where the clearing time 
requirements of the 100 percent level category cannot be met, and 
yet there is adequate assurance that the faulted section will be de- 
energized in one hour or less. 

173 Percent Level: Cables in this category should be applied on 
systems where the time required to de-energize a grounded section 
is indefinite. Their use is also recommended for resonant grounded 
systems. 


e Source Library source name such as ICEA, NEC etc., up to 12 characters 
e Insulation Insulation type such as Rubber, XLPE, PE, XHHW, etc. 
e #/Cable Single conductor cables (1/C), 3 conductor cables (3/C), etc. 
e U/G Ampacity Ta, Tc & RHO for base ampacity in U/G raceway installation 
e Ta Ambient temperature of the Underground raceway in degree C 
e Tc Maximum allowable conductor temperature in degree C 
e RHO Soil thermal resistivity in degree C-cm/Watt 
e A/G Ampacity Ta, Tc for base ampacity in A/G raceway installation 
e Ta Ambient temperature of the above ground raceway in degree C 
e Tc Maximum allowable conductor temperature in degree C 


e Impedance 


e Ohms per Unit of length for cable impedance, (2/1000 ft, OQ/km, O/mile, etc. 
e Temperature Base temperature of the conductor resistance in degrees C 


Magnetic/Non-magnetic Installation 


Magnetically installed cables imply that there is a continuous raceway (conduit) around the cables with 
circulating current due to the magnetic field of the cables. This circulating current will cause the cable 
reactance (X1 and XO) to increase by up to 15% for smaller size cables, and 5 to 10% for larger size 
cables. The following table shows when to use cable libraries designated as Magnetically and Non- 


magnetically installed cables: 


ETAP 


Cable Library Header 
Magnetically Installed | Non- Magnetically Installed 

|\U/G Duct — PVC Conduits x 
\U/G Duct — Mag. Conduits Xx 

[U/G Buried Xx 
A/G Tray — No Cover xX 
A/G Tray — Solid & Mag. Material x 

A/G Conduit - PVC X 
A/G Conduit — Mag. Conduit x 

[Air Drop xX 
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8.2.2 Cable Library Selector 


- 


Unit Freq Type kV % Class #/C Insul Source Install wa 
| engin | 50] A | og | 100 | 3c | Rubber | CEA | ag 
English 50 AL 0.6 100 Vc Rubber 2 ICEA Mag. 
06 100 Rubber 2 ICEA-1994 Mag. 
06 100 Rubber NEC Mag. 
06 100 Rubber 2 NEC Mag. 
06 100 Rubber ICEA Non-Mag. 
06 100 Rubber 2 ICEA Non-Mag. 
06 100 Non-Mag. 
06 100 Rubber NEC Non-Mag. 
06 100 NEC Non-Mag. 
06 100 ICEA Mag. 
06 100 ICEA Mag. 
0.6 100 Mag. 
06 100 NEC Mag. 
06 100 NEC Maa. 
06 ICEA Non-Mag. 


English 
English 
English 
English 
English 
English 
English 
English 
English 
English 
English 
English 
English 
English 


tgeoer] Hew n> 
Clerrrrererere 


nEoS 
SSSSSsssssssss 
2/2 


—_ 
n 


~ 


Size 
U/G Ampacity A/G Ampacity Unit Rac Base 
Ta Tc RHO Ta Te Length = Temp. AWG/kemil 


20 6900—Ss 90 40 90 1000 ft fis) 


@ Avail. Sizes 


© All Sizes 


add] | dette | | con. | | Hele | 


The Cable Library selector allows you to add new cable headers, or select existing cable headers to edit, 
delete, or copy. To edit a Cable Library, double-click on the item or click on the Edit button after 
highlighting it. To delete a cable, click on the Delete button after highlighting it. ETAP will request a 
confirmation before deleting the selected cable. 


All available cable headers are displayed in the selector. Cable sizes are displayed for your convenience 


for each cable header for both phase and grounding/neutral conductors. Cable size is in AWG or kcmil 
for English cable data and in mm?for metric cable data. 


Add & Copy 


This dialog box is used to add a new cable header (type) or copy an existing cable header. 
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Cable Library : Add 


Base 
Unit System 


Frequency 
60 ¥ 


U/G Ampacity 
Ta 


20 
ie 
90 


30 


Source Name 


NEC Copper = Rubber 


A/G Ampacity 


Insulation 


Conductor 
Type 


Type 


kV 


Installation # / Cable 


Unit Length 
Ta 

40 tooo [t= 
Tc 

30 


Resistance 


Base Temp. 
75 vee 


A new cable header consists of all the information you see in this dialog box. You can create a new cable 
header by changing any one of the items in the cable header information. 


ETAP 
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8.2.3 Cable Library Editor 


To edit the Cable Library data, select a cable type from the Cable Library and click on the Edit button. 
Each cable type (header) can contain an unlimited number of cable sizes. This Spreadsheet Editor allows 
you to view and edit Cable Library data for a selected cable type. The name of the cable type is displayed 
on top of the spreadsheet. Each cable record (row) is a unique set of data for each cable size. Each cable 
record must have a unique identifier: conductor size. Duplicate records, which have the same data, are 
overwritten. The conductor size must contain at least one character, which is different from the other 
sizes. If a row of data duplicates a previous one, it will overwrite it. 


a 
a! Cable Library: Edit Properties 


ICEA 3/C CU Rubber 0.6kV 100 Mag. 60Hz Ohms/1000ft RHO 90°C.cm/W 
Ampacity | impedance | Physical | Cable Puling 
Phase Ground/Neutral Duct Bank Buried Free Air Conduit Air 
Avail. Code Sie | # | Size 20°C 90°C 20°C 90°C 40°C 90°C 40°C 90°C 


52 
69 


<i~x< 
B |g 
Mm | co 
Mm | co 
o|o 
2|s 
i] RB] 8 
iJ3]s 


Available 

Enter Y (yes) or N (no) for availability of the cable size. Use this option to flag the cables you want to be 
used for this project. ETAP selects cables from the library for cable sizing (Cable Editor). When you are 
picking a cable from the library (Cable Library Quick Pick), you can pick from available cables only or 
from all cables in the library. Note: When you use the drop-down list for Cable Sizes (in the Cable Type 
section of Cable Editors), you can only select library cables that are flagged as available. 


Code 
Cable code is an alphanumerical field and is usually used to manufacturer’s serial number or code for that 
specific Cable size. In converted cable Libraries, the cable code field is set equal to the phase size. 


Size 

Cable size is specified in AWG or kcmil for English cable data and in mm* for metric cable data. English 
cable sizes range from #12 to #1, 1/0 to 4/0, and 250 to 1000 kcmil. Metric cable sizes range from 6 to 
400 mm’. 


# 
Number of Grounding/Neutral (ANSI systems) or PE (IEC system) per cable for the selected cable size. 


Size 
Grounding/Neutral (ANSI systems) or PE (IEC system) conductor size for the selected cable size. 


Duct Bank 

Duct Bank refers to the cable base ampacity (in amperes) when a cable is installed in an isolated duct 
bank with an ambient temperature of 20°C (Ta), a conductor temperature of 90°C (Tc), and soil (earth) 
thermal resistivity of 90 (RHO). The base ampacity is selected from the library when Duct Bank 
Installation Type is selected in the Ampacity page of the Cable Editor. If the base ampacity is zero for the 
specified installation type, a different cable should be selected or the Cable Library should be modified 
for the specified cable type and size. 
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Buried 

Buried refers to the cable base ampacity (in amperes) when a cable is directly buried underground with an 
ambient temperature of 20°C (Ta), a conductor temperature of 90°C (Tc), and soil (earth) thermal 
resistivity of 90 (RHO). The base ampacity is selected from the library when Direct Buried Installation 
Type is selected in the Ampacity page of the Cable Editor. If the base ampacity is zero for the specified 
installation type, a different cable should be selected or the Cable Library should be modified for the 
specified cable type and size. 


Free Air 

Free Air refers to the cable base ampacity (in amperes) when a cable is installed in free air or trays with 
an ambient temperature of 40°C (Ta) and conductor temperature of 90°C (Tc). The base ampacity is 
selected from the library when Cable Tray or Air Drop Installation Type is selected in the Ampacity page 
of the Cable Editor. If the base ampacity is zero for the specified installation type, a different cable 
should be selected or the Cable Library should be modified for the specified cable type and size. 


Cond. Air 

Conduit in Air refers to the cable base ampacity (in amperes) when a cable is installed in a conduit in air 
with an ambient temperature of 40°C (Ta) and conductor temperature of 90°C (Tc). The base ampacity is 
selected for the library when Conduit Installation Type is selected in the Ampacity page of the Cable 
Editor. If the base ampacity is zero for the specified installation type, a different cable should be selected 
or the Cable Library should be modified for the specified cable type and size. 


R 
R is the positive-sequence cable resistance in ohms per unit length. The resistance must be entered at the 
base temperature specified for this cable header (type). 


xX 
X is the positive-sequence cable reactance at the cable base frequency in ohms per unit length. 


Y 
Y is the positive-sequence cable charging susceptance in Siemens at the cable base frequency per unit 
length. 


Ro 
This is the zero-sequence cable resistance in ohms per unit length. The resistance must be entered at the 
base temperature specified for the cable header (type). 


Xo 
This is the zero-sequence cable reactance in ohms per unit length. 


Yo 
This is the zero-sequence cable charging susceptance in Siemens per unit length. 


Roc (25°C) 
DC resistance is calculated at 25 degrees C in micro-ohms per ft or m. 


R (G/N or PE) 


This is the positive-sequence cable grounding/neutral or PE resistance at the cable base resistance AC 
temperature in ohms per unit length. 
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X (G/N or PE) 
This is the positive-sequence cable grounding/neutral or PE reactance at the cable base frequency in ohms 
per unit length. 


Cond. O.D. 
This is the conductor outside diameter in inch or cm. 


Ins. Thick 
This refers to the thickness of the cable insulation layer in mil or mm. 


Shielding/Screen 
Cable shielding/screen type. Right-click to select Non-Shielded/Non-Screened or Shield/Screened type 
from the list. 


Sheath/Armor 
Cable sheath/armor type. Right-click to select from the drop-down list. 
None 
Lead sheath 
: St Armor?30dg/1 5w c A 
Aluminum sheath St Armor/30da/20w cea pla 
St Armor/30dg/25w Aluminum &rmor 
St Armor/45dq/1 Sw Cu Concentric Wire 
St Armor/45dg/20w Al Concentric Wire 
St Armor/45dg/25w Copper Sheath 


St Armor/45dq/30w 
St Armor/45dg/40y 
St Armor/45dqg/50w 
St Armor/45dq/60w 
St Armor/45dq/70w 
St Armor/45dq/80w 
St Armor/45dq/90w 
St Armor/45dq/1 00Ww 
St Armor/45dq/9999w 


Examples of Sheath/Armor type definitions: 


Type Definition 
St Armor/30dg/15w Steel Armor with 30 Degree deviation from cable axis; 15 wires 
St Armor/45dg/50w Steel Armor with 45 Degree deviation from cable axis; 50 wires 
Armor Thick 


Thickness of cable sheath/armor in mil or mm 


Jacket Type 
Cable jacket type. Right-click to select from the drop-down list. 
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Paper 


PYC RHW THWN 
PE FEP SA TW 
XLPE FEPB SIS UF 
EPR MI TA USE 
SBR MTW TBS y 
Rubber PFA TFE XHHW 
Rubber 1 PFAH THHN 
Rubber 2 RH THH\W 
NeoPrene RHH THW 


Jacket Thick 
Thickness of cable jacket in mil or mm 


Cable O.D. 
Cable outside diameter in inch or cm 


Cond. Const. 

Cable Conductor Construction is used for determining ks and kp parameters, which are used for 
calculating the AC to DC ratio parameters. Several choices of conductor construction are available from 
the list box provided. These are: 


ConRnd 
ConRnd-Coated 
ConRnd-Treated 
CmpRnd-Treated 
CmpSgm 
CmpSgm-Coated 
CmpSgm-Treated 
CmpSct-Treated 


Coating is tin or alloy. The term Treated implies a completed conductor, which has been subjected to a 


Concentric Round 
Concentric Round 
Concentric Round 
Compact Round 
Compact Segmental 
Compact Segmental 
Compact Segmental 
Compact Sector 


None Coated 
Coated 

None Coated 
None Coated 
None Coated 
Coated 

None Coated 
None Coated 


None Treated 
None Treated 
Treated 
Treated 
None Treated 
None Treated 
Treated 
Treated 


drying and impregnating process similar to that employed on paper power cables. 


Cable Weight 


Weight of the cable in units of lbs/kft or kg/km 


Max. Tension 


Maximum allowable cable tension in lbs/kcmil or kg/mm’. In case of a multiple-conductor cable, the 
entered permissible maximum pulling tension is for each conductor. In the Cable Pulling calculation, the 
cable permissible maximum pulling tension will be computed by multiplying this value by the number of 
conductors. 


Max. SW Pres. 
Maximum allowable sidewall pressure in lbs/ft or kg/m 


Calculation Parameters 


The following table displays the cable properties and the studies that data affects: 
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Properties General Description Studies Used 
Avail. Cable size availability status: Y (Yes) or N (No) 

Size Cable size in AWG/kcmil or mm/2 All Studies 

Duct Bank Base ampacity (Duct Bank) Cable Ampacity, 


Direct Burial 


Base ampacity (Direct Burial) 


Underground Raceway 
Cable Ampacity, 
Underground Raceway 


Free Air Base ampacity (Free Air) Cable Ampacity 

Conduit Air Base ampacity (Conduit in Air) Cable Ampacity 

R Pos. seq AC resistance in ohms / unit length AC Studies, DC Studies 

Xx Pos. seq. reactance in ohms / unit length AC Studies 

Y Pos.seq. susceptance in siemens / unit length AC Studies 

RO Zero seq. AC resistance in ohms / unit length AC Studies 

X0 Zero seq. reactance in ohms / unit length AC Studies 

YO Zero seq. susceptance in siemens / unit length AC Studies 

Rdc 25 Rdc at 25 degree C (micro-ohm per ft or m) Impedance Calculation, 
Underground Racewa 

Conductor O.D. Conductor outside diameter (OD) in inches or cm Impedance Calculation, 
Underground Raceway 

Insulation Insulation thickness (mil or mm) Impedance Calculation, 

Thickness Underground Raceway 

Shielding/Screened | Conductor shielding/Screen type from the list box | Impedance Calculation, 
Underground Raceway 

Sheath Armor Sheath/armor type from the list box Impedance Calculation, 
Underground Racewa 

Armor Thick. Sheath/ armor thickness (mil or mm) Impedance Calculation, 
Underground Raceway 

Jacket Type Jacket type from the list box Impedance Calculation, 
Underground Raceway 

Jacket Thickness Jacket thickness (mil or mm) Impedance Calculation, 
Underground Raceway 

Cable O.D. Cable outside diameter (OD) in inches or cm Impedance Calculation, 
Underground Raceway, 
Cable Pulling 

Cond. Const. Cable construction type from the list box Impedance Calculation, 
Underground Raceway 

Cable Weight Cable weight in lbs or kg per unit length Cable Pulling 

Max Tension Max allowable tension, lbs/kcmil or kg/mm? Cable Pulling 

Max SW Pres Max allowable sidewall pressure in lbs/ft or kg/m Cable Pulling 
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8.2.4 Library Quick Pick - Cable 


Access the Library Quick Pick dialog box by clicking on the Library button inside the Editor Info page. 
The Library Quick Pick displays all of the cable information in the associated library file. 


From this dialog box, select a cable from listed in the grid. Click on any column header of the grid to use 
the filter and sorting capabilities. This narrows the choice of available library selections to a group you 
are interested in. Some additional info is displayed in the low left section. Then, select a cable size from 
the Cable Library. The Library Quick Pick dialog box allows you to choose a cable size from all cable 
sizes in the library file or only cables flagged as Available. 


Library Quick Pick - Cable [perro 


Unit Freq Type kV % Class #/C Insul Source Install 
— Non-Mag. 


es 
English 
English 
English 
English 
English 
English 
English 
English 
English 


AL 06 Rubber 2 ICEA-1994 a 
NEC Mag. 
NEC Mag. 

Mag. 
Mag. 
Mag. 
Mag. 
Mag. 
Mag. 
Mag. 
Mag. 
Mag. 


2222828288222 888 


Size 
U/G Ampacty A/G Ampaciy Unit Rac Base 
Ta Tc RHO Ta Te Length Temp. Phase G/N 


20 90 — 90 40 90 1000 ft = 75 


AWG /kemil 


(@ Avail. Sizes 


> All Sizes 


Cancel 
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Library Quick Pick - Cable 


41 Sort Smallest to Largest 

Z| Sort Largest to Smallest 
Search 

(Select All) 

EPR 

FEP 

FEPB 

Mi 


ss Si S| S| S| SS 


8.2.5 Source 


ETAP’s Cable Library data is obtained from the following standards and manufacturers: 


National Electric Code (NEC) 

Insulated Cable Engineers Association (ICEA) 
Okonite Cable Manufacturer 

Kerite Cable Manufacturer 

AmerCable Manufacturer 

General Cable Manufacturer 

British Standard 7671 


Oococooco 
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8.3 Cable Fire Coating 


The Cable Fire Coating Library is set up in a similar manner to a file directory system. You can have 
unlimited headers (manufacturers) within the library and unlimited fire coating types for each 
manufacturer, as shown below. 


Fire Coating Library Header 
Header Fire Coating Type 
Header Fire Coating Type 
: Fire Coating Type 
. ; 
Header - 
Fire Coating Type 


A fire coating header consists of the installation type and the manufacturer. You can have unlimited 


manufacturers for each installation type. The source for existing libraries is TVA. Three installation types 
are available: 


Q Tray Specifies cables located in cable trays 
Q Conduit Specifies cables placed in conduits 
Q Air Drop Specifies cables installed as air drop cables 
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8.3.1 Fire Coating Library Selector 


(oo Fire Coating Library e es) 


Manufacturer 


Type Flame Master 


(@ Tray 


©) Conduit 
() Air Drop Cable 


| Add..| | Delete | | Copy...} | Help | i) 


The Cable Fire Coating Library allows you to add new fire coating types, select existing fire coating types 
for editing, deleting, or copying. To edit a Fire Coating Library, double-click on the item or click on the 
Edit button after highlighting it. To delete a fire coating, click on the Delete button after highlighting a 
selection. ETAP will request confirmation to delete the selected cable fire coating. 


Add 


Click on the Add button to specify the name of the manufacturer you wish to add to the library. Edit the 
new library header, by selecting it, and then clicking the Edit button. 


Add Library |_| 


Tray Manufacturer 
Library MFRI1 


Cancel 


Copy 

Click on the Copy button to copy the data from one library header to a new library header name. This 
function can be used to change specifications in the library without modifying the original data. Edit the 
new library header by selecting it, and then clicking the Edit button. 


Copy Library |e) 


From Flame Master 


To 
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8.3.2 Fire Coating Library Editor 


Fire Coating Library - Tray 


Remarks 
Flamemastic, top and bottom identical coating 
Flamemastic, top and bottom identical coating 
Flamemastic, top and bottom identical coating 
Flamemastic, 1.00" top, 0.75" bottom 
Flamemastic, 1.25" top, 0.75" bottom 
Flamemastic, 1.50" top, 0.75" bottom 
Flamemastic, 1.75" top, 0.75" bottom 
Flamemastic, 2.00" top, 0.75" bottom 


This Spreadsheet Editor allows you to view and edit the Cable Fire Coating Library data. Each library 
record is a unique set of data for each cable fire coating type. Appending two columns, 
Material+Configuration, forms a unique record name. If the combined name of these two columns is 
repeated, that row is deleted, i.e., duplicate records are overwritten. The combination of both fields 
must contain at least one different character. If a row (record) of data duplicates a previous one, ETAP 
will display a frame requesting that you confirm this request before adding any library data. 


Material 
Enter the type of material used in the construction of the fire coating. Material type is a description only. 


Configuration 
Enter the thickness of the fire coating. Configuration is a description only. 


ACF 
Enter the Ampacity Correction Factor (ACF). The ACF is used to calculate the derated ampacity of 
cables in the Ampacity page of the Cable Editor. 


Remarks 

Enter general remarks regarding the fire coating for the selected Cable Library coating type. Remarks are 
a description only (The word “default” is used if the cable fire coating is part of the original ETAP 
Library.) 
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8.3.3 Cable Fire Coating - Quick Pick 


Access the Library Quick Pick dialog box for Cable Fire Coating by checking the box next to Fire 
Coating. The Fire Coating box only appears if the installation type is A/G Trays, A/G Conduit, or Air 
Drop. Click on the Coating “Lib” button to select a specific Manufacturer and ACF. 


Select a Manufacturer and a cable fire protection type from the dialog box. The cable fire protection type 
includes the material, configuration, and Ampacity Correction Factor (ACF). 


Library Quick Pick - Fire Coating (TRAY) [eee 


Manufacturer Material Configuration 


Flame Master 4, 0- 0.25" 


Cancel 
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8.4 Cable Fire Stop 


The Cable Fire Stop Library is set up in a similar manner to a file directory system. There are unlimited 
headers (manufacturers) included within the library and unlimited fire stop types for each manufacturer, 
as shown below. 


Fire Stop Library Header 

Header Fire Stop Type 
Header Fire Stop Type 
. Fire Stop Type 

e + 

° e 

Header 7 
Fire Stop Type 


A fire stop header consists of the installation type and the manufacturer. You can have unlimited 
manufacturers for each installation type. The source for existing libraries is TVA. The three installation 
types available are: 


Q Tray Specifies cables located in cable trays 
Q Conduit Specifies cables placed in conduits 
Q Air Drop Specifies cables installed as air drop cables 
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8.4.1 Fire Stop Library Selector 


[| Fire Stop Library son x" 
Manufacturer 
dss Typicl | 
@ Tray 
Conduit 
Air Drop Cable 


Ea) | Add... | | Delete | | Cony... | | Help | [ Close | 


The Cable Fire Stop Library allows you to add new fire stop types or select existing fire stop types so that 
you can edit, copy, or delete them. To edit a Fire Stop Library, double-click on the item or click on the 
Edit button after highlighting it. To delete a fire stop, click on the Delete button after highlighting a 
selection. ETAP will request confirmation to delete the selected cable fire stop. 


Add 
Click on the Add button to specify the name of the manufacturer you wish to add to the library. Edit the 
new library header, by selecting it, and clicking the Edit button. 


Copy 

Click on the Copy button to copy the data from one library header to a new library header name. This 
function can be used to change specifications in the library without modifying the original data. Edit the 
new library header by selecting it, and clicking the Edit button. 
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8.4.2 Fire Stop Library Editor 


This Spreadsheet Editor allows you to view and edit the Cable Fire Stop Library data. Each library 
record is a unique set of data for each cable fire stop type. Appending two columns, 
Material+Configuration, forms a unique record name. If the combined name of these two columns is 
repeated, that row is deleted, i.e., duplicate records are overwritten. The combination of both fields 
must contain at least one different character. If a row (record) of data duplicates a previous one, ETAP 
will request confirmation before overwriting it. 


Fire Stop Library - Tray 


Remarks 
Default for 30% filled trays, 1.15" cable depth 
Default for 30% filled trays, 1.53" cable depth 


Material 
Enter the type of material used in the construction of the fire stop. Material type is a description only. 


Configuration 
Enter the thickness of the fire stop. Configuration is a description only. 


ACF 
Enter the Ampacity Correction Factor (ACF). The ACF is used to calculate the derated ampacity of 
cables in the Ampacity page of the Cable Editor. 


Remarks 

Enter general remarks concerning the fire coating for the selected Cable Library coating type. Remarks 
are a description only (The word “default” is used if the cable fire coating is part of the original ETAP 
Library.) 
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8.4.3 Library Quick Pick - Fire Stop 


Access the Library Quick Pick dialog box for Cable Fire Stop by checking the box next to Fire Stop. The 
Fire Stop box only appears if the installation type is A/G Trays, A/G Conduit, or Air Drop. Click on the 
Stop “Lib” button to select a specific Manufacturer and ACF. 


Select a Manufacturer and a cable fire protection type from the dialog box. Cable fire protection type 
includes the material, configuration, and Ampacity Correction Factor (ACF). 


Library Quick Pick - Fire Stop (TRAY) |_| 


Manufacturer Material Configuration 


12" Firestop 


12" Firestop 
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8.5 Cable Fire Wrap 


The Cable Fire Wrap Library is set up in a similar manner to a file directory system. You can have 
unlimited headers (manufacturers) within the library and unlimited fire wrap types for each manufacturer, 
as shown below. 


Fire Wrap Library Header 

Header Fire Wrap Type 
Header Fire Wrap Type 
7 Fire Wrap Type 

j e 

Header is 

e 
Fire Wrap Type 


Fire wrap adjustment factors are used for cables routed through conduits, trays, etc. that have been 
wrapped with a fire barrier. A fire wrap header consists of the installation type and the manufacturer. 
You can have unlimited manufacturers for each installation type. The source for existing libraries is TVA. 
The three installation types available are: 


Q Tray Specifies cables located in cable trays 
Q Conduit Specifies cables placed in conduits 
a Air Drop Specifies cables installed as air drop cables 
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8.5.1 Fire Wrap Library Selector 


(oo Fire Wrap Library Lo] © (es) 
Manufacturer 
ie es 
@ Tray TSI 
Conduit 
Air Drop Cable 


Es | Add... | | Delete | | Cony... | | Help | [ Close | 


The Cable Fire Wrap Library allows you to add new fire wrap types or select existing fire wraps for 
modification, deletion, or copying. To edit a Fire Wrap Library, double-click on the item or click on the 
Edit button after highlighting it. To delete a fire wrap, click on the Delete button after highlighting a 
selection. ETAP will request confirmation to delete the selected cable fire wrap. 


Add 
Click on the Add button to specify the name of the manufacturer you wish to add to the library. Edit the 
new library header, by selecting it, and clicking the Edit button. 


Copy 

Click on the Copy button to copy the data from one library header to a new library header name. This 
function can be used to change specifications in the library without modifying the original data. Edit the 
new library header by selecting it, and clicking the Edit button. 
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8.5.2 Fire Wrap Library Editor 


This Spreadsheet Editor allows you to view and edit Cable Fire Wrap Library data. Each library record is 
a unique set of data for each cable fire wrap type. Appending two columns, Material+Configuration, 
forms a unique record name. If the combined name of these two columns is repeated, that row is deleted, 
i.e., duplicate records are overwritten. The combination of both fields must contain at least one 
different character. If a row (record) of data duplicates a previous one, ETAP will display a frame 
requesting that you confirm this request before adding any library data. 


Fire Wrap Library - Tray 


Pies 
CS-195,M-20A : t 1 layer of CS-195 and 1 layer M-20A (1 hour) 
4 layers of M-20 (1 hour) 


Material 
Enter the type of material used in the construction of the fire wrap. Material type is a description only. 


Configuration 
Enter the thickness of the fire wrap. Configuration is a description only. 


ACF 
Enter the Ampacity Correction Factor (ACF). The ACF is used to calculate the derated ampacity of 
cables in the Ampacity page of the Cable Editor. 


Remarks 

Enter general remarks concerning the fire coating for the selected Cable Library coating type. Remarks 
are a description only (The word “default” is used if the cable fire coating is part of the original ETAP 
Library.) 
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8.5.3 Library Quick Pick - Fire Wrap 


Access the Library Quick Pick dialog box for Cable Fire Wrap by checking the box next to Fire Wrap. 
The Fire Wrap box appears only if the installation type is A/G Trays, A/G Conduit, or Air Drop. Click on 
the Wrap “Lib” button to select a specific Manufacturer and ACF. 


Select a Manufacturer and a cable fire protection type from the dialog box. Cable fire protection type 
includes the material, configuration, and Ampacity Correction Factor (ACF). 


Library Quick Pick - Fire Wrap (TRAY) |e 


Manufacturer Material Configuration 


CS-195.M-204 1+Vlayer, Thr 
TSI 4 layers, 1hr 


Cancel 
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8.6 Transmission Line Library (Phase Conductors) 


The Line Library is set up in a similar manner to a file directory system. You can have unlimited line 
headers (Line Types) within the library and unlimited line sizes for each header as shown below. 


Transmission Line Library —- Phase Conductor Line Header 
Ground Conductor Line Header Line Size 
Line Header Line Size 
. Line Size 
Line Header : 
Line Size 


8.6.1 Library Header 


Library Type Unit System Frequency Source Name Cond. Type 
Phase Conductor English 60 Hz anes cu 
Ground Conductor Metric 50 Hz AAC 
AAAC 
ACAR 
ACSR 
AHC 
cwe 
Cw 
Temperature 
Base Tl Base T2 Ta Code Size Strands 
Bald Pate 900 30 
5 s Bittern 800 20 
Bluebird 700 10 
Q Unit System Metric or English unit system; used for all line physical dimensions 
Q Frequency Rated base frequency of the line in Hz 
Q Conductor Type Available conductor types for the line 
Q Temperature 
o Base T1 Base temperature of the conductor resistance in degrees C 
Oo Base T2 Base temperature of the conductor resistance in degrees C 
Oo Ta Ambient temperature of the line in degree C 
o Tc Maximum allowable conductor temperature in degree C 
Q Code Transmission Line Code Name. Used by different standards to identify 
Sizes 
Q Size Size of the transmission line in Kcmil or mm? 
Q Strands Number of strands for the main conductor of the line 
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8.6.2 Transmission Line Library Selector 


Unit System Frequency Conductor Type 


[Code [Size | 
Source Name 3No.10 31.2 3 


Southwire 


Reference 


Temperature 


Poewtt | bewt2] te | to] 


75 


Impedance Unit 
1 mile 


esto) (Gat) [oom] (Ge) [i) Co] 


The Transmission Line Library selector allows you to add new Transmission Line headers, select 
existing Transmission Line headers to edit, delete, or copy Transmission Lines. To edit a Transmission 
Line Library, double-click on the item or click on the Edit button after highlighting it. To delete a 
Transmission Line, click on the Delete button after highlighting it. ETAP will request confirmation to 
delete the selected Transmission Line. 


All available Transmission Line headers are displayed in the selector. Transmission Line sizes are 
displayed on each Transmission Line header for your convenience. The transmission Line size is in kcmil 
for English Transmission Line data and in mm?for metric Transmission Line data. 
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Add and Copy 


This dialog box is used to add a new transmission line header (type) or copy an existing transmission line 
header. 


Transmission Line Library: Add 

Unit System Conductor Type 
we 

Frequency 

Impedance Ampacity 
oe ta Ta 
1 mile 
Source Name 20 bd 
Base T1 25 rE 


ic 


Reference 2 
Base T2 50 vy ‘C “5 


| Cancel | | Help | 


A new transmission line header consists of all the information you see in this dialog box. You can create 
anew cable header by changing any one of the items in the cable header information. 


Editor 


To edit the Transmission Line data, select a Transmission Line type from the Transmission Line Library 
and click on the Edit Properties button. Each Transmission Line type (header) can contain an unlimited 
number of Transmission Line sizes. This Spreadsheet Editor allows you to view and edit Transmission 
Line Library data for a selected Transmission Line type. The name of the Transmission Line type is 
displayed on top of the spreadsheet. Each Transmission Line record (row) is a unique set of data for each 
Transmission Line size. Each Transmission Line record must have a unique identifier: Code and size. 
Duplicate records, which have the same data, are overwritten. The conductor size must contain at least 
one character, which is different from the other sizes. If a row of data duplicates a previous one, it will 
overwrite it. 
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Aerial Line Library (ere Sr| 
Source Name Conductor Type Frequency BaseT1 25 ‘°C Tal eo G Impedance Unit 
EPRI AW 60 BaseT2 75 °C ite 75 c 1 mile nema 
Code | Size / |) Ampacity | Strands |StrandDia. |Steel Strands |Strand Dia. Steel} | | -] J 
0 3 0 0 0.00165 0.777 = 
IV |3No9 33:3 it} a 0.114 tt} 0 0.246 |0.00185| 7.04 8.52 0.763 |_| 
MV |3No.8 49.5 0 3 0.129 0 0 O27? | 0.00208) 5.58 6.82 0.749 
iV |3No7 62.5 Oo 3 0.144 Oo 0 0.311 | 0.00233} 4.42 5.47 0.735 
IV |? No.10 72.7 0 7 0.102 0 0 0.306 | 0.00166 | 3.88 4.73 0.777 
MW |3No.6 78.7 Oo 3 0.162 0 0 0.349 | 0.00262) 3.51 4.41 0.721 
IV |7No3 91.6 0 7 0.114 0 0 0.343 | 0.00186 | 3.08 3.8 0.763 
IV |3No.5 99.3 Oo 3 0.182 Oo 0 0.392 | 0.00294) 278 3.56 0.707 
MV |7No8 115.6 0 if 0.128 0 0 0.385 | 0.00209) 244 3.06 0.749 
WW |?7Na? 1458 i 7 Nida fl n nay inane! 1997 | 947 | nz | 
« m" } r 
| Add | Delete | | Help | | Cancel | | Export 
Avail 


Enter Y (yes) or N (no) for availability of the line size. Use this option to flag the lines you want to be 
used for this project. When you are picking a line from the library (Line Library Quick Pick), you can 
pick from available lines only or from all lines in the library. Note: When you use the drop-down list for 
Line Sizes (in the Line Type section of Transmission Line Editors), you can only select the library lines 
that are flagged as available. 


Code 

Depending on the standard, transmission line sizes can be identified by different codes. Some standards 
use bird names, flower names, cities, fruit names, animals, etc. The name specified in this field must be 
unique up to 16 alphanumeric characters in length. 


Size 
Cable size is specified in kcmil for English transmission line data and in mm* for metric cable data. 


Ampacity 
This is the maximum allowed current for the transmission line in amps when the line is installed at a 
temperature Ta and a conductor temperature of Tc. 


Strands 

Enter the number of strands for the conductor of the transmission line. In the case of a composite line 
such as ACSR, the number of strands entered in this field would be the number of strands of the 
aluminum conductor. 


Strand Dia. 


Enter the diameter of the conductor strands in inches for English transmission lines and centimeters for 
metric transmission lines. 
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Steel Strand 

Enter the number of strands for the reinforcement conductor of the transmission line. In the case of a 
composite line such as ACSR, the number of strands entered in this field would be the number of strands 
of the steel conductor. 


Strand Dia., Steel 
Enter the diameter of the reinforcement conductor strands in inches for English transmission lines and 
centimeters for metric transmission lines. 


OD 
Specify the Overall Transmission Line Diameter in inches for English lines and centimeters for metric 
lines. 


GMR 
Specify conductor Geometric Mean Radius in feet or meters. GMR must be less than or equal to the 
conductor radius. 


Ra T1 

This is the conductor rated resistance at the rated temperature T1 in ohms per mile for English lines and 
ohms per kilometer for metric lines. This value and Ra T2 will be used to calculate the impedance 
variation of the line with respect to temperature using the methods of interpolation and extrapolation. 


Ra T2 

This is the conductor rated resistance at the rated temperature T2 in ohms per mile for English lines and 
ohms per kilometer for metric lines. This value and Ra T1 will be used to calculate the impedance 
variation of the line with respect to temperature using the methods of interpolation and extrapolation. 


Xa 
Enter the conductor inductive reactance in ohms per conductor per unit length at 1ft spacing. 


Xa’ 
Enter the conductor shunt capacitive reactance in megohms per conductor per unit length at 1 ft spacing. 


Rdc 
Enter the conductor DC resistance in ohms per conductor per unit length. 


Weight 
Enter the weight of the cable in units of lbf/ft or N/m. 


Strength 
Enter the breaking strength capacity of the line in pounds. 


Comment 
Enter any notes or comments about this line. 
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8.6.3 Transmission Line Library Quick Pick 


Unit System Frequency Conductor Type 


Source Name 3No.10 31.2 3 


Southwire 


Reference 


Temperature 


ad a 


25 25 


Impedance Unit 
1 mile 


Access the Library Quick Pick dialog box by clicking on the Library button inside the Editor Parameter 
page for ground wires and phase conductors. The Library Quick Pick displays all of the line information 
in the associated library file. 


From this dialog box, select a Unit system, Frequency, Conductor, and Source Name. This narrows the 
choice of available library selections to a group you are interested in. Then, select a Conductor type and 
line size. The Library Quick Pick dialog box allows you to choose a line size from all line sizes in the 
library file or only lines flagged as Available. 
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8.7 Motor Nameplate 


The Motor Nameplate Library is set up in a similar manner to a file directory system. Select the desired 
frequency and unit. Units are converted automatically during calculations so the selection of either kW or 
HP provides complete information to ETAP. Unlimited headers (manufacturers) within the library may 
be specified. Within each header, various voltage levels are available. Motor nameplate types for each 
voltage level can be selected, as shown below. 


Header Record 
rs q 


Motor N lat 
ae — =“ a HP kV Manufacturer Type 
J aye kw kV Manufacturer Type 
kV Manufacturer 
e ‘ Type 
kV Manufacturer Type 


A motor nameplate header consists of the frequency, unit system, voltage level, and the manufacturer. 
There can be unlimited manufacturers for each header. 


e Frequency 50 or 60 Hz 

e kW/HP Select unit type 

e Manufacturer Up to 12 characters long 
e §6Voltage In kV 
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8.7.1 Motor Nameplate Library Header 


=| Motor Nameplate Library eo 
Frequency Unit 
~) 50 Hz @ HP 
®@ 60 Hz kia 
ki Manufacturer 
a MTR 
0.48 
23 = 
2.4 
4 
4.16 = 
4190 
| Edit... | Add. | Delete Copy. | | Help | Close | 


The Motor Nameplate Library allows you to add motor nameplate models or modify existing motor 
nameplate models. Click on the Edit button to edit a motor nameplate model within the Motor Nameplate 
Library. Click on the Delete button to delete a selected motor nameplate model. ETAP will display a 
frame requesting that you confirm this request before removing any library data. 


Add 
Select this option to enter the manufacturer name and kV rating of the motor nameplate you wish to add 


to the library. You can edit the properties of the new motor nameplate selection by highlighting it in the 
provided list, then clicking on the Edit button. 


Copy 

Select this option to copy the data from one manufacturer name and kV rating to a new manufacturer 
name and kV rating. This function can be useful if you wish to change a few specifications in a library 
entry while retaining the original data. You can edit the properties of the new nameplate selection by 
highlighting it from the list provided, then clicking on the Edit button. 
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8.7.2 Motor Nameplate Editor 


=| Motor Nameplate Library Editor 


Power (HP or kW) (HP) | a 


60Hz 0.46 kV Manufacturer : MTR 


This Spreadsheet Editor allows you to view and edit the Motor Nameplate Library data. Select the motor 
design operating frequency and units for motor mechanical rating of the selected motor. Appending two 
columns, HP/kW+Frame Size, forms a unique record name. If the combined name of these two columns 
is repeated, that row is deleted, i.e., duplicate records are overwritten. The combination of both fields 
must contain at least one different character. If a row (record) of data duplicates a previous one, ETAP 
will display a frame requesting that you confirm this request before adding any library data. 


HP/kwW 
Enter the motor nameplate power (HP or kW). 


Frame Size 
Enter the motor frame size. 


Design Letter 
Enter the motor NEMA design letter. 


Poles 
Enter the number of poles for the motor. 


Syn. Speed 
Enter the motor rated synchronous speed (RPM). 


kVA 
Enter the motor rated kVA. 


Phase 
Enter the number of phases for the motor. 
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SF 
Enter the motor service factor. 


LRC 
Enter the locked-rotor current as a percentage of the rated full load current. 


FLA 
Enter the motor full load current in amperes. 


Pfir 
Enter the locked-rotor power factor in percent. 


PF50% 
Enter the motor power factor at 50% loading in percent. 


PF75% 
Enter the motor power factor at 75% loading in percent. 


PF100% 
Enter the motor power factor at 100% loading in percent. 


EFF50% 
Enter the motor efficiency at 50% loading in percent. 


EFF75% 
Enter the motor efficiency at 75% loading in percent. 


EFF100% 
Enter the motor efficiency at 100% loading in percent. 


Tir 
Enter the motor locked-rotor torque in lb-ft or kg-m. 


Tmax 
Enter the motor maximum torque in lb-ft or kg-m. 


Tfl 
Enter the motor full load torque in lb-ft or kg-m. 


Slip@Tmax 
Enter the motor slip at maximum torque in percent. 


Xsc 4% Cycle 
Enter the subtransient reactance of the motor in percent (machine base) to be used in short-circuit studies. 


Xsc 1.5-4 Cycle 
Enter the transient reactance of the motor in percent (machine base) to be used in short-circuit studies. 
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xX 
Enter the motor steady-state reactance in percent (machine base) to be used in the IEC 61363 method. 


X2 
Negative sequence reactance in percent (machine base). 


X0 
Zero sequence reactance (machine base). 


X/R 
Induction motor’s X/R (X”/Ra). 


Td’ 
Enter the motor transient time constant in seconds: 


Td’ = X”/Q2afRr) (Rr = rotor resistance) 
This value is used in the IEC 61363 short-circuit method. 


Char. Model 
Enter the characteristic model ID from the Motor Characteristic Model Library. 


CKT Model 


Enter the CKT model ID from the Motor Model Library; CKT models include types Single1, Single2, 
DBL1, and DBL2. 
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8.7.3 Library Quick Pick - Motor Nameplate 


The Library Quick Pick dialog box is accessed by double-clicking on a motor in the one-line diagram, 
and then clicking on the Library button in the Nameplate page of the Motor Editor. The Library Quick 
Pick options are a compilation of the information you have specified for this element. 


Library Quick Pick - Motor Nameplate 


, @ HP 
Frequency 60 Hz Unit — Keay 


Manufacturer 


MTR 


HP/ki Frame Size Design Poles Synch. Speed 
Letter 
1000 Other , : 1800 
1250 Other 1800 
1500 Other 1800 
1750 Other 1800 
2000 Other 1800 


ara sna 


Help None [ox] 


Select a motor nameplate from the library from this dialog box. Specify HP tables or kW tables, and then 
select the appropriate voltage level, manufacturer, and design from the Motor Nameplate Library. Motor 
nameplate design includes the HP/kW, frame size, letter, poles, and synchronous speed (RPM). 
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8.8 Motor Circuit (CKT) Model 


The Motor Circuit (CKT) Model Library is set up in a similar manner to a file directory system. You can 
have unlimited headers (design classes) within each model type (Single1, Single2, or DBL1/DBL2), and 
unlimited motor model IDs for each header, as shown below. 


Motor Circuit Singlel ee Class Model ID 
Model Library Single2 Design Class Model ID 
DBL1/ Design Class Model ID 
DBL2 : ° 
e 
e 
e 
Design Class Model ID 


A motor circuit model header consists of the model type and design class. You can have unlimited model 
IDs for each header. 
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8.8.1 Motor Circuit Model Selector 


| Motor CKT Model Library [oc] © ea] 


Model Type 


®) Single Single2 DBL1 & DBL2 


Design Class 
- 
H¥-HS-LT 
H¥-LS-HT 
H¥-LS-LT 
LY¥-HS-HT = 


sfucit 


(Ea.)| Add... | | Delete | | Copy..] | Help | 3) 


The Motor Circuit (CKT) Model Library allows you to add new motor model design classes or select 
existing motor model design classes, based on the selection made for Model Type, for modification, 
deletion, or copying. To edit a motor model, double-click on the item or click on the Edit button after 
highlighting it. To delete a motor model design class, click on the Delete button after highlighting a 
model. ETAP will display a frame requesting that you confirm this request before deleting the selected 
design class. 


W 


Add 

Select this option to enter the design class of the motor model you wish to add to the library. You can 
then edit the properties of the new motor model selection by highlighting it from the list provided, then 
clicking on the Edit button. 


Copy 

Select this option to copy the data from one design class to a new design class. This function can be 
useful if you wish to change a few specifications in a library entry while retaining the original data. The 
properties of the new model library selection can be edited by highlighting it from the list provided, then 
clicking on the Edit button. 
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8.8.2 Motor Circuit (CKT) Model Editor 


This Spreadsheet Editor allows you to view and edit the Motor Circuit (CKT) Model Library data. Each 
library record is a unique set of data for each motor model type. A unique record is obtained by the 
Model ID. If this name is repeated, that row is deleted, i.e., duplicate records are overwritten. If a row 
(record) of data duplicates a previous one, ETAP will display a frame requesting that you confirm this 


request before adding any library data. 


C 
ail Motor CKT Model Library Editor 


Model Type Single1 Design Class HV-HS-HT 

Model ID Y XR Y x ig Xoc Y Tdo’ 
LV100HP2P | 5.46 15.19 308.3 0.36 
LV10HP2P 3.09 13.49 300 0.32 
LV150HP2P 6.51 14.91 403.1 05 
LV200HP2P 8.37 14.73 492.1 0.62 
LV20HP2P 10.74 16.76 262.9 0.24 
LV250HP2P 7.19 15.1 426.6 0.75 
LV50HP2P 2.03 13.78 236.5 0.23 
LV75HP2P 442 14.63 375 0.44 
MV1000HP2P 12.25 21.8 357.7 0.6 
MV500HP2P 5.06 19.36 375.5 0.81 

* 
Ok | | Cancel 


—— 


Model Type (Single1) 


This is an equivalent circuit (CKT) model of a single cage motor where the rotor resistance and reactance 


are constant. 


Model ID 


Select an existing model ID. Model IDs are unique names with up to 12 characters. 


X/R 
Enter the X/R ratio. 


ETAP 
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xX’ 
Enter the transient reactance (= Xs+XmXr / (Xm+Xr) in percent (machine base). 


Xoc 
Enter the open circuit reactance (= Xs+Xm) in percent (machine base). 


Tdo’ 
Enter the open circuit time constant (= (Xr+Xm)/27fRr) in seconds. 


Model Type (Single2) 


This is a circuit (CKT) model of a single cage motor where the rotor resistance and reactance change as 
functions of motor speed to represent deep-bar effects of the rotor. 


Model ID 
Select an existing model ID. Model IDs are unique names with up to 12 characters. 


Rs 
Enter the motor stator resistance in percent (machine base). 


Xs 
Enter the motor stator reactance in percent (machine base). 


Xm 
Enter the motor magnetizing reactance in percent (machine base). 


Rc 
Enter the core loss resistance in percent (machine base). 


Rr, fl 
Enter the motor rotor resistance at full load in percent (machine base). 


Rr,lr 
Enter the motor rotor resistance at locked-rotor in percent (machine base). 


Xr, fl 
Enter the motor rotor reactance at full load in percent (machine base). 


Xr,lr 
Enter the motor rotor reactance at locked-rotor in percent (machine base). 


Non-Linear Flag 
Indicates nonlinear rotor impedance model if it is checked. The box is not checked if it is a linear model. 


NIBtn 

NIBtn stands for "Nonlinear Button". This button is active if the model is nonlinear. It displays all rotor 
impedances as nonlinear function of slip. The ETAP Circuit Library can store rotor Z(S) at slips of 100%, 
90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0% and full 
load slip. The slip(S) column is fixed; however, Rr and Xr columns are editable. All values are in percent. 


ETAP 8-52 ETAP 19.0 User Guide 


Engineering Libraries Motor Circuit (CKT) Model 


Model Type (DBL1/DBL2) 


This is a circuit (CKT) model of a double cage motor having two rotor cages. 


Model ID 
Select an existing model ID. Model IDs are unique names with up to 12 characters. 


Rs 
Enter the motor stator resistance in percent (machine base). 


Xs 
Enter the motor stator reactance in percent (machine base). 


Xm 
Enter the motor magnetizing reactance in percent (machine base). 


Rc 
Enter the core loss resistance in percent (machine base). 


Rr1 
Enter the motor rotor resistance for the first rotor circuit in percent (machine base). 


Rr2 
Enter the motor rotor resistance for the second rotor circuit in percent (machine base). 


Xrl 
Enter the motor rotor reactance for the first rotor circuit in percent (machine base). 


Xr2 
Enter the motor rotor reactance for the second rotor circuit in percent (machine base). 
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8.8.3 Library Quick Pick - Motor Model 


The Library Quick Pick dialog box is accessed by double-clicking on a motor in the one-line diagram, 
and then clicking on the Library button in the LR Model page of the Motor Editor. The Library Quick 
Pick options are a compilation of the information you have specified for this element. 


Select a motor model from the library from this dialog box. Specify whether you would like a Single1, 


Single2, or Double-Cage (DBL) model, then select the appropriate design class and model ID from the 
library. 


Library Quick Pick - Motor CKT Model [em 


Model Type 
Single1 ®@ Single2 (© DBL1 / DBL2 


Design Class Model ID 
HV-HS-HT E LV100HP2P 


H¥-HS-LT LV1OHP2P 
H¥-LS-HT LV150HP2P 
H¥-LS-LT L¥200HP2P 


vr 


WHS -HT_ LVONHP?P _ 
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8.9 Motor Characteristic Model 


The Motor Characteristic Model Library is set up in a similar manner to a file directory system. You can 
have unlimited headers, and each header is defined by a motor model ID specified within a design class, 


as shown below. 


Motor Characteristic Header: Model ID 
Model Library Header Model ID 
Header Model ID 

e e 

e e 

e e 
Header Model ID 


A motor characteristic header consists of a design class and a model ID. You can have unlimited records 
for each header. 


8.9.1 Motor Characteristic Model Library Selector 


= | Motor Characteristic Model Library -o-] 8 
Design Class Model ID 

Ce .| (RG . | 

| H¥-HS-LT LY10HP2P 
H¥-LS-HT L¥Y150HP2P a 
H¥-LS-LT a L¥200HP2P 7 
LY-HS-HT LY¥20HP2P 
LY¥-HS-LT LY¥250HP2P 
L¥-LS-HT = LY50HP2P = 

Liste rr j Lee Imam J 


i) |Add... | | Delete | [Copy .. | | Help | | Close | 


Motor characteristic model libraries shipped with ETAP contain several design classes that are named 
according to the following three criterions: 


Voltage HV (High Voltage) LV (Low Voltage) 
Slip HS (High Slip) LS (Low Slip) 
Torque HT (High Torque) LT (Low Torque) 


For example, HV-LS-HT means High Voltage, Low Slip, and High Torque. 
These naming criterions are based on NEMA definitions: 
NEMA Class A&B - Normal Torque Low Slip 


NEMA Class C - High Torque Low Slip 
NEMA Class D - High Torque _ High Slip 
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NEMA Class E&F - LowTorque Low Slip 
Low voltage is considered to be devices rated at less than 1 kV. 


The Motor Characteristic Model Library allows you to add new motor characteristic design classes and 
models or select existing motor characteristic design classes and models for modification, deletion, or 
copying. To edit a motor characteristic model, double-click on the item or click on the Edit button after 
highlighting it. To delete a motor characteristic model design class, click on the Delete button after 
highlighting a model. ETAP will display a frame requesting that you confirm this request before deleting 
the selected design class. 


Add 


Select this option to input the name of the manufacturer and choose the design class you wish to add to 
the library. You can edit the properties of the new Motor Characteristic Model Library selection by 
highlighting it in the provided list, and then clicking on the Edit button. 


Copy 

Select this option to copy the data from one manufacturer name and design class to a new one. This 
function can be useful if you wish to change a few specifications in the library entry while retaining the 
original data. The properties of the new Motor Characteristic Model Library selection can be edited by 
highlighting it from the list provided, then clicking on the Edit button. 
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8.9.2 Motor Characteristic Model Editor 


=) Motor Characteristic Model Library Editor x 
Slip [1 - ¥/m/¥¥s } in % 


Torque Slip Curve 


This Spreadsheet Editor allows you to view and edit selected motor characteristic design classes and 
models. Each library record is a unique set of data for each motor characteristic design class. A unique 
record name is defined by Slip. If the record is repeated, that row is deleted, i.e., duplicate records are 
overwritten. If a row (record) of data duplicates a previous one, ETAP will display a frame requesting 
that you confirm this request before overwriting any library data. 


Model 


Slip 
Enter the motor slip as a percentage. 


Torque 
Enter the machine torque as a percentage of full load torque. 


I 
Enter the motor current as a percentage of full load current. 


PF 
Enter the motor power factor as a percentage. 
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8.9.3 Library Quick Pick - Motor Characteristic Model 


The Library Quick Pick dialog box is accessed by double-clicking on a motor in the one-line diagram, 
then clicking on the Library button in the Model page of the Motor Editor. The Library Quick Pick 
options are a compilation of the information you have specified for this element. 


Pick a motor torque slip characteristic curve from the library from this dialog box. Select the appropriate 
design class and model ID from the Motor Characteristic Model Library. 


Library Quick Pick - Characteristic Model Si) 


Torque Slip Characteristic Model Library 


Design Class Model ID 
H¥-HS-HT a LV100HP2P a 


H¥-HS-LT L¥10HP2P 
H¥-LS-HT L¥150HP2P 
H¥-LS-LT = L¥200HP2P 
AHS -HT é ION P2P 


| Cancel | | Help 
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8.10 Motor Load Model 


The Motor Load Model Library is set up in a similar manner to a file directory system. You can have 
unlimited models within the library, as shown below. 


Motor Load 


Model 
Model Library ae 


Model 
Model 


Model 


8.10.1 Motor Load Model Selector 


The Motor Load Model Library selector is used to add, modify, and select mechanical load models based 
on torque curve characteristics. 


Motor Load Library 


Model Type 


Model ID 


(@ Polynomial 


©) Curve 


Model Type 


Polynomial 
The Motor Load Library allows you to model the load based on the Polynomial equation: 
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T= Ao + Ai*@ + Aco*@ + A3* @? 


Where @ is the per unit speed of the load and torque T is in percent of the rated torque of the driving 
motor. For convenience, ETAP displays the load curve and prints the values of percent torque at 0, 25%, 
50%, 75%, and 100% speed. 


Curve 
You can specify the model based on a torque slip curve by selecting this option. 


Motor Load Model Library Editor 


You can enter the model ID of the motor load selection you wish to add to the library in the editor. You 
can also edit the properties of the new motor load selection by highlighting it from the list provided, and 
then clicking on the Edit button. 


Motor Load Library [eS 


Model Type 


Model ID 
ake3 7) | Add... | | Delete | 


@ Polynomial 


©) Curve 


% Torque 
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ss 
Motor Load Library xs 


Model Type 
Model ID 


| Curve = Add... Delete 


~-) Polynomial 


® Curve 


—_s 


10) CO) J) 09) OF) 0) Go) 


= 
oO 


| Add | | Delete | 


Model ID 


Select any one of the existing model IDs. Model IDs are unique names with up to 12 characters. 


Coefficients (Polynomial) 


While in Edit mode, you can change the values of Ao, Ai, A2, & A3 coefficients by entering a value 
directly or by clicking the Up/Down arrows next to the coefficient. 


Note: The lower limit of the coefficients is reached when the load torque becomes zero. The upper limit 
is reached when the load torque is 999%. 


The Motor Load selector window allows you to add new motor load types or select one from the existing 
library for modification or deletion. To edit a load model, double-click on the item or click on the Edit 
button after highlighting it. You may then change the coefficients. To delete a motor load model, click 
on the Delete button after highlighting it. ETAP will display a frame requesting that you confirm this 
request before deleting the selected load model. 


% Speed, %Slip, % Torque (Curve) 


Use the Torque-Slip or Torque-Speed Curve to read and enter the points in these fields. Speed is in 
percentage, based on the Synchronous speed. Torque is in percentage, based on the Rated Machine 
Torque. 
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The Motor Load selector window allows you to add new motor load types or select one from the existing 
library for modification or deletion. To edit a load model, double-click on the item or click on the Edit 
button after highlighting it. You may then change the coefficients. To delete a motor load model, click 
on the Delete button after highlighting it. ETAP will display a frame requesting that you confirm this 
request before deleting the selected load model. 
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8.11 Fuse 


The Fuse Library is set up in a similar manner to a file directory system. The hierarchical library structure 
stores levels or headers (i.e. Standard, AC/DC, Manufacturer, Model, etc.) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as shown below. 


[.. | — | 


Fuse Library 
Librar ANSI AC Manufacturer Model ‘Max. kV Speed Size—— Amps, 
| Manufacturer Model Max. kV Speed Size Short 
TEC DC* Manufacturer Model Max. kV Speed Size pichesbonas 
e e e e e Curve 
e e e e e points 
e e e e e 
Manufacturer Model ‘Max. kV Speed Size 


* - DC fuse will have Max. Volts in the header 
The Fuse Library header consists of Standard - AC/DC — Manufacturer —-Model — Max. kV (Max. Volts 


for DC) — Speed. For each header, you can have unlimited records of fuse size, for which ampere value, 
short-circuit data and minimum melting / total clearing points curve points can be defined. 


ETAP 8-63 ETAP 19.0 User Guide 


Engineering Libraries Fuse 


8.11.1 Fuse Library Editor 


Standard Manufacturer 


(@ ANSI RTE EF Reference 


© IEC Siemens 
Southern States ee 
Square D 
Westinghouse . wiwy.sandc.com 


a Class 


Fuse Link 


Extra-Performance 
Type 
Fuse Link, tinned copper 


Brand Name 
Pasitrol 


Reference 


Application 


Transformer, capacitor bank. pole-tiser takeoff, 


The Fuse Library Editor can be accessed from the Library menu on the menu bar. Select the Library from 
the menu bar and select Fuse. This will bring up the Fuse Editor. The fields of this Library Editor are 
described in this section. 
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Manufacturer 


Manufacturer 
Lists all manufacturers for fuse filtered by the selected standard and AC/DC. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays a manufacturer web link or URL address. 
Add 
Select the Add button to enter the name of a fuse manufacturer you wish to add to the library. 
Fuse Library : Add |—erSomm 
¥) OT created library 
Manufacturer Cutler-Hammer 
Reference Westinghouse 
Link http://www. cutler-hammer.com 
| Help Cancel | 

Manufacturer 


Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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Fuse Library : Edit Info |r 
(¥) OTI created library 


Manufacturer ser 


Reference Westinghouse 


Link — www.sande.com 


Delete Manufacturer 


Delete 

To delete a selected fuse manufacturer and all models provided by that manufacturer, select the 
manufacturer by highlighting it from the list provided and then click on the Delete button. ETAP will 
display a frame requesting that you confirm this request before deleting the selected manufacturer. 


Please Confirm dl 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


é , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

To copy the selected fuse manufacturer and all models provided by that manufacturer, select the 
manufacturer by highlighting it from the list provided and then click on Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 
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Copy Library: Mfr 


From  Cutler-Hammer 


To Westinghouse 


[vee] aR) (_coneet] 


Model 


Model 
Model lists all the Model-Max kV (Max V for DC)-Speed, for the selected fuse manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Class, Type 
Displays the class and type for the selected fuse model. 


Brand name 
Displays the brand name, if available, for the selected fuse model. 


Reference 
Displays the reference, if available, for the selected fuse model. 


Application 
Displays the reference for the selected fuse model. 


Add 


Click on the Add button to enter the name of the fuse model you wish to add to the library. 
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Fuse Library : Add [pero 


Manufacturer Cutler-Hammer 


Fuse Label 
Model Speed 


RBA-400 [Filter 77) ah Standard 

Model Info 

OT! Created Library 

Class 
E-rated Power Fuse 
Reference | TCC Rev. 2/1977 Catalog # | CA01303001E 

Brand Name Issue Date (5/4/2002 

Model Description | |rdoor / Enclouser, Refill Expulsion, Boric Acid 


Application | Fused switch, feeder circuit, power transformer 


Link. 


Ge) Go 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Max kV (Max V for DC fuse) 
Enter the Max kV (Max V for DC fuse) for the fuse. This field is a required library parameter. 


Speed 
Select the speed of the fuse from the list box. This field is a required library parameter. 


Class, Type 
Select the class and type of the fuse from the list box. This field is a required library parameter. 


CLF (checkbox) 
Check if the fuse is a current limiting fuse. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 
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Catalog #, Issue Date 
Enter the catalog number and catalog issue date. This field is provided for reference only and may be left 
blank. 


Brand Name 
Enter the brand name, if available, for the model. This field is provided for reference only and may be 
left blank. 


Description 
Enter the description for the fuse model. This field is provided for reference only and may be left blank. 


Application 
Enter the application for the fuse model. This field is provided for reference only and may be left blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit properties of the new or existing model by highlighting it from the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


ETAP 8-69 ETAP 19.0 User Guide 


Engineering Libraries Fuse 


Fuse Library : Edit Info |p Sve 


Manufacturer Cutler-Hammer 


Fuse Label 
Model 


B4-200 (Condenser) 


Model Info 


VY) OT! Created Library & 
Class Type 


E-rated Power Fuse [=] CLF 


Reference RBA/RDB Catalog ## CAT.200.01.T.E (0711) 


Brand Name Issue Date 
Model Description |mdoor / Enclouser, Refill Expulsion, Boric Acid 
Application Transformer, Capacitor 


Link wwwsch.cutler-hammer.com/unsecure/ems1/13_PWRBRKRSCONTCTRSF 


Ge) Go) a 


Delete Model 


Delete 
To delete a specific fuse model select the model by highlighting it from the list provided and then click on 
the Delete button. The model will be deleted from the list after you confirm the request. 


Please Confirm dl 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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f \ 
ETAP Library Ex) 


This entry is locked. Delete is not allowed. 


Copy 


Copy a fuse model by selecting the model by highlighting it from the list provided and then clicking on 
the Copy button. The selected model will be copied to the same or different manufacturer with the user- 
specified Model name, Max kV, and Speed. 


f~ 5 7 
Copy Library: Fuse =) 


Manufacturer a 


Cutler-H ammer To | Cutler-Hammer 


Model a Max k¥ Speed 
From B4-200 (Condenser) 8.3 Standard 


To = BA-200 (Condenser) ; ¥ Standard 


Help 
Open the Help file for the Fuse Library. 


Close 
Close the Fuse Library Editor and save all changes. 
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8.11.2 Edit Parameters 


Select a model and click on the Edit Parameters button to open the Parameters Editor. The Parameters 
Editor allows you to specify available sizes for the selected fuse model, along with short-circuit data and 
curve points. You can Add, Edit and Delete the data using the Add and Delete buttons. In addition, you 
can select a row (highlight it) and right-click to add, delete, insert, copy and paste rows. Locked entries 
cannot be edited or deleted, but can be copied. 


The different fields in the Parameters Editor for entering data for ANSI fuse are described below. 


Fuse Library Edit Parameters |e) 


Standard Manufacturer | & Model [a Speed 
ANSI Cutler-Hammer BA-200 (Condenser) Standard 


| Lock | | 


° 


ED) BD) | BD) DD DD DH | 


Cancel 


Standard 
Displays the selected standard. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Speed 
Displays the speed of the selected fuse model. 
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Max. kV (Max. V for DC fuse) 
Displays the maximum voltage for the selected fuse model. 


Size 
Enter a size identification number up to 12 alphanumeric characters. This field is a required library 
parameter. 


Cont. Amp 
Enter the continuous ampere value in amperes for the selected size. This field is a required library 
parameter. 


Int. kA 
Enter the short-circuit interrupting value in kA for the selected size. This is an essential field; however, it 
can be left blank if information is not available. 


Test PF, Test X/R 

Enter the Test PF or Test X/R for the short-circuit kA. Entering the Test PF will calculate the Test X/R 
value and vice versa. These are essential fields; however, they can be left blank if information is not 
available. 


TCC 
Click on the Points button to define the Minimum Melting, Total Clearing and Peak Let-Thru curves for 
the selected size. The TCC points buttons are not available for locked entries. 


Construction 
Enter the construction type for the fuse size. This field is provided for reference only and may be left 
blank. 


Note 
Enter notes if required for the selected fuse size. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


The parameters for IEC fuse are identical to ANSI fuse with the exception of short-circuit data, which is 
described below. 
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Fuse Library Edit Parameters = |e 


Standard Manufacturer | @ Model Speed 
IEC ABB CEF Other 


o 


Cont_ Ame TestX/A | TRV | TCC [Construction] Note [Lock | | 
BA ; 50 0 0 (IAS Barrel 

oA WO 5 Barrel 
a6 50 | Barrel 


(Psinte} | Barrel 
|1 Barrel 
|1 Barrel 
[1 Barrel 
1 Barrel 


ED) BD) ED | | | 


Breaking kA 
Enter the short-circuit breaking kA for the selected size. This is an essential field; however, it can be left 
blank if information is not available. 


Test X/R 
Enter the Test X/R for the short-circuit breaking kA. This is an essential field; however, it can be left 
blank if information is not available. 


TRV 


Enter the Transient recovery voltage (TRV) in kV, for the selected fuse size. This is an essential field; 
however, it can be left blank if information is not available. 
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Fuse TCC Curve 


Click on the Points button for ANSI / IEC fuse size to open the Fuse TCC curve window. The Fuse 
TCCCurve Editor allows you to define the Minimum Melting, Total Clearing and Peak Let-Thru curves 
for the selected fuse size. The TCC points are not available for locked entries. 


Fuse TCC Curve =| 


Allis-Chalmers *-tated 
FM Power Fuse CLF 


TCC Points | Peak Let-Thru 


Minimum Melting 


— Total Clearing 


Average Melting 


Total Clearing 


Min. Melting Total Clearing 


TCCID = 14-230-838-401 14-230-837-401 


Revision 12/1971 12/1971 


Notes Apply Smoothing 


The header for the Fuse TCC curve displays details of the fuse model and size selected for defining the 
curve points. 


TCC ID, Revision 
Enter the TCC curve ID and revision date for the Minimum Melting and Total Clearing curves, for the 
selected fuse size. 


Notes 
Enter notes for the TCC curve of the selected fuse size. 
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TCC Points 

Enter the time in seconds and current in amperes for minimum melting and total clearing curves. You can 
Add, Edit and Delete data using the Add and Delete buttons. Check ‘Apply Smoothing’ to smooth the 
minimum melting and total clearing curves. 


Peak Let-Thru 

The Peak Let-Thru page is available only if the fuse is defined as a current limiting (CLF) fuse by 
checking the CLF checkbox in the Edit Info. Enter the short-circuit RMS and Instantaneous peak 
values in kA for the fuse Current Limiting Curve. If the CLF curve is a straight line then only the 
first and last points need to be entered. If CLF curve is a curvature then enter multiple values on 
the curve. You can Add, Edit and Delete data using the Add and Delete buttons. 


Point A: Min SC RMS kA, Min Inst Peak kA 
Point B: Max SC RMS kA, Max Inst Peak kA 


[Fuse TCC Curva {promo 


Allis-Chalmers rated 


FM Power Fuse 


Peak Let-Thru 


Fuse Current Limiting Curve 


InstPeakk& | | 
2.2579 
9,484 Add 


4 


Point B 


Paint 4 


Inst Peak Let-Through Current (kA) 


Available Fault current Symm rms (kA) 


Let-Thru CSI Section 16920 
Revision 1/1987 


Notes 


ee) am) en 
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8.12 Relay 


The Relay Library is set up in a similar manner to a file directory system. The hierarchical library 
structure stores levels or headers (i.e. Manufacturer, Model, Function, etc.) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, CT inputs, etc.). The library header structure is as 


shown below. 
ae iY 


Relay Library 
Library Manufacturer Model Overcurrent 
Manufacturer Model Overload 
Manufacturer Model Differential 
. 7 Distance 
e e e 
e@ e@ e 
Manufacturer Model 


The Relay Library header consists of Manufacturer — Model — Function. A relay model can be single 
function (i.e. ABB CO relay with overcurrent function only) or multiple functions (i.e. ABB SPAM 150C 
with overcurrent, overload, voltage, frequency, etc.). You can have unlimited functions for a relay model 
in the Relay Library. Each relay function has its own header classification, which is explained further in 
this section. 
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8.12.1 Relay Library Editor 


The Relay Library Editor can be accessed from the Library menu on the menu bar. Select a library from 


the menu bar and then select Relay. This will bring up the Relay Editor. The fields of the Library Editor 
are described below. 


Manufacturer 


a| (8 Reference 
AE| 
Allen Bradley Asea Brown Boveri 
ALSTOM 
AREVA Link 
Basler Electric 
BBC 


http://www. abb.com 


Filter 


(| Protection Type Function 


Model 


a| |@ j 
50D : Functions 


50H —_ Overcurrent 
51D with 50 (60Hz) 
51D with 501 (60Hz) 
51E with 50 (60Hz) 
51E with 501 (60H2) 
511 with 50 (60Hz) 


Reference Brand Name 


Copy... 


Application 
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Manufacturer 


Manufacturer 
Lists all manufacturers for relays. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 
Add 
Click the Add button to input the name of relay manufacturer you wish to add to the library. 
Relay Library : Manufacturer 
(¥] OTI created library a 


Manufacturer ABB 


Reference Asea Brown Boveri 


Web Link  http://www.abb.com 


re | cI 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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Relay Library : Manufacturer 


(| OT created library 


Manufacturer ABB 
Reference Asea Brown Boveri 


Web Link http: //www.abb.com 


Delete Manufacturer 


Delete 

This selection allows you to delete a relay manufacturer and all models provided by the manufacturer. 
Select the manufacturer by highlighting it from the list provided and then click on the Delete button. The 
manufacturer will be deleted from the list after confirmation. 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 


G , 
ETAP Library [eS] 


This entry is locked. Delete is not allowed. 


Copy 

Copy the relay manufacturer and all models provided by the manufacturer. Select the manufacturer by 
highlighting it from the list provided and then click on the Copy button. All models and parameters for 
the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr || 


From GE Multilin 


To 


[He | (0K ]) [_caeet | 
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Filter 


The Filter allows you to view all relay models for the selected manufacturer, based on the filter selected. 
You can view all relay models or filter your selection by Protection Type and Function Type. 


Filter 
|V¥] Protection Type ¥] Function 
| Motor ¥ | Differential A 
| Distance 


Overcurrent — 
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Model 


Model 


a| | 

169 Functions Add... 
239 | 
269Plus Delete 
339 


is 


1, | 


fondant Ss 


Reference Brand Name 


Application 


Protection of three-phase AC motors 


Model 
Lists all relay models for the selected manufacturer based on the filter selected. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Functions 
Displays the functions (Overcurrent, Overload, etc.) for the selected relay model. 


Reference 
Displays the reference, if available, for the selected relay model. 


Brand Name 
Displays the brand name, if available, for the selected relay model. 


Application 
Displays the application for the selected relay model. 


Add 


Click on the Add button to enter the relay model you wish to add to the library. An example of an 
Overload relay (GE Multilin 139) added to the library is shown below. 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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rc 


Relay Library : Model 3 | 
Manufacturer GE Multilin [) 
Model 
139 @ Single Function 
Relay Type (©) Multiple Functions Trip Elements 
Electronic ¥ Overload ¥ (V1) 49 Thermal 
Protection Type i¥|50 Jam 
¥) Motor Protection a Ww Bie 
: - ¥| Instantaneous 
Generator Protection — : 
. V/|Acceleration Curve 
Feeder Protection - 
Transformer Protectior 


Bus Protection = 


General Purpose Prote _ 
ial T.~.. ---:- ~:~. | 3. = Mo- 


2 Operates on #12 
10 Operates on x10 


Model Info 
OTl created library = © 
Reference Catalog # 160-004 
Brand Name Issue Date 5/1/1990 


Link — http://www. geindustrial.com/multilin/manuals/obsolete/1 39/1 39man. pdf 


Description Motor Protection Relay 


Application Protection of three-phase AC motors 


Help OK Cancel 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Relay Type 
Select the relay type, Electronic or Electro-Mechanical, from the drop-down list. This field is used for 
coordination evaluation in Star Auto-Evaluation feature in Star mode. 


Protection type 


Select the protection type(s) of for the model by checking the box. This field is used for filtering the 
model based on protection type and may be left blank, if no information is available. 
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Single Function 
Select this option to define the model as a single-function relay. This option allows you to select the 
function from a drop-down list. 


Model 
133 (@) Single Function 
Relay Type ©) Multiple Functions Trip Elements 
[Electronic Si Overload ¥ 7) 49 Thermal 
Protection Type ¥/50 Jam 
(¥| Motor Protection a ¥)Ground 
: ¥ | Instantaneous 
Generator Protection — : 
V/| Acceleration Curve 


|| Feeder Protection a 
Transformer Protectior 
Bus Protection = 


General Purpose Prote _ 
feet) Te eee ose ee I ve = Mow 


12 Operates on #12 
10 Operates on x10 


Multiple Functions 
Select this option to define the model as a multiple-function relay. This option allows you to select 
different functions available for the relay. 


Note: The available trip elements vary based on the relay function. Selecting the relay function(s) is a 
required relay library parameter. 


Model 

| REM 615 | O Single Function Jit 
Relay Type @ Multiple Functions Trip Elements 

Electronic we [_] Differential 50 Instantaneous A 
Protection Type [_]Distance 51 Time Overcurrent 

; Overcurrent [_]6? Directional 
seul easel — Overload [_]51 Voltage Control 
[_] Generator Protection . 
. [_]51 Voltage Restraint 
[_] Feeder Protection 
Short Time 

[_] Transformer Protectior Settings Group FAGround ey 
[_]Bus Protection + eae) «ee 

[_] General Purpose Prote a — tof TOC Levels 1 v 
ee Se ee ae ee oo 

12 Operates on | 1 v/ «12 HoflOC Levels | = 


l00perateson 3 wv xIO 
Independent TOC/IOC 


Trip Elements 
Check the applicable trip elements for the selected relay function. This field is a required library 
parameter. 


ETAP 8-84 ETAP 19.0 User Guide 


Engineering Libraries Relay 


The available trip elements for the Overcurrent function are — Instantaneous, Time Overcurrent, 
Directional, Voltage Control / Restraint, Short Time, Neutral, Ground, Sensitive Ground, and Negative 
Sequence. 


The available trip elements for the Overload and Overload Inline functions are —- Thermal, Acceleration 
Curve, Jam, Instantaneous, and Ground. 


Settings Group 
Select the number of settings group (up to 6) from the “#” drop-down list and press “Label” to enter the 
Group Labels for selected number of group. 


If the number of settings group is more than one then the setting group drop-down list will be displayed at 
the header of relay editor and provides independent settings for available functions of each group. 


I, Operates on 
Select the multiples of negative sequence current (Iz), which the relay uses to operate the negative 
sequence element. 


Ip Operates on 
Select the multiples of zero sequence current (Io), which the relay uses to operate the neutral, ground, and 
sensitive ground elements. 


Differential Type 
For the Differential function, select High Impedance or Percentage Type. 


# of TOC Levels 
Select the number of TOC Levels from the drop-down list for the selected relay model (Available only for 
Overcurrent function). 


# of IOC Levels 
Select the number of IOC Levels from the drop-down list for the selected relay model (Available only for 
the Overcurrent function). 


Independent TOC/IOC 
Check to indicate if the TOC and the IOC curves for the relay model are independent (Available only for 
the Overcurrent function). 


Brand name, Reference 
Enter the model brand name and reference, if available. These fields are provided for reference only and 
may be left blank. 


Catalog #, Issue Date 
Enter the catalog number and catalog issue date. These fields are provided for reference only and may be 
left blank. 


Link 


Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 
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Description 
Enter the description for the fuse model. This field is provided for reference only and may be left blank. 


Application 
Enter the application for the fuse model. This field is provided for reference only and may be left blank. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Inputs 


Source 


Relay Library : Parameters x 


Manufacturer | Schweitzer & Model | 787 a 


Source |Base 


Setting 
Phase CT Inputs 1 v Current Rating §1/5 v PT Inputs 2 v 
Ground CT Inputs 1 v DIF CT Inputs 2 “ 
(_] Source Mapping 
Phase CT Inputs 


Select the number of Phase CT inputs for the relay from the list box. This field is a required library 
parameter. 


Ground CT Inputs 
Select the number of Ground CT inputs for the relay from the list box. 


Note: The CT input number selected for the relay can indicate the ‘types’ of ground CT terminals that are 
available for the relay for CT inputs, not the number of connections. For example, if you select Ground 
CT Inputs as 2, it indicates that the relay has Ground and Sensitive Ground terminals available for 
Ground CT inputs. This field is a required library parameter. 


Current Rating 
Select a current rating for the relay from the list box. This field is a required library parameter. 


DIF CT Inputs 
Select the number of differential (DIF) CT inputs for the relay from the list box. 


Note: When the Differential Type is High Impedance, this selection is fixed to a value of 1. 
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PT Inputs 

Select the number of PT inputs for the relay from the list box. Note: The PT input number selected for 
the relay indicates the ‘types’ of PT terminals that are available for the relay for PT inputs, not the 
number of connections. For example, if you select PT Inputs as 2, it indicates that the relay has Phase and 
Sync terminals available for PT inputs. This field is a required library parameter. 


Source Mapping 

The source mapping is for modeling of relays with more than one Phase CT Input and/or more than two 
Ground CT Input. The source mapping provides the capability to select one current source from multiple 
connected CTs to relay or have internal summation of phase current inputs. 


When this box is checked then total of 4 rows is displayed as source mapping table for Phase, Ground, 
Sen. Ground, and Voltage. Each row or type of source has 4 columns as follows. 


Checkbox: enables and displays the source row in Source tab of relay editor Input page. 


Relay Library : Parameters x 


Source |Base 


Setting 


Phase CT Inputs Current Rating iw | PT Inputs 
Ground CT Inputs 


M] Source Mapping 


Tag: user defined unique identifier for each source which is used internally in program and therefore is 
hidden in relay editor. 
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Type: defines type of source as Current-Phase, Current-Phase + Summer, Current-Ground, Current-Sen. 
Ground and Voltage. 

The Current-Phase source has a drop-down list to select between Current-Phase and Current-Phase + 
Summer as explained in Phase Current Summation Base section. 


Label: is a descriptive editable text field for source. 


Phase Current Summation Base 

When Current-Phase + Summer is selected as the source type in source mapping table then Phase Current 
Summation Base and drop-down list is displayed in Setting section. This drop down list defines the base 
for current source summation and is displayed in Source tab of relay editor Input page, when the phase 
current sources are summed up. The selections are as follows. 


First Phase CT Ratio: The reference or base is the CT connected to first terminal (Ip1) of Current tab in 
Input page of relay editor. 


Max CT Primary Amps: The reference or base is the CT with the largest primary amps from the list of 
included CTs in source summation set. 


IBase Amps: The Base is in percent or multiple of [Base where the unit for [Base is Amps and Base is 
defined as Primary in Input>IBase page of relay library. 


Note: The Ratio of CTs included in phase current summation (internal summation) can be different. 
Therefore proper base is needed to follow the internal logic of relay for correct calculation of summation 


current. 


Source |Base 


Setting 
Phase CT Inputs 2 _ Current Rating 1/5 v PT Inputs | 3 v 
Ground CT Inputs 2 v 
Source Mapping Phase Current Summation Base = Max CT Primary Amps v 


Source (Ground CT) 
ISG 
Source (Phase VT) 


L 
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IBase 


GE Multilin a Model 139 


Base Current 
Global Base Current 


Overcurrent 


Overload 


Base Current 
Check this option to enable the Base current (IBase) settings page. 


Global Base Current 
Check this option to have one [Base setting for all of the trip elements. Unchecked to define [Base for 
each enabled Overcurrent and Overload element individually. 


Label 
Enter a name for the [Base setting up to 25 alphanumeric characters. 


Avail 
Check to enable the selecting setting to be used and shown in relay editor. 


Unit 
Select the unit for [Base i.e. Amps, Multiples or Percent from the list box. 


Base 
Select a base for the [Base from the drop-down list. 
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Min Trip, Max Trip, Trip Step 
Define the [Base as continuous values by entering Min Trip, Max Trip, and Trip Step values for the 
selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the [Base as discrete values separated by semicolons in Discrete Trip field, for the selected trip 
unit (Amps, Multiples or Percent). 


Assign 


Display only field shown if Global Base Current is unchecked. Shows the associated trip elements, i.e. 
Phase, Neutral, Negative sequence, Ground, etc. for the [Base field. 
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Delete Model 


Delete 
Delete the selected relay model. Select the model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after confirmation. 


Please Confirm [terre Soon) 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 


G , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 


Copy a selected relay model. Select the model by highlighting it from the list provided and then click on 
the Copy button. The selected model and its associated parameters will be copied to the same or different 
manufacturer with user-specified model name. 


f ' 
Copy Library: Relay =) 


Manufacturer 
From P521 From Schneider Electric 


To P521-Copy To | Schneider Electric 


fetes) Ce)! [acme 


Help 
Open a Help topic for the Relay Library. 
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Close 
Close the Relay Library Editor and save all changes. 


Parameters 


To access the function parameters for a model, select a relay model along with desired function and click 


on the Parameters button. 


Note: The Parameters Editor is not available for the Differential function. 


8.12.2 Parameters (Overcurrent Function) 


The library header structure for Overcurrent function is as shown below. 


an Header re | a | 


Relay Library 
Overcurrent Curve Type Overcurrent 51 Settings 
Function 
ues Ps L 51V (C/R) 
Curve Type Settings 
e 
7 Instantaneous 50 Settings 
e 
Curve Type 
Short Time 
Settings 


Settings 1, Settings2, ... 


Settings 1, Settings2, ... 


Settings 1, Settings2, ... 


Settings 1, Settings2, ... 


The Parameters Editor allows you to specify different relay characteristic curves, along with settings 
associated with trip elements available for overcurrent function. The Parameters Editor for ABB DPU- 


2000R relay is shown below. 
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Curve (51/ST) Tab 


Relay Library : Parameters = 


Manufacturer (a Model \a Function 
GE Multilin Overload 


Curve (49 /Accl.) | Jam 4 GND / 50 


Curve Type 


aS a 


Start Protection Acceleration 40 Equation 
Thermal Overload 


Curve Parameters 


Discrete Trip Burden Burden Unit 


Multiples [EY «FLA 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Function 
Displays the selected function type. 
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Curve Type 


Define different relay characteristic curves by equation or points. 


Curve Type 


Start Protection 
Thermal Overload 


Edit... Add Delete Copy Paste 


Name 
Enter a name for the curve type up to 30 alphanumeric characters. This field is a required library 
parameter. 


Assign 
Assign the relay characteristic curve to selected trip element. You can assign the curves to Time 
overcurrent or Short-Time elements or both (OC/ST). This field is a required library parameter. 


Type 
Select the type of curve (defined by equation or defined by points) from the list. This field is a required 
library parameter. 


Notes 
Enter any notes pertaining to the curve here. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Add, Delete, Copy, Paste 
You can Add, Delete and Copy curves using the Add, Delete, Copy, and Paste buttons. Locked entries 
cannot be deleted, but can be copied. 


Edit 


Click on the Edit button to enter the TCC Equation or TCC Points data depending on the type of the 
selected relay curve. The Edit button is disabled for locked entries. 
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TCC Equation Data 


TCC Equation Data Editor allows you to define the relay characteristic curve by equation. The parameters 
that are available are described below. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Curve 
Displays the selected curve name. 


Manufacturer Model Curve 
ABB DPU-2000R ANSI - Long Time Ext. Inverse 


Equation 


OF ¢((Math. Pow(M2))-1)}+0.25)(((1 4*T D)-5)/9)) 


Current Multiplier 


++ Pickua (Tea! 


Time Dial 


TCCID 
Min Multiple Max Multiple 


1.25 45 (| Definite 


(ee) CO) (ne 


Revision 


Notes 
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Equation 
Enter the equation for the selected curve. You can enter the equation using basic math operators +, -, *, /. 
You can also nest expressions using parentheses. The math functions can be entered in C# math syntax. 


The equation is defined based on the following variables: 
TD — Time Dial 
M — Pickup Multiples 
For example: An equation for Trip time = (80/(M42-1))*TD 
The C# syntax for this function is: 
(80/(Math.Pow(M,2)-1))*TD 


For more information on C# functions please visit the msdn website and search for math members. 


Current Multiplier 
Select the current multiplier from the drop-down list (I Base or pickup). 


Time Dial 
Enter the time dial range for the curve type. You can enter the time dial as continuous (i.e. Min, Max, and 
Step) or as discrete values (Discrete) separated by semicolons. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


TCC ID 
Enter the manufacturer TCC ID. 


Revision 
Enter the revision date of the TCC. 


Notes 
Enter notes for the TCC curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
This selection closes the TCC Equation Data Editor, saving all changes. 


Cancel 
This closes the TCC Equation Data Editor, discarding all changes. 
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TCC Points 


The TCC Points Editor allows you to define the relay characteristic curve by points. The different 
parameters available are described below. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Curve 
Displays the selected curve name. 


Model Curve 


DPU-2000R Inverse Instantaneous 


Paints 


Current Multiplier 
[Time Dial] Time(s) || Multiples __| 


0.01922 19.7711 


Time Dial 


Min | Max | Step | Discrete | 
a 


TCC ID 
Min Multiple Max Multiple 


1.5 20 (| Definite 


[Hee] (Coc) [toes 


Revision 


Notes 


Current Multiplier 
Select the current multiplier from the drop-down list (I Base or pickup). 
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Time Dial, Time, Multiples 

Enter the Time in seconds and corresponding current in multiples to define the curve for the specified 
time dial. You can Add, Edit and Delete the data using the Add and Delete buttons. In addition, you can 
select a row (highlight it) and right-click to add, delete, insert, copy and paste rows. 


Time Dial 
Enter the time dial range for the curve type. You can enter the time dial as continuous (i.e. Min, Max, and 
Step) or as discrete values (Discrete) separated by semicolons. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


TCC ID 
Enter the manufacturer TCC ID. 


Revision 
Enter the revision date of the TCC. 


Notes 
Enter notes for the TCC curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
Close the TCC Equation Data Editor, saving all changes. 


Cancel 
Close the TCC Equation Data Editor, discarding all changes. 


Curve Parameters 


Enter the settings for Time Overcurrent (51) trip element. You can Add, Edit and Delete the data using 
the Add and Delete buttons. In addition, you can select a row (highlight it) and right-click to add, delete, 
insert, copy and paste rows. The different parameters available are described below. 


Curve Parameters 


51 | 51 V{C/A)| Short Time] 
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51 (Time Overcurrent) Tab 
Enter pick up settings for the Time Overcurrent trip element for the selected curve type. 


Trip Unit 
Select the unit for Time Overcurrent pickup i.e. Amps, Multiples or Percent from the list box. 


Min Trip, Max Trip, Trip Step 
Define the Time Overcurrent pickup as continuous values by entering Min Trip, Max Trip, and Trip Step 
values for the selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the Time Overcurrent pickup as discrete values separated by semicolons in Discrete Trip field, for 
the selected trip unit (Amps, Multiples or Percent). 


Base 
Select a base for the pickup from the drop-down list. 


Assign 

Assign the selected pickup range to different trip elements, i.e. Phase, Neutral, Negative sequence, 
Ground, etc. or a combination of elements by selecting from the list box. For example, selecting ‘G’ 
assigns the Time Overcurrent pickup range only to Ground element, selecting ‘Q’ assigns the Time 
Overcurrent pickup range only to Negative Sequence element and selecting ‘51/G’ assigns the pickup 
range to Phase, Neutral, Negative sequence and Ground elements and similarly for other assignments. 


Burden, Burden unit 
Enter the Burden value and Burden unit (VA or Ohm) for the selected pickup range. 


Notes 
Enter any notes pertaining to the trip range here. 
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51 V(C/R) Tab 


Enter the settings for Voltage control and restraint elements. 


Curve Parameters 


51 51 ¥(C/R) | Short Time 


___ Discrete Volts |_ Characteristic _ 


Lines? 


Add Delete 


Trip Unit 
Select the unit for voltage, i.e. Volts, Multiples or Percent from the list box. When the unit is selected as 
“Multiples” or “Percent”, then the range entered is actually in multiples or percent of PT-sec. 


Vmin, Vmax, VStep 
Define the voltage setting as continuous values by entering Vmin, Vmax and VStep values for the 
selected voltage unit (Volts, Multiples or Percent). 


Discrete Volts 
Define the voltage setting as discrete values separated by semicolons in Discrete Volts field, for the 


selected voltage unit (Volts, Multiples or Percent). 


Characteristic 
Select a voltage restraint characteristic from the list box. 


Notes 
Enter any notes pertaining to the trip range here. 
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Short Time Tab 


Enter the pickup settings for the Short Time trip element for the selected curve type. 


Curve Parameters 


{51 | 51 V{C/R}) Short Time 
Unit 

Multiples 

Multiples 


Max Trip Discrete Trip 


10.005 1 
0.5 


}xCT Sec 
xCT Sec 


SG 
5G 


| Add Delete 


Unit 
Select the unit for Short Time pickup i.e. Amps, Multiples or Percent from the list. 


Min Trip, Max Trip, Trip Step 
Define the Short Time pickup as continuous values by entering Min Trip, Max Trip and Trip Step values 
for the selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the Short Time pickup as discrete values separated by semicolons in Discrete Trip field, for the 
selected trip unit (Amps, Multiples or Percent). 


Base 
Select a base for the pickup from the list box. 


Assign 

Assign the selected pickup range to different trip elements, i.e. Phase, Neutral, Negative sequence, 
Ground, etc. or a combination of elements by selecting from the list box. For example, selecting ‘G’ 
assigns the Short Time pickup range only to Ground element, selecting ‘Q’ assigns the Short Time pickup 
range only to Negative Sequence element and selecting ‘51/G’ assigns the pickup range to Phase, Neutral, 
Negative sequence and Ground elements and similarly for other assignments. 


Notes 
Enter any notes pertaining to the trip range here. 
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Instantaneous (50) Tab 


Enter the settings for Instantaneous (50). You can Add, Edit and Delete the data using the Add and 
Delete buttons. In addition, you can select a row (highlight it) and right-click to add, delete, insert, copy 
and paste rows. The available parameters are described below. 


Relay Library : Parameters 


Manufacturer |a Model ‘a Function 
ABB DPU-2000R Overcurrent 


Curve (51 /ST)| Instantaneous (50) 


Instantaneous Trip Parameters 


a es ee 


Multiples 
Multiples . 
Multiples (01 . [xCT Sec [50 


Add Delete 


Instantaneous Delay Parameters 


a SE Se 
a (C(O 


0.01 


Ge) Ga (Hea 


Instantaneous Trip Parameters 


Enter the pickup settings for the Instantaneous trip element. 


Instantaneous Trip Parameters 


a a 


Multiples 
Multiples 


Multiples 10.1 ixCT Sec [50 


Add Delete 


Unit 
Select the unit for Instantaneous pickup i.e. Amps, Multiples or Percent from the list box. 


Min Trip, Max Trip, Trip Step 


Define the Instantaneous pickup as continuous values by entering Min Trip, Max Trip and Trip Step 
values for the selected trip unit (Amps, Multiples or Percent). 
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Discrete Trip 
Define the Instantaneous pickup as discrete values separated by semicolons in Discrete Trip field, for the 
selected trip unit (Amps, Multiples or Percent). 


Base 
Select a base for the pickup from the list. 


Assign 

Assign the selected pickup range to different trip elements, i.e. Phase, Neutral, Negative sequence, 
Ground, etc. or a combination of elements by selecting from the list box. For example, selecting ‘G’ 
assigns the Instantaneous Overcurrent pickup range only to Ground element, selecting ‘Q’ assigns the 
Instantaneous Overcurrent pickup range only to Negative Sequence element and selecting ‘51/G’ assigns 
the pickup range to Phase, Neutral, Negative sequence and Ground elements and similarly for other 
assignments. 


Notes 
Enter any notes pertaining to the trip range here. 


Instantaneous Delay Parameters 


Enter the settings for the Instantaneous Time Delay. 


Instantaneous Delay Parameters 


| Add | | Delete 


Unit 
Select the unit for Time Delay i.e. seconds or cycles from the list. 


Min Delay, Max Delay, Delay Step 
Define the Time Delay as continuous values by entering Min Delay, Max Delay and Delay Step values 
for the selected unit (seconds or cycles). 


Discrete Delay 
Define the Time Delay as discrete values separated by semicolons in Discrete Delay field, for the selected 
unit (seconds or cycles). 


Assign 

Assign the selected time delay range to different trip elements, i.e. Phase, Neutral, Negative sequence, 
Ground, etc. or a combination of elements by selecting from the list box. For example, selecting ‘G’ 
assigns the Instantaneous time delay range only to Ground element, selecting ‘Q’ assigns the 
Instantaneous time delay range only to Negative Sequence element and selecting ‘51/G’ assigns the time 
delay range to Phase, Neutral, Negative sequence and Ground elements and similarly for other 
assignments. 
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+Delay 
Enter the built-in additional delay associated with the instantaneous operation here. 


Notes 
Enter any notes pertaining to the delay range here. 


Points (Instantaneous) 


The Instantaneous Points Editor allows you to define the Instantaneous as a curve by points. You can 
Add, Edit and Delete the data using the Add and Delete buttons. In addition, you can select a row 
(highlight it) and right-click to add, delete, insert, copy and paste rows. The different parameters available 
are described below. 


Relay Library : Instantaneous Points [=e mn) 


Manufacturer Model 


ABB DPU-2000R 


Multiples 


Delete 


Multiples, tmin, tmax 
Enter the pickup multiples and corresponding minimum and maximum time in seconds. If the 
Instantaneous curve does not have tolerance (i.e., line curve) then you can enter the same time interval 
value for tmin and tmax. 


8.12.3 Parameters (Overload and Overload Inline Function) 


Curve (49/Accl.) Tab 
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Relay Library : Parameters 


Manufacturer a Model \a Function 
GE Multilin Overload 


Curve (49 / Accl.) | Jam / GND /50 


Curve Type 


Acceleration Trip Curve 
Standard Overload Curve 


Curve Parameters 


a A LN 


Muliples EJ «49 Pickup 1 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Function 
Displays the selected function type. 


Curve Type 


Define the different relay characteristic curves by equation or points. 


Curve Type 


a A ae A 


eration Trip Curv' \ n : Equation 


Standard Overload cave Equation | | 5 
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Name 
Enter a name for the curve type up to 30 alphanumeric characters. This field is a required library 
parameter. 


Assign 
Assign the Overload relay characteristic curve to either 49 or Acceleration. This field is a required library 
parameter. 


Amb. Temp. 
Enter the Ambient Temperature in degree Celsius for the selected curve type. 


Type 
Select the type of curve (defined by equation or defined by points) from the list. This field is a required 
library parameter. 


Notes 
Enter details about the curve type up to 25 alphanumeric characters. This field is optional. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Add, Delete, Copy, Paste 
You can Add, Delete and Copy curves using the Add, Delete, Copy, and Paste buttons. Locked entries 
cannot be deleted, but can be copied. 


Edit 
Click on the Edit button to enter the TCC Equation or TCC Points data depending on the type of the 
selected relay curve. The Edit button is disabled for locked entries. 


TCC Equation Data 


The TCC Equation Data Editor allows you to define the relay characteristic curve by equation. The 
parameters that are available are described below. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Curve 
Displays the selected curve name. 
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Manufacturer Curve 


ALSTOM Thermal Overload Curve 


Equation 


*TD*Math. Loal((M*MJ-(K*K))¢(((M*M (KK) 


Current Multiplier 


Time Multiplier 
Display Label Constant Time (Te 


| Max | Step | 
200 


k Multiplier 
Display Label k factor 


Pre-Loading Factor 
instantaneous <=> 


Dela) || Display 


TCC ID 


Revision Min Multiple Max Multiple 
1.0001 (-] Definite 


Cancel 


Notes 


Equation 
Enter the equation for the selected curve. You can enter the equation using basic math operators +, -, *, /. 
You can also nest expressions using parentheses. The math functions can be entered in C# math syntax. 


The equation is defined based on the following variables: 
TD — Time Multiplier 
M — Multiples of pickup or FLA based on selection for Current Multiplier. 
K —k Multiplier 
P — Pre-Loading Factor 
Example 1: 
Trip time equation with K Multiplier = 60.00*TD*LN((((M*M)/(K*K))/(K*K)))/(((M*M)/(K*K))-1)) 


The C# syntax for this function is: 
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60.00*TD*Math.Log(((M*M)/(K*K))/(((M*M)/(K*K))-1)) 


Example 2: 


Trip time equation with Pre-loading factor = 60.00*TD*LN((M*M-P*P)/(M*M-1)) 
The C# syntax for this function is: 


60*TD*Math.Log((M*M-P*P)/(M*M-1)) 


For more information on C# functions please visit the msdn website and search for math members. 


Current Multiplier 
Select the current multiplier from the drop-down list (I Base, FLA or pickup). 


Time Multiplier 


Enter the time multiplier range for the selected curve type. You can enter the time multiplier as 
continuous (i.e. Min, Max, and Step) or as discrete values (Discrete) separated by semicolons. 


Display 
Check to display and use the time multiplier for the selected curve type. 


Label 
Enter a name for the time multiplier up to 25 alphanumeric characters. 


k Multiplier 


Enter the k multiplier range for the selected curve type. You can enter the k multiplier as continuous (i.e. 
Min, Max, and Step) or as discrete values (Discrete) separated by semicolons. When used in the relay 
equation, the k Multiplier shifts the curve similar to a time dial (time multiplier). The k Multiplier can 
also alter the starting point of the relay curve depending on the type of the multiplier used in the equation 
(K, E, or C) as described below. 


For “K” multiplier , the min multiple (where the curve begins) of is shifted by 1.0001 * K (where K is the 
value selected in the Overload Relay Editor). The relay curve starting point is shifted by (Current 
Multiplier*Min Multiple*k). 

For “E” multiplier, the min multiple is shifted by 1.0001 * sqrt(E/100) (where E is the value selected in 
the Overload Relay Editor). The relay curve starting point is shifted by (Current Multiplier *Min 
Multiple*sqrt(E/100)). 


For “C” multiplier, the min multiple does not get shifted. 


Display 
Check to display and use the k multiplier for the selected curve type. 
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Label 
Enter a name for the k multiplier up to 25 alphanumeric characters. The default label is “k Factor”. 


Pre-Loading Factor 


Enter the pre-loading range for the selected curve type. “P” can vary from 0 or 0% to 1 or 100% 
depending on the initial thermal status of the motor. 


O or 0% represents a cold start of the motor. 


1 or 100% represents a hot start of the motor (motor was previously running or started). 
You can enter the pre-loading as continuous (i.e. Min, Max, and Step) or as discrete values (Discrete) 
separated by semicolons. 


Display 
Check to display and use the pre-loading factor for the selected curve type. 


Label 
Enter a name for the k multiplier up to 25 alphanumeric characters. The default label is blank. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve goes definite after the max multiples. 


TCC ID 
Enter the manufacturer TCC ID. 


Revision 
Enter the revision date of the TCC. 


Notes 
Enter notes for the TCC curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
This selection closes the TCC Equation Data Editor, saving all changes. 


Cancel 
This closes the TCC Equation Data Editor, discarding all changes. 


TCC Points 


The TCC Points Editor allows you to define the relay characteristic curve by points. The different 
parameters available are described below. 


Manufacturer 
Displays the selected manufacturer name. 
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Model 
Displays the selected model name. 


Curve 
Displays the selected curve name. 


Manufacturer Model Curve 


GE Multilin 269Plus Curve 1 


Points 
Current Multiplier | FLA 


Min Curve 


Instantaneous +> : Delete 


TCC ID 


Revision Min Multiple Max Multiple 
Notes 1.05 8 | Definite 


Points 


Current Multiplier 
Select the current multiplier from the drop-down list (FLA or pickup). 


Min Curve 

Enter the Time in seconds and corresponding current in multiples to define the min curve. You can Add, 
Edit and Delete the data using the Add and Delete buttons. In addition, you can select a row and right- 
click to add, delete, insert, copy and paste rows. 
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Max Curve 

Enter the Time in seconds and corresponding current in multiples to define the max curve. You can Add, 
Edit and Delete the data using the Add and Delete buttons. In addition, you can select a row and right- 
click to add, delete, insert, copy and paste rows. 


If the Overload curve does not have tolerance (i.e. line curve), then you have to just enter the points for 
the Max curve alone. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve goes definite after the max multiples. 


TCC ID 
Enter the manufacturer TCC ID. 


Revision 
Enter the revision date of the TCC. 


Notes 
Enter notes for the TCC curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
Close the TCC Equation Data Editor, saving all changes. 


Cancel 
Close the TCC Equation Data Editor, discarding all changes. 


Curve Parameters 


Enter the settings for the selected curve type. You can Add, Edit and Delete the data using the Add and 
Delete buttons. In addition, you can select a row and right-click to add, delete, insert, copy and paste 
rows. The different parameters available are described below. 


Curve Parameters 


Trip Unit Base Min Trip | MaxTrip | TripStep | Discrete Trip | Burden Burden Unit Notes 
Multiples [EJ FLA 1.05 1.25 
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Trip Unit 
Select the unit for Overload pickup i.e. Amps, Multiples or Percent from the list box. 


Base 
Select a base for the pickup from the drop-down list. 


Min Trip, Max Trip, Trip Step 
Define the Overload pickup as continuous values by entering Min Trip, Max Trip and Trip Step values 
for the selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the Overload pickup as discrete values separated by semicolons in Discrete Trip field, for the 


selected trip unit (Amps, Multiples or Percent). 


Burden, Burden unit 
Enter the Burden value and Burden unit (VA or Ohm) for the selected pickup range. 


Notes 
Enter details about the Overload pickup range up to 25 alphanumeric characters. This field is optional. 
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Jam / GND /50 Tab 


Relay Library : Parameters 


Manufacturer [a Model ia Function 
GE Multilin 269Plus Overload 


Curve (49 /Accl)]) Jam/ GND /50 
50 Jam | Ground | Instantaneous] 


JUnit {| Base |] Min | Max | Step | Discrete | 
6 05 


Multiples [EY xFLA, 15 


05 Range taken 


Add Delete 


Trip Parameters 


The pickup settings for the Jam/Ground/Instantaneous element is defined here. 


| Base =| Min =~] Max | Step 
6 0 


Multiples [ET xFLA 1.5 0.5 


0.5 Range taken ... 


Unit 
Select the unit for the pickup i.e. Amps, Multiples or Percent from the list box. 


Base 
Select a base for the pickup from the list. 
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Min, Max, Step 
Define the pickup as continuous values by entering Min Trip, Max Trip and Trip Step values for the 
selected trip unit (Amps, Multiples or Percent). 


Discrete 
Define the pickup as discrete values separated by semicolons in Discrete Trip field, for the selected trip 
unit (Amps, Multiples or Percent). 


Notes 
Enter details about the pickup range up to 25 alphanumeric characters. This field is optional. 


Delay Parameters 


The time delay settings for the Jam/Ground/Instantaneous element are defined here. 


Unit Min Max Step Discrete +Delay Notes 


Unit 
Select the unit for time delay i.e. seconds or cycles from the list. 


Min, Max, Step 
Define the time delay as continuous values by entering Min Delay, Max Delay and Delay Step values for 
the selected unit (seconds or cycles). 


Discrete Delay 
Define the time delay as discrete values separated by semicolons in Discrete Delay field, for the selected 


unit (seconds or cycles). 


+Delay 
Enter the built-in additional delay associated with the operation of the Jam/Ground/Instantaneous here. 


Notes 
Enter details about the time delay range up to 25 alphanumeric characters. This field is optional. 
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8.13 Recloser 


The Recloser Library is set up in a similar manner to a file directory system. The hierarchical library 
structure stores levels or headers (i.e. Standard, Manufacturer, Type, Model, etc.) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, etc.). The library header structure is shown below. 


| a aan 


Recloser 
i Manufacturer Recloser-Electronic Model / Class Short 
Manufacture Recloser-Hydraulic Model / Class circuit 
IEC ossmenigulle ; 
Manufacturer HV Circuit Breaker Model / Class Curve 
. ” Assignment 
J . 
Manufacturer Model / Class 


The Recloser Library header consists of Standard — Manufacturer — Device Type — Model. You can have 
unlimited records of short-circuit data and curve assignments defined. 


Recloser device types available are: 
e Recloser — Hydraulic 


e ~=Recloser — Electronic 
e = =6HV Circuit Breaker 
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8.13.1 Recloser Library Editor 


Standard 
(@ ANSI © IEC 


Manufacturer 


Add ... 


Cooper Reference 


FKI Switchgear - 
GW Electric Asea Brown Boveri Delete 
Joslyn 
S&C Electric Company Link ere 


http: //www.abb.com 


Model 


Device 


Recloser - Electronic ¥ 


OVR-1 (AS14x | Edit Info... 
ao : eo Brand Name SS 

- a | | 
OVA-1 (RS28x) OVA Copy... 
OVR-3 (R111s) 
OVR-3 (R115x) Reference 
OVR-3 (Fi118s) 
OVR-3 (R221x) oe RS146, A$141 
SS sa Application 


Type 


Single Phase Delete 


Designed for pole-mounted applications 


The Recloser Library Editor can be accessed from the Library menu on the menu bar. Select the library 
from the menu bar and select Recloser. This will bring up the Recloser Library Editor. The different fields 
in the Library Editor are described in this section. 


Standard 
Click on either ANSI or IEC option to select that standard. 


Manufacturer 


Manufacturer 
Lists all manufacturers for recloser filtered by the selected standard. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 


Add 
Select Recloser Standard and then click on the Add button to input the name of the recloser manufacturer 
you wish to add to the library. 


Recloser Library : Manufacturer [en 


¥) OTI created library a 


Manufacturer 


Reference Asea Brown Boveri 


Link — http: //www.abb.com 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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Recloser Library : Manufacturer |p Sve 


(¥| OT! created library 
Manufacturer 


Reference Asea Brown Boveri 


Link — http: //www.abb.com 


Delete Manufacturer 


Delete 

Delete the selected recloser manufacturer and all models provided by the manufacturer. Select the 
manufacturer by highlighting it from the list provided and then click on the Delete button. The 
manufacturer will be deleted from the list after confirmation. 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 


i , 
ETAP Library x) 


This entry is locked. Delete is not allowed. 


Copy 

You can copy a selected recloser manufacturer and all models for the manufacturer. Select the 
manufacturer by highlighting it from the list provided and then click on the Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr |p| 


From Cooper 


To 
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Model 


Device Type 
Make a selection from the drop-down list to display the recloser type. The recloser types include 
Recloser-Electronic, Recloser-Hydraulic, and HV Circuit Breaker. 


Model 
Lists all the models for the selected recloser manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Type 
Displays the type, single or three phase, for the selected recloser model. 


Brand name 
Displays the brand name, if available, for the selected recloser model. 


Reference 
Displays the reference, if available, for the selected recloser model. 


Application 
Displays the application for the selected recloser model. 


Add 


Select the Add button to input the name of a recloser model you wish to add to the library. 
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Recloser Library : Model (eS) 


Standard Manufacturer | & Device Type 


ANSI Cooper Recloser - Electronic 
Model 


Model NOVA1-15 (4004) Maxky¥ 15.5 vy MaxAmps 400 


Interrupting Time 28 Time Unit | Millisecond -¥ 


Model Info 
(¥] OTI created library 


BrandName Kyle Reference RA280-91-16 
Int. Medium | Yacuum ’ Type | Single Phase + 


Catalog # $280-17-1 Issue Date May 2005 


Link — http://www. cooperpower.com/products/distribution/reclosers/SPER. asp 
Description Single-phase, electronically controlled recloser 


Application Used in conjunction with NOVA1 control 


Standard 
Displays the standard (ANSI or IEC) of the manufacturer. 


Manufacturer 
Displays the manufacturer name. 


Lock 
The lock icon indicates whether the selected manufacturer is locked (ETAP issued) or unlocked (user- 
specified). 


Device Type 


Displays the type (Recloser-Electronic, Recloser-Hydraulic, or HV Circuit Breaker) of the new model. 
Note: The new model will be of the type selected in the main Recloser Library window. 


Model 


Model 
Enter the model name you wish to add to the library. 


Max kV 
Select from the list box or enter the Max kV for the recloser. 
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Max Amps 
Select from the list box or enter the Max amps for the recloser. 


Interrupting (Break) Time 
Enter the interrupting time is cycle or milliseconds. Note: When the standard is IEC this field is labeled 
as Break time. 


Time Unit 
Select from the list box the unit (cycle or millisecond) for the interrupting time. 


Rating Std. 
Select the circuit breaker standard as Sym or Tot rated from the list box. Note: This is field is only 
available when the device type is ANSI HV Circuit Breaker. 


Sym Rated AC high voltage circuit breaker rated on a symmetrical current basis 
Tot Rated AC high voltage circuit breaker rated on a total current basis 


Model Info 


Brand Name, Reference 
Enter the model brand name and reference if available. These fields are provided for reference only and 
may be left blank. 


Int. Medium 
Select from the list box the interrupting medium used in the recloser model. Available selections are Oil, 
Vacuum, Gas, and Other. 


Type 
Select the operating type (single or three-phase) of the recloser model. 


Ground Trip 
Check the Ground Trip box if the recloser model has a ground trip. This field is only available when the 
recloser device type is Recloser-Hydraulic and operating type is Three Phase. 


Catalog #, Issue Date 
Enter the catalog number and catalog issue date. These fields are provided for reference only and may be 
left blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Description 
Enter the description for the recloser model. This field is provided for reference only and may be left 
blank. 


Application 


Enter the application for the recloser model. This field is provided for reference only and may be left 
blank. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


Recloser Library : Model [pwr 


Standard Manufacturer | & Device Type 


ANSI Cooper Recloser - Electronic 


teres a OVA -15 (4004) Maxk¥ 15.5 v Max Amps 400 


Interrupting Time 28 Time Unit | Millisecond 


Model Info 
(¥| OTI created library 


BrandName Kyle Reference R280-91-16 


Int. Medium =| Yacuum om Type | Single Phase 


Catalog # $280-17-1 Issue Date May 2005 


Link — http://www. cooperpower.com/products/distribution/reclosers/S PER. asp 
Description Single-phase, electronically controlled recloser 


Application Used in conjunction with NOVA1 control 


Delete Model 


Delete 
Delete the selected recloser model. Select model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after confirmation. 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 
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[ ETAP Library == 


This entry is locked. Delete is not allowed. 


Copy 

Use this selection to copy the selected recloser model. Select model by highlighting it from the list 
provided and then click on the Copy button. The selected model and its associated parameters will be 
copied to the same or different manufacturer with user-specified model name. 


= —* 
Copy Library: Recloser (wml 


Model Manufacturer 
From NOVA15 From Cooper 


To NOVA15 -Copy To | Cooper 


en) Gl [usenet 


Help 
Open the Help topic for the Recloser Library. 


Close 
Close the Recloser Library Editor and save all changes. 
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8.13.2 Parameters 


Click on the Parameters button to enter the short-circuit data for the recloser model. The short-circuit 
parameters are different depending on the recloser device type and standard. 


You can Add, Edit and Delete the short-circuit data using the Add and Delete buttons. In addition, you 
can select a row (highlight it) and right-click to add, delete, insert, copy and paste rows. Locked entries 
cannot be edited or deleted, but can be copied. 


ANSI/IEC Recloser-Electronic 

When the ANSI or JEC standard is selected and device type is Recloser-Electronic, you can enter the 
applied kV, interrupting kA, test X/R, making kA rms (asymmetrical), making kA peak (asymmetrical), 
short-time withstand kA, short-time withstand duration, impulse withstand rating, and notes. 


Recloser Library : Parameters (prem 
Standard Manufacturer & Model & Max k¥ Device Type Type 
ANSI Cooper NOVA1-15 (4004) 15.5 Recloser - Electronic Single Phase 
Short-Circuit Rating 
kV int. ka 
| Add | | Delete 
<a 


kV 
Enter the applied voltage in kV. 


Int. kA 
Enter the short-circuit interrupting capability in rms kA. Note: If the standard is IEC this field is labeled 
Breaking kA. 


Test X/R 

Select from the list box or enter the test X/R rating. Note: If the value in this field is initially zero, when 
the interrupting kA is changed this field will automatically update to a value according to the following 
table. 
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Inter. kA X/R 
kA <= 1.25 8 

1.25 < kA <=2 10 
2<kA<=4 12 
4<kA<=7 14 
7<kA<=12 15 
12 <kA< 20 16 
kA >= 20 17 


Making kA rms 

Enter the making kA rms asymmetrical rating in kA. Note: If the value in this field is initially zero, when 
the Interrupting kA or Test X/R is changed this field will automatically update to a value according to the 
following equation. 


Lnomyms aye = MEL nom ys gnem 


where MFm is the momentary multiplying factor, calculated from 
aa 
MF =\1+2e 22 
Making kA Peak 


Enter the making kA peak asymmetrical rating for the recloser in kA. Note: If the value in this field is 
initially zero, when the Interrupting kA or Test X/R is changed this field will automatically update to a 
value according to the following equation. 


E wom, peak = MF, Laomyus quem 
where MFp is the peak multiplying factor, calculated from 
MF, = f2 [i + om] 
Short-Time kA 


Enter the short-time withstand rating for the recloser in kA. 


Tkr 
Enter the short-time withstand duration for the recloser in seconds. 


BIL 
Enter the rated basic impulse withstand rating for the recloser in kV. 


Notes 
Enter notes pertaining to the rating. 


ANSI/IEC Recloser-Hydraulic 
When the ANSI or IEC standard is selected and device type is Recloser-Hydraulic, you can enter the coil 
ID, continuous amps rating, minimum trip, and maximum amps for a coil. For each coil you can enter the 
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applied kV, interrupting kA, test X/R, making kA rms (asymmetrical), making kA peak (asymmetrical), 
short-time withstand kA, short-time withstand duration, impulse withstand rating, and notes. 


Recloser Library : Parameters (me 
Standard Manufacturer ‘a Model [) Max kV Device Type Type 
ANSI Cooper 4E <1404,2004 Coils> 27 Recloser - Hydraulic Single Phase 


Size 


Coil ID 


Short-Circuit Rating 


Test ¥/R_ | Making kA ms |daking kA Peak] Short-Time kA Tkr 


Size 


Coil ID 
Enter the ID of the coil. 


Amps 
Enter the continuous rating of the coil in amps. 


Min Trip 
Enter the minimum trip rating of the coil in amps. This value is usually two times the coil’s continuous 
rating. 


Max Amps 
Enter the maximum current rating of the coil in amps. This value is usually equal to the interrupting 


current. 


Notes 
Enter any notes pertaining to the coil here. 
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Short-Circuit Rating 


The short-circuit rating for the selected coil is entered here. Note: This information is not required for 
ground element. 


kV 
Enter the applied voltage in kV. 


Int. kA 
Enter the short-circuit interrupting capability in rms kA. Note: If the standard is IEC this field is labeled 
Breaking kA. 


Test X/R 

Select from the list box or enter the test X/R rating. Note: If the value in this field is initially zero, when 
the interrupting kA is changed this field will automatically update to a value according to the following 
table. 


Inter. kA X/R 
kA <= 1.25 8 

1.25 < kA <=2 10 
2<kA<=4 12 
4<kA<=7 14 
7<kA<=12 15 
12 <kA< 20 16 
kA >= 20 17 


Making kA rms 

Enter the making kA rms asymmetrical rating in kA. Note: If the value in this field is initially zero, when 
the Interrupting kA or Test X/R is changed this field will automatically update to a value according to the 
following equation. 


Lmomyms zane = MEL nom rms gnem 


where MFm is the momentary multiplying factor, calculated from 
oa 
MF, = V1+2e F8 


Making kA Peak 

Enter the making kA peak asymmetrical rating for the recloser in kA. Note: If the value in this field is 
initially zero, when the Interrupting kA or Test X/R is changed this field will automatically update to a 
value according to the following equation. 
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Eom. peak = MP, Laomzns.gmm 
where MFp is the peak multiplying factor, calculated from 
MPF, = f2 [i + om] 
Short-Time kA 


Enter the short-time withstand rating for the recloser in kA. 


Tkr 
Enter the short-time withstand duration for the recloser in seconds. 


BIL 
Enter the rated basic impulse withstand rating for the recloser in kV. 


Notes 
Enter notes pertaining to the rating. 


ETAP 8-128 ETAP 19.0 User Guide 


Engineering Libraries Recloser 


ANSI HV Circuit Breaker 


When the ANSI standard is selected and device type is HV Circuit Breaker, you can enter the applied kV, 
interrupting kA, close and latch rms, close and latch peak, short-time withstand kA, short-time withstand 
duration, impulse withstand rating, and notes. 


a ' 
Recloser Library : Parameters So) 


Standard Manufacturer a Model a Max k¥ Device Type Type 
ANSI ABB 121PM20 121 H¥ Circuit Breaker Three Phase 
Short-Circuit Rating 
k¥ Int. kA, _ Cé&l Peak | Short-Time kA | 
Add | | Delete | 
Cox 


kV 
Enter the applied voltage in kV. 


Int. kA 
Enter the short-circuit interrupting capability in rms kA. 


C & Lrms 
Enter the closing and latching capability of the breaker in asymmetrical rms kA. This value is equal to 
1.6 times the maximum interrupting capability. 


C & L Peak 
Enter the closing and latching capability of the breaker in peak kA. This value is equal to 2.7 times the 
maximum interrupting capability. 


Short-Time kA 
Enter the short-time withstand rating for the recloser in kA. 


Tkr 
Enter the short-time withstand duration for the recloser in seconds. 
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BIL 
Enter the rated basic impulse withstand rating for the recloser in kV. 


Notes 
Enter notes pertaining to the rating. 
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IEC HV Circuit Breaker 

When the IEC standard is selected and device type is HV Circuit Breaker, you can enter the applied kV, 
breaking kA, making kA rms (asymmetrical), making kA peak (asymmetrical), FPC factor, short-time 
withstand kA, short-time withstand duration, impulse withstand rating, transient rated voltage, and notes. 


Recloser Library : Parameters [pee 
Standard Manufacturer a Model a Max kV¥ Device Type Type 
ANSI ABB OVR-1 (RS14x) 155 Recloser - Electronic Single Phase 


Short-Circuit Rating 


TestX/R_| Making kAtms [Making kAPeak| ShortTimekA| Tk [BIL | Notes | 
2! 0 0 1 


Elio RS146 


|RS146 
[110 |RS141 


Add Delete 


esc 


kV 
Enter the applied voltage in kV. 


Breaking kA 
Enter the short-circuit breaking capability in rms kA. 


Making kA rms 
Enter the making kA rms asymmetrical rating in kA. 


Making kA Peak 
Enter the making kA peak asymmetrical rating for the recloser in kA. 


FPC Factor 
Select from the list box the first pole to clear factor. 


Short-Time kA 
Enter the short-time withstand rating for the recloser in kA. 
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Tkr 
Enter the short-time withstand duration for the recloser in seconds. 


BIL 
Enter the rated basic impulse withstand rating for the recloser in kV. 


TRV 
Enter the rated transient recovery voltage in kV. 


Notes 
Enter notes pertaining to the rating. 
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8.13.3 Curve Assignment 


Select a recloser model entry, by highlighting it and clicking on the Curve Assignment button to assign 
curves to the selected recloser model. The Curve Assignment Editor is different depending on the recloser 
device type. 


ANSI/IEC Recloser-Electronic and HV Circuit Breaker 


For Electronic Recloser or HV Circuit Breaker, the TCC curves can be assigned to the selected model(s). 


Recloser Library : Curve Assignment |e 


Standard Manufacturer a Model Device Type 
ANSI Cooper NOVA2?7 Recloser - Electronic 


® Assign All 
~) Assign Individual 
Controller 


Assigned Available 
Show all 


Curve 


IEC Extremel, » IEC Extremel, 
IEC Inverse IEC Inverse 
Cooper |Form 4C IEC Very Inve = Cooper Form 5 Triple-... IEC Very Inve = 
Kyle 101 Kyle 101 
=| | | Kyle 102 Cooper Form 6 | Kyle 102 
Cooper Kyle 103 Cooper Form 6 Triple-... | Kyle 103 
' Kyle 104 j Kyle 104 
Kyle 105 Cooper NOVA1 Control Kyle 105 


Kyle 106 i vee 
Kyle 107 Cooper Tri-Phase i Kyle 107 
Kyle 111 Cooper VXE Control Kyle 111 


[Kyle 112 | [Cooma Fora 2 Kyle 112 


Help Cancel 


Assign All / Assign Individual 
Select Assign All to assign all the curves of a controller when moving it from Available to Assigned. 
Select Assign Individual if you want to assign specific curves from the controller. 


Manufacturer Curve | Manufacturer 


Cooper |Form 5 


Controller 


The curves which the recloser uses can be assigned and unassigned here. 


Available 
The Available section will display all the units in the Electronic Controller Library which are under the 
same manufacturer as the recloser. Check ‘Show all’ to display all electronic controllers in the library. 


Select the controller Manufacturer — Model from the Available section and click on the Assign button 
(<<), to assign the selected trip unit to the recloser. Once assigned, the trip unit Manufacturer — Model 
will be displayed in the Assigned section. Note: If Assign Individual is selected, curves must be selected 
from the Curve list. 
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Assigned 

Controllers that have been assigned to the recloser are displayed in the Assigned section. Controller can 
be unassigned by selecting the Manufacturer — Model of the controller and clicking on the Unassign 
button (>>). 


Assignment and unassignment of controllers to and from a locked recloser entry is allowed, since the 
recloser manufacturer may allow retrofits and modifications of the controller. 


Refer to the Electronic Controller Library section to learn more about electronic controller types and 
specifications. 
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ANSI/IEC Recloser-Hydraulic 


For Hydraulic Recloser, the TCC curve parameters are directly entered in the editor. 


iE 
Recloser Library : Curve Assignment 


Manufacturer Cooper Model H <5-504 Coils> a Type Single Phase 


Name Assign Speed T Lock 


| ||P |Delayed |Points | | 
| | Paste 


Current Unit 
: Pickup (Min Trip) (Amperes ©) Multiples 


Clearing Curve | Response Curve 


Curve Type 


Clearing 


Response 


TCCID § TCC-247 to TCC-252 


Revision 
June 1973 Min Multiple Max Multiple 


Notes Tests conducted at 25C 1.00001 12.5 Definite 


Curve Type 


The name of the curve, trip element assignment, speed, and type are defined here. 


Name 
Enter the name of the curve. 


Assign 

Assign the selected curve to different trip elements, i.e. Phase, Ground, or a combination of elements by 
selecting from the list box. For example, selecting ‘G’ assigns the curve only to Ground element, and 
selecting ‘P/G’ assigns the curve to Phase and Ground elements. 


Speed 
Assign the speed, fast or delayed, of the curve. 
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Type 
Select the type of curve (defined by equation or defined by points) from the list. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Current Unit 


Select the current unit, Ampere or Multiples, the points are defined using. Note: If the curve type is 
equation this can only be Multiples. 


Clearing Curve 


The points or equation of the clearing curve can be defined here. 
Time, Multiples/Amperes 
If the curve type is Points then enter Time in seconds and corresponding current in multiples or amperes, 
depending on the Current Unit selection, to define the curve. You can Add and Delete the data using Add 
and Delete buttons. In addition, you can select a row (highlight it) and right-click to add, delete, insert, 
copy and paste rows. 
Equation 
If the curve type is Equation then enter the equation for the clearing curve. You can enter the equation 
using basic math operators +, -, *, /. You can also nest expressions using parentheses. The math 
functions can be entered in C# math syntax. 
The equation is defined based on the following variables: 

M — Pickup Multiples 
For example: An equation for Trip time = (80/(M42-1)) 
The C# syntax for this function is: 

(80/(Math. Pow(M,2)-1)) 


For more information on C# functions please visit the msdn website and search for math members. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Note: This is hidden if the Current Unit is Amperes. 


Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


Note: This is hidden if the Current Unit is Amperes. 
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Clearing Curve 


Select whether to calculate the response curve using the clearing curve and interrupting time, or to define 
the response curve. 


Calculated Response Curve 
Select the Calculated Response Curve to calculate the response curve using the clearing curve and 
interrupting time. This is done by subtracting the interrupting time from the clearing curve. 


Define Response Curve 

Select the Define Response Curve to enter the response curve. If this is selected the response curve must 
be entered using the method described above for the clearing curve. Note: The curve type and current unit 
are the same for the response and clearing curves, i.e. if the clearing curve is points-based with amperes as 
the unit, then the response curve will also be points-based with amperes as the units. 


Curve Info 
Enter the curve TCC ID, revision date, and notes here. 


TCC ID 
Enter the manufacturer TCC ID. 


Revision 
Enter the revision date of the TCC. 


Notes 
Enter notes for the TCC curve. 
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8.13.4 Library Quick Pick - Recloser 


The Library Quick Pick dialog box is accessed by double-clicking on a Recloser in the one-line diagram, 
and then clicking on the Library button in the Rating tab of the editor. The Library Quick Pick options 
are a compilation of all the information you have specified for this element. 


Pick a recloser from the library from this dialog box. Select the appropriate manufacturer and 
specifications for the recloser, which is associated with this project file. The recloser specifications 
include Model, Max kV, Rated Int. kA, Test X/R, Making kA rms, and Making kA Peak. 


Library Quick Pick - Recloser |r 


Standard Manufacturer 


© ANSI Reference 
Cooper 

© IEC FKI Switchgear Asea Brown Boveri 
G&W Electric z 
Joslyn Link 
S&C Electric Company 


http: //www.abb.com 


Device Type Reference 


Recloser - Electronic aa RAS146,AS141 


Type Brand Name 


OVA-1 ([RS14x) [a - : : 
OVR-1 (RS18x) = Single Phase OVA 
OVR-1 (RS24x) 

OVR-1 (R528x) ae 

OVR-3 (R114) ies 


eal 2 Li : = Designed for pole-mounted applications 


Rating 


Test X/R ha ea 


Controller 
Manufacturer Type 


Microprocessor he 
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8.14 Electronic Controller 


The Electronic Controller Library is set up in a similar manner to a file directory system. The hierarchical 
library structure stores levels or headers (i.e. Manufacturer, Type, Model, etc.) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, etc.). The library header structure is as shown below. 


| ed a (eciacaina| 


Electronic Controller Library 


Library Manufacture TT Microprocessor Model Overcurrent 
Manufacture Static Model High Current 
Manufacturer Model Modifiers 
. + 
e J 
7 & 
Manufacturer Model 


The Electronic Controller Library header consists of Manufacturer —Type — Model. A manufacturer can 
have microprocessor or static models depending on the model’s type. Each type has its own header 
classification, which is explained further in this section. Furthermore, each model can be assigned 
different trip elements (phase overcurrent, ground high current, etc.). 
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8.14.1 Electronic Controller Library Editor 


F) Electronic Controller Library 


Manufacturer 


ABB & Reference 
FKI Switchgear Cooper Power Systems 
Joslyn Delete 
Nu-Lec Link 


S&C Electric Compan 5 
Schweitzer oe http://www. cooperpower.com Edit Info... 


Copy... 


Model 


(@) Microprocessor 


() Static 


Reference Add. 
Form 5 


Form 5 Triple-Single 
Form 6 Delete 


Form 6 Triple-Single = Brand Name 
FRA, 


FxA/FXB 
NOVA1 Control a 
Tri-Phase Copy... 


VE Control 
Parameters Help 


The Electronic Controller Library Editor can be accessed from the Library menu on the menu bar. Select 
the library from the menu bar and then select Electronic Controller. This will bring up the Electronic 
Controller Library Editor. The fields of the Library Editor are described below. 


Edit Info... 


Manufacturer 


Manufacturer 
Lists all manufacturers for controllers. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 
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Add 


Click on the Add button to input the name of relay manufacturer you wish to add to the library. 


Electronic Controller Library : Manufacturer |p Sve 


(V| OTI created library 


Manufacturer 


Reference 


Link 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


Electronic Controller Library : Manufacturer |p| 


(V| OTI created library 


Manufacturer Cooper 
Reference Cooper Power Systems 


Link — http: //www.cooperpower.com 
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Delete Manufacturer 


Delete 

This selection allows you to delete a controller manufacturer and all models provided by the 
manufacturer. Select the manufacturer by highlighting it from the list provided and then click on the 
Delete button. The manufacturer will be deleted from the list after confirmation. 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 


Gi , 
ETAP Library x=) 


This entry is locked. Delete is not allowed. 


Copy 


Copy the controller manufacturer and all models provided by the manufacturer. Select the manufacturer 
by highlighting it from the list provided and then click on the Copy button. All models and parameters for 
the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr 


From Schweitzer 


To SEL 


Help Cancel 


Type 
The Type allows you to view all controller models for the selected manufacturer, based on the controller 
type selected. Available selections are Microprocessor and Static. 
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Model 


®) Microprocessor 


Static 


am a Reference Add... 
Form 5 (a 
Form 5 Triple-Single FAC 
Form 6 

Form 6 Triple-Single 
PxA, 


Delete 


WwW 


Brand Name 


FRA/FXB Kyle Edit Info... 
NOVA1 Control a 


Tri-Phase c 
VE Control ice 


Microprocessor 
Select this option to view the models provided by the selected manufacturer that are of microprocessor 


type. 


Static 
Select this option to view the models provided by the selected manufacturer that are of static type. 


Model 


Model 
Lists all controller models for the selected manufacturer based on the type selected. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 
Displays the reference, if available, for the selected controller model. 


Brand Name 
Displays the brand name, if available, for the selected controller model. 


Add 


Click on the Add button to enter the controller model you wish to add to the library. 
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Electronic Controller Library : Model |r 


Manufacturer Controller Type 
Cooper Microprocessor 


Model 


Form 4C Trip Elements 


Phase TOC 
Phase HC 
# of TOC Levels Ground TOC 


# of HC Levels Ground HC 


Sen. Ground TOC 


VY) Independent TOC/HC [| Sen. Ground HC 
Alternate Trip 


| Enforce same setting for all TOC levels 


VY) Enforce same setting for all HC levels 


Model Info 
OTI created library 


Reference F4C Catalog # 280-77 
Brand Name Kyle Issue Date April 2003 
Current Rating Link http://www. cooperpower.com/proc 
Description Microprocessor-based electronic recloser control 


Application Provide complete system protection and control 


Manufacturer 
Displays the manufacturer name. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Controller Type 
Displays the type, Microprocessor or Static, selected. 


Model 
Enter the model name you wish to add to the library. 


Trip Elements 
Check the applicable trip elements for the selected controller function. 
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The available trip elements are — Phase TOC, Phase HC, Ground TOC, Ground HC, Sensitive Ground 
TOC, Sensitive Ground HC, and Alternate Trip, where TOC stand for time overcurrent and HC for high 
current. 


# of TOC Levels 
Select the number of TOC Levels from the drop-down list for the selected controller model. Available 
only for Microprocessor Type. 


# of HC Levels 
Select the number of HC Levels from the drop-down list for the selected controller model. Available only 
for Microprocessor Type. 


Independent TOC/HC 
Check to indicate if the TOC and the HC curves for the relay model are independent Available only for 
Microprocessor Type. 


Enforce same setting for all TOC levels 
Check to indicate if all levels share the same TOC pickup setting. Available only for Microprocessor 


Type. 


Enforce same setting for all HC levels 
Check to indicate if all levels share the same HC pickup and delay setting. Available only for 
Microprocessor Type. 


Label 
Click on the Label button to assign specific names for the OC level. 


Relay Library: OC Level Label / Assignment 


OC Label TOC Label lOC/HC Label Assign 


TCC1 


TCC2 


Brand name, Reference 
Enter the model brand name and reference, if available. 
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Catalog #, Issue Date 
Enter the catalog number and catalog issue date. 


Current Rating 
Select a current rating for the controller from the list box. 


Link 
Enter the model web link or URL address. 


Description 
Enter the description for the fuse model. 


Application 
Enter the application for the fuse model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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Electronic Controller Library : Model |e 


Manufacturer Controller Type 
Cooper Microprocessor 


Model 


Form 4C Trip Elements 


Phase TOC 
Phase HC 
# of TOC Levels Ground TOC 


# of HC Levels Ground HC 


Sen. Ground TOC 


(V) Independent TOC/HC [| Sen. Ground HC 
Alternate Trip 


|| Enforce same setting for all TOC levels 


VY) Enforce same setting for all HC levels 


Model Info 
OTI created library 
Reference F4C Catalog # 280-77 


Brand Name Kyle Issue Date April 2003 


Current Rating Link http://www. cooperpower.com/proc 


Description Microprocessor-based electronic recloser control 


Application Provide complete system protection and control 


Delete Model 


Delete 
Delete the selected controller model. Select the model by highlighting it from the list provided and then 
click on the Delete button. The model will be deleted from the list after confirmation. 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 
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[ ETAP Library == 


This entry is locked. Delete is not allowed. 


Copy 

Copy a selected controller model. Select the model by highlighting it from the list provided and then click 
on the Copy button. The selected model and its associated parameters will be copied to the same or 
different manufacturer with user-specified model name. 


Cc 


Copy Library: Electronic Controller =x) 


Model 
From Form 4C 


To Form 4C - Copy 


Help 
Open the Help topic for the Controller Library. 


Close 
Close the Controller Library Editor and save all changes. 
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8.14.2 Parameters 


Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor is 
available for both Microprocessor and Static type controllers and the editor is different depending upon 
the model type. 


Parameters 
The Parameters Editor allows you to define different overcurrent curves, high current trip and delay 
ranges, and modifier ranges. 


Pickup Tab (Static) 


Enter the settings for Time Overcurrent trip elements. This is for a static controller type. 
Electronic Controller Library : Parameters |p| 


Manufacturer =| & |a Type 


Cooper Static 


Pickup | Curve | Instantaneous (HC) | Modifier 


Pickup [Min Trip Rating) 


Label E 
25 [Yellow label] 25 G Yellow label mininum-trip 
35 [Yellow label) Yellow label minimum-trip resister cartrid... 
50 [Yellow label) Yellow label minimum-trip resister cartrid... 
70 [Yellow label) Yellow label minimum-trip resister cartrid... 
100 (Blue label) Blue label minimum-trip resister cartridge 
100 [Yellow label) Yellow label minimunm-trip resister cartrid... 
120 [Yellow label) Yellow label minimum-trip resister cartrid... 
140 (Blue label) Blue label minimurm-trip resister cartridge 
140 [Yellow label] Yellow label minimum-trip resister cartrid... 
170 [Yellow label] Yellow label minimum-trip resister cartrid.... 
200 (Blue label) Blue label minimur-trip resister cartridge 
200 [Yellow label) Yellow label minimum-trip resister cartrid... 
240 (Blue label) Blue label minimum-trip resister cartridge 
240 [Yellow label] Yellow label minimum-trip resister cartrid... 


280 (Blue label) 280 P/G Blue label minimum-trip resister cartridge 
Sank — ; : 5; 


ian =F) 
Add Delete Copy Paste 


— 
° 
o 


Peeieeoccnee ccc 


(ee) (O(a 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Type 
Displays the controller type. 
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Pickup (Min Trip Rating) 


Define different pickups available for the controller model. 


Label 
Enter a label for the pickup. 


Amps 
Enter the value of the pickup in amps. 


Assign 

Assign the selected pickup to different trip elements, i.e. Phase, Ground, and Sensitive Ground or a 
combination of elements by selecting from the list box. For example, selecting ‘G’ assigns the pickup 
only to Ground element, selecting ‘P/G’ assigns the pickup to Phase and Ground, and similarly for other 
assignments. 


Note 
Enter any notes pertaining to the selected pickup. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Add, Delete, Copy, Paste 


You can Add, Delete and Copy curves using the Add, Delete, Copy, and Paste buttons. Locked entries 
cannot be deleted, but can be copied. 
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Curve Tab (Static) 


Enter the curves for static controller type. 
Electronic Controller Library : Parameters |e on| 


Manufacturer = | @ | Type 
Cooper Static 


Pickup | Curve | Instantaneous (HC) | Modifier 


Curve Type 


rc 
cm] 
o 


Assign 

Points 
Delayed Points 
Delayed Paints 
Fast Points 
Delayed Points 
Delayed Points 
Delayed [Points 
Fast Points 
Delayed Points 
Fast Points 
Fast Points 
Delayed {Paints 
Delayed Points 
Delayed Paints 


Delayed Paints 
[Piedad TBoints 


Edit... Add Delete Copy Paste 


8 (Socket No. 1) 
8 (Socket No. 2] 
9° 


ED) Eb) Eb) Eb) BD) ED} ED} ED} BD) ED | | HH 


alfaltaltallaltaltaltaltalallallalia) © 


Name 
Enter a name for the curve type up to 30 alphanumeric characters. 


Assign 

Assign the controller characteristic curve to different trip elements, i.e. Phase, Ground, and Sensitive 
Ground, or a combination of elements by selecting from the list box. For example, selecting ‘G’ assigns 
the curve only to Ground element, selecting ‘P/G’ assigns the pickup range to Phase and Ground 
elements, and similarly for other assignments. 


Speed 
Select the speed, Fast or Delayed, to assign the curve to. 


Type 
Select the type of curve (defined by equation or defined by points) from the list. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


ETAP 8-151 ETAP 19.0 User Guide 


Engineering Libraries Electronic Controller 


Add, Delete, Copy, Paste 
You can Add, Delete and Copy curves using the Add, Delete, Copy, and Paste buttons. Locked entries 
cannot be deleted, but can be copied. 


Edit 

Click on the Edit button to enter the TCC Equation or TCC Points data depending on the type of the 
selected controller curve. The Edit button is disabled for locked entries. More information on TCC 
equation and points entry will be given below. 
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Curve Tab (Microprocessor) 


Enter the curves microprocessor controller type. 
Electronic Controller Library : Parameters |e Som 


Manufacturer = | & Type 


Cooper Microprocessor 


Curve | Instantaneous (HC) | Modifier 


Curve Type 


| 


Time Overcurrent Parameters 


Discrete Trip 
CT Ratio 500:1 
CT Ratio 1000:1 
CT Ratio 2000:1 
‘Primary CT Ratio 2000:1 


Delete 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Type 
Displays the controller type. 


Curve Type 


Define different controller characteristic curves by equation or points. 
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Curve Type 
Name 
102 
103 Points 
< uw b 
| Edit. | | Add | | Delete | | Copy | | Paste | 
Name 


Enter a name for the curve type up to 30 alphanumeric characters. 


Assign 

Assign the controller characteristic curve to different trip elements, i.e. Phase, Ground, and Sensitive 
Ground, or a combination of elements by selecting from the list box. For example, selecting ‘G’ assigns 
the curve only to Ground element, selecting ‘P/G’ assigns the pickup range to Phase and Ground 
elements, and similarly for other assignments. 


Type 
Select the type of curve (defined by equation or defined by points) from the list. 


Group1-8 
Curves can be associated to a curve group number (1-8) where applicable. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Add, Delete, Copy, Paste 
You can Add, Delete and Copy curves using the Add, Delete, Copy, and Paste buttons. Locked entries 
cannot be deleted, but can be copied. 


Edit 
Click on the Edit button to enter the TCC Equation or TCC Points data depending on the type of the 
selected controller curve. The Edit button is disabled for locked entries. 


TCC Equation Data 


The TCC Equation Data Editor allows you to define the relay characteristic curve by equation. The 
parameters that are available are described below: 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Curve 
Displays the selected curve name. 
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Electronic Controller : TCC Curve [ere 


Manufacturer | & Model Curve 
Schweitzer 351R C1 - IEC Standard Inverse 


Current Unit 


— Pickup (Min Trip Amperes ©) Multiples 


Response Curve | Clearing Curve 


Equation 


TD*(0.14/(Math. Pow(M_0.02)-1)) 


High Current (HC) Trip 


[| Time Dial 


Discrete 


TCCID 4920-214 
Min Multiple Max Multiple 


1.5 30 \v) Definite 


Cancel 


Revision 10/16/2006 


Notes — |nstruction Manual 


Current Unit 
Select the current unit, Amperes or Multiples. Equation based curves can only be specified in multiples of 
the pickup. 


Response Curve 


Equation 

Enter the equation for the selected curve. You can enter the equation using basic math operators +, -, *, /. 
You can also nest expressions using parentheses. The math functions can be entered in C# math syntax. 
The equation is defined based on the following variables: 


TD — Time Dial 
M — Pickup Multiples 


For example: An equation for Trip time = (80/(M42-1))*TD 
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The C# syntax for this function is: 
(80/(Math.Pow(M,2)-1))*TD 
For more information on C# functions please visit the msdn website and search for math members. 


Time Dial 
Check the box and enter the time dial range. You can enter the time dial as continuous (i.e. Min, Max, and 
Step) or as discrete values (Discrete) separated by semicolons. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


Clearing Curve 


Calculating Clearing Curve 
Select this option to calculate the Clearing curve based on the Response curve. Clearing Time is 
calculated by adding the interrupting time defined in the Recloser Editor to the response curve. 


Response Curve | Clearing Curve 


® Calculated Clearing Curve 


Define Clearing Curve 


Min Multiple Max Multiple 
1.5 30 ¥) Definite 


Define Clearing Curve 
Select this to define the clearing curve. Use the same methods described for the response curve above. 
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Response Curve | Clearing Curve 


| © Calculated Clearing Curve 
| 


| ©) Define Clearing Curve 


Equation 
Min Multiple Max Multiple 
1.5 30 ¥) Definite 


TCC ID 
Enter the TCC ID of the curve as defined by the manufacturer. 


Revision 
Enter the revision date of the curve. 


Notes 
Enter any notes pertaining to the curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
This selection closes the TCC Equation Data Editor, saving all changes. 


Cancel 
This closes the TCC Equation Data Editor, discarding all changes. 


TCC Points 


The TCC Points Editor allows you to define the controller’s characteristic curve by points. The different 
parameters available are described below. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 
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Curve 
Displays the selected curve name. 


Electronic Controller : TCC Curve [eeSomn| 


Manufacturer | & Model Curve 
Schweitzer 351R C2 - IEC Very Inverse 


Current Unit 


— Pickup (Min Trip Amperes ©) Multiples 


Response Curve | Clearing Curve 


Equation 


TD*(13.5/(M-1)) 


High Current (HC) Trip 


[V| Time Dial 


Min | Max Step Discrete | 
0.05 0.01 


TCCID 4020-215 
Min Multiple Max Multiple 


1.0001 30 Definite 


Cancel 


Revision 10/16/2006 


Notes — |nstruction Manual 


Current Unit 
Select the current unit of the points, Amperes or Multiples. 


Response Curve 


Time and Multiples/Amperes 

Enter the time in seconds and corresponding current in multiples or amperes (depending on the current 
unit selection) to define the response curve. You can add and delete the data using the Add and Delete 
buttons. In addition, you can select a row (highlight it) and right-click to add, delete, insert, copy and 
paste rows. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 
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Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


Clearing Curve 


Calculating Clearing Curve 
Select this option to calculate the Clearing curve based on the Response curve. Clearing Time is 
calculated by adding the interrupting time defined in the Recloser Editor to the response curve. 


Response Curve | Clearing Curve 


® Calculated Clearing Curve 


|) Define Clearing Curve 


Min Multiple Max Multiple 
1.0001] 30 ¥) Definite 


Define Clearing Curve 
Select this to define the clearing curve. Use the same methods described for the response curve above. 
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Response Curve | Clearing Curve | 


Add 


Min Multiple Max Multiple 
1.00001 125 | Definite 


TCC ID 
Enter the TCC ID of the curve as defined by the manufacturer. 


Revision 
Enter the revision date of the curve. 


Notes 
Enter any notes pertaining to the curve. 


Help 
Open the Help topic for the TCC Equation Data Editor. 


OK 
Close the TCC Equation Data Editor, saving all changes. 


Cancel 
Close the TCC Equation Data Editor, discarding all changes. 


Time Overcurrent Parameters 


Enter the settings for Time Overcurrent trip element. You can Add, Edit and Delete the data using the 
Add and Delete buttons. In addition, you can select a row (highlight it) and right-click to add, delete, 
insert, copy and paste rows. The different parameters available are described below. 
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Time Overcurrent Parameters 


Trip Unit | Min Trip | Max Trip | Trip Step Discrete Trip | _ Assign —_| Base Note 
Amps 


Amps 0.1 19200 0.01 P Primary 


Trip Unit 
Select the unit for Time Overcurrent pickup. This is currently fixed to Amps. 


Min Trip, Max Trip, Trip Step 
Define the Time Overcurrent pickup as continuous values by entering Min Trip, Max Trip and Trip Step 
values for the selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the Time Overcurrent pickup as discrete values separated by semicolons in Discrete Trip field, for 
the selected trip unit (Amps, Multiples or Percent). 


Assign 

Assign the selected pickup range to different trip elements, i.e. Phase, Ground, and Sensitive Ground or a 
combination of elements by selecting from the list box. For example, selecting ‘G’ assigns the Time 
Overcurrent pickup range only to Ground element, selecting ‘P/G’ assigns the pickup range to Phase and 
Ground, and similarly for other assignments. 


Base 
Select a base for the pickup. This is currently fixed to Primary. 


Note 
Enter any notes pertaining to the trip range. 
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High Current (HC) Tab 

Enter the settings for High Current (HC). You can add and delete the data using the Add and Delete 
buttons. In addition, you can select a row (highlight it) and right-click to add, delete, insert, copy and 
paste rows. The available parameters are described below. 

Electronic Controller Library : Parameters [eS 


Manufacturer = | & Type 


ABB Microprocessor 


Instantaneous (HC) 


High Current Trip Parameters 


tie tie | Mente | Pipstep [| Disowte Tip df asoon [sere | noe 
(Amps (0.005 9000007 

Multiples 1 43 99 0 01 xTOC Pic... 

Multiples 1 M9999 00 GTP 
Multiples 1 a 99 01 Locko... Ml «TOC Pic. 


Add Delete 


High Current Delay Parameters 


rorummmmmel mie i a ee 7 — eee 


16000 0.2 P/G/SGE 


High Current Trip Parameters 
Enter the pickup settings for the HC trip and HC lockout element. 


High Current Trip Parameters 


alt | Mibtip | Mex Tip | TipStee | Disrete Tip dss | Base | Noe 
Amps ? 005 9000 0.01 Primary 

Multiples xTOC Pic... 

Multiples Laka P_|xTOC Pic... 


Multiples 199, 99 0. o1 xTOC Pic... 
Multiples 199.99 0.01 a rcko... J TOC Pic. 


Unit 
Select the unit for HC pickup i.e. Amps, Multiples or Percent from the list box. 
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Min Trip, Max Trip, Trip Step 
Define the HC pickup as continuous values by entering Min Trip, Max Trip and Trip Step values for the 
selected trip unit (Amps, Multiples or Percent). 


Discrete Trip 
Define the HC pickup as discrete values separated by semicolons in Discrete Trip field, for the selected 
trip unit (Amps, Multiples or Percent). 


Assign 

Assign the selected pickup range to different trip elements, i.e. Phase, Ground, and Sensitive Ground, or a 
combination of elements by selecting from the list box. For example, selecting ‘G’ assigns the HC pickup 
range only to Ground element, selecting ‘P/G’ assigns the pickup range to Phase and Ground elements 
and similarly for other assignments. To assign a range to the HC lockout element, select Lockout Phase, 
Lockout Ground, and Lockout Sensitive Ground, or a combination of these. 


Base 


Select a base for the pickup. Currently this is fixed to Primary for a unit of Amps, and xTOC Pickup for 
units of Multiples and Percent. 


High Current Delay Parameters 


Enter the settings for the HC Time Delay. 


High Current Delay Parameters 


Unit Min Delay | Max Delay | Delay Step Discrete Delay Assign Note 


16000 0.25 P/G/SGRA 


| Add | | Delete 


Unit 
Select the unit for Time Delay i.e. seconds or cycles from the list. 


Min Delay, Max Delay, Delay Step 
Define the Time Delay as continuous values by entering Min Delay, Max Delay and Delay Step values 
for the selected unit (seconds or cycles). 


Discrete Delay 
Define the Time Delay as discrete values separated by semicolons in Discrete Delay field, for the selected 
unit (seconds or cycles). 


Assign 

Assign the selected time delay range to different trip elements, i.e. Phase, Ground, and Sensitive Ground, 
or a combination of elements by selecting from the list box. For example, selecting ‘G’ assigns the HC 
time delay range only to Ground element, selecting ‘P/G’ assigns the time delay range to Phase and 
Ground elements, and similarly for other assignments. 
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Note 
Enter any notes pertaining to the delay range. 


Modifiers Tab 


Enter the settings for the constant time adder, minimum response time, and vertical shift modifiers. The 
available parameters are described below. 


Electronic Controller Library : Parameters |p| 
Manufacturer & Model & Type 
Schweitzer 351R Microprocessor 


| Curve | Instantaneous (HC)) Modifier | 


\¥) Curve Modification Parameters 


Title Label Avail Unit Min Max Step Discrete Discrete Label 
CTA | Const. Time Adder ¥ {Cycle 0 60 0.25 
MRT Min. Response IV | Cycle Oo 60 0.25 
VSM _ | Vert. Multiplier Vv 0.1 2 0.01 


|| Use Discrete Label 


Curve Modification Parameters 
Check to indicate that this controller model contains modifiers. 


Title 
Displays the modifier type. CTA stands for constant time adder, MRT for minimum response time, and 
VSM for vertical shift multiplier. 


Label 
Enter a name for the respective modifier, if one is given by the manufacturer. Leaving this blank will 
result in the Title to be used. 


Avail 
Check to indicate that the respective modifier is available in the model. 
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Unit 
Select the unit for Time Delay i.e., seconds or cycles from the list for CTA and MRT. 


Min, Max, Step 
Define the modifier as continuous values by entering Min, Max and Step values. 


Discrete Delay 
Define the modifier as discrete values separated by semicolons in the Discrete field. 


Discrete Label 
Enter labels for the discrete value as applicable. . 


Use Discrete Label 
Check this box to use the Discrete Labels for the modifier settings instead of the discreet values. 
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8.14.3 Library Quick Pick — Electronic Controller 


The Library Quick Pick dialog box is accessed by double-clicking on a Recloser in the one-line diagram, 
and then clicking on the Library button in the Controller tab of the editor. The Library Quick Pick 
options are a compilation of all the information you have specified for this element. 


Pick an electronic controller from the library from this dialog box. Select the appropriate manufacturer 


and specifications for the device, which is associated with this project file. The electronic controller 
specifications include Type and Model. 


Library Quick Pick - Electronic Controller |e Som) 


Manufacturer 


ABB Reference 


-* 


FKI Switchgear Cooper Power Systems 
Joslyn : 
Nu-Lec : Link 


S&C Electric Company http: //www.cooperpower.com 
Schieitzer 


Model 
Type 


Microprocessor a 


Form 5 F4C 
Form 5 Triple-Single 
Form 6 

Form 6 Triple-Single 
PA 


Reference 


Brand Name 


Kyle 


PX'd JPXR 


None Cancel 
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8.15 HV Circuit Breaker 


The High Voltage Circuit Breaker (HVCB) Library is set up in a similar manner to a file directory 
system. ANSI or IEC libraries are available, depending upon which standard is selected for each 
individual circuit breaker. The library header is defined by Standard and Manufacturer information. You 
can have unlimited manufacturers within the library for each standard. Unlimited model/classes are 


available within each manufacturer, as shown below. 


| P| 


High Voltage Circuit Breaker 


Library ANSI Manufacturer Model / Class 
| IEC Manufacturer Model / Class 
Manufacturer Model / Class 

e e 

e e 

e e 
Manufacturer Model / Class 


High voltage circuit breaker headers consist of Standard and Manufacturer information. You can have 
unlimited Models/Classes for each header. 
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8.15.1 HV Circuit Breaker Library Selector 


=) ANSI HV Breaker Library [-o-| © [eesa] 
etait Manufacturer 
Alstom 
Bans CutlerH ammer = 
GE 
IEC ITE - Gould 
Powell = 


(Ea) |Add... | | Delete | | Copy...] | Help | (Bose J] 


The High Voltage Circuit Breaker Library allows you to add new high voltage circuit breaker models or 
select existing high voltage circuit breaker models and edit, copy or delete them. To edit a high voltage 
circuit breaker model, double-click on the item or click on the Edit button after highlighting it. To delete 
a high voltage circuit breaker model, click on the Delete button after highlighting a model. ETAP will 
display a frame requesting that you confirm this request before deleting the selected model. 


Add Manufacturer 


Select this option to enter the name of the manufacturer for the element you wish to add to the library. 
You can edit the properties of this new element by highlighting it from the list provided, and then clicking 
on the Edit button. 


Copy Library 

Select this option to copy the data from one manufacturer name to a new name. This function is useful if 
you wish to change specifications in the library entry while retaining the original data. The properties of 
the new element can be edited by highlighting it from the list provided, and then clicking on the Edit 
button. 
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8.15.2 HV Circuit Breaker Library Editor 


This Spreadsheet Editor allows you to view and edit the High Voltage Circuit Breaker Library data. Each 
library record is a unique set of data for each high voltage circuit breaker header. Appending three 
columns, Model+Continuous Amp+Max kV, forms a unique record name. If the combined name of these 
three columns is repeated, that row is deleted, i.e., duplicate records are overwritten. The combination 
of all three fields must contain at least one different character. If a row (record) of data duplicates a 
previous one, ETAP will display a frame requesting that you confirm this request before overwriting the 
record. 


2.) High Voltage Circuit Breaker Library Editor {neon 


Manufacturer designated model or class name 


ANSI Standard Manufacturer : ABB 


Rated Int. Max Int. 


| 


ANSI Standard 


Model 
Enter the manufacturer designated model or class name. 


Std. 
Select the circuit breaker standard as Sym or Tot rated from the list box. 


Sym Rated AC high voltage circuit breaker rated on a symmetrical current basis 
Tot Rated AC high voltage circuit breaker rated on a total current basis 


C 
=e the rated interrupting time for AC high voltage circuit breakers in cycles from the list box. 
CB Cycle Description 
2 2-cycle AC high voltage circuit breakers with 1.5-cycle minimum contact parting time 
3 3-cycle AC high voltage circuit breakers with 2-cycle minimum contact parting time 
5 5-cycle AC high voltage circuit breakers with 3-cycle minimum contact parting time 
8 8-cycle AC high voltage circuit breakers with 4-cycle minimum contact parting time 
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Continuous 
Enter the continuous current rating of the high voltage circuit breaker in amperes or select the rating from 
the list. 


Max. kV 
Enter the rated maximum kV of the high voltage circuit breaker in rms kV or select the rating from the 
list. 


Rated Int. 
Enter the rated short-circuit current (rated interrupting capability) at the rated maximum kV in rms kA or 
select the rating from the list box. 


The interrupting capability of the circuit breaker is calculated by ETAP as: 
(rated short-circuit current) X (rated maximum kV)/(operating kV) 


The limit for this calculated interrupting capability is the rated maximum interrupting capability of the 
circuit breaker. This value is then used to compare with the calculated short-circuit duty of the breaker. 


Note: The value of the prefault voltage is not used in determining the interrupting capability, ie., if Vf= 
105%, the short-circuit duty is increased by 5%; however, the interrupting capability is not decreased by 
5%. 


Max Int. 
Enter the maximum interrupting capability in kA. 


C & Lrms 
Enter the closing and latching capability of the HV CB in asymmetrical rms kA. This value is equal to 
1.6 times the maximum interrupting capability. 


C & L Peak 
Enter the closing and latching capability of the HV CB in peak kA. This value is equal to 2.7 times the 
maximum interrupting capability. 


TRV T1 
Enter the transient recovery voltage delay time in micro-seconds. 


TRV T2 
Enter the transient recovery voltage time to peak value in micro-seconds. 


TRVR 
Enter the transient recovery voltage rated increase rate in kV/micro-second. 


IEC Standard 


Model 
Enter the manufacturer designated model or class. 
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FPC Factor 
Select the first-pole-to-clear factor of the high voltage circuit breaker from the list box. 


Rated A 
Enter the rated normal current of the high voltage circuit breaker in amperes or select the rating from the 
list. 


Rated kV 
Enter the rated voltage of the high voltage circuit breaker in kV or select the rating from the list. 


TRV 
Enter the transient recovery voltage of the high voltage circuit breaker in kV. 


Making 

Enter the rated making capacity of the high voltage circuit breaker in peak kA or select the rating from the 
list box. The rated making capacity for a circuit breaker is determined by the evaluation of the maximum 
possible peak value of the short-circuit current at the point of application of the circuit breaker. 


Spare 
Enter the number of spare breakers available (Information only). 


AC Breaking 
Enter the rated breaking current of the high voltage circuit breaker in kA or select the rating from the list. 


Min. Delay 
Enter the minimum time delay, including the circuit breaker and relays, in seconds, or select the rating 
from the list. 


The value of min delay shall always be less than or equal to the value of break time. 

Ithr 

Enter the rated short-time withstand current in kA. In the IEC 62271 standard, the short- 
time withstand current is defined as I, Tkr 

Enter the rated duration of short-circuit in seconds. In the IEC 72271 standard, the rated duration of short- 


time is defined as tx 


Time Constant 
Enter the circuit breaker rated DC time constant in seconds 


Break Time 
Enter the circuit breaker rated break time in seconds. 


The value of break time shall always be greater than or equal to the value of min delay. 


T Close 
Enter the circuit breaker rated close time in seconds 


ETAP 8-171 ETAP 19.0 User Guide 


Engineering Libraries HV Circuit Breaker 


8.15.3 Library Quick Pick - HV Circuit Breaker 


The Library Quick Pick dialog box is accessed by double-clicking on a HV Circuit Breaker in the one- 
line diagram, and then clicking on the Library button in the editor. The Library Quick Pick options are a 
compilation of all the information you have specified for this element. 


Pick a high voltage circuit breaker from the library from this dialog box. Select the appropriate 
manufacturer and specifications for the high voltage circuit breaker, which is associated with this project 
file. The high voltage circuit breaker specifications include Model/Class, Test Std., Continuous Amp, 
Cycle, Max kV, Rated Int. kA, Max Int. kA, C&L rms, and C&L Peak. 


Library Quick Pick - HV Circuit Breaker |p Swe 
Standard 
@ ANSI OlEC 


Model / Test Continuous Max FatedInt. Max Int. 
Manufacturer Class Std. Cycle Amp kV kA 


ABB Peg ahM-13.8-1000 SYM 
Alstom AM-13.8-1000 S‘’M 
CutlerH ammer 4M-13.8-500 SYM 


(ES © | | 4M-13.9-500 SYM 
ITE - Gould || 4M-13.8-500H S‘YM 
Powell AM-13.8-500H S‘Y’M 
Siemens AM-13.8-750 SM 
Square D AM-13.8-750 SYM 
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8.16 LV Circuit Breaker 


The Low Voltage Circuit Breaker (LVCB) Library is set up in a similar manner to a file directory system. 


The hierarchical library structure stores levels or headers (i.e. Standard, AC/DC, 


Type, Manufacturer, 


Model, etc.) each containing a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library 


structure is as shown below. 


a | — | 


LV Circuit Breaker Library 


Librar ANSI AC ‘Molded Case Manuf. Model Max. kV: Pole 
‘iL rower CB Manuf. Model ‘Max. kV Pole 
TEC DC* Insulated Case Manuf. Model Max. kV Pole 
e e e e 
e e e e 
e e e e 
Manuf. Model Max. kV Pole 


* - DC breaker will have Max. Volts in the header. 


Size—Amps, 

Size Short 

F circuit. 

Size Tri " 

. Trip 
unit 

e 

& 

Size 


The Low Voltage Circuit Breaker (LVCB) Library header consists of Standard - AC/DC — Breaker Type 
— Manufacturer —Model — Max. kV (Max. Volts for DC) — Pole. You can have unlimited records of 
breaker size for each header, for which ampere value, short-circuit data and trip units can be defined. 


Low voltage circuit breaker types available are: 


e Molded Case 
e Power CB 
e Insulated Case 
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8.16.1 LV Circuit Breaker Library Editor 


Manufacturer 


ABB 

Allis-Chalmers 

Brown Boveri 
Cutler-Hammer 

Federal Pacific Electric 


Power CB ’ 


Standard 


Reference 
Eaton 
Link 


Federal Pioneer 
General Electric 


[_Eaitinfo_]| [Add 


: - http: //www.eaton.com 
(@ ANSI @AC 


» IEC ©oc 


| | Delete Copy 


Brand Name 
| Model | Max kv | 


ACB 1600HR 0.5 


Model Reference 


Trip Device Type 


Solid State Trip 


OJ) 09) 09) O39) Oo) oo) oo 


Application 


(Edtinto 


Naval Shipboard use 


Assan TipDevice..__ ee ee ae | 


The LV Circuit Breaker Library Editor can be accessed from the Library menu on the menu bar. Select 
library from the menu bar and select LV Circuit Breaker. This will bring up the LVCB Editor. The 
different fields in the Library Editor are described in this section. 


Type 
Make a selection from the drop-down list to display the breaker type. The LV Circuit Breaker types 
include Molded Case, Power and Insulated Case breakers. 


Standard 
Click on either the ANSI or IEC option to select that standard. 


AC/DC 
Click on either the AC or DC option, to select AC / DC breakers. 
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Manufacturer 


Manufacturer 
Lists all manufacturers for LVCB filtered by the selected standard, AC/DC and breaker type. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 


Add 


Select the breaker standard, AC/DC and the type, then click on the Add button to input the name of 
LVCB manufacturer you wish to add to the library. 


LVCB Power CB Library : Edit Info 


¥)| OTI created library 


Manufacturer Cutler-Hammer 


Reference ‘Westinghouse 


Link — www.cutler-hammer.eaton.com/NAS. 


Ce) CD) [el 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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LVCB Power CB Library : Edit Info 


(¥) OTI created library 


Manufacturer  Cutler-Hammer 
Reference Westinghouse 


Link = www. cutler-hammer.eaton.com/NAS, 


[Hee] (COR) {cone 


Delete Manufacturer 


Delete 

Delete the selected LVCB manufacturer and all models provided by the manufacturer. Select the 
manufacturer by highlighting it from the list provided and then click on the Delete button. The 
manufacturer will be deleted from the list after confirmation. 


Please Confirm [eS 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 


G ' 
ETAP Library x=) 


This entry is locked. Delete is not allowed. 


Copy 


You can copy a selected LVCB manufacturer and all models for the manufacturer. Select the 
manufacturer by highlighting it from the list provided and then click on the Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 
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Copy Library: Mfr 


From  Cutler-Hammer 


To Westinghouse 


[vee] aR) coneet | 


Model 


Model 
Lists all the Model-Max kV (Max V for DC)-Pole records for the selected LVCB manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Brand name 
Displays the brand name, if available, for the selected LVCB model. 


Reference 
Displays the reference, if available, for the selected LVCB model. 


Trip Device Type 
Displays the trip units that are defined for the selected LVCB model. 


Application 
Displays the application for the selected LVCB model. 


Add 
Select the Add button to input the name of LVCB model you wish to add to the library. 
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LVCB Power CB Library : Add |—ne | 


Manufacturer Trip Device 


Cutler-Hammer 


Model 
DB-50 Thermal-Magnetic Electro-Mect 


Pole 


Model Info 


Solid State MCP 


OT! created library 


Reference Catalog # AD 33-760 
Brand Name Issue Date 05/01/1971 
Frame Type Frame Size 91600 
Certification NEMA, ASA Link 
Description (50/60 H2 Power Circuit Breaker, 12004 rating for special ence 


Application |Low Voltage Switchgear 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Pole 
Select the number of poles for the breaker from the list box. This field is a required library parameter. 


Max kV (Max V for DC breaker) 


Select from the list box or enter the Max kV (Max V for DC breaker) for the breaker. This field is a 
required library parameter. 


Trip Device 
Check the boxes to define the trip device types for the breaker. The trip device types are Thermal 
Magnetic, Solid State, Motor Circuit Protector and Electro-Mechanical. The selection of trip devices will 


define the type of trip device that the selected breaker will accept. This data is a required library 
parameter. 
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Brand name, Reference 
Enter the model brand name and reference if available. These fields are provided for reference only and 
may be left blank. 


Catalog #, Issue Date 
Enter the catalog number and catalog issue date. These fields are provided for reference only and may be 
left blank. 


Frame Type, Frame Size 
Enter the frame type and size, for the breaker model. These fields are provided for reference only and 
may be left blank. 


Certification 
Enter the certification standard (UL, IEC, etc.) for the model. This field is provided for reference only 
and may be left blank. 


Description 
Enter the description for the fuse model. This field is provided for reference only and may be left blank. 


Application 
Enter the application for the fuse model. This field is provided for reference only and may be left blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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LVCB Power CB Library : Edit Info |S 


Manufacturer Trip Device 


Cutler-Hammer 
0.5 
Model 


ACB 1600HR Thermal-Magnetic Electro-Mechanical 
Solid State MCP 


Model Info 


(¥| OTI created library 


Reference Catalog # Technical Data 2! 


Brand Name Issue Date 11/1/2000 


Frame Type Frame Size 1600/2000 


Certification UL 489, UL 1066, Link = www-.eatonelectri 
Description Air Circuit Breaker 


Application Naval Shipboard use 


Delete Model 
Delete 


Delete the selected LVCB model. Select the model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after confirmation. 


Please Confirm dl 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry, the following 
message will be displayed. 
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fe ' 
ETAP Library se 


This entry is locked. Delete is not allowed. 


Copy 

Use this selection to copy the selected LVCB model. Select the model by highlighting it from the list 
provided and then click on the Copy button. The selected model and its associated parameters will be 
copied to the same or different manufacturer with user-specified model name. 


fC y 
Copy Library: LV Breaker ==) 


Manufacturer &a 


Schneider Electric To | Schneider Electric 


Model a Max kV Pole 
ean NSX100 - F 0.6 


To NSX100-F O6 - [2 


= 


Help 
Open the Help topic for the LVCB Library. 


Close 
Close the LVCB Library Editor and save all changes. 
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8.16.2 Edit Short-Circuit Info 


Click on the Edit Short-Circuit Info button to enter the short-circuit data for the low voltage breaker 
model. The short-circuit parameters are different depending on breaker type, standard and if the breaker is 
AC or DC. 


You can Add, Edit and Delete the short-circuit data using the Add and Delete buttons. In addition, you 
can select a row (highlight it) and right-click to add, delete, insert, copy and paste rows. Locked entries 
cannot be edited or deleted, but can be copied. 


ANSI Short-Circuit data (AC breaker) 
When the ANSI standard is selected for AC breakers, you can enter the following parameters: 


Applied voltage in kV 

Short-circuit interrupting current in kA 
Non-Instantaneous trip in kA 

Close and Latch (C&L) current in kA 

Short-time withstand current in kA 

Withstand time Tkr in seconds 

Test power factor in % or select from the list box 
Notes 


Note: Non-Instantaneous trip, Close and Latch (C&L) current, Short-time withstand current, and 
Withstand time Tkr are not utilized by ANSI short-circuit duty analysis for ANSI rated Molded case and 
Insulated case circuit breaker types. 

Check the Fused checkbox if the circuit breaker is integrally fused. 


LV Breaker Library |p| 


Manufacturer Model 


AC Cutler-Hammer & ACB 1600HR a 


| Fused 


TW [ inentA [ionist Tike] CAL [Shorctino A The | Tea PF | Nos | Lock | 
0.5 0 0 0 0 a 


85 15 


a) Gee] ie) ED) Cae 
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IEC Short-Circuit data (AC breaker) 
When the IEC standard is selected for AC breakers, you can enter the following parameters: 


Applied voltage in kV 

Ultimate breaking capacity in kA (Icu) 
Service breaking capacity in kA (Ics) 
Making capacity in kA (Icm) 

Short time withstand in kA (Icw) 
Withstand time Tkr in seconds 
Tripping time or delay in seconds 
Notes 


Check the Fused checkbox if the circuit breaker is integrally fused. 


LV Breaker Library |e 


Manufacturer 


| tow | Tk | Trippingtime | Notes | Lock | 
36 03 a 


3b 1 


a ee Gel CeD) Gees 
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ANSI Short-Circuit data (DC breaker) 
When ANSI standard is selected for DC breakers, you can enter the following parameters: 


Applied voltage in Volts 

Short-circuit interrupting current in kA 
Time constant in milliseconds 

Notes 


Check the Fused checkbox if the circuit breaker is integrally fused. 


LV Breaker Library (oom) 


Manufacturer 
DC Cutler-Hammer a 


{| Fused 


| ¥ | __Irter kA] Time Const | Notes =| Lock =| 
2 14 0 & 


i) eee) Ge) a5) Cee 
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IEC Short-Circuit data (DC breaker) 
When JEC standard is selected for DC breakers, you can enter the following parameters: 


Applied voltage in Volts 

Ultimate breaking capacity in kA (Icu) 
Service breaking capacity in kA (Ics) 
Time constant in milliseconds 

Notes 


Check the Fused checkbox if the circuit breaker is integrally fused. 


LV Breaker Library |S 


Manufacturer 


40 0 


Sov Tu Tics Time Const | Notes | Lock | 
0 40 0 fe} 


25 


a Ged Ges Ge) Geel 
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8.16.3 Assign Trip Device 


Select a circuit breaker model entry (Model, Max. Voltage, Pole), by highlighting it and clicking on the 
Assign Trip Device button to enter available sizes for the circuit breaker model and assign the applicable 
trip device for each size. The breaker override characteristics can also be defined in assignment editor. 


The editor for entering the breaker sizes, assigning trip units, and defining the breaker override 
characteristics is shown below. 


is 


t 
a! LV Breaker Library | 


Manufacturer Model kV 
Square-D @® RIF & 06 3 


2 
@ 


Size 
Override Label CB Overide 


Breaker Override = 
Amps Avail %Tol.Min % Tol. Max Band 
1000 | |v} | -15 | 15 | Edit Del 
1200 | v | -15 | 15 
1600 Fal | -15 | 15 
2000 v) |-15 | 15 [Paste | 
15 


Trip Device 


Assigned to This CB 


Rating Overnide 


Manufacturer Model Model “|| Rating ID 
ET1.01 (Ru) = . ET1.0 (MG) LI 600 
MICROLOGIC 3.0 200 —|42857 | : ET1.0 (WW) nl 
MICROLOGIC 5.0 0 142857 _ | i ET1.01 (PG) = 
Square-D MICROLOGIC 6.0 r ET1.01 (PJ) 2000 


ET1.01 (PK) 


Size 
This section is used to enter available sizes for the circuit breaker model and breaker override parameters 


as explained below. The Breaker Override is characteristic of the breaker and is different than 
instantaneous override which is characteristic of trip device and modeled in Solid State Parameters. 


Amps 
Enter available sizes for the circuit breaker model in amperes. This field is a required library parameter. 


Avail 


Check to enable override function for the respective size and the Override Amps column next to Rating 
ID of assigned Trip Device. 
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% Tol. Min - % Tol. Max 
Enter the minimum and maximum tolerance of breaker override amps in percent. 


Band 

Click Edit to open Circuit Breaker Override band editor. The CB Override Band can be presented as a 
Definite Time band in editor where the Clearing (top of horizontal band) and Opening Time (bottom of 
horizontal band) are entered in seconds. 


The Smoothing Radius can also be defined for intersection of breaker override pickup amps band with 


time band. 
la ’ 
(@) Definite ; 
Clearing Opening 
Time [ly 0 
Notes 


Additional descriptive information can be entered here for reference. 


Lock 
The lock icon indicates whether the selected Size entry is locked (ETAP issued) or unlocked (user- 
specified). 


Add / Delete 
You can Add and Delete the selected row for the size and respective data using the Add and Delete 
buttons. 


Copy / Paste 


You can copy the selected row for the size and respective data and paste it on existing or added rows 
using Copy and Paste buttons. 
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Trip Device 


For a highlighted size, select the applicable trip device type and model (Thermal Magnetic, Solid state, 
Motor Circuit Protector, Electro-Mechanical) to be assigned. Note: Trip device types are displayed in the 
list box only if they are defined for the model. 


Once the trip device type is selected, the ‘Available’ section will display all the applicable trip units, 
based on a search for identical breaker and trip device manufacturer and/or model. If no match between 
the breaker and trip unit manufacturer and/or model is found, the ‘Available’ section remains empty. 
Check ‘Show all’ to display all manufacturers and models for the selected trip device type. 


Select the trip device Manufacturer — Model — ID from the ‘Available’ section and click on the Assign 
button (<<), to assign the selected trip unit to the breaker size. Once assigned, the trip unit Manufacturer — 
Model — ID will be displayed on the ‘Assigned to this CB’ section. Multiple trip unit IDs can be selected 
for assignment by clicking on the IDs. 


If the Breaker Override Available check box for selected size is checked then the Override Amps field 
becomes active for entering the pickup for each available Manufacturer, Model, and Rating ID 


Trip units can be unassigned by selecting the Manufacturer — Model — ID of the trip device and clicking 
on the Unassign button (>>). 


Assignment and unassignment of trip devices to and from a locked size entry is allowed, since the circuit 
breaker manufacturer may allow retrofits and modification of the trip device. 


Refer to the Trip Device Library section to learn more about low voltage trip device types and 
specifications. 
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8.16.4 Library Quick Pick - LV Circuit Breaker 


The Library Quick Pick dialog box is accessed by double-clicking on a LV Circuit Breaker in the one-line 
diagram, then clicking on the Library button in the editor. The Library Quick Pick options are a 
compilation of the information you have specified for this element. 


From this dialog box, pick a low voltage circuit breaker from the library. Select the appropriate 
manufacturer and specifications for the low voltage circuit breaker which is associated with this project 
file. The low voltage circuit breaker specifications include Model, Max kV, Pole number, Continuous 
Amp, Rated kV, Interrupting kA, Test PF, and Fused/Unfused. 


Library Quick Pick - LV Circuit Breaker |p Sve 


Circuit Breaker 
Type Manufacturer 


re ” cy Reference 


Allen-Bradley 
Challenger 
ae Cutler-Hammer irk 
@ ANSI @ Ac Federal Pacific 
s ‘ Federal Pioneer ww. abb.com 
~) IEC DC General Flectric 


Short-Circuit Data 


ra 


UnFused Reference 


Brand Name 


Application 


Trip Device | Motor Circuit Protector + 


Manufacturer 


Cox) None Cancel 
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8.17 Solid State Trip Device Library 


The Low Voltage Solid State Trip (LVSST) Library is set up in a similar manner to a file directory 
system. The hierarchical library structure stores levels or headers (i.e. Manufacturer, Model, Setting, etc.) 
each containing a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is 
as shown below. 


Record 


r | T | 


Low Voltage Solid State Trip 


Library Manufacturer Model Sensor ID — Sensor, Plugs, 
Manufacturer Model Sensor ID Long-Time, 
Manufacturer Model Sensor ID Short-time, 
° e e Instantaneous, 
. ° Override, 
° ° ° Ground, 
Mann CHESe Model Sensor ID Maintenance Mode 


The Low Voltage Solid State Trip (LVSST) Library header consists of Manufacturer, Model and Sensor 
ID. For each header i.e. Manufacturer — Model — Sensor ID, you have a unique record consisting of the 
Sensor, Plugs, Long-Time, Short-Time, Instantaneous, Override, Ground, and Maintenance Mode 
settings. 
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8.17.1 Solid State Trip Device Library (LVSST) Editor 


The Solid State Trip Device Library Editor can be accessed from the Library menu on the menu bar. 
Select library from the menu bar, and then select Trip Device and Solid State. This will bring up the Solid 
State Trip Library Editor. 


Library | Warehouse Rules Default 
Cable... LA ALAA AAA 
Toe S = {ed 
Cable Fire Protection > Solid State Trip Library = 
Transmission Line » Manufacturer 
Motor Nameplate... [ABB & Reference Add... 
Motor CKT Model... Allen-Bradley SACE —_—_— 
= Alsthom Delete 
Motor Characteristic Model... Carriere Link a 
Cutler-Hammer F 
Motor Load Model... Electromagnetic Industries L aulebhlcon? Edit Info... 
5 Federal Pioneer 
Transformer Fuji 
GET Aletha Copy... 
Fuse... 
Model 
Relay... ———_—__ 
Ekip G-LS/I [X12] a Reference Add... 
Recloser... Ekip G-LS/I (<T4) 
: Ekip | (XT2] Tmax XT2 —_—__—_, 
Electronic Controller... Ekip | (X74) Delete 
HV Circuit Breaker... Ekip LSA (T2) ————_ 
Ekip LS/I (T4) Edit Info... 
LV Circuit Breaker... Ekip LSI (Electronic XT 2) Mee as) 
Ekip LSI (Electronic XT 4) —— 
Solid State... Ekip LSI (Manual XT2} aaa 
Fkin | SI (Manual XTAl [meee 
Overload Heater... Thermal Magnetic... 
TS, Electro-Mechanical... oe | Help 
Motor Circuit Protector... 
Iné¢areintian Cact r 


The fields of the Library Editor are described in this section. 


Manufacturer 


Manufacturer 
Lists of all manufacturers for the LVSST device. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 


Add 


Select the Add button to input the name of LVSST manufacturer you wish to add to the library. 
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Solid State Trip Library: Add |prereSoom| 


(V¥| OTI created library 


Manufacturer Cutler-Hammer 
Reference ‘Westinghouse 


Link — http://www. cutler-hammer.com 


Cancel 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be 
left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of a new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


Solid State Trip Library: Edit Info |p S| 


(V¥| OTI created library 


Manufacturer Cutler-Hammer 
Reference ‘Westinghouse 


Link = www. cutler-hammer.com/ 


[He] (OK) [conc 
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Delete Manufacturer 


Delete 

Delete the selected LVSST manufacturer and all models for the manufacturer. Select the manufacturer by 
highlighting it from the list provided and then click on the Delete button. The manufacturer will be 
deleted from the list after confirmation. 


Please Confirm |e 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


fe 7 
ETAP Library x) 


This entry is locked. Delete is not allowed. 


Copy 

Copy the selected LVSST manufacturer and all models for the manufacturer. Select a manufacturer by 
highlighting it from the list provided and then click on the Copy button. All models and parameters for 
the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr |e) 


From  Cutler-Harmmer 


To Westinghouse 


Model 


Model 
Lists all models for the selected LVSST manufacturer. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 
Displays cross-reference to another model. 


Add 
Select the Add button to input the name of the LVSST model you wish to add to the library. 


Solid State Trip Library: Add 


Manufacturer | ABB 


[_] Independent LT/ST Band 
[_] Block ST Pickup below LT Pickup 


vw 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Description 
Enter the Description, if available, for the model. This field is provided for reference only and may be 


left blank. 


Label 
Select from the Pull-Down menu the model/sensor frame data. 
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Independent LT/ ST Band 

This option is available for solid state trip library Model info page only. Check this option if the long 
time band delay curve is capable of tripping faster than the available short-time band delay. This option 
is un-checked by default which means the long-time delay curve stops at short-time pickup current 
setting. 


Block ST Pickup below LT Pickup 

This option is available for solid state trip library Model info page only. Check this option if short-time 
pickup range overlaps long-time pickup and short-time pickup cannot be below or equal to long-time 
pickup. When this option is checked, any short-time pickup selection or data entry in Trip Device page of 
LVCB Editor will be automatically corrected and jumps to first available pickup setting which is greater 
than long-time pickup. The same concept applies to long-time pickup above short-time pickup. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


Solid State Trip Library: Edit Info 


Manufacturer [ABB | [@ 


Model |PR222DS/P-LSIG (UL-T6) 


Model Info 
OTI created library a 


Reference |PR222DS/P,PR222DS/PD-A for T6 
Description | Hlectronic trip unit functions against overload L, and short-circu 


ib Le = Independent LT/ST Band 
Block ST Pickup below LT Pickup 
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Delete Model 


Delete 


Delete the selected LVSST model. Select a model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after confirmation. 


Please Confirm |e 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 


message is displayed. 


fi 7 
ETAP Library x) 


This entry is locked. Delete is not allowed. 


Copy 

Copy the selected LVSST model. Select a model by highlighting it from the list provided and then click 
on the Copy button. The selected model and its associated parameters will be copied to the same or 
different manufacturer with user-specified model name. 


é 7 
Copy Library: Solid State Trip =) 
Model Manufacturer 
From  Micrologic 5.2 A/E (NSX) From Schneider Electric 
To Micrologic 5.2 A/E (NSX) - Copy To | Schneider Electric 


Help 
Open the Help topic for the LVSST Library. 


Close 
Close the LVSST Library Editor and save all changes. 
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8.17.2 Parameters 


Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor 
allows you to specify the sensors and applicable plugs for the selected model, along with settings for 
Long-Time, Short-Time, Instantaneous, Override, Ground trip, and Maintenance elements for each 


sensor. 


Note: The Long-Time, Short-Time, Instantaneous, Override, Ground, and Maintenance Mode tabs are 


hidden for locked sensor entries. 
Solid State Library: Parameters 
ABB 


Manufacturer 


Model MPS-C-2000 


Instantaneous Pickup 
Tolerance 


Instantaneous 
Pickup 
Clearing Time 


Opening Tine 


TCCID TD-9651, TD-9652, TD-9653 


Notes 


Rating 


| Sensor | Plug | Unit_ [Lock] 
a 


Amps 


Add... Delete 
int 


Copy Paste 


Override | Gnd | Maint | 


¥_ Instantaneous 


Inst. Pickup 


@) Discrete 


Label Inst. Pickup 


© Continuous 


Multiplier| ating Plug 
Taman J 


6.25 


Band 


@ Definite ©) Paints 


Min 
Smoothing 0 
Radius 


Clearing Time 


Opening Time 


The different fields in the Parameters page for entering data are described below. 


ETAP 
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Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Rating 


Add, edit, copy or delete sensors, rating plugs and units for the selected model. 


Rating 


Sensor ID 


Amps f) 


Amps 


Multiples 
Percent 


| Add... | Delete | | Copy | | Past 


Sensor ID 
Enter a Sensor size identifier up to 25 alphanumeric characters. This field is a required library parameter. 


Sensor 
Enter the ampere value for the Sensor ID. This field is a required library parameter. 


Plug 
Enter plugs, if available, separated by semicolons for the selected Sensor ID. If no plugs are available, 
you can leave the field blank. 


Unit 
Select unit for plugs i.e. Amperes, Multiples or Percent from the list box. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


You can Add, Edit, Copy-Paste and Delete sensors using the Add, Delete, Copy and Paste buttons. 
Locked entries cannot be edited or deleted but can be copied. 


TCC ID 
Enter the TCC curve ID for the selected Sensor ID. This field is provided for reference only and may be 
left blank. 


Revision 
Enter the revision date for the selected Sensor ID. This field is provided for reference only and may be 


left blank. 


Notes 
Enter notes for the selected Sensor ID. This field is provided for reference only and may be left blank. 
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8.17.3 Long Time 


Enter the settings for Long-Time trip element for the selected Sensor ID. 


LT ST Inst = Override “Gnd = Maint 
| Long-Time 

LT Pickup 

Label |11 


O Discrete @) Continuous Multiplier Sensor ad 


Display 
Low High Steps = Steps Unit 
Muttiples [ 0.4 1 | | 0.01 ||Muttiples v 
Min Max 
Tolerance 10 30 % 
LT Band t 
A tack Pickup 
@ Line Di : Slope |-2 v 
scret Continuou 
OCurve O e ® 5 


Multiple |6 Calibration Average NA 
Low High Steps 
Max Clearing Time | 3.3 198 | | 05 


Min Clearing Time | 2.7 16.2 


[| Max Limit Min Max 
12 | Multiple MMin Delay! 0.4 || 0.6 |sec 


smote oo] DY 


Long Time (checkbox) 
Check this box to indicate the Long-Time element is available for the selected Sensor ID. 


Label 


Enter the label name tag for long time pick up settings. This field can have up to 15 alphanumeric 
characters. The label name tag is displayed in the LVCB editor. Default name is “LT Pickup.” 


LT Pickup 


Discrete / Continuous 
Select LT pickup as discrete or continuous. 


Multiplier 
Select the LT pickup multipler (i.e. Sensor, Rating Plug, or ST Pickup). 
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Discrete LT Pickup 


LT Pickup 
Label LT Pickup 


@ Discrete ©) Continuous Multiplier) Rating Plug + 
|_Label_| Multiples | %TolMin | % Tol Max_|| 
IL I } 10 


0 
oO 
O 


| Add | | Delete | 


Label 
Enter a LT Pickup name up to 25 alphanumeric characters. 


Multiples 
Enter a LT pickup value in the multiples column. 


% Tol. Min. /Max 

Enter minimum and maximum pickup tolerance in percent. Note: Minimum tolerance can be specified as 
a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the minimum 
tolerance can be specified as a positive value. 


Add 
Add a new discrete pickup entry. 


Delete 
Delete the selected pickup entry. 


Continuous LT Pickup 
LT Pickup 
Label LT Pickup 
() Discrete ©) Continuous Multiplier} Sensor Zi 
; Display 

Low High Steps Steps Unit 

Multiples 0.4 1 0.04 
Min Max 

Tolerance 5 30 % 


Low 
Enter the Low setting LT pickup value in multiples. 
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High 
Enter the High setting LT pickup value in multiples. 


Steps 
Enter a LT pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select LT pickup steps unit in Amps, multiples or Percent. 


% Tolerance Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


LT Band 


Label 
Enter the label name tag for long time band settings. This field can have up to 15 alphanumeric 
characters. The label name tag is displayed in the LVCB editor. Default name is “LT Band.” 


The following options are available to use when entering the long time band: 


- Line (with Discrete and Continuous options) 
- Curve (with Equation and Points options) 


LT Band with Line Option 


Add the long time band as a straight line without using an equation. 


Discrete / Continuous 
Select a LT band as discrete or continuous. 


Discrete LT Band 
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[V] Max Limit Min Max 


| 12. | Multiple MMin Delay/ 08 || 1.2 |sec 


Min = =Max 
sooates 0 10] [WI 


Label 
Enter a LT Band name up to 25 alphanumeric characters. 


Multiple 
Enter a current value in the multiple column at which the LT band is defined. 


Min. Clearing / Max. Clearing 
Enter the minimum and maximum clearing time for the LT band, at the current multiple, in seconds. 


Add 
Add a new discrete band. 


Delete 
Delete the selected band. 


Track Pickup 
Check this box to enable the LT band to track the LT pickup. 


Slope 
Select a value from the drop-down list or manually enter the slope value for LT band. 


To calculate the slope in a Log-Log chart, find two points on the band and use the equation: 


_ LogY1—LogY2 


Slope = 
LogX 1— LogxX 2 
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Max Limit, Min Delay 


These options are for applying maximum current limit and minimum definite time to LT Band. Refer to 
end of Long Time section for more details. 


Continuous LT Band 


Multiple 


LT Band 
Label 
@ Line © Discrete @) Continuous 


Max Clearing Time | 3.3 19.8 05 
Mi eating Tine 


] Max Limit Min Max 


[2 Jitse Rano oF [05 J 
Smet [9] [0 


Enter a pickup value in multiples at which the LT band is defined. 


ETAP 


8-203 


ETAP 19.0 User Guide 


Engineering Libraries Trip Device — Solid State 


Calibration 

Select the calibration reference for continuously adjustable LT band from the list box as Maximum, 
Average or Mimimum. The calibration reference is set to Maximum by default. The calibrartion reference 
for continuously adjustable LT Band is typically defined on the OEM TCC curve. For example, 
Westhinghouse, Amptector I-A model has a continuously adjustable LT Band calibrated at 4, 12, 20, 28 
and 36 seconds in reference to the Maximum LT Band curve. 


Average 


= @— Maximum 
Minimum—* 


Low (Min / Max Clearing Time) 
Enter the minimum and maximum clearing time for the Low band setting in seconds. 


High (Min / Max Clearing Time) 
Enter the minimum and maximum clearing time for the High band setting in seconds. 


Steps 
Enter the LT Band step value in seconds. 


Track Pickup 
Check to enable LT band to track the LT pickup. 


Slope 
Select a value from the drop-down list or manually enter the slope value for LT band. 


Max Limit, Min Delay 

These options are for applying maximum current limit and minimum definite time to LT Band. Refer to 
end of Long Time section for more details. 

Smoothing Radius 

Enter the minimum and maximum smoothing radius to smooth the intersection of the Long-Time Band 


and the Short-Time pickup. 


The smoothing radius is found by the equation below: 
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LT Band 


— 


Smoothing Radius = 1 /¥2 
¥2 


Min Max 


LT Band with Curve Option 


Select the Equation or Points base option for the long time band curve that you need to model. 


LT Band 
n Track Pickup 
ati Point: 
@ Cure Cale - 
Edit... 
IEC 60255-3 Copy 
IEC 602553 
P 
IEC 60255-3 = 
Add Delete 
Max Limit 


Name 
Enter the long time band curve name up to 25 alphanumeric characters. 


Notes 
Enter the notes for the long time band curve name up to 25 alphanumeric characters. 


Add 
Click to add the new curve name to the list. 


Delete 
Click to delete the selected curve name. 


Edit 
Click to open the equation curve editor window. 
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Copy 
Click to copy the selected curve. 


Paste 
Click to paste the copied curve to the selected curve name. 


Max Limit, Min Delay 


These options are for applying maximum current limit and minimum definite time to LT Band. Refer to 
end of Long Time section for more details. 


Solid State Trip: TCC Curve - Equation Data 


- = 
Solid State Trip: TCC Curve =) 


Manufacturer Terasaki Model AGF-AR [(I*4t) 


Sensor/Frame 200 Curve 1 


(@® Tolerance ~) Min & Max Curve Equation 


Equation 
(49.56*T D)¢(Math. Pow((M/1.125),4)-1) 


Tolerance 
Min Max 


Current (Horizontal) 0 O oe 


Time [¥ertical] -20 20 % and 


(VY) Time Dial (Band) 


Label Time Dial @ Discrete © Continuous 


Label |] Setting 


Min Multiple Max Multiple 
1.00001 40 Definite 


Ge) Go) Gal 


Tolerance 
Select to enter single curve equation with horizontal and vertical tolerance 
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Min & Max Curve Equation 
Select to enter separate minimum opening and maximum clearing curve equations. 


Tolerance ® Min & Max Curve Equation 


Equation (Min Curve} 


-27.94*TD* Math. Log(1-Math. Pow(1.125/M,2)) 


Equation [Max Curve) 


-12.57*TD*Math.Log{1-Math. Pow(1.125/M,2)) 


Equation 

Enter the equation(s) for the selected curve. You can enter the equation using basic math operators +, -, *, 
/. You can also nest expressions using parentheses. The math functions can be entered in C# math 
syntax. 


The equation is defined based on the following variables: 


TD — Time Dial 
M — Pickup Multiples 


For example: An equation for Trip time = (80/(M42-1))*TD 

The C# syntax for this function is: 

(80/(Math.Pow(M,2)-1))*TD 

For more information on C# functions please visit the msdn website and search for math members. 


Current (Horizontal) 

Enter the minimum and maximum current tolerance values in percent. The positive current tolerance 
value shifts the equation curve band to the right and the negative current tolerance value shifts the curve 
band to the left side. 


Time (Vertical) 

Enter the minimum and maximum time tolerance values in percent and /or in seconds. The positive time 
tolerance value shifts the equation curve band to up side and the negative time tolerance value shifts the 
curve band to down side. The time tolerance value entered in seconds adds up to the percent time 
tolerance. 


Time Dial (Band) 
Check the box and enter the time dial range. You can enter the time dial (band) as continuous (i.e. Min, 
Max, and Step) or as discrete values (Discrete) as individual settings time dial bands. 


Label 


Enter the label name tag for time dial (band) in this field up to 15 alphanumeric characters. 
This tag displays in LVCB editor next to the same field. 
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Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 


Check to indicate that the selected curve is plotted as definite time curve beyond the max multiples. 


a 
Solid State Trip: TCC Curve 


rx) 


Manufacturer Terasaki Model 


Sensor/Frame 200 Curve 1 


@ Tolerance © Min & Max Curve Equation 


Equation 
(49.56*TD)/(Math. Pow ((M/1.125),4)-1] 
Tolerance 
Min 
Current [Horizontal] 0 


Time [¥ertical] -20 


¥) Time Dial (Band) 


Label Time Dial 


() Discrete ©) Continuous 


Steps 
0.01 


Min Multiple 
1.1251 


Max Multiple 


300 | Definite 


Cancel 


Help 


ETAP 8-208 


AGRA [I*4t) 
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Solid State Trip: TCC Curve - Points 


Select the Points option and click on Edit button to add the Long Time band by points. 


ia 


Solid State Trip: TCC Curve 
Manufacturer Schneider Electric Model ET2l 
Sensor/Frame 800 Curve 0.5 
Min Curve Max Curve 


1.202265 
1.211811 
1.231721 
1.264261 
| 1.289228 
19.8512 1.345029 
16.25826 1.396964 
12.59255 1.478366 
10.0972 1.568756 
oe 


OOOO. 3026 
Add Delete 


Tine Dil (Bare) Min and Max Curve @TD 9.5 
Label TD @ Discrete ©) Continuous 
Setting i Add 
: 
4 (4 
Min Multiple Max Multiple 
1.00001 40 || Definite 


Ge) om Gel 


Min/ Max Curve 

Enter the curve points for the minimum and maximum clearing curves in these tables. Enter the time in 
seconds and the current in multiples of the pickup multiplier unit. If you have the band curve points in 
Excel format, you can copy and paste the data here in this list as well. 


Min and Max Curve @TD 


Enter the TD for the entered Min/Max Curve points to be used as reference for calculating curves at other 
time dials. 
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Time Dial (Band) 
Check the box and enter the time dial range. You can enter the time dial (band) as continuous (i.e. Min, 
Max, and Step) or as discrete values (Discrete) as individual settings time dial bands. 


Label 
Enter the label name tag for time dial (band) in this field up to 15 alphanumeric characters. 
This tag displays in LVCB editor next to the same field. 


Min Multiple / Max Multiple 
Enter the minimum and maximum current multiple for the selected curve. 


Definite 
Check to indicate that the selected curve is plotted as definite time curve beyond the last points entered in 
this list. 


Max Limit & Min Delay 


The Max Limit and Min Delay options with respective data entry fields are available for both of Line 
(Discrete or Continuous) and Curve (Equation or Points) type bands as explained below. 


Max Limit 
Check this option to have maximum current limit for long-time delay band. 


Multiple 
Enter a current value in the multiple field as maximum limit for LT Band. The long-time delay band will 
be cut-off by maximum limit pickup which would have the same tolerance as selected long-time pickup. 


Min Delay 
Check this option to have minimum time delay limit for long-time delay band. 


Min / Max 
Enter the minimum and maximum clearing time in seconds to represent a definite time band as the 
minimum limit for the LT Band. 


Amps X 100 (Plot Ref. kV=0.48) 


LT Band 


Label [en [\V] Track Pickup 
i -2 
@ Line @ Discrete ©) Continuous ae nd 
= OCure 


Label_| Multiple 


Seconds 


{LT-Max Limit & Min Delay 
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8.17.4 Short-Time 


Enter the settings for Short-Time trip element for the selected Sensor ID. 


ST | Inst__| Override | Gnd | Maint | 

) Short-Time 

ST Pickup 
Label Isd 


< 


Max Limit 320 Amps 


@ Discrete ™ Continuous Multiplier| LT Pickup = ¥ 
| Multiples | _%Tol Min | % Tol Max_|| 
15 JS 


ST Band 

Label tsd 
@ Li = a Track Pick 
© Line (@ Discrete —) Continuous Tira a 
>) Curve 


Min Max 
Label | Clearing | Clearing 
0 OFF 0.02 0.08 


Short Time (checkbox) 
Check the box to indicate the Short-Time element is available for the selected Sensor ID. 


ST Pickup 


Label 
Enter the label name tag for short time pick up settings. This field can have up to 15 alphanumeric 
characters. The label name tag is displayed in the LVCB editor. Default name is “ST Pickup.” 


Max Limit 
Check to enter the Maximum ST Pickup Limit. If checked ST Pickup will be limited to entered value in 
Amps. 


Discrete / Continuous 
Select a ST pickup as discrete or continuous. 


Multiplier 
Select a ST pickup multipler (i.e., Sensor, Rating Plug, etc.). 
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Discrete ST Pickup 
ST Pickup 
Label Isd (¥| Max Limit 320 Amps 
® Discrete Continuous Multiplier) LT Pickup = ¥ 
Label } Multiples % Tol. Min % Tol. Max 
| Add | | Delete | 
Label 


Enter a ST Pickup name of up to 25 alphanumeric characters.Multiples 


Enter a ST pickup value in the multiples column. 


% Tol. Min. / Max 


Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 


minimum tolerance can be specified as a positive value. 


Add 
This button allows you to add a new discrete pickup entry. 


Delete 
This button allows you to delete a selected pickup entry. 


Continuous ST Pickup 
ST Pickup 
Label Isd ¥| Max Limit 320 Amps 
Discrete ©) Continuous Multiplier) LT Pickup = ¥ 
5 Display 
Low High Steps Steps Unit 
Multiples 1.5 10 0.5 |Multiples 
Min Max 
Tolerance -10 10 4 
Low 


Enter a Low setting ST pickup value in multiples. 


High 
Enter a High setting ST pickup value in multiples. 
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Steps 
Enter a ST pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select ST pickup steps unit in Amps, multiples or Percent. 


% Tolerance Min. /Max 


Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


ST Band 


Label 
Enter the label name tag for short time band settings. This field can have up to 15 alphanumeric 
characters. The label name tag is displayed in the LVCB editor. Default name is “ST Band.” 


Following options are available to enter the short time band: 


- Line (with Discrete and Continuous options) 
- Curve (with Equation and Points options) 


ST Band with Line Option 


Discrete / Continuous 
Select an ST band as discrete or continuous. 


IAxt (checkbox) 
Check the box to enable and enter settings for It for the Short-time band. If the It is checked, then the It 
related fields are displayed. 
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Discrete ST Band 


ST Band 

Label ST Band 

; | Track Pick 
© Line ®) Discrete Continuous () (at sii 
() Curve = 

eo Min Max (I*x]t (I*x}t Min (1 


Clearing | Clearing | Type | Multiples | Clear 
0.08 0.175 IN/OUT 


Interme... |) 0.2 0.325 IN/OUT |3 0.5 
Maximum | 0.35 (0.5 IN/OUT {3 0.9 
4 ui r 

| Add | | Delete | 


Label 
Enter a ST Band name of up to 25 alphanumeric characters. 


Min. Clearing / Max. Clearing 
Enter the minimum and maximum clearing time for the ST horizontal band in seconds. 


(IAx)t Multiples 
Enter the current value in multiples at which the I*t band is defined. 


(IAx)t Type 
Select I*t band type for each band as IN, OUT or IN/OUT. 


Min. (I‘x)t Clearing / Max. (I4x)t Clearing 
Enter the minimum and maximum clearing time for the I*t band, at the current multiple, in seconds. 


Min / Max (I‘x)t Slope 
Enter the slopes for minimum / maximum clearing short time band (only if the IAxt option is checked). 


Add 
Click this button to add a new discrete band. 


Delete 
Click this button to delete the selected band. 


Track Pickup 
Check the box to enable ST band to track the ST pickup. 
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Continuous ST Band 


ST Band 
Label ST Band 
® Line Discrete @) Continuous 7] ae oe 
Curve 4 ("xh 
Low High Steps 
Horizontal 0 0 0 Sec 
Min Max 
Tolerance 0 0 % 
(I*x]t 
Min Clearing Max Clearing 
Multiple 0 Time O 0 Sec 
Type |IN/OUT y, Slope  -2 2 


Low 
Enter the low value of clearing time for the ST horizontal band in seconds. 


High 


Enter the high value of clearing time for the ST horizontal band in seconds. 


Steps 
Enter the ST horizontal Band step value in seconds. 


Tolerance 
Enter the minimum and maximum time band tolerances in percent. These tolerances apply from Low to 
High settings. 


1A2t Multiples 
Enter the current value in multiples at which the I*t band is defined. 


TA2t Min / Max Clearing time 
Enter the minimum and maximum clearing time, at current multiple, in seconds. 


Type 
Select the Short Time band type can be IA2t as IN or IN/OUT. 


Slope 
Enter the slopes for minimum / maximum clearing short time band (only if the IA2t option is checked). 


Track Pickup 
Check the box to enable ST band to track the ST pickup. 


Smoothing Radius 


For the Line band option, enter the minimum and maximum smoothing radius to smooth the intersection 
of the Short-Time Band and the Short-Time pickup. 
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ST Band with Curve Option 

Apply the same method used when adding the long time band as a curve, to adding a short time band with 
a curve. See the section for LT Band with Curve Option for more details on adding this section of the 
TCC curve. 
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8.17.5 Instantaneous 
Enter the settings for the Instantaneous trip element for the selected Sensor ID. 


LT | ST | Inst | Override | Gnd | Maint | 
|| Instantaneous 


Inst. Pickup 
Label Inst. Pickup 


@ Discrete ©) Continuous Multiplier 
|_Label | Multiples | %TolMin | % Tol Max_|| 
10 


10 


z 
4 
6 


A 


(¥} Limit Maxinum Inst. Pickup 0.5 x CB Withstand 


Band 
(@ Definite ©) Points 
Fixed 
Clearing Time 0.038 sec 


Opening Time 0.021 sec 


Min Max 
Smoothing 13 1 IN 


Radius 


Instantaneous (checkbox) 
Check the box to indicate the Instantaneous element is available for the selected Sensor ID. 


Label 
Enter the label name tag for instantaneous pick up in this field using up to 15 alphanumeric characters. 
This tag is displayed in the LVCB editor next to the same field. Default tag is “Inst. Pickup” 


Discrete / Continuous 
Select Instantaneous pickup as discrete or continuous. 


Multiplier 
Select Instantaneous pickup multipler (i.e. Sensor, Rating Plug, etc.) 
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Limit Maximum Inst. Pickup 
Check and enter value in multiple, to limit the maximum Instantaneous Pickup Amps to specified 
multiple of Circuit Breaker ST Withstand rating. 


Discrete Instantaneous Pickup 


Inst. Pickup 
Label Inst. Pickup 


® Discrete Continuous Multiplier | Sensor M4 


Label | Multiples % Tol. Min % Tol. Max 


4 4 10 10 : 
a a GL 
| Add | | Delete | 


|| Limit Maximum Inst. Pickup 


Label 
Enter an Instantaneous pickup name of up to 25 alphanumeric characters. 


Multiples 
Enter the Instantaneous pickup value in multiples. 


% Tol. Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Add 
Click this button to add a new discrete pickup entry. 


Delete 
Click this button to delete the selected pickup entry. 
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Continuous Instantaneous Pickup 


Inst. Pickup 
Label Inst. Pickup 
Discrete @) Continuous Multiplier | Sensor 4 
Display 
Low High Steps — Steps Unit 
Multiples 0 0 0 | Multiples | 
Min Max 
Tolerance 0 0 % 


Limit Maximum Inst. Pickup 


Low 
Enter the Low setting Instantaneous pickup value in multiples. 


High 


Enter the High setting Instantaneous pickup value in multiples. 


Steps 
Enter the Instantaneous pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select the Instantaeous pickup steps unit in Amps, multiples or Percent. 


% Tolerance Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Band 
Following options are available to model the instantaneous band: 


- Definite 
- Points 
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Definite 


Clearing Time 
Enter the clearing time value in seconds. 


Opening Time 
Enter the opening time value in seconds. 


Smoothing Radius 
Enter the minimum and maximum smoothing radius to smooth the clearing time Band for Instantaneous. 


Inst. Band Points 
The instantaneous opening and clearing band points can be entered in amperes or multiples. 


Band 


Definite ©) Points 


@ Amperes Multiples 


Opening - Clearing Curve 


Current Multiples 1 


Track Pickup 


Current Multiplier 

This filed is available if the Amperes option is selected and track pickup option is unchecked. 

The value entered in this filed applies to the Amperes current data entered to the instantaneous band 
points table. 


Track Pickup 
Check this option if instantaneous band is shifted as instantaneous pickup changes. 


Open - Clearing Curve 
Click on “Opening-Clearing Curve button” to open the Inst. band points editor window: 
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Solid State Trip Library: Inst. Band Points |p Sv 


Opening Curve Clearing Curve 


tie) | Anpoes [| [Tine | Aneees 
| 


Opening Curve/Clearing Curve 
Enter the opening and clearing value time in seconds and current (in amperes or multiples of 
instantaneous pickup). Data points from excel can be copied and pasted into this table. 
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8.17.6 Override 


Enter the settings for the Instantaneous override trip element for the selected Sensor ID. 


lable ] ST Inst [ Override | Gnd Maint 
| [¥) Override 

Inst. Override Pickup 

Label 


Override Pickup without Inst 2200 
Override Pickup with Inst 2200 


Min Max 
Tolerance  -20 2 1% 
Inst. Override Band 
® Definite Points 


Clearing Opening 
Time 0.0115 0.0085 sec 


Min Max 
Smoothing 0 Q (Ns 


Radius 


Override (checkbox) 
Check the box to indicate the Override element is available for the selected Sensor ID. 


Multiplier 
Select the Override pickup multipler (iSensor, Rating Plug, Amps and CB Withstand). 


If the “CB Withstand” option is selected, then override pickup sees the LVCB editor, Rating page and 
applies the “ST Withstand” kA value as base for the Override pickup current. 


Label 


Enter the label name tag for instantaneous override pick up in this field using up to 15 alphanumeric 
characters. This tag is displayed in the LVCB editor. Default tag is blank. 
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Override Pickup without Inst 

Enter the Instantaneous override value pickup value in multiples when the multiplier is Sensor / Rating 
plug and in amperes when the multiplier is Amps, to be used when Instantanous function is OFF or 
unavailable 


Override Pickup with Inst 

Enter the Instantaneous override value pickup value in multiples when the multiplier is Sensor / Rating 
plug and in amperes when the multiplier is Amps, to be used when Instantanous function is ON and 
available. 


% Tol. Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Definite 


Clearing Time 
Enter the clearing time value in seconds. 


Band 


Following options are available to model the instantaneous override band: 
- Definite 
- Points 


Opening Time 
Enter the opening time value in seconds. 


Smoothing Radius 
Enter the minimum and maximum smoothing radius to smooth the clearing time Band for Override. 


Inst. Override Band Points 


The override opening and clearing band points can be entered in amperes or multiples. Note: Multiples 
option is not available if the Override Pickup Multiplier is Amps. 


Inst. Override Band 


Definite ® Points 


@ Amperes Multiplies 


Opening - Clearing Curve 
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Open - Clearing Curve 
Click on “Opening-Clearing Curve button” to open the Inst. Override band points editor window: 


Opening Curve/Clearing Curve 
Enter the opening and clearing value time in seconds and current (in amperes or multiples of 
instantaneous override pickup). Data points from excel can be copied and pasted into this table. 
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8.17.7 Ground 


Enter the settings for the Ground trip element for the selected Sensor ID. 


LT ST Inst Ovenide Gnd = Maint 


M Ground [_] Allow Pickup Above 1200 Amps 
Ground Pickup 


Label I4 


©) Discrete @) Continuous Muttplier Sensor bs 


Display 
Low High Steps Steps Unit 
Muttiples | 0.2 1 | [| 0.01 | Multiples 
Min Max 
Tolerance | -10 10 |% 
Ground Band 
te (@ Me 
Line " é I] Track Pickup 
@ @ Discrete ©) Continuous Ax 


Max (Ixy (Ix ha 
Clearing | Clearing | Type | Multiples) ( 


3.150 


v13.15 —_|0: 


Ground (checkbox) 
Check the box to indicate the Ground element is available for the selected Sensor ID. 


Label 
Enter the label name tag for ground pick up in this field using up to 15 alphanumeric characters. 


This tag displays in LVCB editor next to the same field. Default tag is “Ground Pickup” 
Allow Pickup above 1200 Amps (checkbox) 


Check the box to allow the Ground pickup ampere value to exceed 1200 Amps. If unchecked, the Ground 
pickup will be limited to 1200 Amps. 
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Ground Pickup 


Discrete / Continuous 
Select the Ground pickup as discrete or continuous. 


Multiplier 
Select the Ground pickup multipler (i.e. Sensor, Rating Plug, and Amps). 


Discrete Ground Pickup 


Ground Pickup 
Label Ground Pickup 


®) Discrete Continuous Multiplier) Amps 7 | 


Label Amps % Tol. Min % Tol. Max | 
100 100 10 10 a 
200 200 10 10 
|300 300 10 (10 - 

| Add | | Delete | 


Label 
Enter a Ground Pickup name of up to 25 alphanumeric characters. 


Multiples 
Enter the Ground pickup value in multiples when the multiplier is Sensor / Rating plug and in amperes 
when the multiplier is Amps. 


% Tol. Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


ote: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup multiples. 
To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Add 
Add a new discrete pickup entry. 


Delete 
Delete the selected pickup entry. 
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Continuous Ground Pickup 


Ground Pickup 
Label Ground Pickup 
Discrete @) Continuous Multiplie| Sensor 
Low High Steps 
Multiples 0.3 0.75 0.05 
Min Max 
Tolerance = -10 10 % 


Low 
Enter the low Ground pickup value in multiples when the multiplier is Sensor / Rating plug and in 
amperes when the multiplier is Amps. 


High 
Enter the high Ground pickup value in multiples when the multiplier is Sensor / Rating plug and in 
amperes when the multiplier is Amps. 


Steps 
Enter the Ground pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select the Ground pickup steps unit in Amps, multiples or Percent. If the Multiplier is Amps, Step Units 
Muliples or Percent is Mulitple/Percent of 1 Amp. 


% Tolerance Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 
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Ground Band 


Label 
Enter the label name tag for ground band in this field using up to 15 alphanumeric characters. 


This tag is displayed in the LVCB editor next to the same field. Default tag is “Ground Band”. 


Max Limit 

Press this button to open ground band maximum limit dialog. 

Ground Band Max Limit 

The maximum limit of ground band is defined based on specified range of ground pickup. The ground 


band will not be plotted beyond the maximum limit and ignored in sequence of operation when the 
through fault current is above this limit. 


Solid State Trip: Ground Band Max Limit 


[7 Max Limit 


Max Limit 
Check this option to enable the maximum limit for ground band. 


Pickup Multiples (From & To) 
Enter the range of the ground pickup setting for applicable ground band maximum limit in From and To 
columns. 


Band Max Multiples 


Enter the ground band maximum limit in multiple of the ground pickup multiplier (Sensor, Rating Plug, 
Amps) in this column. 
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Add 
Press to add a new ground band maximum limit entry. 


Delete 
Press to delete the selected ground band maximum limit entry. 


Following options are available to enter the ground band: 


- Line (with Discrete and Continuous options) 
- Curve (with Equation and Points options) 


Ground Band with Line Option 


Discrete / Continuous 
For the Ground band select either the Discrete or Continuous button. 


IAxt (checkbox) 


Check the box to enable and enter settings for It for Ground band. If the I*t is checked, then the I't 
related fields are displayed. 


Discrete Ground Band 


Ground Band 
Max Limit 
Label |t4 
@ Line E : Track Pickup 
onan @ Discrete ©) Continuous (Ix 


Label Min Max (Ix (Ix 
Clearing | Clearing | Type | Multiples 


Label 
Enter a Ground Band name of up to 25 alphanumeric characters. 


Min. Clearing / Max. Clearing 
Enter the minimum and maximum clearing time for the Ground horizontal band in seconds. 


IAxt Multiples / Amps 
Enter the current value at which the I*t band is defined, in multiples when the multiplier is Sensor / Rating 
plug and in amperes when the multiplier is Amps. 


(IAx)t Type 
Select I*t band type for each band as IN, OUT or IN/OUT. 
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Min. (I‘x)t Clearing / Max. (I/4x)t Clearing 
Enter the minimum and maximum clearing time for the It band, at the current value in seconds. 


Min / Max (I‘x)t Slope 
Enter the slopes for minimum / maximum clearing ground band (only if the IAxt option is checked). 


Add 


Click this button to add a new discrete band. 


Delete 
Click this button to delete the selected band. 


Track Pickup 
Check the box to enable Ground band to track the Ground pickup. 
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Continuous Ground Band 


Ground Band 
oe aa 
ere O Discrete @ oe Axe 
Low High Steps 
Horizontal | 0.1 1 | | 005 | Sec 
Min Max 
Tolerance 20 20 |% 
("xt 
Min Clearing Max Clearing 
Muttiples| 2 | Time| 04 | [ 06 |Sec 
Type IN/OUT v Slope}  -2 | 2 


Low 
Enter low value of clearing time for the Ground horizontal band in seconds. 


High 


Enter high value of clearing time for the Ground horizontal band in seconds. 


Steps 
Enter the Ground horizontal band step value in seconds. 


IAxt Multiples / Amps 
Enter the current value at which the It band is defined, in multiples when the multiplier is Sensor / Rating 
plug and in amperes when the multiplier is Amps. 


IAxt Min / Max Clearing time 
Enter the minimum and maximum clearing time, at current value, in seconds. 


Track Pickup 
Check the box to enable the Ground band to track the Ground pickup. 


Type 
Select the Ground band type can be I/xt as IN or IN/OUT. 


Slope 
Enter the slopes for minimum / maximum clearing ground band (only if the IAxt option is checked). 


Ground Band with Curve Option 


Apply the same method used when adding the long time band as a curve, to adding a ground band with a 
curve. See the section for LT Band with Curve Option for more details on adding this section of the TCC 
curve. 
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8.17.8 Maintenance Mode 


Enter the settings of the Maintenance Mode for the selected Sensor ID. 


LLT ST | Inst | Override | Gnd Maint | 


|¥| Maintenance Mode 


Phase Label Maint Phase 


(@ Discrete ©) Continuous Muttiplier|Sensor | 
Label | 


2.5 


Clearing Opening 


Time 0.04 0.01 sec 


(| Ground Label = Maint Ground 


@ Discrete (©) Continuous Multiplier|Sensor | 


% Tol. Max | 


Add Delete Clearing Opening 
Time 0 0 sec 
Min Max 
Smoothing is 
: 0 1.75 
Radius 


Maintenance Mode (checkbox) 
Check the box to indicate the Maintenance Mode is available for the selected Sensor ID. 


Phase (Maintenance) 


Phase 


Check the box to indicate the Phase Setting for the Maintenance Model will display for the selected 
Sensor ID. 


Label 
Enter the label name tag for Phase Maintenance Mode in this field using up to 15 alphanumeric 
characters. This tag is displayed in the LVCB editor next to the same field. Default tag is “Maint Phase” 


Discrete / Continuous 
Select Maintenance pickup as discrete or continuous. 
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Discrete Maintenance Pickup 


Multiplier 
Select the phase pickup multiplier (i.e. Sensor, Rating Plug, LT Pickup, and ST Pickup). 


Label 
Enter a Phase pickup name of up to 25 alphanumeric characters for the Maintenance Mode. 


Multiples 
Enter the phase value in multiples. 


% Tol. Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Add 
Add a new entry. 


Delete 
Delete the selected entry. 


Continuous Maintenance Pickup 


v¥)| Phase Label Maint Phase 
Discrete (@) Continuous Multiplier Sensor | 
Display 
Low High Steps Steps Unit 
Multiples 0 0 0 | Multiples 7 | 
Min Max 
Tolerance 0 QO % 


Clearing Opening 
Time 0.04 0.01 sec 


Low 
Enter the Low setting Maintenance pickup value in multiples. 


High 


Enter the High setting Maintenance pickup value in multiples. 


Steps 
Enter the Maintenance pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select the Maintenance pickup steps unit in Amps, multiples or Percent. 
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% Tolerance Min. / Max 
Enter the minimum and maximum pickup tolerance as a percentage. 


Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Clearing Time 
Enter the Phase clearing time value in seconds. 


Opening Time 
Enter the Phase opening time value in seconds. 


Ground (Maintenace) 


Ground 
Check the box to indicate the Ground Setting for the Maintenance Model will display for the selected 
Sensor ID. 


Label 
Enter the label name tag for Ground Maintenance Mode in this field using up to 15 alphanumeric 
characters. This tag is displayed in the LVCB editor next to the same field. Default tag is “Maint Ground” 


Discrete / Continuous 
Select Ground Maintenance pickup as discrete or continuous. 


Multiplier 
Select the Maintenance Mode pickup base multiplier. 


Discrete Ground Maintenance Pickup 


Label 
Enter a Ground pickup name of up to 25 alphanumeric characters for the Maintenance Mode. 


Multiples 
Enter the Ground value in multiples. 


% Tol. Min. / Max 

Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Add 
Add a new entry. 


Delete 
Delete the selected entry. 
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Continuous Ground Maintenance Pickup 


¥} Ground Label Maint Ground 
Discrete ©) Continuous Multiplier) Sensor ma 
Display 
Low High Steps Steps Unit 
Multiples 0 0 0 | Multiples 7 | 
Min Max 
[Tolerance 0 0 % 


Clearing Opening 
Time 0 0 sec 


Low 
Enter the Low setting Maintenance pickup value in multiples. 


High 


Enter the High setting Maintenance pickup value in multiples. 


Steps 
Enter the Maintenance pickup step value based on selected Steps Unit. 


Display Steps Unit 
Select the Maintenance pickup steps unit in Amps, multiples or Percent. 


% Tolerance Min. / Max 

Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Clearing Time 
Enter the Ground clearing time value in seconds. 


Opening Time 
Enter the Ground opening time value in seconds. 


Smoothing Radius 
Enter the minimum and maximum smoothing radius to smooth the opening and clearing band corners. 


Help 
Click on the Help button to open the Help topic for the Parameters page. 


OK 


Click on the OK button to close the Parameters window and save all changes. 


Cancel 
Click on the Cancel button to close the Parameters window and discard all changes. 
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8.18 Thermal Magnetic Trip Library 


The Thermal Magnetic Trip (TM) Library is set up in a similar manner to a file directory system. The 
hierarchical library structure stores levels or headers (i.e. Manufacturer, Model, Setting, etc.) each 
containing a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as 


shown below. 


a | 


Thermal Magnetic Trip 
Library Manufacturer Model T™ ID 
Manufacturer Model TM ID 
Manufacturer Model TM ID 
e e e 
e e e 
e e e 
Manufacturer Model ‘TM ID 


Record 


f | 


Amps, 
Thermal, 
Magnetic 
settings 


The Thermal Magnetic Trip (TM) Library header consists of Manufacturer, Model and TM ID. For each 
header i.e. Manufacturer — Model — TM ID, ETAP provides you with a unique record consisting of TM 


Amps, Thermal and Magnetic settings. 
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8.18.1 Thermal Magnetic Trip Library (TM) Editor 


The Thermal Magnetic Trip Device Library Editor can be accessed from the Library menu on the menu 
bar. Select library from the menu bar, then select Trip Device and Thermal Magnetic. This will bring up 
the Thermal Magnetic Trip Library Editor. 


Library | Warehouse Rules Defaults 


Cable... 
= : aaa 
Cable Fire Protection » £' Thermal Magnetic Library LX) 
Transmission Line F REniesincs 
Motor Nameplate... a| |@ Reference Add... 
Allen Bradley ———————— 
Motor CKT Model... BS 7671 (17thEd.) = 
Ae Carling Technologies Delete 
Motor Characteristic Model... Cutler Hammer Link ee) 
Federal Pacific : 
Motor Load Model... Federal Pioneer pervrrigal een Edit Info... 
GE Power Controls 
Transformer oe Electric | Copy... 
Heinemann J See 
Fuse... 
Model 
Relay... = ——————. 
41 1254 - TMF Cold a & Reference Add... 
Recloser... 41 1254 - TMF Hot 
: LN 100 i 
Electronic Controller... LN 125 Delete 
HV Circuit Breaker... LN 160 ——_ 
LN 200 Edit Info... 
LV Circuit Breaker... LN 320 
: = : LN 500 —————— 
Trip Device Solid State... LN 800 i Copy... 
Prokd-Ciinee BR 
Overload Heater... Thermal Magnetic... 
Harmonic... eae Parameters Help | Close | | 
Motor Circuit Protector... 


Interrtuintinn Cast 


The fields of the Library Editor are described in this section. 


Manufacturer 


Manufacturer 
Lists all manufacturers for the TM device. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link or URL address. 


Add 


Click on the Add button to enter the name of TM manufacturer you wish to add to the library. 
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Thermal Magnetic Library: Add |p Sve) 


OT| created library 


Manufacturer ‘Westinghouse 


Reference  Cutler-Hammer 


Link — http://www. cutler-hammer.com 


Cancel 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


Thermal Magnetic Library: Edit Info ad 


(V| OTI created library 


Manufacturer ABB 


Reference 


Link — http: //www.abb.com/ 


[He] (OK) [caret 
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Delete Manufacturer 


Delete 

Clicking the Delete button allows you to delete a selected TM manufacturer and all models provided by 
that manufacturer. Select the manufacturer by highlighting it from the list provided and then click on the 
Delete button. The manufacturer will be deleted from the list after you confirm the action. 


Please Confirm |e 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


G , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

Clicking this button allows you to copy a selected TM manufacturer and all models provided by this 
manufacturer. Select the manufacturer by highlighting it from the list provided and then click on the Copy 
button. All models for the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr eee) 


From Allen Bradley 


To Cutler-Hammer 


Model 


Model 
Lists all models for the selected TM manufacturer. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the model web link or URL address. 


Add 


Select the Add button to enter the name of the TM model you wish to add to the library. 


Thermal Magnetic Library: Add [=e 
Manufacturer Allen Bradley 


Model LA Tr-PAC 
Model Info 


(¥| OTI created library 
Reference  ‘Trl-PAC Series 
Description ‘Trip unit for Westinghouse Tr-PAC Series Molded Case Breake 


Link = Not Available 


re 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 
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Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


Thermal Magnetic Library: Edit Info [=e an) 
Manufacturer Allen Bradley 


Model 140M-C2E(0.16-0.44) 
Model Info 


(¥| OTI created library 


Reference 140M-C2E Size 1, High Break 
Description Short Circuit protection for Motors 


Link literature. rockwellautomation. com/ide/groups¢literature/docurr 


Delete Model 


Delete 

Click this button to delete the selected TM model. Select the model by highlighting it from the list 
provided and then click on the Delete button. The model will be deleted from the list after you confirm 
the action. 


Please Confirm [tueSommn| 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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fe \ 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 
Click this box to copy a selected TM model. Select the model by highlighting it from the list provided and 


then click on the Copy button. The selected model and its associated parameters will be copied to the 
same or different manufacturer with user-specified model name. 


a ’ 
Copy Library: Thermal Magnetic Ex) 


Model 
From 140M-C2E(0. 16-0.4A) 


To  140M-C2E(0. 16-0.4A) - Copy 


Help 
Clicking this button opens the Help topic for the TM Library. 


Close 
Clicking this button closes the TM Library Editor and save all changes. 
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8.18.2 Parameters 


Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor 
allows you to specify the sizes (TM ID) available for the selected model, along with settings for Thermal 


and Magnetic trip elements for each size. 


Note: For locked TM ID entries, the Thermal and Magnetic tabs are hidden. 


Thermal Magnetic Library: Parameters 


Manufacturer Cutler-Hammer 


Model LA Tri-Pac 


TCC ID 


R 


Therma! 
Thermal —+ Maximum Trip 


Minimum Trip 


Magnetic 
Pickup (trip) 


Maximum 
Clearing Time 


} 


SC-3580-764, 


evision 10/01/1997 


Notes — Fixed thermal and adjustable 


magnetic. Based on 40C ambient, 


cold start. 


|] Points [ Thermal + Magnetic ] 


Thermal | Magnets | GFVACD] 


Thermal 


Thermal 


10000 69.80343 


@ Amperes 


() Multiples 


Temp Shift 


|| Adjustable 


Smoothing 
Radius 


| 


The different fields in the Parameters page for entering data are described below. 
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Manufacturer 
This field displays the selected manufacturer name. 


Model 
This field displays the selected model name. 


Rating 


This area allows you to add, edit, copy or delete sizes for the selected model. 


Rating 


TM ID 
Enter a TM size identifier of up to 25 alphanumeric characters. This field is a required library parameter. 


Amps 
Enter the ampere value for the TM ID. This field is a required library parameter. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


You can Add, Edit, Copy-Paste and Delete TM IDs using the Add, Delete, Copy and Paste buttons. 
Locked entries cannot be edited or deleted but can be copied. 


Amperes / Multiples 
Select Amperes or Multiples to enter the Thermal and Magnetic settings in Amperes or Multiples 
respectively for the selected TM ID. 


TCC ID, Revision 
This field allows you to enter the TCC curve ID and revision date for the selected TM ID. This field is 
provided for reference only and may be left blank. 


Notes 


This field allows you to enter notes for the selected TM ID. This field is provided for reference only and 
may be left blank. 
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8.18.3 Thermal 


Enter the settings for Thermal trip element for the selected TM ID. 


{| Points [ Thermal + Magnetic ] (@ Amperes 


>) Mutt 
Thermal | Magnetic | GFI/RCD | cca 
(V| Thermal 
Thermal 


Temp Shift 


Time(s) |_ Amp Min_| Time (s} | Amp Max | 


- 


3929.5... | 73.59736 


5573.8... |88.31377 | 
| 2273.2... | 79.39212 3128.0... |92.41695 
|1173.3... |88.95397 ~ 1519.3... | 103.546 


vr 


| « [tT r 4 [tts] r 


[V| Adjustable Add 


Min Max 
Smoothing 0 O iy) 
Radius 


Thermal (checkbox) 
Check this box to indicate the Thermal element is available for the selected TM ID. 


Temp Shift 


Click on the Temp Shift button to enter the shift factor for the thermal curve with respect to temperature 
for the selected TM ID. Enter the temperature in degree Celsius and corresponding shift factor. You can 


Add, Edit, and Delete shift factors using the Add and Delete buttons. Locked entries cannot be edited or 
deleted. 


Click on Help to open the Help topic for temperature shift factors. Click on OK to close the Temp. Shift 


Factor Editor and save all changes. Click on Cancel to close the Temp. Shift Factor Editor and discard all 
changes. 
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Trip Device Library: Temp. Shift Factor 


Temp C Mult Shift Fact 
cree eres | Add 


Delete 


Help Cancel 


Time, Mult/Amp Min (Minimum clearing curve) 

Enter the time for thermal minimum clearing curve in seconds for the selected TM ID. Enter the 
corresponding current in amperes or multiples depending on the unit selected. You can Add, Edit, and 
Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 


Time, Mult/Amp Max (Maximum clearing curve) 

Enter the time for thermal maximum clearing curve in seconds for the selected TM ID. Enter the 
corresponding current in amperes or multiples depending on the unit selected. You can Add, Edit, and 
Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 


Adjustable (checkbox) 
Check the box to enable and enter Adjustable thermal trip. 


% Trip 
Enter the Adjustable thermal trip as a percentage. You can Add, Edit, and Delete the points using the Add 
and Delete buttons. Locked entries cannot be edited or deleted. 


Smoothing radius 
Enter the minimum and maximum smoothing radius to smooth the intersection of thermal and magnetic. 
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8.18.4 Magnetic 


Enter the settings for Magnetic trip element for the selected TM ID. The magnetic trip element settings 
include magnetic (instantaneous) trip setting and clearing time band. 


The Magnetic trip setting can be defined as one of the following: 
e Fixed Magnetic 

e Discrete Adjustable Magnetic 

e Continuous Adjustable magnetic 


The Clearing time band can be defined as one of the following: 


e Clearing time band defined by Slope 
e Clearing time band defined by Points 


Magnetic (checkbox) 
Check the box to indicate whether the Magnetic element is available for the selected TM ID. 


Fixed / Discrete adjustable / Continuous Adjustable 


Select one of the three buttons to define the magnetic trip as Fixed / Discrete Adjustable / Continuous 
Adjustable for the selected TM ID. 


Fixed Magnetic 


| Thermal) Magnetic | GFI/ACD 


¥) Magnetic 
Magnetic 
: Discrete Continuous 
e : 
Tye Adjustable Adjustable 
Min Max 
Trip 8 12 Amperes 


Trip 
Enter the minimum and maximum trip for the magnetic in amperes or multiples depending on the unit 
selected. 


ETAP 8-248 ETAP 19.0 User Guide 


Engineering Libraries Trip Device — Thermal Magnetic 


Discrete Adjustable 
| [7] Magnetic 
Magnetic 
. _ Discrete _~ Continuous 
D Fined = @ sdiustable © Adjustable 
Label |]Amperes}] % Tol. Min % Tol. Max 
1 400 -23.13 23.13 
2 440 1-21.25 |21.25 
3 | 480 |-19.38 119.38 
4 |525 17.5 (17.5 + 
« " ; r 
| Add | | Delete | 
Label 


Enter a discrete magnetic trip identifier of up to 25 alphanumeric characters. 


Multiples 
Enter the discrete magnetic trip value in multiples or amperes depending on the current unit selected. 


% Tol. Min / Max 

Enter the minimum and maximum trip tolerance in percent. Note: minimum tolerance can be specified as 
a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the minimum 
tolerance can be specified as a positive value. 


Add 
Click on this button to add a new discrete pickup entry. 


Delete 
Click on this button to delete the selected pickup entry. 


Continuous Adjustable 


\V¥| Magnetic 
Magnetic 
Fj Discrete Continuous 
Fixed © Adjustable © Adjustable 
%Tol Min %Tol. Max 
Pickup 
Low 5 -22 30 
High 10 -20| 25 
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Low 
Enter the low continuous magnetic trip value in multiples or amperes depending on the current unit 
selected. 


High 
Enter the high continuous magnetic trip value in multiples or amperes depending on the current unit 
selected. 


% Tol. Min / Max 

Enter the minimum and maximum tolerance values for the low and high magnetic trip in percent. Note: 
Minimum tolerance can be specified as a negative value for tolerance to the left of pickup multiples. To 
model a pickup offset, the minimum tolerance can be specified as a positive value. 


Band — Define by Slope 


Select Slope button to define the magnetic clearing time band by using slope at given time and current. 


Band 


Z : (J Track Pickup 
Define By @)Slope () Points 
Time Current Slope 
0013 =v 80 | {0.171 v 


Track Pickup 
Check to have the magnetic time band shifted with magnetic pickup. 


Time 
Select a value from the drop-down list or manually enter the time in seconds for slope point. 


Current 
Enter the current value for the slope point in multiples or amperes depending on the current unit selected. 


Slope 
Select a value from the drop-down list or manually enter the slope value. 


Band — Define by Points 


Select Points button to define the magnetic opening time and clearing time band using points (given by 
time and current). 


sai Lt Pick 
rack Pickup 
Define By (©)Slope ©) Points 


Opening - Clearing Curve 
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Track Pickup 
Check to have the magnetic time band shifted with magnetic pickup. 


Opening — Clearing Curve 

Click on the Opening - Clearing curve button to define the opening / clearing time curves by points. Enter 
the time in seconds and the current in multiples or amperes depending on the current unit selected. You 
can Add, Edit, and Delete points using the Add and Delete buttons. Locked entries cannot be edited or 
deleted. 


Note: When the Track Pickup box is checked, the entries for current are normalized based on the least 
value of the Amperes/Multiple column and calculated results are multiplied to referenced pickup. 


Click on Help to open the Help topic for Opening / Clearing curves. Click on OK to close the Opening — 
Clearing Curve Editor, saving all changes. Click on Cancel to close the Opening — Clearing Curve 
Editor, discarding all changes. 


Thermal Magnetic Library: Magnetic Band Points |e) 


Opening Curve Clearing Curve 


__ Time(s) | Amperes_| | = |_Time(s|_|_Amperes_| | 
0.019987 2625 0.092076 427.5 
596.6148 | 0.030684 — |573.9141 
654.5257 0.030487 [601.9528 
0.028105 |974.0773 
0.023439 ‘(314.718 
0.013985 | 100226.9 


Smoothing radius 

Enter the minimum and maximum smoothing radius to smooth the intersection of magnetic pickup and 
the clearing time band. The smoothing radius is found by division of times at starting point and ending 
point of smoothing curve. 


Note: The smoothing radius will not be considered when the band is defined by points. 


ro) fie7) (AS 


Smoothing 
Radius 
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GFI/RCD 


The Ground Fault Interrupter (GFI) or Residual Current Device (RCD) is considered as additional 
protection according to BS 7671:2008 section 415. Other names this feature is known by is Ground Fault 
Current Interrupter (GFCI) and Residual Current Circuit Breaker (RCCB). The GFI library data in ETAP 
is utilized for cable protection only and has no application for Star TCC or Arc Flash. 


Pickup 

Click on Add and enter the current pickup setting in mA. Enter minimum and maximum trip current 
tolerance in percent. Note that minimum tolerance can be specified as a negative value for tolerance to 
the left of pickup multiples. 


Delay 


Click on Add and enter the time delay value in seconds. Enter minimum clearing and maximum clearing 
time delay setting in seconds. Note that the Smoothing Radius Min and Max does not apply for GFI. 


Help 
Click on the Help button to open the Help topic for the Parameters page. 


OK 


Click on the OK button to close the Parameters window and save all changes. 


Cancel 
Click on the Cancel button to close the Parameters window and discard all changes. 
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8.19 Electro-Mechanical Trip Device Library 


The Electro-Mechanical trip device (EM) Library is set up in a similar manner to a file directory system. 
The hierarchical library structure stores levels or headers (i.e. Manufacturer, Model, Setting, etc.) each 
containing a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as 


shown below. 
al 7] ana 7 


Electro-Mechanical Trip 


Library Manufacturer Model EM ID ————Anpps, 
Manufacturer Model EM ID Long-Time, 
Manufacturer Model EM ID Short-time, 
e e e Instantaneous, 
e e ° settings 
e e e 
Manufacturer Model EM ID 


The Electro-Mechanical (EM) Library header consists of Manufacturer, Model and EM ID. For each 
header i.e. Manufacturer — Model — EM ID, you have a unique record consisting of EM Amps, Long- 
Time, Short-Time, and Instantaneous settings. 
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8.19.1 Electro-Mechanical Trip Device Library (EM) Editor 


The Electro-Mechanical Trip Device Library Editor can be accessed from the Library menu on the menu 
bar. Select library from the menu bar, then select Trip Device and Electro-Mechanical. This will bring up 
the Electro-Mechanical Trip Library Editor. 


Library | Warehouse Rules Default 


Cable... 
Cable Fire Protection 


Transmission Line 


Fuse... 

Relay... 

Recloser... 

Electronic Controller... 
HV Circuit Breaker... 
LV Circuit Breaker... 


Trip Device 


» 


» 


Solid State... 


Overload Heater... 


Harmonic... 


Interruntion Cast... 


Thermal Maggetic... 


Electro-Mechanical... | 


Motor Circuit Protector... 


| Electro-Mechanical Library 


=<) 


Manufacturer 


The fields of the Library Editor are described in this section. 


Manufacturer 


Manufacturer 


Lists all manufacturers for the EM device. 


Lock 


Motor Nameplate... b Allis-Chalmers a Reference Add... 
GEC Alsthom 
manne CET Mauer General Electric a 
Motor Characteristic Model... ITE 5 Ss 
L&T Link aa 
Motor Load Model... Merlin Gerin F Edit Info. 
SPD Technologies WwwW.sea. siemens.com a8 
Tieteomee > Westinghouse Sees 
Copy... 


a Reference 
L4-600/1600/3000/4000 


Add... 


Edit Info... 


Delete 


Copy... 


Parameters | | Help | Close 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


Reference 


This field lists a manufacturer reference, if available. If none is available this field is blank. 


Link 


Displays the manufacturer web link or URL address. 


Add 


Click on the Add button to enter the name of EM manufacturer you wish to add to the library. 
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Electro-Mechanical Library: Add |p Sve 


OT! created library 


Manufacturer Cutler-Hammer 
Reference ‘Westinghouse 


Link — http://www. cutler-hammer.com 


ie 


Manufacturer 
Use this field to enter the manufacturer name you wish to add to the library. This field is a required 
library parameter. 


Reference 
Use this field to enter the reference, if available for the manufacturer. This field is provided for reference 
only and may be left blank. 


Link 
Use this field to enter the manufacturer web link or URL address. This field is provided for reference only 
and may be left blank 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Delete 

Use this button to delete a selected EM manufacturer and all models provided by this manufacturer. 
Select a manufacturer by highlighting it from the list provided and then click on the Delete button. The 
manufacturer will be deleted from the list after you confirm the action. 


Please Confirm |seoere Som 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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This entry is locked. Delete is not allowed. 


Edit Info 


You can edit the properties of a new or existing manufacturer by highlighting it from the list provided and 
then clicking on the Edit Info button. Locked entries cannot be edited. 


Electro-Mechanical Library: Edit Info |p| 


(¥| OT! created library 


Manufacturer Cutler-Hammer 
Reference ‘Westinghouse 


Link — http://www. cutler-hammer.com 


Copy 

Click this button to copy a selected EM manufacturer and all models for this manufacturer. Select a 
manufacturer by highlighting it from the list provided and then click on the Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 


Copy Library: Mfr |p| 


From  Cutler-Harmer 


To Westinghouse 


Model 


Model 
This table lists all models for the selected EM manufacturer. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 
Displays reference information for the selected model. 


Add 
Select the Add button to input the name of the EM model you wish to add to the library. 


Electro-Mechanical Library: Add 
Manufacturer Cutler-Hammer 


Model DB-100 (5-10x) 
Model Info 


(¥| OTI created library 
Reference DB Electro-Mechanical Trip 
Description Trip Unit for DB-100 Power Breakers 


Link = Not Available 


Help | Cancel 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Delete 


Select this button to delete selected EM model. Select the model by highlighting it from the list provided 
and then click on the Delete button. The model will be deleted from the list after confirmation. 
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Please Confirm |seewe S| 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


r ; . 
ETAP Library x) 


This entry is locked. Delete is not allowed. 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


Electro-Mechanical Library: Edit Info |S 
Manufacturer Cutler-Hammer 


Model DB-100 (5-10s] 
Model Info 


(¥) OT! created library 


Reference DB Electro-Mechanical Trip 
Description Trip Unit for DB-100 Power Breakers 


Link = Not Available 
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Copy 
Copy selected EM model. Select model by highlighting it from the list provided and then click on the 


Copy button. The selected model and its associated parameters will be copied to the same or different 
manufacturer with user-specified model name. 


fa \ 
Copy Library: Electro-Mechanical =x) 


Model Manufacturer 
From DB-100 (LI 5-12x) From Westinghouse 


To DB-100 (LI 5-12x) - Copy To | Westinghouse 


en) Cl] [acme 


Help 
Open the Help file for the EM Library. 


Close 
Close the EM Library Editor and save all changes. 
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8.19.2 Parameters 

Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor 
allows you to specify the EM ID available for the selected model, along with settings for Long-Time, 
Short-Time and Instantaneous for each EM ID. 

Note: For locked EM ID entries, the Long-Time, Short-Time, and Instantaneous settings are hidden. 


Electro-Mechanical Library: Parameters 


Manufacturer General Electric & 


Model EC-1 AK-15-25-30(LS1 15x) | @ 


— Fone (ae ree Add... Delete Copy 
Long-Time | Short-Time | Instantaneous | 


Long Time Band ¥) Long Time 
LT Pickup 


() Discrete ©) Continuous Multiplier 


Low High Steps 
Multiples 0.8 1.6 0.05 


«— Short Time Pickup 


Short Time Band 
Instantaneous Pickup 


/ Instantaneous Band 
LT Band 


Label |) Curve | | 
[FeineJ 


1C-Min 


Add 


TCCID GES-60004 


Revision 05/80 


More "fixed" INST pickup sizes may 
Notes exist than just 15x 


The fields of the Parameters page that allow you to enter data are described below. 
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Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Rating 
Add, edit, copy or delete EM ID for the selected model. 


Rating 


| Add... | | Delete | | Copy | | Paste | 


EM ID 
Enter an EM size identifier of up to 25 alphanumeric characters. 


Amps 
Enter the ampere value for the selected EM ID. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


You can Add, Edit, Copy-Paste and Delete EM IDs using the Add, Delete, Copy and Paste buttons. 
Locked entries cannot be edited or deleted but can be copied. 


TCC ID, Revision 
Enter the TCC curve ID and revision date for the selected EM ID. This field is provided for reference 
only and may be left blank. 


Notes 
Enter notes for the selected EM ID. This field is provided for reference only and may be left blank. 
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8.19.3 Long Time 


Enter the settings for Long-Time trip element for the selected EM ID. 


Long-Time | Short-Time | Instantaneous | 


(¥] Long Time 
LT Pickup 
Discrete @) Continuous Multiplier | Trip Y 
Low High Steps 
Multiples 0.8 1.6 0.05 
LT Band 


Add | 
Delete | 


Long Time (checkbox) 
Check this box to indicate the Long-Time element is available for the selected EM ID. 


LT Pickup 


Discrete / Continuous 
Define the LT pickup as discrete or continuous by clicking on the appropriate button. 


Multiplier 
Select a LT pickup multipler (i.e. Trip, ST Pickup and Inst. Pickup) from the drop-down list. 
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Discrete LT Pickup 
LT Pickup 
® Discrete Continuous Multiplier | Trip ’ 
Label Multiples 
Add... 
B 0.625 
[c (0.75 a 
E 1 
Label 


Enter a LT Pickup name of up to 25 alphanumeric characters. 


Multiples 
Enter the LT pickup value in multiples. 


Add 
Click this button to add a new discrete pickup entry. 


Delete 
Click this button to delete the selected pickup entry. 


Continuous LT Pickup 
LT Pickup 
Discrete ©) Continuous Multiplier | Trip ¥ 
Low High Steps 
Multiples 0.8 1.6 0.05 
Low 


Enter a Low setting LT pickup value in multiples. 


High 
Enter a High setting LT pickup value in multiples. 


Steps 
Enter a LT pickup step value in multiples. 
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LT Band 
LT Band 
Add 
Label 


Enter a LT Band name of up to 25 alphanumeric characters. 


Add 
Add a new discrete band. 


Delete 
Delete the selected band. 


Curve 
Click on the Points button to enter the time and current points for LT Band. 


Electro-Mechanical Library: Parameters 


Minmum Clearing 


Add... 


Long Time Band 


1830/6 
6.402776 
2.86028 
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Minimum clearing (Time, Multiples) 
Enter the time in seconds and current in multiples for LT Band minimum clearing curve. You can Add, 
Edit, and Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 


Maximum clearing (Time, Multiples) 

Enter the time in seconds and current in multiples for LT Band maximum clearing curve. You can Add, 
Edit, and Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 
Click on Help to open the Help topic for LT Band curve. Click on OK to close the LT Band Curve 
Editor, saving all changes. Click on Cancel to close the LT Band Curve Editor, discarding all changes. 
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8.19.4 Short-Time 


Enter the settings for Short-Time trip element for the selected EM ID. 


| Long-Time | Short-Time | Instantaneous 


4) Short Time 
ST Pickup 
») Discrete ©) Continuous Multiplier 
Low High Steps 
Multiples 2 10 0.5 
Min Max 
Tolerance 10 10 He 
ST Band 
(@ Discrete -) Continuous 
(>) Horizontal @ Curve 


(V¥| Track Pickup 


Min Max 
Smoothing 0 0 i 
Radius 


Short Time (checkbox) 
Check this box to indicate the Short-Time element is available for the selected EM ID. 


ST Pickup 


Discrete / Continuous 
Select a ST pickup as discrete or continuous. 


Multiplier 
Select a ST pickup multipler (i.e. Trip, LT Pickup and Inst. Pickup). 
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Discrete ST Pickup 
ST Pickup 
© Discrete Continuous Multiplier |LT Pickup ¥ 
| Add | | Delete | 
Label 


Enter a ST Pickup name of up to 25 alphanumeric characters. 


Multiples 
Enter a ST pickup value in multiples. 


% Tol. Min. / Max 


Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Add 
Use this button to add a new discrete pickup entry. 


Delete 
Use this button to delete the selected pickup entry. 


Continuous ST Pickup 
ST Pickup 
Discrete ©) Continuous 
Low 
Multiples 2 
Min 


Tolerance -10 


Low 
Enter the Low setting ST pickup value in multiples. 


High 


Enter the High setting ST pickup value in multiples. 


Steps 
Enter a ST pickup step value in multiples. 


ETAP 8-267 


Multiplier | Trip + | 


High Steps 
10 0.5 

Max 

10 (4 
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% Tolerance Min. / Max 

Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


ST Band 


Discrete / Continuous 
Select one of the two buttons to define the ST band as discrete or continuous. 


Discrete ST Band 


Horizontal / Curve 
Choose one of the buttons to define the discrete ST band as a horizontal band or as a curve by points. 


Discrete — Horizontal 


Define a ST band as a discrete horizontal band. 


ST Band 
® Discrete Continuous 
® Horizontal Curve 


Min Clearing | Max Clearing 
2C-Min 0.05 


2B-Int 0.18 
24-Max 0.42 


_ Add | [Delete | 


¥) Track Pickup 


Band 
Enter a ST Band name of up to 25 alphanumeric characters. 


Min. Clearing / Max. Clearing 
Enter the minimum and maximum clearing time for the ST horizontal band in seconds. 


Add 
Add a new discrete band. 


Delete 
Delete the selected band. 


Discrete — Curve 
Define a ST band as a curve by points. 
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ST Band 


(@ Discrete ' Continuous 


() Horizontal © Curve 


Band |Cuve} 
[Points...j 


2C-Min 


j2B-int___—_| Esa 
[Pointr.... 


Track Pickup 


Band 
Enter a ST Band name of up to 25 alphanumeric characters. 


Curve 
Click on the Points button to enter time and current points for ST Band. 


Minimum clearing (Time, Multiples) 
Enter the time in seconds and current in multiples for LT Band minimum clearing curve. You can Add, 
Edit, and Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 


Maximum clearing (Time, Multiples) 
Enter the time in seconds and current in multiples for LT Band maximum clearing curve. You can Add, 
Edit, and Delete the points using the Add and Delete buttons. Locked entries cannot be edited or deleted. 


Click on Help to open the Help topic for LT Band curve. Click on OK to close the LT Band Curve 


Editor, saving all changes. Click on Cancel to close the LT Band Curve Editor, discarding all changes 
Electro-Mechanical Library: Parameters 


Minmum Clearing 


Time (s} 
0.029153 


Short Time Band 


instantaneous Pickup 
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Add 


Click this button to add a new discrete band. 


Delete 
Click this button to delete the selected band. 


Continuous ST Band 


ST Band 


Discrete ©) Continuous 


Horizontal 
Low High Steps 
Max Clearing 
lane 8 15 0.5 
Min Clearing Low High _ 
Time 2 1 


¥) Track Pickup 


Low (Min / Max Clearing Time) 
Enter the minimum and maximum clearing time for the Low band setting in seconds. 


High (Min / Max Clearing Time) 
Enter the minimum and maximum clearing time for the High band setting in seconds. 


Steps 
Enter a ST Band step value in seconds in this field. 


Track Pickup 
Check the box to enable ST band to track the ST pickup. 


Smoothing Radius 


Enter the minimum and maximum smoothing radius to smooth the intersection of the Short-Time Band 
and the Instantaneous. 
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8.19.5 Instantaneous 
Enter the settings for the Instantaneous trip element for the selected EM ID. 


_ Long-Time | Short-Time Instantaneous 


¥) Instantaneous 
Inst. Pickup 
Discrete @) Continuous Multiplier Tip | 
Low High Steps 
Multiples 2 4 0.5 
Min Max 
Tolerance 15 15 % 
Band 
Time Current Slope 
0.046 ¥ 4 -0.345 ~ 
Min Max 
Smoothing 0 3,339 | NS 
Radius ; 


Instantaneous (check box) 
Check the box to indicate the Instantaneous element is available for the selected EM ID. 


Discrete / Continuous 
Click on the appropriate button to define Instantaneous pickup as discrete or continuous. 


Multiplier 
Select the Instantaneous pickup multipler (i.e. Trip, LT Pickup and ST Pickup) from the drop-down list. 
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Discrete Instantaneous Pickup 


Inst. Pickup 


® Discrete ©) Continuous Multiplier |LT Pickup ¥ 


Label Multiples | %Tol Min | % Tol. Max 
5x 5 -10 10 
10 
10 


Bx 8 | 10 
12x 12 10 


| Add | | Delete | 


Label 
Enter an Instantaneous Pickup name of up to 25 alphanumeric characters. 


Multiples 
Enter an Instantaneous pickup value in multiples. 


% Tol. Min. / Max 

Enter a minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Add 
Click this button to add a new discrete pickup entry. 


Delete 
Click this button to delete the selected pickup entry. 


Continuous Instantaneous Pickup 


Inst. Pickup 
Discrete ©) Continuous Multiplier | Trip Sa 
Low High Steps 
Multiples 20 75 1 
Min Max 
Tolerance 15 15 4% 


Low 
Enter the Low setting Instantaneous pickup value in multiples in this field. 
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High 


Enter the High setting Instantaneous pickup value in multiples in this field. 


Steps 
Enter the Instantaneous pickup step value in multiples in this field. 


% Tolerance Min. / Max 


Enter the minimum and maximum pickup tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Band 
Define the magnetic clearing time band using slope and slope point (given by time and current). 


Band 


Time Current Slope 
0.05 ¥ 20 2 ¥ 


Current 
Enter the current value for the slope point in multiples in this field. 


Max Clearing Time 
Select a value from the drop-down list or manually enter the time in seconds for slope point. 


Slope 
Select a value from the drop-down list or enter the slope value. 


Smoothing Radius 


Enter the minimum and maximum smoothing radius to smooth the clearing time Band for Instantaneous 
Pickup. 
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8.20 Motor Circuit Protector Library 


The Motor Circuit Protector (MCP) Library is set up in a similar manner to a file directory system. The 
hierarchical library structure stores levels or headers (i.e. Manufacturer, Model, Setting, etc.) each 
containing a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as 
shown below. 

Record 


a 4 TD | 


Motor Circuit Protector Trip 


Library Manufacturer Model MCP ID————Anpps, 
Manufacturer Model MCP ID Magnetic 
Manufacturer Model MCP ID settings 
e e e 
e e e 
e e e 
Manufacturer Model MCP ID 


The Motor Circuit Protector (MCP) Library header consists of Manufacturer, Model and MCP ID. For 
each header i.e. Manufacturer — Model — MCP ID, you have a unique record consisting of MCP Amps, 
and Magnetic settings. 
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8.20.1 Motor Circuit Protector Library (MCP) Editor 


The Motor Circuit Protector Device Library Editor can be accessed from the Library menu on the menu 
bar. Select library from the menu bar, then select Trip Device and Motor Circuit Protector. This will 
bring up the Motor Circuit Protector Trip Library Editor. 


"Library Warehouse Rules Defaults 


Cable... [E = 
Cable Fire Protection » | Motor Circuit Protector Library = S ee 
Transmission Line » ; Maradactivet 
Motor Nameplate... | ABB a Reference Add ... 
Allen-Bradley 
Motor CkT Model... Cutler-Hammer =) 
i Delete 
Motor Characteristic Model... General Electric : { 
Merlin Gerin Link 
Mitsubishi , 
Motor Load Model... Siemens ape Sea Edit Info... 
Square D 
Transformer i Westinghouse Copy... 
Fuse... 
Model 
Relay... : 
[T2 160-MA & Reference Add... 
Recloser... T2 160-MF ; 
: T3 250-MA a _———) 
Electronic Controller... 14 250-MA Delete 
HV Circuit Breaker... ——— 
LV Circuit Breaker... Estinios 
| TripDevice = Device » Solid State... 
| Copy... 
Overload Heater... Thermal Magng¢tic... = 
| Electro-Mech@nical... 
Harmonic... - silos mean Parameters | | Help | 
| Motor Circuit Protector... | 


Intarnintian Cact 


The fields of the Library Editor are described in this section. 
Manufacturer 


Manufacturer 
This field lists all manufacturers for the MCP device. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays the manufacturer web link and URL address. 


Add 


Click on the Add button to enter the name of a MCP manufacturer you wish to add to the library. 
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Motor Circuit Protector Library: Add |p Sve) 


OT| created library 


Manufacturer General Electric 
Reference GE Industrial 


Link — http://www. geindustrial.com 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be 
left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


Motor Circuit Protector Library: Edit Info |p 


(V] OTI created library 


Manufacturer General Electric 
Reference GE Industrial 


Link = www-.geindustrial.com/ 


[He] (OK) [caret 
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Delete Manufacturer 


Delete 

Click this button to delete the selected MCP manufacturer and all models for the manufacturer. Select the 
manufacturer by highlighting it in the list provided and then click on the Delete button. The manufacturer 
will be deleted from the list after you confirm the action. 


Please Confirm |e 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


fe , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

Click this button to copy a selected MCP manufacturer and all models provided by the manufacturer. 
Select the manufacturer by highlighting it in the list provided and then click on the Copy button. All 
models and parameters for the selected manufacturer will be copied to the user-specified manufacturer 
name. 


Copy Library: Mfr |e 


From General Electric 


To Cutler-Hammer 


Model 


Model 
Lists all models for the selected MCP manufacturer. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays a model web link or URL address. 


Add 


Click on the Add button to enter the name of the MCP model you wish to add to the library. 


Motor Circuit Protector Library: Add [=e | 
Manufacturer General Electric 


Model TEC 
Model Info 


(¥| OTI created library 
Reference TEC Motor Circuit Protector Unit 
Description Trip Unit for TEC Molded Case Breaker 


Link = Not Available 


Ges 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 
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Edit Info 


You can edit the properties of new or existing model by highlighting it in the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed 
for locked models. 


Motor Circuit Protector Library: Edit Info (erro 
Manufacturer General Electric 


Model TBC 
Model Info 


(¥| OTI created library 


Reference TEC Motor Circuit Protector Unit 
Description Trip Unit for TEC Molded Case Breaker 


Link = Not Available 


Delete Model 


Delete 

Click this button to delete the selected MCP model. Select the model by highlighting it in the list 
provided and then click on the Delete button. The model will be deleted from the list after you confirm 
the action. 


Please Confirm [tuoeeSovmn| 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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fe \ 
ETAP Library Ex) 


This entry is locked. Delete is not allowed. 


Copy 
Click this button to copy the selected MCP model. Select the model by highlighting it in the list provided 


and then click on the Copy button. The selected model and its associated parameters will be copied to the 
same or different manufacturer with user-specified model name. 


fo \ 
Copy Library: Motor Circuit Protector x=) 


Help 
Click this button to open the Help topic for the MCP Library. 


Close 
Clicking this button will close MCP Library Editor and save all changes. 
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8.20.2 Parameters 


Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor 
allows you to specify the sizes (MCP ID) available for the selected model, along with Magnetic settings 
for each size. 


Note: The Magnetic tab is hidden for locked MCP ID entries. 


Motor Circuit Protector Library: Parameters 


Manufacturer General Electric 


Model TECL 


Add... Delete Copy Paste 


Instantaneous 


‘® Discrete () Continuous 


(>) Amperes 
Magnetic Pickup (Trip) (® Multiples 


(335. (23.88 
{38 [-23.68 


i | 


Band 


Define By @ Slope ©) Points 
TCCID § GES-6136B Time Current Slope 
Revision 93/1997 O.01F 0 0 v 


Notes Odd Trip Settings Calculated 


Smoothing 


The fields for entering data on the Parameters page are described below. 
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Manufacturer 
This field displays the selected manufacturer name. 


Model 
This field displays the selected model name. 


Rating 


Use this scrollable list to add, edit, copy or delete MCP sizes for the selected model. 


MCP ID 
Enter a MCP size identifier of up to 25 alphanumeric characters. This field is a required library parameter. 


Amps 
Enter the ampere value for the MCP ID. This field is a required library parameter. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


You can Add, Edit, Copy-Paste and Delete MCP IDs using the Add, Delete, Copy and Paste buttons. 
Locked entries cannot be edited or deleted but can be copied. 


TCC ID, Revision 
Enter the TCC curve ID and revision date for the selected MCP ID. This field is provided for reference 
only and may be left blank. 


Notes 


Use this field to enter notes for the selected MCP ID. This field is provided for reference only and may 
be left blank. 
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8.20.3 Magnetic 


Enter the settings for Magnetic trip element for the selected MCP ID. The magnetic trip element settings 
include magnetic (instantaneous) trip setting and clearing time band. 


The Magnetic trip setting can be defined as one of the following: 


e Discrete Adjustable Magnetic 
e Continuous Adjustable magnetic 


The Clearing time band can be defined as one of the following: 


e Clearing time band defined by Slope 
e Clearing time band defined by Points 


Magnetic (checkbox) 
Check to indicate the Magnetic element is available for the selected MCP ID. 


Discrete adjustable / Continuous Adjustable 
Select Magnetic trip as Discrete adjustable / Continuous Adjustable, for the selected MCP ID. 


Amperes / Multiples 


Select Amperes or Multiples to enter the Magnetic trip settings in Amperes or Multiples respectively for 
the selected MCP ID. 


Discrete Adjustable 


Instantaneous 


®) Discrete Continuous 


Amperes 
®@) Multiples 


Multiples % Tol. Max 


| Add | | Delete | 


Label 
Enter a discrete magnetic trip identifier of up to 25 alphanumeric characters in this field. 


Multiples 
Enter a discrete magnetic trip value in multiples or amperes depending on the current unit selected. 
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% Tol. Min / Max 

Enter the minimum and maximum trip tolerance as a percentage. Note: Minimum tolerance can be 
specified as a negative value for tolerance to the left of pickup multiples. To model a pickup offset, the 
minimum tolerance can be specified as a positive value. 


Add 
Click this button to add a new discrete pickup entry. 


Delete 
Click this button to delete the selected pickup entry. 


Continuous Adjustable 


Instantaneous 


|) Discrete ®) Continuous 


Amperes 
®@ Multiples 
Pickup %Tol Min Tol. Max 
Low 8 -22 22 
High 39 -22 b2 


Low 
Enter the low continuous magnetic trip value in multiples or amperes depending on the current unit 
selected. 


High 
Enter the high continuous magnetic trip value in multiples or amperes depending on the current unit 
selected. 


% Tol. Min / Max 

Enter the minimum and maximum tolerance values for the low and high magnetic trip as a percentage. 
Note: Minimum tolerance can be specified as a negative value for tolerance to the left of pickup 
multiples. To model a pickup offset, the minimum tolerance can be specified as a positive value. 


Band — Define by Slope 


Select Slope button to define the magnetic clearing time band by using slope at given time and current. 


Band 
[_] Track Pickup 
Define By @Slope () Points 


Time Current Slope 


0.02 v |27 | 0.449 v 


ETAP 8-284 ETAP 19.0 User Guide 


Engineering Libraries Trip Device — Motor Circuit Protector 


Track Pickup 
Check to have the magnetic time band shifted with magnetic pickup. 


Time 
Select a value from the drop-down list or enter the time in seconds for slope point. 


Current 
Enter a current value for the slope point in multiples or amperes depending on the current unit selected. 


Slope 


Select a value from the drop-down list or enter the slope value. 


Band — Define by Points 


Select Points button to define the magnetic opening time and clearing time band using points (given by 
time and current). 


Band 
[_] Track Pickup 
Define By (©)Slope ©@)Points 


Opening - Clearing Curve 


Track Pickup 
Check to have the magnetic time band shifted with magnetic pickup. 


Opening — Clearing Curve 

Click on the Opening - Clearing Curve button to define the opening / clearing time curves by points. 
Enter the time in seconds and the current in multiples or amperes depending on the current unit selected. 
You can Add, Edit, and Delete points using the Add and Delete buttons. Locked entries cannot be edited 
or deleted. 


Note: When the Track Pickup box is checked, the entries for current are normalized based on the least 
value of the Amperes/Multiple column and calculated results are multiplied to referenced pickup. 


Click on the Help button to open the Help topic for Opening / Clearing Curves. Click on OK to close the 


Opening — Clearing Curve Editor, saving all changes. Click on Cancel to close the Opening — Clearing 
Curve Editor, discarding all changes. 
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Motor Circuit Protector Library: Magnetic Band Points |r 


Opening Curve Clearing Curve 


[ Mutipies |_| 
1875 
0.925641 654132 i 2251.129 
6700. 782 
188885. 7 
51513.07 
101223 

0 
100133.5 0 


Smoothing radius 

Enter the minimum and maximum smoothing radius to smooth the intersection of magnetic pickup and 
the clearing time band. The smoothing radius is found by division of times at starting point and ending 
point of smoothing curve. 


Note: The smoothing radius will not be considered when the band is defined by points. 


Help 


Click on the Help button to open the Help topic for the Parameters page. 


OK 


Click on the OK button to close the Parameters window and save all changes. 


Cancel 
Click on the Cancel button to close the Parameters window and discard all changes. 
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8.20.4 Library Quick Pick - Trip Device 


The Library Quick Pick dialog box is accessed by double-clicking on a LV Circuit Breaker in the one-line 
diagram, then clicking on the Library button in the editor on the Trip Device tab. The Library Quick Pick 
options are a compilation of the information you have specified for this element. 


From this dialog box, pick a trip device from the library. Select the appropriate type, manufacturer, 
model, and rating for the trip device which is associated with this project file. 


Note: You may also select a trip device from the low voltage circuit breaker Quick Pick page, which is 
assigned to the selected low voltage circuit breaker. 


Library Quick Pick - Trip Device \_ 2s 


Type 


Solid State Trip om 


Manufacturer 


a Reference 
AEG a 
Alsthom 4 SACE 
Carriere 
Cutler-H ammer Link. 
Federal Pioneer 
Fuji www. abb.com/ 


Model Rating ID 


MSC 


MPS-C-4 

MPS-C-5 = = 
MPS-C-2000 

SACE PR111 f 1600 
SACE PR112 @ 2000 
SACE PR112 (IEC) @ 2500 


& Reference 
K-Line, K-Don, K3/4, MB, MBD, ME 


(ox | None Cancel 
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8.21 Overload Heater Library 


The Overload Heater (OLH) Library is set up in a similar manner to a file directory system. The 
hierarchical library structure stores levels or headers (i.e. Manufacturer, Model) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as shown below. 


— Header "I fe | 


Overload Heater Library 


Library Manufacture Model ‘Heater ID Starter ‘Application Type —— Curve, 
Manufacturer Model Heater ID Starter Application Type Trip 
Manufacturer Model Heater ID Starter Application Type Amps, 

Ohms 
e e e e e e R 
a 7 . 7 - = settings 
e e e e e e 
Manufacturer Model ‘Heater ID Starter ‘Application Type 


The Overload Heater (OLH) Library header consists of Manufacturer and Model. For each header i.e., 
Manufacturer — Model, you can have unlimited records consisting of Heater ID — Starter Type — 
Application — Type. Each record has Curve, Trip Amps and Resistance settings. 
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8.21.1 Overload Heater Library (OLH) Editor 


The Overload Heater (OLH) Device Library Editor can be accessed from the Library menu on the menu 
bar. Select library from the menu bar and select Overload Heater. This will bring up the Overload Heater 
Library Editor. 


Manufacturer 


Allen-Bradley r=) Reference 
Arrow-Hart 
Cutler Hammer Rockwell Automation 
General Electric 
ITE Link 

Klockner Moeller Ect Infos: 
Westinghouse www. ab.com 


Delete 


Copy... 


Model 


Bulletin’ 05-T ype.) a 

Bulletin505-T ype) : Reference 
Bulletin505-Typew - 
Bulletin506-TypeJ Industrial Controls 
BulletinS06-Typew 
Bulletin507-T ype 
Bulletin5SO?-Typew 


The fields of the library editor are described in this section. 


Manufacturer 


Manufacturer 
This field lists all manufacturers for the OLH device. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
This field displays the manufacturer web link or URL address. 


Add 


Select the Add button to enter the name of the OLH manufacturer you wish to add to the library. 
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Overload Heater Library : Manufacturer |r| 


(¥] OTI created library 


Manufacturer General Electric 
Reference GE Industrial 


Link — http://www. geindustrial.com 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be 
left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it in the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


Overload Heater Library : Manufacturer |e 


| OT! created library 


Manufacturer General Electric 
Reference GE Industrial 


Link = www.ge.com 
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Delete Manufacturer 


Delete 

Click this button to delete the selected OLH manufacturer and all models provided by the manufacturer. 
Select the manufacturer by highlighting it from the list provided and then click on the Delete button. The 
manufacturer will be deleted from the list after you confirm the action. 


Please Confirm |eeereSe| 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


fe , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

Click this button to copy the selected OLH manufacturer and all models provided by the manufacturer. 
Select the manufacturer by highlighting it from the list provided and then click on the Copy button. All 
models and parameters for the selected manufacturer will be copied to the user-specified manufacturer 
name. 


Copy Library: Mfr |S 


From General Electric 


To Westinghouse 


Ge] G5) Ga 
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Model 


Model 
Lists all models for the selected OLH manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
This field displays the model web link or URL address, if one is available. 


Add 


Click on the Add button to enter the name of the OLH model you wish to add to the library. 


Overload Heater Library : Model |v Sr) 


Manufacturer General Electric & Model QUICK 
Model Info 


(¥] OTI created library 
Reference 4200 Series Catalog # 1373-100 


Brand Name Issue Date 1965 


Description Heaters for 55C motors, Trip Amps = 1.25 * Min Amp 


Application AC Mag Motor Starters - Line Voltage Type 


Type | Bi-Metallic ¥ Link Not available 


Cancel 


Manufacturer 
This field displays manufacturer name. 


Model 
Enter the model name you wish to add to the library in this field, which is a required library parameter. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 
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Brand Name 


Enter the Brand Name, if available, for the model. This field is provided for reference only and may be 
left blank. 


Issue Date 
Enter the Issue Date, if available, for the model. This field is provided for reference only and may be left 
blank. 


Description 
Enter a description for the model. 


Application 
Enter the application of the model. 


Type 
Select a type from the drop-down list, or enter a type for the model. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing model by highlighting it from the list provided and then 
clicking on Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 


Overload Heater Library : Model [es 


Manufacturer General Electric & Model CR123 
Model Info 


(¥| OTI created library 


Reference CR Catalog # GET-6728E 0596 


Brand Name Spectra Series Issue Date 1996 


Description Overload Heaters, Trip Amp = 1.25 * Min Amp 


Application Heaters for Ther-mag Circuit Breaker Controllers (400) 


Type | Bi-Metallic Sd Link www. geindustrial. 


Cancel | 
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Delete Model 


Delete 
Delete the selected OLH model. Select the model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after you confirm the action. 


Please Confirm hl 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


Gi \ 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

Copy the selected OLH model. Select the model by highlighting it from the list provided and then click 
on the Copy button. The selected model and its associated parameters will be copied to the same or 
different manufacturer with user-specified model name. 


G . 
Copy Library: Overload heater x=) 


Model 
From Bulletini05-TypeJ 


To Bulletin105-TypeJ - Copy 


Help 
Clicking this button opens the Help topic for the OLH Library. 
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Close 
Clicking this button closes OLH Library Editor and saves all changes. 
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8.21.2 Parameters 


Select a model and click on the Parameters button to open the Parameters Editor. The Parameters Editor 
allows you to specify available records i.e. Heater ID — Starter Type — Application — Type for the selected 
model, along with settings for the Curve type, Amp range and Ohm range for each record. The curves 
applicable for the selected OLH model can be defined in the Curve Type section. 


Locked entries cannot be edited or deleted, but can be copied, if the copy-paste tool is available. 


Overload Heater : Parameters al 


Manufacturer General Electric [a Model CR123 


Curve Type FR Characteristic 


@ Nominal R + % Tol. 


Not Avail... 0 (© Min - Max R 


Trip Amp 
© Fined 
© Adjustable 


Parameters 


C0544, 01 Std&Amb... In-Line 0. 0.45 0.51 10.7 10.7 10.7 0 
| StdéAmb... a 
Std&Amb. Q 
Std&Amb. I f . : 0 
Stdé.Amb. E E . . ; it} 
a 

Qa 


Std&Amb, 
StdéAmb. 


or mas TF 


Delete 


Help Cancel 


The fields for entering data on the Parameters page are described below. 


Manufacturer 
This field displays the selected manufacturer name. 


Model 
This field displays the selected model name. 


Curve Type 


This frame allows you to add, edit, copy or delete curve types for the selected model. 
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Curve Type 


Name: Rated Temp Note TCC | Lock | Add 


Delete 
Copy 
Paste 


Not Avail... 0 


Name 
Enter a name for the curve of up to 12 alphanumeric characters. This field is a required library parameter. 


Rated Temp 
Enter the rated temperature value in degrees Celsius. This field is a required library parameter. 


Note 
You can use this field to enter notes for the selected curve type. This field is provided for reference only 
and may be left blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


TCC 


Click on the Points button to define the hot start / cold start curves by points (given by time and current) 
and temperature shift factors. The TCC points are hidden for locked entries. 
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Overload Heater : TCC el 


Manufacturer Cutler Hammer Cold Start (Maximum) Curve 


Model H1000 ___Time | Multiples 


818.7235 1.4849 


Type = Typical ST 


877.713 1.0918 


Cold Start (Max.) Curve 


Ambient Temperature Shift 


Tem Multiples Add 


Delete 


‘Hot Start (Min.) Curve 


Help Cancel 


Cold Start (Maximum Curve) Time, Multiples 
Select a value from the scrollable list or enter the time in seconds and current in multiples for the cold 
start curve. You can Add, Edit, and Delete the points using the Add and Delete buttons. 


Hot Start (Maximum Curve) Time, Multiples 
Select a value from the scrollable list or enter the time in seconds and current in multiples for the hot start 
curve. You can Add, Edit, and Delete the points using the Add and Delete buttons. 


Ambient Temperature Shift 

Enter the temperature in degrees Celsius and a corresponding shift factor, to define the curve shift factor 
with respect to temperature. You can Add, Edit, and Delete the temperature shift factors using the Add 
and Delete buttons. 
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R Characteristic 


R Characteristic 
(@ Nominal R + % Tol. 


(©) Min - Max FR 


Select the format for defining the resistance of heater units. You can choose to define the resistance as a 
nominal value with tolerance in percent or enter the minimum and maximum values (range) for the 
resistance. Note: If you enter the resistance as nominal value with % tolerance the Min and Max R values 
will be calculated and vice versa. 


Trip Amp 
Trip Amp 
(@ Fixed 
() Adjustable 


Click on the appropriate button to define the trip amperes for the selected OLH model as fixed or 
adjustable. 


Parameters 
Parameters 
Heater ID | MIE 
57.535 

QO In-Line 
H1001 0 324, In-Line 
H1001 1 31B In-Line 
H1001 1 924, In-Line 
H1002 0.1 314, In-Line 
H1002 0 304, In-Line 

Add Delete 


Clicking the Parameters button allows you to enter new parameters for each Heater ID — Starter Type — 
Application — Type record for the selected OLH model. You can also Add, Edit and Delete the short- 
circuit data using the Add and Delete buttons. In addition, you can select a row (highlight it) and right- 
click to add, delete, insert, copy and paste rows. Locked entries cannot be edited or deleted, but can be 
copied. The parameter categories are described below. 


Heater ID 
Double-click on this field to enter a heater unit identification number of up to 25 alphanumeric characters. 
This field is a required library parameter. 


Starter 


Double-click on this field to enter the starter types applicable to the heater unit in this field. This is an 
essential field; however it can be left blank if information is not available. 
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App. 
Double-click on this field to enter the application for the heater unit. This is an essential field; however it 
can be left blank if information is not available. 


Type 
Define if the heater unit is an In-Line or CT type by selecting from the drop-down list. This field is a 
required library parameter. 


Min / Max Amp 
Enter the minimum and maximum ampere values (ampere range) for the heater unit by double-clicking in 
these fields. These are essential fields; however they can be left blank if information is not available. 


Trip Amp 
Double-click to enter the trip current value for the heater unit in this field. This is an essential field; 
however it can be left blank if information is not available. 


Min R / Max R (Nom. R/ % Tol.) 

Double-click to define the resistance as a nominal value with tolerance in percent or enter the minimum 
and maximum values (range) for the resistance. Note: If you enter the resistance as nominal value with % 
tolerance the Min and Max R values will be calculated and vice versa. This is an essential field; however 
it can be left blank if information is not available. 


Curve 
Select the curve applicable to the heater unit from the drop-down list. Note: The curves are displayed in 
the list when defined in the Curve Type section. This field is a required library parameter. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Notes 


You can enter notes for the selected heater unit in this field, which is provided for reference only and may 
be left blank. 


ETAP 8-300 ETAP 19.0 User Guide 


Engineering Libraries Harmonic 


8.22 Harmonic Library 


The Harmonic Library is set up in a similar manner to a file directory system. The library header is 
defined by Manufacturer and Model information. You can have unlimited headers (manufacturers) within 
the library and unlimited models for each manufacturer, as shown below. 


Depending upon which harmonic type is selected, both Current and Voltage Sources are available. The 
library header is defined by harmonic type and manufacturer information. You can have unlimited 
manufacturers within the library for each type. Unlimited models/classes are available within each 
manufacturer, as shown below. 


_Head — 
Harmonic 

MInEaEy Manufacturer Model Type Interharmonic 
Manufacturer Model Type Interharmonic 
Manufacturer Model Type Interharmonic 

s e e e 

s s e e 

e e e e 
Manufacturer Model Type Interharmonic 
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8.22.1 Harmonic Library Selector 


The Harmonic Library allows you to add new harmonic library headers or select existing harmonic library 
headers to edit, copy, or delete. Harmonic Library headers are used to indicate the type, manufacturer, 
and model of a harmonic source. To edit a Harmonic Library, double-click on the item or click on the 
Edit button after highlighting it. To delete a harmonic model, click on the Delete button after 
highlighting it. ETAP will request confirmation to delete the selected harmonic model. 


& 


Harmonic Library . 


Manufacturer Model Reference 


ABB 4CS1000 12P ABB Cycloconverter - 
Rockwell ACS600 12P 100% supply voltage (13.8 
Toshiba ACS600 6P k¥] with 9886 HP load at 
Typical CycloSpeed 7.1 RPM 

Typical- IEEE CycloSpeed2 
DCS500 6P 


Harmonic Type Include Interharmonics 


@) Current Source 


() ¥oltage Source 


| Add... | Delete | | Copy... | 1 Help 


Add 


This dialog box is used to add a new Harmonic Library header. 


wa 
Harmonic Library: Add 


Manufacturer | Harmonic Type 


(@ Current Source 


Model : 
() Voltage Source 


Reference 


Include Interharmonics 
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Copy 


This dialog box is used to copy an existing Harmonic Library header. 


a a 
Harmonic Library: Copy ——— 


Harmonic Type 
Manufacturer 


8) Current Source 


Model ACS1000 12P Voltage Source 


Reference Add library reference here. 


Include Interharmonics 


Manufacturer Harmonic Type 


8) Current Source 


Voltage Source 


Model 


Reference Add library reference here. 


[¥) Include Interharmonics 


Delete 
This button is used to delete the selected Harmonic Library. 


Edit Ref. 
This button is used to open ETAP Library: Edit Ref. dialog box. 
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Harmonic Library : Edit Ref... 


Harmonic Library Reference 


Add library reference here. 


Help 


Current Source 
Select current harmonic type. 


Voltage Source 


Select voltage harmonic type. 


Include Interharmonics 
Interharmonics are included in this library data set. 


Help 
This button is used to open ETAP help file. 


Close 
This button is used to close Harmonic Library Selector. 


Edit 


This button is used to open Harmonic Library Editor. 
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8.22.2 Harmonic Library Editor / Harmonics 
This Editor allows you to view and edit data for harmonics. 


r 
Harmonic Library Editor a 


ABB CycloSpeed1 Current Source Interharmonics 


Device Type Rectifier Data 


# 


H 

(@ Power Electroni 

Bie eee Fund. Freg. 60 ¥ Input Pulse 
Populate Harmonics Spectrum 


~) Other 


Amp 
Fund. Current 752 


Harmonics | |ntetharmonics ‘afavelean 


8 


8 


BED Ea E 


Spectrum 


Whol Ns Di Oo) &) wih 


— 
— 


ij}slsolsol[s|[olsl[ol[sol/o Ee 


Delete Insert Spectrum from Device Para's 
ca 


Device Type 

If interharmonics are selected for the current source harmonic library and Power Electronics is selected, 
the Interharmonics tab appears and it will allow the specification of interharmonics. If Other is selected, 
there will be no interharmonics tab. 
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Fund. Freq. 
Fundamental frequency of input source in Hz. 


Input Pulse 
Converter pulse number at the input section. Used to automatically populate harmonic spectrum and 
calculate interharmonic orders. 


Max m 
Number used to automatically populate harmonic spectrum and calculate interharmonic orders. 


Populate Harmonic Spectrum 
This button is used to populate or update harmonic orders based on Input Pulse and Max. m. 
Characteristic harmonics are determined by: 


h=(mx p1)+1 where, 


h = order 
pl = Input Pulse # 
m = 1,2,...,.Max. M 


Fund. Current / Voltage 
Fundamental current magnitude in Amps for current source and fundamental voltage magnitude in Volts 
for voltage source. 


Order 
This column is the harmonic orders. The maximum harmonic order is up to 250. 


Hz 
This column is the harmonic frequency in Hz. 


Mag (%) 
This column is the harmonic current/voltage magnitudes in percent on the fundamental current/voltage 
base. 


Mag (A) / Mag (V) 
This column is the harmonic current/voltage magnitudes in Amps/Volts on the fundamental 
current/voltage base. 


Angle (°) 


This column is the harmonic phase angles in degrees. 


Delete 
This button is used to delete a row. 


Insert 
This button is used to insert a row. 


Waveform 
Displays current/voltage waveform for one fundamental cycle. 
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Spectrum 
Displays current/voltage harmonic/interharmonic spectrum. 


Help 
This button is used to open ETAP help file. 


OK 
This button is used to save changes and close the dialog box. 


Cancel 
This button is used to cancel changes and close the dialog box. 


Spectrum from Device Parameters 


This button is used to create a harmonic spectrum based on IEEE 519-1992 equation 4.3 


Spectrum from Parameters lea 


Parameters 


Pulse # | ~| Shift Angle 


Alpha 15 Pde/Sb 


Max Order 


| Help | None Cancel 


Pulse # 
Specify the rectifier pulse number. 


Alpha 
Specify the firing angle in degrees. 


Xc% 
Specify commutating reactance in Xc in per unit on converter base. 


Shift Angle 
Specify shift angle in degrees. 


Pdc/Sb 
Specify the ratio of DC power in MW over converter rated MVA. 


Max Order 
Specify the maximum order calculated. 


Help 
This button is used to open ETAP help file. 
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Create 
This button is used to generate a spectrum based on the input parameters. 


None 
This button is used to remove a previously generated spectrum. 


Cancel 
This button is used to close the dialog box. 
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8.22.3 Harmonic Library Editor / Interharmonics 


This Editor allows you to view and edit data for interharmonics. Interharmonics is only applicable to 
current source. 


r — 
Harmonic Library Editor x= oa. es) 
ABB CycloS peed Current Source Interharmonics 
Device Type Rectifier Data = 
: Hz # a 
@) Power Electronic — = 1 3 
Fund. Freg. 60 Input Pulse 0 Max. m 3 LJ 
Other 3 
Populate Harmonics Spectrum 4 
5 = 
Inverter Data 
Amp He a A 
Fund. Current = 752 2 = 
ul Mod. Freq. 0 ¥ Output Pulse Max. n 3 FE | 
4 
Populate Interharmonics Spectrum | 2 3 


Harmonics | Interharmonics 


Mag (%) Mag (A) 
0.93 
0.93 
1.16 
1.16 
0.69 


0.69 


41 
41 
3.33 
3.33 


rjo;ol;o;o;o\io;o\;o|;o/;oa 


o 
3 
7 
= 
2 
= 


Help Cancel 


Mod. Freq. 

Modulation frequency (for devices such as VFD, cyclo converter, and static frequency converter) or the 
secondary side frequency (for devices such as HVDC) in Hz. This frequency under some cases is also 
called the output frequency. 


Output Pulse 
Converter pulse number at the output section. Used to automatically populate interharmonic spectrum and 


calculate interharmonic orders. 


Max n 
Number used to automatically populate interharmonic spectrum and calculate interharmonic orders. 
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Populate Interharmonic Spectrum 

This button is used to populate or update interharmonic orders based on Fundamental Frequency, 
Modulating Frequency, Input Pulse, Output Pulse, Max. m, and Max. n. 

Interharmonics are determined by: 


f, =((plxm+1)x f,)+ p2xnx f,, where, 


I 


f, = interharmonics in Hertz 

f,, = Fundamental frequency in Hertz 
f,, = Modulating frequency in Hertz 
p1= Input Pulse # 

p2 =Output Pulse # 


m=0,1,2,...,Max. m 
n=1,2,3,...,Max.n 


Interharmonics are determined to be only positive and negative sequence. 
The phase sequence is determined by the following: 


/=((plxm+1)x f,)+ p2xnx f,, is positive sequence. 
=((plxm+1)x f,,)— p2xnx f,,is positive sequence if f, > 0; otherwise it is negative sequence. 


fi 
f, 
f, =((plxm-—1)~x f,,)+ p2xnx f,,is negative sequence. 
f, 


=((plxm-1)x f,,)-— p2xnx f,, is negative sequence if f, > 0; otherwise it is positive sequence. 


If a frequency that matches a characteristic harmonic is generated and this frequency is already included 
in the harmonics tab then it will not be included in the Interharmonics tab. Also, if a frequency is 
duplicated and the phase sequences conflict then the duplicated frequency will not be included. 


Order 
This column is the interharmonic orders. The maximum interharmonic order is up to 250. 


Hz 
This column is the interharmonic frequency in Hz. 


Mag (%) 
This column is the interharmonic current magnitudes in percent on the fundamental current/voltage base. 


Mag (A) 
This column is the interharmonic current in Amps/Volts magnitudes on the fundamental current/voltage 
base. 


Angle (°) 


This column is the interharmonic phase angles in degrees. 


Waveform 
Displays current waveform in one fundamental cycle. 
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Spectrum 
Displays current harmonic/interharmonic spectrum. 


Help 
This button is used to open ETAP help file. 


OK 
This button is used to save changes and close the dialog box. 


Cancel 
This button is used to cancel changes and close the dialog box. 
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8.22.4 Library Quick Pick - Harmonic 


The Library Quick Pick dialog box is accessed via the Library button, which is located in the editor of 


elements containing a Harmonic page. 


= 
Library Quick Pick - Harmonic 


Manufacturer Model 


ABB ACS600 6P 
ABB ACS600 12P 
ABB 4CS1000 12P 
ABB CycloSpeed 

CycloSpeed2 
ABB DCS500 6P 
Rockwell 6 Pulse VFD 
Rockwell 12 Pulse YFD 
Rockwell 18 Pulse YFD 
Rockwell Pw Rect 
Toshiba Pw ASD 
Typical LCI 


Typical Locomotive 
Tunieal-IF FE EB Puilee 


Type 

Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 


Current Seuree 


Interharmonic 


No 
No 
No 


No 
No 
No 
No 
No 


No 
Nia 


None | | Cancel | 


From this dialog box, select a harmonic header with Manufacturer, Model, Type and with or without 
Interharmonic from the Harmonic Library. For a selected harmonic header, the Library Quick Pick dialog 
box allows you to pick a harmonic source model from the list of models in the library. 


Note that the sample harmonic spectrum for Transformer Magnetizing current (Manufacturer: Typical- 
IEEE, Model: XFMR Magnet) is based on no-load current or core loss which is normally a few percent of 
full load amps of transformer. Since the no-load current is not currently available in the transformer 
editor, it is recommended that the harmonic magnitude be reduced by the ratio of transformer no-load 


current to full load current. 


Help 
This button is used to open ETAP help file. 


OK 


This button is used to save changes and close the dialog box. 


Cancel 
This button is used to close the dialog box. 


None 
This button is used to deselect a harmonic library. 
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8.23 Sector Library 


Sectors library can be accessed from main menu Library. Sectors are only selected from the existing 
profile library. No external data is defined or used in the sector library. 


The sector library provides yearly profile for six data types including, generation, load, temperature, wind 
speed, irradiance and humidity. In yearly profile assignment, you can define different profiles for each 
weekday/weekend in different month. Seasonal adjustment can also be applied upon these profiles. 


8.23.1 Sector Definition 


Sector ID 
The sector ID column listed all profile names. 


Sector Type 
Sector type can be either “single” or “composite”. If the sector type is selected to be “Single”, the sector 


data are selected from one of six types specified in the “data type”. Otherwise if the “Sector Type” is 
selected to be “Composite”, the “Data Type” dropdown list always shows “Load”. 


Data Type 


When “Sector Type” is set to “Single”, six “Data Type” options are available in the dropdown list. 
e Load 

Generation 

Irradiance 

Wind 

Temperature 

Humidity 
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Sector Library 


ew 
Pa 


PIFOPIFlElS Fle Flas 


New 


To add a new Sector ID, click “New” and type the Sector ID name, select Sector Type and Data Type. 
Sector ID must be unique. 


Delete 


Click the index located at the left of the Sector ID to highlight the sector, then click “Delete” to delete the 
sector. 
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Sector Library 


x 


f 


pieeeesealees § 


Click the index located at the left of the Sector ID to highlight the sector, then click “Copy” to make a 
copy of this sector. 


Paste 


Click the index located at the left of the Sector ID to highlight the sector, then click “Paste” to set this 
sector to previously copied sector 
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Sector Library x 


Pd 


T 


cle /ele|ecleeloleiclof 


Export 


Click the index located at the left of the Sector ID to highlight the sector, then click “Export” to export 
selected sector settings to an xml file. 


Import 
Click the index located at the left of the Sector ID to highlight the sector, then click “Import” to import 
sector from an xml file. 
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8.23.2 Profile Assignment 


Single- Year 


Single-Year tab is only available when the sector is set to “single”. In the “Single-Year Profile” tab, the 
drop-down list of each entry is filtered by “Data Type”. Seasonal factor can be specified in the %Seasonal 
column for weekdays and weekends respectively. 


Composite 

Composite tab is only available when the sector is selected to be the composite. In Sector column, the 
dropdown list shows all available “Single” type sectors with Data Type of “Load”, and in % Distribution 
column, users can define the percentages of each single type sectors. 


Sector Library x 


Definition 
Sector ID Sector Type | Data Type 


Tempersture Single Tempers. 


Sector 


ETAP 8-317 ETAP 19.0 User Guide 


Engineering Libraries Sector Library 


Multi-Year 
Multi-Year tab only appears when Sector “Data Type” is “Load”. 


Growth Curves 

Define growth curve for selected sector. Please note that although multiples curves might be defined and 
associated with the same sector, only one curve can be selected and used in the calculation. Growth Curve 
ID has to be unique. 


Growth Curve Definition 
Specify the Growth Factor for each year. Years are listed in sequence, only first year is changeable and all 
following years will be changed accordingly. 


Composite Multi-Year Weather Holidays _ Interuption / Outage Cost 
Growth Curves 


Weather 


Specify the temperature profile, relative humidity profile and seasonal factor for the selected sector each 
month. 


Holidays 


Specify the holiday from dropdown list and holiday profile from existing profile library. Once holiday is 
set, holiday profile will overwrite other profiles defined in single-year or composite at the date of holiday. 
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Holiday date can be defined in the Default Calendar of Project Menu. 


Plot >> 


Select any assigned profile and click Plot >> to show the plot of selected profile. 


a] Plot Selected Profile x 


Av Pe Jeo mw Ep oar Agricultural 


120 


00 01 02 03 O04 OS 06 O7 O8 O9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


Copy 
Selected any assigned profile and click “Copy” to make a copy of this profile. 


Paste 
Select one or multiple profile entries and click “Paste” to paste copied profile to these entries. 


Help 
Click “Help” to view help file. 


OK 
Click “OK” to save all the changes and close sector library 


Cancel 
Cancel all changes and close sector library. 


8.23.3 Sector Drop-Down List 


The following components can have sector with data type of load or composite load. 
e Lumped Load 


e Static Load 
e DC Lumped Load 
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e UPS 
e Charger 


Lumped Load Editor - LUMPS x 


Info Nameplate Short-Circuit Dyn Model Time Domain Reliability Remarks Comment 
[OMVA OkV(60%Motor 40%Sttic) = | 
Data Type 
O Fixed Category / Constant 


@ sect 


Agricultural 


O Ettemal Data 


O Composite Sector 


The following components can have sector with data type of Generation. 


Generator 

Utility 

Wind Turbine Generator 
Inverter 

PV Array (both AC and DC) 


The following components can have sector with data type of Irradiance and temperature. 
e PV Array (both AC and DC) 


Wind turbine generator can have sector with data type of wind speed. 


8.23.4 Interruption / Outage Cost 


The Interrupting / Outage Cost section in the Sector Library Editor is designed for the purpose of entering 
or removing interrupting cost data, which is used for calculation in Reliability Assessment module. The 
ETAP defaulted Costs are for the defaulted Sectors as shown below. 
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Sector Library x 


| Hote 


Note: Only Sectors in the Sector Definition section with Load as Data Type have Interruption / Outage 
Cost parameters in Profile Assignment section. 


Minutes 
This column has been pre-labeled and is used to specify the time in minutes for each cost data point. 


Cost ($/kW) 


This column has been pre-labeled and is used to enter the Interrupting / Outage Cost in dollars per kilo- 
Watt for each time interval in minute. 


New 
Click this button to add a new row. 


Insert 
Click the left button to highlight one row and then click “Insert” to insert one row. 


Delete 
Click the left button to highlight one row and then click “Delete” to delete the row. 
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8.23.5 Interruption Cost Load Sector Drop-Down List 


The Interrupting / Outage Cost Load Sectors can be selected from the Reliability page of load Editors. 
The Load Sector drop-down list as shown below allows users to select the desired load sector defined in 
the Sector Library. The cost data corresponding to the selected load sector is used to calculate expected 
interruption cost in Reliability Analysis module. 


Interruption Cost 


Load Sector 


none v 


hone 
Agricultural 
Commercial 


Govt. & Inst. 
Industrial 
Office & bldg 
Residential 
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8.24 Profile Library 


The profile library can be accessed from main menu library. This group allows the user to specify the 
profile load name, type and description. 


cr T . 
Profile Library \_ %8 


Description Tme « %MW 
Sample Commercial Load 
Sample Industrial Load 01:00 
Sample Urban Resident... 
" Humidity at Sub1 substa... 


Load at Sub1 substation 
Temperature at Sub1 su... 
Humidity at Sub2 substa... 
Load at Sub2 substation 
Temperature at Sub2 su... 
Humidity at Sub3 substa... | 
Load at Sub3 substation 
Temperature at Sub3 su... 
[Reset] [Delete _] | 


Plot 


Nv PF ee ww Fe ovar 


120,- 


Ee - 
2 2 19 19 
tis ie a oe ae ee ee ee ee 


-1 +O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Time of Day (Hour) 


_—_ 


Profile Info 


Profile ID 
The profile ID column lists all profile name. 


Profile Type 
The profile type column lists the type of profile. Currently ETAP supports following types. 


(1) Daily % Load: Daily load Profile consists of active power (%MW, range 0 ~ 999), reactive power 
(%Mvar, range 0 ~ 999) and power factor (%PF, range -100 ~ 100) in percentage. 
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(2) Daily Temp C: Daily Temperature Profile in Celsius (range -40 ~ 100). 
(3) Daily Temp F: Daily Temperature Profile in Fahrenheit (range -40 ~ 212) 
(4) Daily % Humidity: Daily humidity Profile in percentage (range 0 ~ 100) 


(5) Irradiance: Daily Solar Irradiance Profile in W/m? (range 0 ~ 2000) 


(6) Wind Speed: Daily Wind Speed Profile in m/s or ft/s. (range 0 ~ 200 or 0 ~ 999) 


(7) Generation: Daily Generation Profile consists of active power (YMW, range 0 ~ 200), reactive 
power (%Mvar, range -200 ~ 200), power factor (%PF, range -100 ~ 100), voltage (%V, range 0 
~ 200) and Angle (Ang, range, -180 ~ 180). 


Daily % Load Daily Load Profile % 
Daily Temp C Daily Temperature cay 
Daily Temp F Daily Temperature ° F 
Daily % Humidity Daily Humidity % 
Irradiance Daily Solar Irradiance W/m? 
Wind Speed Daily Wind Speed m/s or ft/s 
Generation Daily Generation Data % 
Description 


The description column lists the comment of profile. 


Values 


Values table can be used to build the time dependent profile data for a single day. 


Time Unit 


The time unit of profile values can be specified in minute and hour. 


Step 


Step option is available only when Minutes is selected as the Time Unit. 


Plot 


ETAP provides three options to modify profile values by adjusting stem plot. 


Selected Point 


Adjust the plot by dragging only the selected point. 


All Points 


Adjust the plot by dragging all points equally. 


ETAP 
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Drag Factor Dependent 
Adjust the plot by dragging other points according to the Drag factor. 


Drag Factor 
Specify the drag factor for how much adjacent points in percentage are dragged (0 ~ 100). 
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8.25 Reliability Library 


The Reliability Library is setup as a file directory system. The first library header is the ETAP element 
for which reliability data is available, for example 2-winding transformers or buses. The first sub- 
division after the kind of element is the Source of the Reliability Data (IEEE, industrial maintenance data, 
etc, etc). The next subdivision is the device type (in the case of 2-winding transformers the classes would 
be dry or liquid type). After the device type the Reliability Data is sorted according to different classes 
(kV, kVA ratings, etc). 


The following diagram illustrates the way the Reliability Library is organized. 


[ ae rer" 
Reliability 
Library_—_ PowerStation Data Source Type Class 
Element Data Source Type Class 
PowerStation Data Source Type Class 
Element . ) e 
es e s 
e es e 
Data Source Type Class 


8.25.1 Reliability Library Selector 


The Reliability Library Selector window allows the user to add or modify the contents of the Reliability 
Library. From this window the user may edit, add, copy, or remove any set of reliability data for all the 
different ETAP elements. Double-clicking on a header or class brings up the Add or Edit Reliability Data 
dialog boxes. 


3] Reliability Library [o || & |e) 
Element Source 
a IEEE 


Cable 
Transmission Line L 
Reactor, Current-Limiting - 


Fuse 

Impedance, Branch 

Circuit Breaker, H¥ Type 

Circuit Breaker, LV 


Switch, Single-Throw 
Switch, Double-Throw 
Transformer, 2 
Transformer, Sw 


Edit... | | Add ... | | Delete | | Copy... | | Help | Close | 


vr 
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Add 
The Add dialog box is used to insert a new set of Reliability Data for any given ETAP element. Pressing 


the add button on the Reliability Library Selector brings up the Add dialog window, which prompts you 
for new Source and Class names. 


Reliability Data Library : Add |p Som 


Source | 


Type 


Copy 


The Copy dialog window allows you to copy any set of Reliability Library Data for any given element. 
The dialog window prompts the user for a new ETAP Element, Source, and Class name for the duplicate 
data. If you inadvertently enter the Element, Source, and Class name the same as that of an existing set of 
Reliability Data, ETAP displays an error message. 


Reliability Data Library : Copy |e 


From 
Element Bus 


Source IEEE 


Type Typical 


Element | Bus 


Source 


Type 
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8.25.2 Reliability Library Editor 


The Reliability Library Editor is designed as a spreadsheet that allows the user to enter the Reliability 
Data Values for a given class. Using this editor, you are able to edit, add, insert, or delete any row or 
individual values. All the different columns within the Reliability Library Editor are pre-labeled 
according to the kind of Reliability data that is used by the Reliability Analysis Program. 


Reliability Data Library Editor [prev 


Element 


Source IEEE 


Active Failure/yr 


10.0 - 33 kV 


| Add | | Insert | Delete 


Note: The length unit for branches is per 1000 ft. 


Class 
This column allows you to enter the different class names under the given source and type for the given 
device. The determining value for a class may be for example a voltage level, kVA rating, etc, etc. 


Active Failure/yr. 
This column is for entering the Active Failure per year rate of the device. 


Passive Failure/yr. 

This column allows you to enter the Passive Failure per year rate of the device. In ETAP Library, the 
passive failure has been set to be same as the active failure, except for breakers for which the passive 
failure has been set to 1.5 times the Active Failure rate. 


MTTR 
This column is for entering the Mean Time To Repair value in hours for the given device. 


Switch Time 
This column is for entering the device switching time. 


Replace Time 
This column allows you to enter the time interval required to replace the given device. 
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8.25.3 Library Quick Pick - Reliability 


The Library Quick Pick dialog box is accessed via the Library button, which is located in the editor of 
elements containing a reliability page. The Reliability Library Quick Pick is very similar to the 
Reliability Library Editor. Using this dialog box the user may select the source, type and class of 
reliability data to be used for the given device. 


Library 


Source 


IEEE Std493-1990 


Type 


Power Supplies 


Class 


a 


Library Quick Pick - Reliability Data |S 


Power Grid, Utility 


Source 


IEEE Std493-13990 
IEEE Std493-1997 


| | cass Active Failure/yr | Passive Failure/yr | MTTR Replace Time 


All 0.6430 0.6430 200.00 200.00 
Auto Switch 

Dbi&T rp! Circuit 

| 4 |Loss All Circuit 

| 5 |Manual Switch 


Source 
This box allows the user to select the Source of the reliability data to be used for the given device. 


Type 
This box allows the user to select the type of device for selecting the devices reliability data. 
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8.26 Battery 


The Battery Library is set up in a similar manner to a file directory system. The library header is defined 
by Manufacturer and Model information. You can have unlimited headers (manufacturers) within the 
library and unlimited models for each manufacturer, as shown below. 


Battery Library Header 

Header Battery Model 
Header Battery Model 
7 Battery Model 

- e 

bs e 

Header . 
Battery Model 


Battery headers are used to indicate the model and type of battery. Battery headers consist of the 
following items: 


1) Manufacturer Manufacturer Name 

2) Model Battery Model 

3) Characteristic Type Characteristic Type: Time vs. Amp or Time vs. Kt 
4) VPC Nominal Voltage per Cell 

5) SG Specific Gravity at Base Temperature 

6) Temp. Base temperature in Degrees Celsius 

7) Time Constant Battery Time Constant in Second 

8) Discharge Time Battery Rated Discharge Time in Hour 


8.26.1 Battery Library Selector 


1! Battery Library --o-} © (ete) 
Manufacturer Model 

C&D Tech IKCR 

GNB LC 

JC DYNASTY LCR 

YUASA-EXIDE LCY 

Characteristic YPC | 2.063 SG} 1.215 

Type 


Time vs. Amp Time Constant 0 Discharge Time 8 
Temp. 25 


co 


Delete 


Copy... | Help | {Giese |) 
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The Battery Library allows you to add new battery headers or select existing battery headers so that you 
can edit, copy, or delete them. To edit a Battery Library, double-click on the item or click on the Edit 
button after highlighting it. To delete a battery, click on the Delete button after highlighting it. ETAP 
will display a frame requesting that you confirm this request before removing any library data. 


Add 


This dialog box is used to add a new battery header. 


Battery Library: Add [=e on) 


Characteristic Type 
® Time vs Amp. 


| Time vs Kt 


Time Constant 


Discharge Time 


Temp. 25 
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Copy 


This dialog box is used to copy an existing battery header. 


Battery Library: Copy 


MFR CD Tech 


Model KCR 
Type Time vs. Amp 


VPC | 2.063 sa} 1.215 


Time constant 0 Discharge Time 8 
Temp. 25 


Model KCR 


Type Time vs. Amp 


VPC 2.063 SG 1.215 


Time constant 0 Discharge Time 


Temp. 25 


Cancel 


A battery header consists of all the information you see in this dialog box. You can create a new battery 
header by changing any one of the items in the battery header information. 
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8.26.2 Battery Library Editor 


To edit the Battery Library data, select a battery type from the Battery Library and click on the Edit 
button. Each battery type (header) can contain an unlimited number of battery sizes. This Spreadsheet 
Editor allows you to view and edit Battery Library data for a selected battery type. The name of the 
battery type is displayed on top of the spreadsheet. Each battery record (row) is a unique set of data for 
each battery size. Each battery record must have a unique identifier: Plates. 


Battery Library (Time vs. Amp) [reso 
MFR [CD Tech vec [ 2.063 ene 0 Temp. [25 
Model SG Discharge 
jodel | KCR [1.215 Ties 8 
Available Size Amp per Positive Plate as Function of Time (min.] and Voltage [V) 


Plates | Cap 1.75¥ )1.78V 11.814 
6193 1505.0 0.002660 amticrso | 10850 | 3150 

I 893.0 [2778.0 |0.002160 san | eo Tao 

9 (330 |4120 (970.9 |40000 |o.002000 

11 /410~«([5080 —|1036.0/5263.0 |a.001900 64.00 _| 61.00 | 57.00 


15 
30 


13/495 [655.0 /954.2 [6250.0 |0.001920 60_] 47.00 | 45.50 | 43.00 
1s (577 [797.0 |929.4 |7407.0 |0.001890 90 | 38.50 | 37.00 | 35.50 
17 660 {871.0 |8831 |7692.0 |0.002080 180 | 25.00 | 2450 | 24.00 
19 [742 [949.0 |904.4 [8583.0 |0.002070 240 | 2050 | 2050 | 1950 


21 ja25 [1028.0 [900.7 [9259.0 [o.002200 


480] 12.50 | 12.00 | 12.00 


Add Ins Add row | | Add column Insert Delete 
| Heb OK Cancel 


Available Size 


Plates 
Double-click on this field to enter the total number of plates for the selected battery model. 
Note: The total number of plates is always an odd number. 


Cap 
Double-click on this field to enter the nominal amp-hour capacity for the selected battery model. 


1 Min SC Rating 
Double-click on this field to enter the one minute short-circuit rating for the selected battery model. The 
one minute rate is used for DC short-circuit calculations. 


K 


ETAP uses this value to calculate the constant current source values in DC Short-Circuit Studies. SC 
Amps = the 1 Min. A times K. If the SC Amps are entered first, the program will automatically calculate 
the K factor. 
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SCA 
The Battery’s Short-Circuit Current in Amperes specified by the manufacturer. If the K Factor is entered 
first, the SCA is calculated automatically. 


Rp 
Resistance per Positive Plate in Ohms. Resistance of a battery cell equals to Rp divided by the number of 
positive plates. 


Performance Data 


Enter the performance data for each available battery size in this spreadsheet by double-clicking on each 
cell. You can add, insert, and delete rows and columns to the spreadsheet. Double-click on the column 
header to enter the end voltage per cell values. Double-click on the row header to enter time value in 
minutes. 


Note: The cell performance data should be entered, on a per positive plate basis. 
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8.26.3 Library Quick Pick - Battery 


The Library Quick Pick dialog box is accessed by double-clicking on a battery in the one-line diagram, 
then clicking on the Library button in the editor. The Library Quick Pick options are a compilation of the 


information you have specified for this element. 


Library Quick Pick - Battery |e Som) 


Manufacturer 
C&D Tech 
GNB 


JC DYNASTY TCCX1950 
YUASA-EXIDE 


Characteristic Type | Time vs. | Time vs. Amp 
VPC [ 206 — ayaa [0 ma [8 

SG] 1.225 Temp. 25 
[Pines [copsciy| twin [| zx [scane] fe |_| 


29. «1950» 2225.0 22250.0 0.00150C 


(ise) Goes] [phones] [rea] 


From this dialog box, select a battery type (header) and battery size from the Battery Library. The 
Library Quick Pick dialog box allows you to pick a battery size from the list of all battery sizes in the 


library for a selected battery header. 
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8.27 Control System Device — Contact 


The Contact Library is designed to have a flat setup. The library can be opened by selecting the Control 
System Device, Contact option from the Library menu. You can add, delete, and modify library data for 
a contact by using the Contact Library Editor. The Contact Library is divided into AC contacts and DC 


contacts. 


8.27.1 Control Circuit Contact Library Editor 


| Delete 


AC/DC 


In this section, you select AC or DC Contact Library data to display in the contact list. 


AC Devices 
Select the AC Device option to display all AC contacts in the contact list. 


DC Devices 
Select the DC Device option to display all DC contacts in the contact list. 


Add 


Click on the Add button to add a new contact entry at end of the contact list. 


Delete 
Click on the Delete button to delete the highlighted contact entry. 


Help 
Click on the Help button to open ETAP Help on the Contact Library topic. 
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Close 


Click on the Close button to save the changes made in the Contact Library and close the Control Circuit 
Contact Library Editor. 


Contact List 


The contact list contains all contact data in the library. Its spreadsheet layout allows easy viewing and 
modification of contact data. 


Part ID 
Double-click on this field to enter up to 25 alphanumerical characters as the ID for a contact. The Part ID 
can be used to identify contact manufacture and model of a contact. 


Vrated 
Double-click on this field to enter a contact rated voltage in volts. 


% Vmax 
Double-click on this field to enter the maximum allowable voltage applied on a contact. Enter the value 
as a percent of Vrated. 


R 

Double-click on this field to enter contact resistance in milliohms. This value is the combined resistance 
of the resistance when the contacts are touching each other, the resistance of the terminals and the contact 
spring. 


Amp,r 
Double-click on this field to enter contact current rating in amperes for a resistive load. This rating is 
applicable when the contact is in a circuit that does not contain any inductive coils. 


Amp,i 

Double-click on this field to enter the contact current rating in amperes for an inductive load. This rating 
is applicable when the contact is in a circuit that contains inductive coils. Typically in control systems for 
electrical power systems, there are usually control relays or solenoids and hence the inductive current 
rating should be used. The inductive current rating is usually less than or equal to resistive current rating. 


VAbr,r 
Double-click on this field to enter contact breaking capacity in VA (or W) for resistive load. This rating 
is applicable when the contact is in a circuit that does not contain any inductive coils. 


VAbr,i 
Double-click on this field to enter the contact breaking capacity in VA (or W) for inductive load. This 
rating is applicable when the contact is in a circuit that contains inductive coils. 


VAmk,r 
Double-click on this field to enter the contact making capacity in VA (or W) for resistive load. This 
rating is applicable when the contact is in a circuit that does not contain any inductive coils. 


VAmk,i 


Double-click on this field to enter contact making capacity in VA (or W) for inductive load. This rating 
is applicable when the contact is in a circuit that contains inductive coils. 
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Top 

Double-click on this field to enter the operating time in milliseconds for the contact. Top is the time it 
takes for a contact, initially at its normal state, to change to off-normal state, assuming that during the 
period of Top the voltage drop across the controlling device (a control relay or a solenoid) of the contact 
is maintained higher than or equal to the pickup voltage of the controlling device. 


Trelease 

Double-click on this field to enter the release time in milliseconds for the contact. Trelease is the time for 
a contact, initially at its off-normal state, to change to normal state, assuming that during the period of 
Trelease the voltage drop across the controlling device (a control relay or a solenoid) of the contact is 
maintained below the dropout voltage of the controlling device. 


ee === ——— 


=) Control Circuit Contact Library = fox 
AC/DC 


AC Device @® DC Device 


PatID | | SerialNo. | Remark | DataRev. | Reference 


r1£ .B Shen 3 Amp.r=4mp.i and ... 
2 JAB- ae Amp.rs4mp,i and ... 
JAB-28-304-2... Amp.rsAmp.i and ... 
4 JAB-28-304-4... Amp.ts4mp.i and ... 
5 |AB-30¥-104-1... Amp.ts4mp.i and ... 
6 |AB-30¥-104-1... Amp.rsAmp,i and ... 
7 )AB-30V-154-2... Amp.rs4mp.i and ... 
8 | AB-30¥-54-15... Amp.ts4mp.i and ... 
3 JAB-30V-64-10... Amp.tsAmp.i and ... 
0) AB-30¥-64-10... Amp.rsAmp.i and ... 
11 | AB-30¥-74-10... Amp.1s4mp,i and ... 
12 JAB-30¥-84-12... \4 Amp.ts4mp,i and ... 
13 |JAGASTAT-48... Amp.rsAmp.i and 


1A 14GASTAT-19N 1 ran redrn i and iY 
m r 
Help Close 


Serial No. 
Double-click on this field to enter the Serial Number of the contact, using up to 25 alphanumerical 
characters. 


Remark 
Double-click on this field to enter a remark for the contact, using up to 50 alphanumerical characters. 


Data Revision 
Double-click on this field to enter the data revision of the contact, using up to 25 alphanumerical 


characters. 


Reference 
Double-click on this field to enter a reference for the contact, using up to 50 alphanumerical characters. 
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8.27.2 CSD Library Quick Pick - Contact 


The Library Quick Pick dialog box is accessed by clicking on the Contact Library button from the 
Contact page of the Control Relay Editor or the Solenoid Editor. The Library Quick Pick lists all contacts 
in the library along with contact parameters. You can view contact parameters, retrieve contact data from 
the library to the Device Editor, or remove previously selected Contact Library data in the Device Editor. 


AC/DC 


AC Device 


| Part ID 
AB-24V-104-1 
JAB-28¥-254-2... 
3 J AB-28V-308-2... 
4 JAB-28V-308-4... 
5 J AB-30¥-104-1... 


}AB-30V-104-1... 


7 )AB-30¥-154-2... 


Delete 


Clicking on the Help button will display a frame of the Quick Pick Library Help for a contact device. 
Help frames typically have a list of additional related topics for other devices and menu functions 
displayed in green at the bottom. Click on a topic to view that information. 


OK 


Clicking on the OK button will substitute the selected Contact Library parameters into a Device Editor. 


None 


Clicking on the None button will remove the previously retrieved library data for selected contact in the 
Device Editor where the CSD Contact Library Quick Pick dialog was invoked. 


Cancel 


Clicking on the Cancel button will close the CSD Contact Library Quick Pick dialog. No data will be 
transferred. 
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8.28 Control System Device — Control Relay 


TCt™~:CSY — | 


Control Relay Library 


Library DC Manufacturer Model ID —— Vrated, 
| Manufacturer Model ID “eVinax 
AC* -—(Manufacturer Model ID hig 
. . . ges 
es s s 
s s s 
Manufacturer Model ID 


The Control Relay Library is set up in a similar manner to a file directory system. The library header is 
defined by AC/DC Type, Manufacturer and Model information. You can have unlimited headers within 
the library and unlimited Models for each manufacturer, as shown below. 


Control Relay headers are used to indicate the model and type of control relays. Control Relay headers 
consist of the following items: 


1) AC/DC DC/AC Type 
2) Manufacturer Manufacturer Name 
3) Model Control Relay Model 


8.28.1 Control Relay Selector 


The Control Relay Library allows you to add new control relay headers or select existing control relay 
headers so that you can delete, or copy, or edit these entries. 


AC/DC 
Select an AC or DC Control Relay Library to display in the Control Relay Library Selector. 


AC Devices 
Clicking this option displays all AC control relay manufactures in the Manufacturer list. 


DC Devices 
Clicking this option displays all DC control relay manufactures in the Manufacturer list. 


Manufacturer 


This section displays all manufacturers for the selected AC or DC control relays. You can also add or 
delete control relay data for a manufacturer in this section. 
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Manufacturer List 

This list contains all manufacturers for the selected AC or DC control relays. As you click on a 
manufacturer in the list, the Model list below will display all the control relay models for that 
manufacturer that are included in the library. 


#_) Control Circuit Control Relay Library [oOo || & || se | 
AC/DC 
AC Device 
@ DC Device 
Manufacturer 
AGASTAT/TYCO Electronics Reference Add 
ALLEN-BRADLEY F 
AMERICAN ZETTLER AGASTAT/TYCO Electronics 
DELTROL : 
a ET) 
Sanant LL http://www. agastat.com 
Model 
Reference — 
GP Add 
Description Delete... 
Nuclear Qualified Control Relay [Ect nf | 
Copy... 
Class Power Relay OP 


(Paanetes. | {Hee | [ Oose | 


Reference 
This field displays the Reference for the selected manufacturer. Reference information is entered when 
you initially add a manufacturer and can be modified by clicking on the Edit Info button. 


Link 
This field displays the internet web address of the selected manufacturer. The Link information is entered 
when the manufacturer is added and can be modified by clicking on the Edit Info button. 


Add 


Click on the Add button to add a new manufacturer for Control Relay Library. The Add dialog box will 
appear so that you are able to enter information related to the manufacturer. 


AC/DC Device 
This field displays the AC or DC type of the new control relay manufacturer you are adding. 
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OTI Created Library 
This box can be checked by OTI engineers only. It indicates that this library was created and verified by 
OTI, developer of ETAP. 


Control Circuit Control Relay Library : Add 


DC - Device 


¥) OT! created library 


Manufacturer ABC 


Reference Previously CST Company 


Link — http://wwwABC. con] 


ie | cc 


Manufacturer 
Enter a name for the new manufacturer, of up to 30 alphanumerical characters. 


Reference 
Enter a reference for the manufacturer, of up to 25 alphanumerical characters. 


Link 
Enter an internet web address for the manufacturer, of up to 100 characters. 


Delete 


Click on the Delete button to remove control relay data for the selected manufacturer from the Control 
Relay Library. Note: When you remove a manufacturer from the library, the control relay data for all 
models under that manufacturer will also be removed. Before removing library data, ETAP will display a 
frame asking you to confirm your request. 


Edit Info 


Click on the Edit Info button to modify information related to the selected manufacturer. The Edit Info 
dialog box will appear. It is similar to the Add dialog box. Notice that you can modify the Reference and 
Link fields but not the Manufacturer, since Manufacturer is part of the library header information. 


If the manufacturer has been created by OTI, you will not be able to modify the Manufacturer information 


unless you have requested and been granted an OTI key (access number) that allows you to edit library 
information. 
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Control Circuit Control Relay Library : Edit Info 


(¥] OTI created library 


Manufacturer AGASTAT/TYCO Electronics 


Reference AGASTAT/TYCO Electronics 


Link — http://www. agastat.com 


Go) Go| Gel 


Copy 

Click on the Copy button to copy a selected manufacturer to a new manufacturer name. The Copy 
Library dialog box will show up, which displays the selected manufacturer as the From manufacturer and 
allows you to enter a name for the To manufacturer. 


Note: When an existing manufacturer is copied to a new manufacturer, all device models listed under the 
existing manufacturer will be copied to the new manufacturer. If there is a need to modify control relay 
data from a manufacturer created by OTI, you can copy the data to a new manufacturer. This type of 
modification will not be restricted by an OTI key. 


Copy Library: Mfr |e) 


From AGASTAT/TYCO Electronics 


To AGASTAT-New Rev 
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Model 


This section displays all models provided by the selected control relay manufacturer. You can also add to 
or delete control relay data for a model in this section. 


Model List 

The list contains all models provided by the selected control relay manufacturer. As you click on a model 
in the list, information related to the model, such as Reference, Class, and Description, will be displayed 
in the same section. 


Reference 
This field displays the Reference information for the selected model. Reference information is entered 
when the model is added and you can make modifications by clicking on the Edit Info button. 


Class 
This field displays the Class information for the selected model. Class information is entered when the 
model is added and can be modified by clicking on the Edit Info button. 


Description 
This field displays Description information for the selected model. The Description information is 
entered when the model is added and you can make modifications by clicking on the Edit Info button. 


Add 


Click on the Add button to add a new Model for the selected manufacturer. The Add dialog box will 
appear and allow you to enter information related to the model. 
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Control Circuit Control Relay Library : Add 
DC Device Manufacturer. AGASTAT/TYCO Electronic 
Model Info 
Model (¥) OTI created library 

Reference Class 
Description 
Certification 

Catalog # Issue Date 
Link 

| Cancel | | Help 


AC/DC Device 
This field displays the AC or DC type of the new model that is being added. 


Manufacturer 
This field displays the manufacturer name of the new model that is being added. 


Model 
Enter a name of the model, using up to 30 alphanumerical characters. 


OTI Created Library 
This box can be checked by OTI engineers only. It is an indication that the model has been created and 
verified by OTI, developer of ETAP. 


Reference 
Enter a reference for the manufacturer, of up to 25 alphanumerical characters. 


Class 
Enter the Class information for the model, using up to 32 alphanumerical characters. 


Description 
Enter the Description for the model, of up to 100 characters. 
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Certification 
Enter certification for the model, using up to 25 characters. 


Catalog # 
Enter a catalog number for the model, of up to 25 characters. 


Issue Date 
Enter the issue date for the model, using up to 50 characters. 


Link 
Enter the internet web address for the model, using up to 100 characters. 


Delete 


Click on the Delete button to remove control relay data for the selected model from the Control Relay 
Library. Note: When removing a model from the library, control relay data for all devices under that 
model name will be removed. Before removing library data ETAP will display a frame requesting that 
you confirm this request. 


Edit Info 


Click on the Edit Info button to modify information related to the selected model. The Edit Info dialog 
box will appear which is similar to the Add dialog box. 


Note: You are not allowed to modify the model name, since it is already being used as part of the header 
for a branch of Control Relay Library. 


If the Model has been created by OTI, you cannot modify the Model information unless you have an OTI 
key that permits this level of access. 
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Control Circuit Control Relay Library : Edit Info |p| 
Manufacturer AGASTAT/TYCO Electronic 
Model Info 


Model (¥) OTI created library 


Reference Class Power Relay 


Description Nuclear Qualified Control Relay 


Certification IEEE STD. 323-1! 


Catalog # Issue Date 


Link http: //relays. tycoelectronics.com/datasheets/EGP_series. pdf 


Cancel Help 


Copy 

Click on the Copy button to copy the selected model to a new model name. The Copy Library dialog box 
will appear, which displays the selected model as the From model and allows you to enter a name for the 
To model. 


Note: When an existing model is copied to a new model, all devices under the existing model will be 
copied to this new model. If there is a need to modify the control relay data for a model created by OTI, 


you can copy this data to a new model, an action that will not be restricted by the OTI key, and you will 
be able to modify this model. 


Copy Library: Model |S 


From EGP 


To EGP-Modified 
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Parameters 


Clicking on the Parameters button will bring up the Control Circuit Control Relay Library: Parameter 
Spreadsheet. Use this frame to add new control relay data or modify existing data. When the spreadsheet 
is open, the data for the selected model under the selected manufacturer is listed. 


8.28.2 Parameter Spreadsheet 


You can add a new control relay entry, delete an existing entry, or modify parameters for an existing 
entry from the Control Circuit Control Relay Library: Parameter Spreadsheet. 


Control Circuit Control Relay Library: Parameter [eee Soomn| 


DC Device Manufacturer AGASTAT/TYCO Electronics 


Model EGP 


Class Power Relay 


|p|) Vrated | 2vmax |“vpickue] %Vdrop | VA | wo Amp [| oA | xtol | Pro | vai | 
110 45 6 6 0.5 24 0 0 
24 6 : 
_3 JEGPC 43 /110 |80 |45 |6 |6 10.125 |384 iO 100 /0 id 
4 JEGPD 125 /110 |80 145 I6 |6 0.048 (2604.17 |0 100 \0 iO 
5 JEGPE 110 /110 |80 145 I6 |6 0.055 (2016.67 |0 /100 \0 fe 
EGPF 250 /110 |80 [45 I6 i6 0.024 10416... |0 (100 \0 id 
¢ joo r 
| Add | Delete Cancel | Help 


Heading Information 


The header displays information on device type, manufacturer, model and class. 


AC/DC Devices 
This field displays type of devices, AC or DC. 


Manufacturer 
This field displays the manufacturer name of devices. 


Model 
This field displays the model name of devices. 


Class 
This field displays the class of devices. 


Device Parameters 


The Parameter Spreadsheet is where you enter device parameters. This spreadsheet lists all devices for 
the manufacturer, the model and its class. You can modify parameters for an existing device entry, add a 
new entry or delete an existing entry from the spreadsheet. Double-click on the field to enter or modify 
data for that field. 
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ID 
Enter the ID of a device, using up to 25 alphanumerical characters. 


Vrated 
Enter the rated voltage in volts for the device. This value serves as the base for other voltage values. 


% Vmax 
Enter the maximum allowed operating voltage for the device. The value is in percent based on the rated 
voltage. 


%Vpickup 

Enter the minimum pickup voltage for the device. This value is a percentage based on the rated voltage. 
This is the minimum voltage across the device required to change the state of controlled contacts from 
their normal state to off-normal state when the device becomes energized. If the voltage drop on the 
device becomes less than the Vpickup value from the moment that the device becomes energized up to the 
operating time of a controlled contact, the contact will fail to operate and stay in the normal state. 


%Vdropout 

Enter the maximum dropout voltage for the device. The value is a percentage based on the rated voltage. 
This is the maximum voltage across the device that will result in changing the state of controlled contacts 
from their off-normal state to normal state. If the voltage drop on the device becomes less than the 
Vdropout value for a duration of the release time of a controlled contact, while the device is energized, 
the contact will change from its off-normal state to normal state. 


VA 
Enter the power rating in Volt-Amperes. This is the continuous power rating of a device. For a DC 
device, the VA rating is the same as the W rating. 


WwW 


Enter the power rating in Watts. This is the continuous power rating of a device. 


Amp 
Enter the current rating in Amperes. This is the continuous current rating of a device. 


R 

Enter the DC resistance in Ohms for a DC device under normal operating condition, that is, when the 
rated voltage is applied across the device. For an AC device, this is the AC impedance in Ohms at the 
rated frequency. 


%Tol. 

Enter the burden rating tolerance as a percentage. This value is used to adjust the burden load of a device. 
The burden is adjusted in a conservative way in CSD calculations. When a 10% tolerance is entered, the 
resistance of a constant Z device will be reduced by 10% and the VA (or I) of a constant VA (or I) device 
will be increased by 10%. 


PF 


Enter the rated power factor of the device as a percentage. For a DC device, this field is display only and 
the value is fixed at 100%. 
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VA,i 
Enter the power rating in Volt-Amperes. This is the inrush power rating of a device. For a DC device, 
the VA rating is the same as the W rating. 


Wi 
Enter the power rating in Watts. This is the inrush power rating of a device. 
Control Circuit Control Relay Library: Parameter cl 
DC Device Manufacturer AGASTAT/TYCO Electronics 
Model EGP 


Class Power Relay 


Add } Delete [ Cancel } [ Help 


Amp,i 
Enter the current rating in amperes. This is the inrush current rating of a device. 


PF,i 
Enter the inrush power factor of the device as a percentage. This field is display only for a DC device and 
its value is fixed at 100%. 


Ti 
Enter the inrush duration in milliseconds. 


Duty Cycle 

Select a duty cycle from the list or enter a number in this field. This parameter is applicable only to 
solenoids. It is used to characterize the percentage of time that a solenoid is behaving as a functional part 
of a circuit. This field is currently not used in CSD calculations. 


Tmax 
Enter the maximum operating temperature in degrees Celsius. This value is currently not used in CSD 
calculations. 


Tmin 


Enter the minimum operating temperature in degrees Celsius. This value is currently not used in CSD 
calculations. 
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NOfixed 

Click on the NOfixed button to assign Normally Open contacts to this device. This will open the Contact 
Library Add-On dialog box and allow you to assign one or multiple contacts to the device from the 
Contact Library. When the device library data is retrieved from a Device Editor, the assigned contact 
data will also be retrieved at the same time. As the contact data is substituted into a Device Editor, the 
status of NOfixed contacts will be fixed as NO. This status cannot be changed from the Device Editor. 


NCfixed 

Click on the NCfixed button to assign Normally Closed contacts to this device. This will open the 
Contact Library Add-On dialog box and allow you to assign one or multiple contacts to the device from 
the Contact Library. When the device library data is retrieved from a Device Editor, the assigned contact 
data will also be retrieved at the same time. As the contact data is substituted into a Device Editor, the 
status of NCfixed contacts will be fixed as NC. This status cannot be changed from the Device Editor. 


Convertible 

Click on the Convertible button to assign Convertible contacts to this device. This will open the Contact 
Library Add-On dialog box and allow you to assign one or multiple contacts to the device from the 
Contact Library. When the device library data is retrieved from a Device Editor, the assigned contact 
data will also be retrieved at the same time. As the contact data is substituted into a Device Editor, the 
status of Convertible contacts will be initially set as NO. This status can be changed from the Device 
Editor. 


Form C 

Click on the Form C button to assign Form C contacts to this device. This will open the Contact Library 
Add-On dialog box and allow you to assign one or multiple contacts to the device from the Contact 
Library. When the device library data is retrieved from a Device Editor, the assigned contact data will 
also be retrieved at the same time. As the contact data is substituted into a Device Editor, the status of 
Form C contacts will be initially set as Pos A. This status can be changed from the Device Editor. 


Control Circuit Control Relay Library: Parameter [rem 


DC Device Manufacturer AGASTAT/TYCO Electronics 
Model EGP 


Class Power Relay 


{ Convertible Serial No. Remark Data Rey. Reference 


Add | Delete | Cancel | Help 


Serial Number 
Enter the Serial Number of the device, using up to 25 alphanumerical characters. 
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Remark 
Enter a remark for the device, using up to 50 alphanumerical characters. 


Data Revision 
Enter the data revision of the device, using up to 25 alphanumerical characters. 


Reference 
Enter a reference for the device, using up to 50 alphanumerical characters. 


Contact Library Add-On 


When one of the four contact assignment buttons is clicked from the device parameter spreadsheet, the 
Contact Library Add-On dialog box will open and allow you to select contacts and assign them to the 
device. 


Contact Library Add-On 


Device NOfixed ; 
Available Contact 


| ID | Amp. | Amp.i | AB-24¥-104-10mS 


AB-26¥-254-20mS 
AB-28¥-304-20mS 
AB-28V-304-40m5 
AB-30¥-104-10mS-HA 
AB-30¥-104-15mS 
AB-30¥-154-20mS 
AB-30¥-54-15mS 
AB-30¥-64-10mS-HAB 
SRNR -1 mS -Hads? 


Cancel 


Heading Information 
The heading information section consists of three display fields: AC/DC device type, device ID, and 
contact type. When you click a button the contact type that is displayed will match your selection. 


Available Contact List 
The Available Contact list shows all contacts in the Contact Library. The contacts to be assigned are 
selected and deselected by a mouse click. Note: Multiple contacts can be selected at the same time. 


<< Button 
Clicking on the << button adds the highlighted contacts from the Available Contact list to the Selected 
Contact list. Note: Each time the button is clicked, the highlighted contacts will be added to the Selected 
Contact list. 


>> Button 
Clicking on the >> button removes the highlighted contacts from the Selected Contact list. 


Selected Contact List 


This list displays contacts that have been assigned and will be assigned to a device. This list shows the 
contact ID along with contact parameters. When the Contact Library Add-On dialog is open, the 
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Selected Contact list displays the contacts that have been assigned to the device. You are able to un- 
assign one or more assigned contacts by removing them from the list. You can also expand the list by 
adding more contacts from the Available Contact list. 


The number column, the first column in the list, can be used to select one or multiple contacts from the 
Selected Contact list. When you click on the column for a contact, the contact will be highlighted while 
deselecting all previous highlighted contacts. When you click on the column for a contact while pressing 
down and holding the Ctrl key, you can select or deselect the contact without changing other previously 
selected contacts. Used in combination with the Shift key, you can also create a group of contacts from 
the list. 


Help 
Clicking on the Help button will display an ETAP Help frame. 


OK 


Click on the OK button to update the device with the newly assigned contacts. This will replace the 
previously assigned contact list. 


Cancel 
Click on the Cancel button to close the dialog box without changing the previously assigned contact list. 
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8.28.3 CSD Library Quick Pick — Control Relay 


The Library Quick Pick dialog box can be accessed by clicking on the Library button from the Rating 
page of the Control Relay Editor. The Library Quick Pick lists all control relays for a specified 
manufacturer and model type. You can view control relay parameters and retrieve data from this library 
to the Device Editor. 


Device Library Type 


From the Library Type section of the Control Relay Quick Pick dialog, you can specify manufacturer and 
model type for a type of device. All devices from the specified manufacturer under the selected model 
will be displayed in the device list for you to select. 


AC/DC Device 
This display field shows the AC/DC type of the device library, which matches the type of the device 
invoked from the Control Relay Quick Pick dialog box. 


Control Circuit Control Relay Library: Parameter [pre Som 


DC Device Manufacturer AGASTAT/TYCO Electronics 


Model EGP 


Class Power Relay 


6 6 0 0 0 
1 ; 6 {6 96 |0 0 0 0 
110 80 45 6 6 0.125  |384 |0 /100 0 0 0 
110 80 45 6 6 0.048 2604.17 |0 /100 0 0 0 
110 80 45 6 6 0.055 2016.67 |0 /100 0 |0 0 
110 80 45 6 6 0.024 | 10416... |0 |100 0 0 Oo 
< mW r 

| Add | Delete Cancel Help 


Manufacturer 
Select a manufacturer from the list of all manufacturers that are included in the Control Relay Library. 
Once a manufacturer is selected, all models from that manufacturer will be loaded into the Model list. 


Model 
Select a model in the list of all models from the specified manufacturer. Once a model is selected, all 
devices under the selected model will be displayed in the device list. 


Class 
This display only field shows the class for the selected model. 


Device List 


The device list shows all devices for the selected control relay manufacturer and model, along with the 
device parameters entered in the library. To select a device from the list, click on its row to highlight and 
select it. 
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Buttons for Assigned Contacts 

A device in the library can have one or more contacts assigned. You can click on the buttons under the 
NOfixed, NCfixed, Convertible, or Form C column in the device list to view contacts assigned to the 
device. Once one of the buttons is clicked, the Contact Library Viewer dialog box will appear and 
display all assigned contacts of the type according to what button you clicked. The Contact Library 
Viewer dialog box also displays all contact parameters in a spreadsheet format. 


Contact Library Viewer 
DC | Device 


PP tated | max | RL Amp. | Ampi | vAbrr | VAbri_| VAmks | VAmki | Top _ | 
TT JAGASTAT-125V-1A-30m5 flo 1 1 30 
AGASTAT-125V-14-30mS eo 30 
AGASTAT-125V-14-30mS (125 (125 «(125 30 
4 [AGASTAT-125V-14-30mS 1 (125 «(125 —=«*( 8 30 


Cancel 


Help 
Clicking on the Help button will display an ETAP Help frame. 


OK 


Clicking on the OK button will substitute your selected device library data into Device Editor. Note: If 
the selected library device already has assigned contacts on the Contact page of the Device Editor, the 
new contacts will be added (with their contact library data) to match the previously assigned contacts in 
the library. 


None 


Clicking on the None button will remove the previously retrieved library type information from the 
Device Editor, without changing any device parameters. If the previously retrieved device library data 
includes assigned contacts, new contacts would have been added to the device on the Contact page. 
These contacts will be removed from the Device Editor as well, if they have not been associated with 
CSD contact elements and their Source is still Relay Lib. When a contact is not associated with a CSD 
element, its Contact ID field will be blank. 


Cancel 


Clicking on the Cancel button will close the CSD Control Relay Library Quick Pick dialog without 
transferring any data. 
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8.29 Control System Device — Solenoid 


r..Ct~CSCSYCY [ ord | 


Solenoid Library 


Library DC Tanufac turer Model ID —— Vrated, 
| Mamufac turer Model ID “Vmax 
AC* Mamnufac turer Model ID bl 
bad ° * 
bad e ° 
. e e 
Mamufac turer Model ID 


The Solenoid library is set up in a similar manner to a file directory system. The library header is defined 
by AC/DC Type, Manufacturer and Model information. You can have unlimited headers within the 
library and unlimited models for each manufacturer, as in the example shown below. 


Solenoid headers are used to indicate the model and type of solenoids. Solenoid headers consist of the 
following items: 


1) AC/DC AC/DC Type 
2) Manufacturer Manufacturer Name 
3) Model Solenoid Model 


8.29.1 Solenoid Selector 


The Solenoid Library allows you to add new solenoid headers or select existing solenoid headers so that 
you can edit, copy, or delete them. 


AC/DC 
Select an AC or DC solenoid Library to display in the Solenoid Library Selector. 


AC Devices 
Clicking this option displays all AC solenoid manufactures included in the Manufacturer list. 


DC Devices 
Clicking this option displays all DC solenoid manufactures included in the Manufacturer list. 
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Manufacturer 


This section displays all manufacturers for the selected AC or DC solenoids. You can also add or delete 
solenoid data for a manufacturer in this section. 


Manufacturer List 

The list contains all manufacturers for the selected AC or DC solenoids. As you click on a manufacturer 
in the list, the Model list below will display all the solenoid models provided by this manufacturer that are 
in the library. 


E) Control Circuit Solenoid Library e eal 


AC/DC 


AC Device 


@ DC Device 


Manufacturer 


Reference Add 
AUTOMATIC VALVE 

BICRON ASCO 
DELTROL 


GUARDIAN Link [Edit info | 


http://www. ascovalye.com 


Model 


Reference 


206-381 
208-448 
NP8314 


2 eed Description 


NP8321 Direct-Acting Solenoid Valves | 


i z 


holla] > 


Copy... 


(Paanetes. || {Hee | [ Oose | 


Class Direct-Acting Solenoid 


Reference 
This field displays the Reference for the selected manufacturer. Reference information is entered when 
the manufacturer is added and can be modified by clicking on the Edit Info button. 


Link 


This field displays the internet web address of the selected manufacturer. The Link information is entered 
when the manufacturer is added and can be modified by clicking on the Edit Info button. 
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Add 
Click on the Add button to add a new manufacturer for Solenoid Library. The Add dialog box will 
appear and allow you to enter information related to the manufacturer. 


AC/DC Device 
This field displays the AC or DC type of the new solenoid manufacturer that is to be added. 


OTI Created Library 
This box can be checked by OTI engineers only. It indicates that this library was created and verified by 
OTI, developer of ETAP. 


Control Circuit Solenoid Library : Add 


DC Device 


¥) OT created library 


Manufacturer ATC 


Reference Previously CST Company 


Link — http: 4/www.ATC.com 


cs cI 


Manufacturer 
Enter the name of the new manufacturer, using up to 30 alphanumerical characters. 


Reference 
Enter a reference for the manufacturer, using up to 25 alphanumerical characters. 


Link 
Enter the internet web address for the manufacturer, using up to 100 characters. 


Delete 


Click on the Delete button to remove solenoid data for the selected manufacturer from the Solenoid 
Library. Note: When you remove a manufacturer from the library, solenoid data for all models under the 
manufacturer will be removed. ETAP will display a frame requesting that you confirm this request before 
removing any library data. 


Edit Info 


Click on the Edit Info button to modify information related to the selected manufacturer. The Edit Info 
dialog box will show up, which is similar to the Add dialog box. You can modify the Reference and Link 
fields but not the Manufacturer, since Manufacturer is incorporated as part of the library header 
information. 
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Control Circuit Solenoid Library: Edit Info = [Sa 


(¥] OTI created library 


Manufacturer ASCO 


Reference ASCO 


Link — http: //www.ascovalve.com 


chee 


If the manufacturer data was created by OTI, you will not be able to modify the Manufacturer information 
unless an OTI key is used. 


Copy -- Manufacturer 


Click on the Copy button to copy the selected manufacturer to a new manufacturer name. The Copy 
Library dialog box will show up, which displays the selected manufacturer as the From manufacturer and 
allows you to enter a name for the To manufacturer. 


Note: When an existing manufacturer is copied to a new manufacturer, all models included under the 
existing manufacturer will be copied to the new manufacturer. If there is a need to modify solenoid data 
from a manufacturer created by OTI, you can copy this data to a new manufacturer, and since it will not 
be restricted by an OTI key you will be able to make modifications. 


Copy Library: Mfr amd 


From ASCO 


To 
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Model 


This section displays all the models provided by the selected solenoid manufacturer. You can also add or 
delete solenoid data for a model in this section. 


Model List 

The list contains all models for the selected solenoid manufacturer. As you click on a model in the list, 
information related to the model, such as Reference, Class, and Description, will be displayed in the same 
section. 


Reference 
This field displays the Reference information for the selected model. Reference information is entered 
when the model is added and can be modified by clicking on the Edit Info button. 


Class 
This field displays the Class information for the selected model. Class information is entered when the 
model is added and can be modified by clicking on the Edit Info button 


Description 
This field displays Description information for the selected model. Description information is entered 
when the model is added and can be modified by clicking on the Edit Info button 


Add 


Click on the Add button to add a new Model for the selected manufacturer. The Add dialog box will 
appear and allow you to enter information related to the model. 
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Control Circuit Solenoid Library : Add 
DC Device Manufacturer ASCO 
Model Info 
Model (¥) OT! created library 

Reference Class 
Description 
Certification 

Catalog # Issue Date 
Link 


Cancel | | Help 


AC/DC Device 
This field displays the AC or DC type of the new model that is to be added. 


Manufacturer 
This field displays the manufacturer name for the new model that is to be added. 


Model 
Enter the name of the model, using up to 30 alphanumerical characters. 


OTI Created Library 
This box can be checked by OTI engineers only. It indicates that this library was created and verified by 
OTI, developer of ETAP. 


Reference 
Enter a reference for the manufacturer, using up to 25 alphanumerical characters. 


Class 
Enter the Class information for the model, using up to 32 alphanumerical characters. 


Description 
Enter a Description for the model, using up to 100 characters. 
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Certification 
Enter certification for the model, using up to 25 characters. 


Catalog # 
Enter the catalog number for the model, using up to 25 characters. 


Issue Date 
Enter the issue date for the model, using up to 50 characters. 


Link 
Enter the internet web address for the model, using up to 100 characters. 


Delete 


Click on the Delete button to remove solenoid data for the selected model from the Solenoid Library. 
Note: When you remove a model from the library, solenoid data for all devices under the model name 
will be removed. ETAP will display a frame requesting that you confirm this request before removing any 
library data. 


Edit Info 


Click on the Edit Info button to modify information related to the selected model. The Edit Info dialog 
box will appear which is similar to the Add dialog box. Note: You are not allowed to modify the model 
name, since it is already incorporated in the header for a branch of Solenoid Library. 


If the Model is created by OTI, you will not be able to modify the Model information unless an OTI key 
is used. 
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Control Circuit Solenoid Library : Edit Info |p| 
Manufacturer ASCO 
Model Info 


Model 206-381 (¥) OTI created library 


Reference Class  Direct-Acting Sole 


Description Direct-Acting Solenoid Valves 


Certification 


Catalog # Issue Date 


Link http://www. ascovalve.com/product_data/pdfs/np2_nuclearc 


Cancel Help 


Copy 

Click on the Copy button to copy the selected model data to anew model name. The Copy Library dialog 
box will appear, and display the selected model as the From model and allow you to enter a name for the 
To model. 


Note: When an existing manufacturer is copied to a new manufacturer, all models included under the 
existing manufacturer will be copied to the new manufacturer. If there is a need to modify solenoid data 
from a manufacturer created by OTI, you can copy this data to a new manufacturer, and since it will not 
be restricted by an OTI key you will be able to make modifications. 


Copy Library: Model |S 


From 206-381 


To 


Ge] G5) Gal 
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Parameters 


Clicking on the Parameters button will bring up the Control Circuit Solenoid Library: Parameter 
Spreadsheet, where you can add new solenoid data or modify existing data. When the spreadsheet is 
open, the data listed are for the selected model under your selected manufacturer. 


8.29.2 Parameter Spreadsheet 


You can add new solenoid entry, delete an existing entry, or modify parameters for an existing entry from 
the Control Circuit Solenoid Library: Parameter Spreadsheet. 


Control Circuit Solenoid Library: Parameter [ene Soom| 


DC Device Manufacturer ASCO 
Model 206-381 


Class Direct-Acting Solenoid 


| | max | FESR ESET RC 
IBN 206-381-1F 12... }125 2 51 0.281 445.16 Oo 

2 | 206-381-1F 25... 
“3 | 206-381-16 1... 
1206-381-16 2... 


| 206-381-1U 1... . . , 445.16 
}206-381-1U 2... . ; ; 1780.63 |0 
# )206-381-2F 12... : : ; 445.16 |0 
}206-381-2F 25... . . i 1780.63 i 


Ae at et aacair n 


| Add | | Delete | | Cancel | Help 


Heading Information 


The header displays information on device type, manufacturer, model and class. 


AC/DC Devices 
This field displays type of device, AC or DC. 


Manufacturer 
This field displays the name of the manufacturer of the device. 


Model 
This field displays the model name of the device. 


Class 
This field displays the class of the device. 


Device Parameters 


Device parameters are entered in the parameter spreadsheet. This spreadsheet lists all devices according 
manufacturer, model and class. You can modify parameters for an existing device entry, add a new entry 
or delete an existing entry from the spreadsheet. 

To enter or modify data for a field, you must double-click on the field. 
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ID 
Enter ID of a device, using up to 25 alphanumerical characters. 


Vrated 
Enter the rated voltage in volts for the device. This value serves as the base for other voltage values. 


% Vmax 
Enter the maximum allowed operating voltage for the device. The value is a percentage based on the 
rated voltage. 


%Vpickup 

Enter the minimum pickup voltage for the device. The value is a percentage based on the rated voltage. 
This is the minimum voltage across the device required to change the state of controlled contacts from 
their normal state to off-normal state when the device becomes energized. If the voltage drop on the 
device becomes less than the Vpickup value from the moment that the device becomes energized up to the 
operating time of a controlled contact, the contact will fail to operate and remain in the normal state. 


%Vdropout 

Enter the maximum dropout voltage for the device. The value is a percentage based on the rated voltage. 
This is the maximum voltage across the device that will result in changing the state of controlled contacts 
from their off-normal state to normal state. While the device is energized, if the voltage drop on the 
device becomes less than the Vdropout value for a duration of the release time of a controlled contact, the 
contact will change from its off-normal state to normal state. 


VA 
Enter the power rating in Volt-Amperes. This is the continuous power rating of a device. For a DC 
device, the VA rating is the same as the W rating. 


WwW 


Enter the power rating in Watts. This is the continuous power rating of a device. 


Amp 
Enter the current rating in Amperes. This is the continuous current rating of a device. 


R 

Enter the DC resistance in Ohms of a DC device under normal operating condition, that is, when the rated 
voltage is applied across the device. For an AC device, this is the AC impedance in Ohms at the rated 
frequency. 


%Tol. 

Enter the burden rating tolerance in percent. This value is used to adjust the burden load of a device. In 
CSD calculations, the burden is adjusted in a conservative way. When a 10% tolerance is entered, for a 
constant Z device its resistance will be reduced by 10% and for a constant VA (or I) device its VA (or I) 
will be increased by 10%. 


PF 


Enter the rated power factor of the device as a percentage. For a DC device, this field is for display only 
and the value is fixed at 100%. 
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VA,i 
Enter the power rating in Volt-Amperes. This is the inrush power rating of a device. For a DC device, 
the VA rating is the same as the W rating. 


Wi 

Enter the power rating in Watts. This is the inrush power rating of a device. 

Control Circuit Solenoid Library: Parameter [eS 
DC Device Manufacturer ASCO 


Model 206-381 


Class Direct-Acting Solenoid 


2 -1F 12...}0 
206-381-1F 25... 
206-381-1G 1... 
206-381-1G 2... 


Continuous 
| Continuous 
| Continuous 
| Continuous 
| Continuous 
| Continuous 

Continuous 


OP ew rebices cee ee 


| 
206-381-1U 1... | 
206-381-1U 2... | 
206-381 -2F 12... 
206-381-2F 25... 


a 


arxXo,o o;/o/oO|o;oO 
3s o;/0/O/o/oO/oO;/oO 


Add Delete [ Cancel =| . Help J 


Amp,i 
Enter the current rating in Amperes. This is the inrush current rating of a device. 


PF,i 
Enter the inrush power factor of the device as a percentage. For a DC device, this field is display only 
and the value is fixed at 100%. 


Ti 
Enter the inrush duration in milliseconds. 


Duty Cycle 
Select a duty cycle from the list or enter a number in the field. It is used to characterize the percentage of 
time that a solenoid in on duty. This field is not used in CSD calculations. 


Tmax 
Enter the maximum operating temperature in degrees Celsius. This value is not currently used in CSD 
calculations. 


Tmin 


Enter the minimum operating temperature in degrees Celsius. This value is not currently used in CSD 
calculations. 
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NOfixed 

Click on the NOfixed button to assign Normally Open contacts to this device. This will open the Contact 
Library Add-On dialog box that allows you to assign one or more contacts to the device from the Contact 
Library. When the device library data is retrieved from a Device Editor, the assigned contact data will 
also be retrieved at the same time. As the contact data is substituted into a Device Editor, the status of 
NOfixed contacts will be fixed as NO and it cannot be changed from the Device Editor. 


NCfixed 

Click on the NCfixed button to assign Normally Closed contacts to this device. This will open the 
Contact Library Add-On dialog box that allows you to assign one or more contacts to the device from the 
Contact Library. When the device library data is retrieved from a Device Editor, the assigned contact 
data will also be retrieved at the same time. As the contact data is substituted into a Device Editor, the 
status of NCfixed contacts will be fixed as NC and it cannot be changed from the Device Editor. 


Convertible 

Click on the Convertible button to assign Convertible contacts to this device. This will open the Contact 
Library Add-On dialog box that allows you to assign one or more contacts to the device from the Contact 
Library. When the device library data is retrieved from a Device Editor, the assigned contact data will 
also be retrieved at the same time. As the contact data is substituted into a device editor, the status of 
Convertible contacts will be initially set as NO. This status can be changed from the Device Editor. 


Form C 

Click on the Form C button to assign Form C contacts to this device. It will open the Contact Library 
Add-On dialog box that allows you to assign one or more contacts to the device from the Contact Library. 
When the device library data is retrieved from a Device Editor, the assigned contact data will also be 
retrieved at the same time. As the contact data is substituted into a Device Editor, the status of Form C 
contacts will be initially set as Pos A. This status can be changed from the Device Editor. 


Control Circuit Solenoid Library: Parameter 


DC Device Manufacturer ASCO 


Model 206-381 


Class — DirectActing Solenoid 


Serial No. Data Rev. Reference 
206-381-1F 12... | [Contect) Normally Closed a 
206-381-1F 25... |l (Sentect] Normally Closed 
206-381-1G 1... || 7 Normally Open : 
206-381-1G 2... || Normally Open | 
206-381-101... |] Universal 
206-381-1U 2... |] Universal 
206-381-2F 12... | Normally Closed 
206-381-2F 25... | Normally Closed J 
ANE At a 4 Rnnback Ranbact BE wcwe wll.. Mae wre 
< iii b 
| Add | Delete | Cancel | | Help 


Serial Number 


Enter the Serial Number of the device, using up to 25 alphanumerical characters. 


ETAP 


8-367 
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Remark 
Enter a remark for the device, using up to 50 alphanumerical characters. 


Data Revision 
Enter the data revision of the device, using up to 25 alphanumerical characters. 


Reference 
Enter a reference for the device, using up to 50 alphanumerical characters. 


Contact Library Add-On 


When one of the four contact assignment buttons is clicked from the device parameter spreadsheet, the 
Contact Library Add-On dialog box will open and allow you to select contacts to be assigned to the 
device. 


Control Circuit Solenoid Library: Parameter [Soom 


DC Device Manufacturer ASCO 
Model 206-381 


Class Direct-Acting Solenoid 
Vrated eines Levee con [vA [we |e 


1445.16 
[1780.63 
445.16 
[1780.63 
(445.16 


36) 206-381-6U 2... 
37} 206-381-7F 12... 
38) 206-381-7F 25... 
39) 206-381-7G 1... 
40} 206-381-7G 2... 
41) 206-381-7U 1... 
42) 206-381-7U 2... 


<—Soooooooa 


add Ok [Cancel ] [Hep | 


Heading Information 
The heading information section consists of three display field: AC/DC device type, device ID, and 
contact type. The contact type displayed is the same as the button clicked. 


Available Contact List 
The Available Contact list shows all contacts in the Contact Library. Select the contacts for assignment 
by a mouse click. Note: Multiple contacts can be selected at the same time. 


<< Button 
Clicking on the << button adds the highlighted contacts from the Available Contact list to the Selected 
Contact list. Note: Every time the button is clicked, the highlighted contacts will be added to the Selected 
Contact list. 


>> Button 
Clicking on the >> button removes the highlighted contacts from the Selected Contact list. 
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Selected Contact List 

This list displays contacts that have been assigned and will be assigned to a device. It shows contact ID 
along with contact parameters. When the Contact Library Add-On dialog is open, the Selected Contact 
list shows the contacts that have been assigned to the device and you can de-assign one or multiple 
assigned contacts by removing them from the list. You can also expand this list by adding more contacts 
from the Available Contact list. 


The number column, the first one in the list, can be used to select one or more contacts from the Selected 
Contact list. When clicking on the column for a contact, this will highlight the contact while deselecting 
all previous highlighted contacts. When you click on the column for a contact while pressing down and 
holding the Ctrl key, this will select or deselect the contact without changing other previously selected 
contacts. In combination with the Shift key, you can also select multiple groups from the list. 


Help 
Clicking on the Help button will display the ETAP Help frame for this contact list. 


OK 
Click on the OK button to update the device with the newly assigned contacts. This will replace the 
previously assigned contact list. 


Cancel 
Click on the Cancel button to close the dialog box without changing the previously assigned contact list. 


Add 


Click on the Add button to add a new device entry at the end of the Parameter Spreadsheet. 


Delete 


Click on the Delete button to delete the selected device from the Parameter Spreadsheet. 


OK 


Click on the OK button to close the Parameter Spreadsheet and save the modified data. 


Cancel 
Click on the OK button to close the Parameter Spreadsheet without changing any data. 


Help 
Clicking on the Help button will display an ETAP Help frame. 
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8.29.3 CSD Library Quick Pick — Solenoid 


The Library Quick Pick dialog box is accessed by clicking on the Library button from the Rating page of 
the Solenoid Editor. The Library Quick Pick lists all solenoids for a specified manufacturer and model 
type. You can view solenoid parameters and retrieve data from a library to the Device Editor. 


Device Library Type 


You can specify the manufacturer and model type for a type of device from the Library Type section of 
the Solenoid Quick Pick dialog,. All devices provided by the specified manufacturer under this model 
name will be displayed in the device list. You can click on a row to select that device. 


AC/DC Device 
This display field shows the AC/DC type of the device library, according to the type of the device 
invoked from the Solenoid Quick Pick dialog box. 


Control Circuit Solenoid Library: Parameter [tere Sooe| 


DC Device Manufacturer ASCO 


Model 206-381 


Class Direct-Acting Solenoid 


a el TEM SEN CPSs SE CP 


WE 206-391-1F 12...) 12! 112 5.1 35.1 0.281 44516 0 Teh 
_2 | 206-381-1F 25... ; . 0.14 0 
_3 | 206-381-1G 1... ; ; 0.281 (44516 [0 0 
_4 | 206-381-1G 2... . . 0.14 (1780.63 |0 0 
5 | 206-381-1U 1... : i ia 445.16 [0 0 
0.14 (1780.63 |0 0 
[0.281 |445.16 (0 0 
0.14 1780.63 i 0 

| Add | | Delete | | Cancel | Help 

Manufacturer 


Select a manufacturer from the list of all manufacturers that are included in the Solenoid Library. Once a 
manufacturer is selected, all models provided by this manufacturer will be filled in the Model list. 


Model 
Select a model from the list of all models provided by the specified manufacturer. Once a model is 
selected, all devices under your selected model will be displayed in the device list. 


Class 
This display only field shows the class of the selected model. 


Device List 


The device list shows all devices provided by the selected solenoid manufacturer and the model, along 
with the device parameters entered in the library. To select a device from the list, click on the row 
corresponding to the device to highlight your selection. 
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Buttons for Assigned Contacts 

A device in the library can be assigned with one or more contacts. You can click on the buttons under the 
NOfixed, NCfixed, Convertible, or Form C column in the device list to view contacts assigned to the 
device. Once one of the buttons is clicked, the Contact Library Viewer dialog box will appear, which 
displays all assigned contacts of the type according to the button you clicked. The Contact Library 
Viewer dialog box also displays all contact parameters in a spreadsheet format. 


Contact Library Viewer 
DC | Device 


Po] rated | max |_R_| Amps | Ampi | vAbrr | VAbri_ | VAmks | VAmki | Top _| 
| LJAGASTAT-125V-1A-30mS_|fi25 1 1 30 
AGASTAT-125V-1A-30mS 1/125 ~*(125—=«*i 25 

AGASTAT-125V-14-30mS (125 (125 «(125 

4 [AGASTAT-125V-14-30mS 1 (125 «(125 —=«*( 8 


Cancel 


Help 
Clicking on the Help button will display an ETAP Help frame. 


OK 
Clicking on the OK button will substitute the selected device library data into Device Editor. 


Note: If the selected library device has assigned contacts, on the Contact page of the Device Editor, new 
contacts will be added with contact library data according to the contacts assigned in the library. 


None 


Clicking on the None button will remove the previously retrieved library type information from the 
Device Editor, without changing device parameter. If the previously retrieved device library data 
includes assigned contacts, new contacts would have been added to the device on the Contact page. 
These contacts will be removed from the Device Editor as well if they have not been associated with CSD 
contact elements and their Source is still Relay Lib. When a contact is not associated with a CSD 
element, its Contact ID field will be blank. 


Cancel 


Clicking on the Cancel button will close the CSD Solenoid Library Quick Pick dialog without 
transferring any data. 
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8.30 Photovoltaic / Solar Panel 


The Photovoltaic Library is set up in a similar manner to a file directory system. The hierarchical library 
structure stores levels or headers (i.e. Standard, AC/DC, Manufacturer, Model, etc.) each containing a set 
of attributes (i.e. Manufacturer, Reference, Max Vdc, etc.). The library structure is as shown below 


a | Ce ~ | 


Photovoltaic Library 


Library ‘Manufacturer Model ax. Vde Size—— Vmp, 
Manufacturer Model Max. Vdc Size Voc, 
Manufacturer Model Max. Vdc Size Isc, 

e e e e mp, 
Curve 
e e e e 
e e e e 
Manufacturer Model ax. Vdc Size 


The PV Array Library header consists of Manufacturer —-Model — Max. Vdc (Max. Volts for DC). For 
each header, you can have unlimited records of solar panel sizes, for which Impp, short-circuit data, 
irradiance data, irradiance curve points can be defined. When the Photovoltaic option is clicked from the 
library menu the following editor is launched. 


PV Array library data verification is not completed at the time of the ETAP 11 release. We are providing 


PV Array library data with unlock library designation. Please double check these values against the 
manufacturer data and modify them if necessary. 


ETAP 8-372 ETAP 19.0 User Guide 


Engineering Libraries Photovoltaic Array / Solar Panel Library 


8.30.1 8.30.1 Photovoltaic Panel Library editor 


Manufacturer 


ATERSA, Electricidad Solar Reference 
Kyocera 
MoserBaersolar 
Photowatt 
Q.CELLS 
Sharp 


Suiniva 


Edit Info... Add... Delete Copy... 


Model 


Link 


www. atersa.com 


vr 


ModelName Max ¥de Type 
A-BOPA-BEP 700 Poly-crystalline 
4-85M 


4-170M_A-1... Brand Name 
ATERSA 


Reference 
E-MU-MBP 4x9 D [1] 


Application 


(Dele ] (Com. 


| Edit Parameters... | 


Manufacturer 


Manufacturer 
Lists all manufacturers for solar panel. Select the manufacturer by highlighting the manufacturer name. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays a manufactures web link or URL address. 
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Add 
Select the Add button to enter the name of a photovoltaic manufacturer you wish to add to the library. 
PV Array Library : Manufacturer [prem 
| OT! created library ol 


Manufacturer ATERSA Electricidad Sola 


Reference 


Link www.atersa.com 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


OTI Created Library 
This option is available for OTI internal use only. 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


PV Array Library : Manufacturer [eon 


(-) OTI created library oi 
Manufacturer ATERSA Electricidad Solaq 


Reference 


Link = wwweatersa.com 


Help Cancel 
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Delete Manufacturer 


Delete 

To delete a selected fuse manufacturer and all models provided by that manufacturer, select the 
manufacturer by highlighting it from the list provided and then click on the Delete button. ETAP will 
display a frame requesting that you confirm this request before deleting the selected manufacturer. 


Please Confirm |e Sr 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


G , 
ETAP Library =) 


This entry is locked. Delete is not allowed. 


Copy 

To copy the selected photovoltaic manufacturer and all models provided by that manufacturer, select the 
manufacturer by highlighting it from the list provided and then click on Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 


PV Array Library : Manufacturer |p S| 


|) OT! created library 
Manufacturer ATERSA Electricidad Solar 


Reference 


Link  www-.atersa.com 
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Model 


Model 
Model lists all the Model-Max Vdc (Max V for DC), for the selected solar panel manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


Type 
Displays the type for the selected solar panel model. 


Brand name 
Displays the brand name, if available for selected solar panel model. 


Reference 
Displays the reference, if available, for the selected solar panel model. 


Application 
Displays the reference for the selected solar panel model. 
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Add 


Click on the Add button to enter the name of the solar panel model you wish to add to the library. 


Manufacturer ATERSA Electricidad Solar fa3 


Model 
Model Max Vde 


ABCD 600 


Model Info 
(¥| OTI Created Library 


Type Poly-crystalline 
Performance ©) Parameters 


~-) Curve 


@ 1000 Wm2 
Reference 


Brand Name 
Model 
Application 


Link. 


Manufacturer 
Displays the manufacturer name. 


Model 
User-editable drop down list that includes model names of any existing solar panel models that may have 
already been added to the library for a selected manufacturer. 


Max Vdc 
User-editable drop down list. 


Type 


User-editable drop down list that includes Mono-crystalline, Poly-crystalline, Amorphous. Note that this 
selection is for information purposes only and does not impact the behavior of the curves. 
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Performance 

Radio button selection between Parameters and Curve. The default selection is Parameters. This selection 
is made to decide whether the panel electrical characteristics such as P-V and I-V curves are based on 
limited parameters or point based. 


When Parameters is selected then panel electrical characteristics such as P-V and I-V curves are generated 
based on panel rated information such as Vmpp, Impp, Pmpp, Voc and Isc, etc. 


When Curve is selected then panel electrical characteristics such as P-V and I-V curves are generated 
based on points / user-defined curve. 


@ W/m2 


Specify the base irradiance value for the library data in W/ m* 


Temperature (C) 
Specify the base temperature in degrees Celsius for the library data. 


Reference 
Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Brand Name 
Enter the brand name, if available, for the model. This field is provided for reference only and may be 
left blank. 


Model (Description) 
Enter the description for the solar panel model. This field is provided for reference only and may be left 
blank. 


Application 
Enter the application for the solar panel model. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit properties of the new or existing model by highlighting it from the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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Manufacturer ATERSA Electricidad Solar 


Model 
Model 


4-60P_4-66P 


Model Info 
(-] OTI Created Library 


Type Poly-crystalline 
Performance (©) Parameters 
@ Curve 


@ 1000 W/m2 25 
Reference E-MU-M6P 49D [1] 
Brand Name ATERSA 


Model 


Application 


Link www. atersa.com 


Delete Model 


Delete 
To delete a specific solar panel model select the model by highlighting it from the list provided and then 
click on the Delete button. The model will be deleted from the list after you confirm the request. 


Please Confi [en] 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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fe \ 
ETAP Library [eS] 


This entry is locked. Delete is not allowed. 


Copy 

Copy a solar panel model by selecting the model by highlighting it from the list provided and then 
clicking on the Copy button. The selected model will be copied to the user-specified Model name and 
Max Vdc. 


Copy Library: Model |p| 


Manufacturer ioe Copy to other Manufacturer 


ATERSA Electricidad Solar 


Model Max Vde 
4-60P_4-66P 


Ge] CD) eal 


Help 
Open the Help file for the Photovoltaic / Solar Panel Library. 


Close 
Close the Photovoltaic / Solar Panel Library Editor and save all changes. 
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8.30.2 Edit Parameters 


Select a model and click on Edit Parameters button to open the Parameters editor. The Parameters editor 
allows you to specify available sizes for the selected solar panel model, along with short circuit data and 
curve points. You can Add, Edit and Delete the data using the Add and Delete buttons. In addition, you 
can select a row (highlight it) and right click to add, delete, insert, copy and paste rows. Locked entries 
cannot be edited or deleted, but can be copied. 


Ct 
Wawimytarenes———SOS”~*~*~“*~*“‘“s~sSsir 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Max Vdc 
Displays the maximum voltage for the selected fuse model. 


Performance 

Displays performance data is based on curve or parameters. Note that when curve based is selected, then 
the editor has an additional button to enter the curve data point wise. If parameter based is selected then 
no additional curve information needs to be specified. 


Size 
Enter the panel size identification. 


# of Cells 
Enter the number of cells in one solar panel. This field is not a required library parameter. 


Vmp 
Enter the maximum or peak rated voltage for the panel in volts. 


Voc 


Enter the open circuit voltage for the panel without any load connected at the panel terminals in volts. At 
this voltage the panel current is equal to zero. 
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Isc 
Enter the short circuit current generated by the panel in amps. At this current value, the panel voltage is 
equal to zero. 


Imp 
Enter the maximum or peak rated current for the panel in amps. This value of current corresponds to 
voltage Vmp. 


Pmp 
Enter the maximum or peak rated power for the panel in watts. This value of power corresponds to 
product of Vmp and Imp. 


P (Tol) 
Enter the tolerance on Pmp as specified by the manufacturer. This field is not a required library 
parameter. 


Delta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage based on irradiance levels other than base irradiance. 


Alpha Isc 
This allows the user to enter the adjustment coefficient for short circuit current. This coefficient is used to 
calculate the short circuit current. 


Beta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage of the panel. 


% Eff 
It shows the calculated panel efficiency in percent. Panel efficiency = Power / (Area in m2 * Base 
Irradiance in W/m/2). 


Length 
This allows the user to enter the panel length in inches. 


Width 


This allows the user to enter the panel width in inches. 


Depth 
This allows the user to enter the panel thickness in inches. It is optional. 


Weight 


This allows the user to enter the panel weight in lbs. It is optional. 
NOCT 
This allows the user to enter the normal operating cell temperature (NOCT) in degrees Celsius (C). 


Default NOCT is 45 degrees C. 


Note 
Enter notes for the selected solar panel size. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Curve 


When curve option is selected then Isc, Voc, Imp, Vmp and Pmp in the edit parameters dialog are grayed 
out and are updated from the curve editor only. 


The header for the solar panel curve displays details of the panel model and size selected for defining the 
curve points. 


Curve ID 
Enter the curve ID and revision date for the I-V curves, for the selected panel size. 


Notes 
Enter notes for the I-V curve of the selected panel size. 


I-V Curve Points 

Enter the current in amps and voltage in volts for panel I-V characteristic. You can Add and Delete data 
using the Add and Delete buttons. The power is calculated automatically based on current and voltage 
inputs. 


ETAP 8-383 ETAP 19.0 User Guide 


Engineering Libraries Photovoltaic Array / Solar Panel Library 


8.30.3 Photovoltaic Library Quick Pick 


Access the Library Quick Pick dialog box by clicking on the Library button inside the Editor PV Panel 
page. The Library Quick Pick displays all of the PV Panel information in the associated library file. 


X 


Manufacturer 


r 
Library Quick Pick - PV Array 


Kyocera 
MoserB aersolar 
Photowatt 
Q.CELLS 
Sharp 


Suniva 
CiinitTccu 


ATERSA Electricidad Solar 


Model 


Model Name 
4-BOP_A-B6P 
4-85M 
4-170M_4-180M 


Max Vde 


Size [Ww] 


Application 


Ip (A) 


Isc [4] 


Reference 


Link 


Www. atersa.com 


Type 


Poly-crystalline 


Brand Name 
ATERSA 


Reference 
E-MU-MBP 4x9 D (1) 


4 


From this dialog box, select a manufacturer, model, and size. This narrows the choice of available library 
selections to a group you are interested in. 


ETAP 


8-384 
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8.31 Wind Turbine Generator (WTG) Library 


The WTG Library is set up in a similar manner to a file directory system. The hierarchical library 
structure stores levels or headers (i.e. Manufacturer, Model, etc.) each containing a set of attributes (i.e. 
Reference, Parameters, etc.). The library structure is as shown below: 


re | a | 


WTG Library 

Library Manufacturer 
Manufacturer 
Manufacturer 

e 

e 

e 
Manufacturer 


Model 
Model 
Model 


Model 


‘Type 1 
Type 2 
ype 3 


‘Type 4 


Turbine 
Aerodynamics 
Dyn. Model 
Dyn. Controls 


The WTG Library header consists of Manufacturer —Model. For each header, you can have unlimited 
records of WTG models, for which turbine, aerodynamics, dynamic model and dynamic controls can be 
defined. When the Wind Turbine option is clicked from the library menu the following editor is 


launched. 
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8.31.1 WTG Library editor 


Reference 


Link 


Edit Info... Add... Delete Copy... 


Model 


a WTG Type 
Type 2 
WTG 

Variable Slip 


Brand Name 


Release Date 


Reference 


Application 


on 


Manufacturer 


Manufacturer 
Displays a list of all wind turbine manufacturers included in the library. Select the manufacturer by 
highlighting the manufacturer name. 
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Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 
Displays the Manufacturer reference, if available, for a selected manufacturer. 


Link 
Displays a manufactures web link or URL address. 
Add 
Select the Add button to enter the name of a WTG manufacturer you wish to add to the library. 
Wind Turbine Generator Library : Manufacturer | 
OT! created library ei 
Manufacturer 
Reference 
Link 
| Help | | Cancel | 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


OTI Created Library 
This option is available for OTI internal use only. 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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Wind Turbine Generator Library : Manufacturer 
(¥| OTI created library 


Manufacturer Suzlon 


Reference 


Link = www-.esuzlon.com 


cs 


Delete Manufacturer 


Delete 
To delete a selected fuse manufacturer and all models provided by that manufacturer, select the 


manufacturer by highlighting it from the list provided and then click on the Delete button. ETAP will 
display a frame requesting that you confirm this request before deleting the selected manufacturer. 


Please Confirm Ps 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 


message is displayed. 
- ; 
ETAP Library ==) 


This entry is locked. Delete is not allowed. 


Copy 

To copy the selected WTG manufacturer and all models provided by that manufacturer, select the 
manufacturer by highlighting it from the list provided and then click on Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 
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Copy Library: Mfr 
From Suzlon 


To 


| Help | | Cancel | 


Model 


Model 
Model lists all the WTG models for the selected WTG manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


WTG Type 
Displays the WTG technology type for the selected WTG model — Type 1 through Type 4. 


Type 1: Conventional Induction Generator 

Type 2: Variable Slip Induction Generator 

Type 3: Doubly Fed Induction Generator (DFIG) 
Type 4: Full scale power converter 


WTG 
Displays the WTG technology name for the selected WTG model 


Type 1: Conventional Induction Generator 

Type 2: Variable Slip Induction Generator 

Type 3: Doubly Fed Induction Generator (DFIG) 
Type 4: Full scale power converter 


Brand name 
Displays the brand name, if available for selected WTG model. 


Release Date 
Displays the release date of the model or the date of the model catalog used to enter the data into the 
library. 


Reference 
Displays the reference, if available, for the selected WIG model. 


Application 
Displays the reference for the selected WTG model. 
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Add 
Click on the Add button to enter the name of the WTG model you wish to add to the library. Highlight the 


name of the manufacturer prior to clicking on Add to ensure that the model being entered is cataloged 
under the correct manufacturer. 


Wind Turbine Generator Library : Add Sa 


Manufacturer Vestas ol 


Model 


Model 


WTG Type WTG Type 
| Type 1 Fixed Speed 


Model Info 
¥) OTI Created Library & 


Release Date 
Reference 


Brand Name 
Model 
Application 


Link 


Help Cancel 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model names of any WTG model that is required to be entered into the library. 


Type 
Drop down list that includes the four wind turbine generator technologies. 


Type 1: Conventional Induction Generator 

Type 2: Variable Slip Induction Generator 

Type 3: Doubly Fed Induction Generator (DFIG) 
Type 4: Full scale power converter 
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WTG 
Displays the WTG technology name for the selected WTG model 


Type 1: Conventional Induction Generator 

Type 2: Variable Slip Induction Generator 

Type 3: Doubly Fed Induction Generator (DFIG) 
Type 4: Full scale power converter 


Release Date 
Enter the release date of the model or the date of the model catalog used to enter the data into the library. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Brand Name 
Enter the brand name, if available, for the model. This field is provided for reference only and may be 
left blank. 


Model (Description) 
Enter the description for the WTG model. This field is provided for reference only and may be left blank. 


Application 
Enter the application for the WTG model. This field is provided for reference only and may be left blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit properties of the new or existing model by highlighting it from the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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Turbine Generator Library : Edit Info 


Manufacturer Vestas ioe 


Model 
Model 


WTG Type WTG Type 


Type 4 ¥ Full Converter 


Model Info 
| OT! Created Library ol 


Release Date 
Reference 


Brand Name 
Model 
Application 


Link 


Ge) GD) a 


Delete Model 


Delete 
To delete a specific WTG model, select the model by highlighting it from the list provided and then click 
on the Delete button. The model will be deleted from the list after you confirm the request. 


P 


Confirm 


Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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This entry is locked. Delete is not allowed. 


Copy 

Copy a WTG model by selecting the model by highlighting it from the list provided and then clicking on 
the Copy button. The selected model will be copied to the user-specified model name and wind turbine 
technology type. 


Copy Library: Model =< 


From ‘V84 


To 


Help 
Open the Help file for the WTG Library. 


Close 
Close the WTG Library Editor and save all changes. 


Edit Parameters 


Select a model and WTG type and then click on Edit Parameters button to open the Parameters editor. 
The Parameters editor allows you to specify nameplate information for the selected WTG model together 
with applicable Aerodynamics / Rotor, Dynamic Model and Dynamic Controls. \ 
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8.31.2 Type 1 / Type 2 / Type 3 / Type 4 — Turbine Generator Page 


This page has fields that are common to all four wind turbine generator technology types. 


Tes [ta |e [re le fe lm lowe fe | on |W 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Rated (kW) 
Wind turbine generator rated real power in kW. 


Rated kV 
Wind turbine generator rated voltage in kV. 


Poles 
Wind turbine generator Poles. 


PF 
Wind turbine generator rated power factor in percent. 
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Eff 


Wind turbine generator rated efficiency in percent. 


LRC 
Locked-Rotor Current (LRC) in percent of full-load current. 


LRpf 
Locked rotor power factor in percent. 


X0 
Zero-sequence reactance in percent (machine base). 


X2 
Negative sequence reactance in percent (machine base). 


X/R 
X/R ratio (X”/Ra). 


Td’ 
Transient time constant in seconds. 


Inertia 
Generator WRA2 in lb-ft\2 or kg-m/2 based on system unit. 
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8.31.3 Type 1 / Type 2 — Aerodynamics / Rotor Page 


This page contains the fields used to define the aerodynamic or rotor properties. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Cut-in Speed 
Minimum wind speed in m/s for turbine to generate power 


Cut-out Speed 
Maximum wind speed in m/s for turbine to generate power 


Air Density 
Air Density in kg/m43 


Rated Speed 
Turbine rated wind speed in m/s 


Rotational Speed 
Rotor/Turbine rated RPM 
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Swept Area 
Rotor swept area in M2 (pi*(D/2)/2 for horizontal type of turbine) 


Rotor Diameter 
Rotor diameter in meters 


Pitch Angle 
Rotor blade pitch angle in degrees 


Inertia 
Turbine WR“2 in lb-ft4\2 or kg-m/2 based on system unit 


C1-C9 
Numeric constant for turbine Cp curve 
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8.31.4 Type 1 / Type 2 — Pitch Control Page 


This page contains the fields used to define the dynamics of the pitch controller. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


Kdroop 
Droop gain of generator power in pu. 


Kp 
Proportional gain in pu. 


Ki 


Integral gain in pu. 


Tpe 


Power filter time constant in sec. 


T1 
Output filter 1 time constant in second. 


ETAP 8-398 
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T2 
Output filter 2 time constant. 


Pimax 
Maximum output limit. 


Pimin 
Minimum output limit. 
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8.31.5 Type 2 — Controls 


This page contains the fields used to define the dynamics of the electronic controller. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


Kp 
Power filter gain in pu 


Kw 
Speed filter gain in pu 


Kpp 
PI-controller proportional gain in pu 


Kip 
Pl-controller integrator gain (=1/time constant, sec.) in pu 


Tp 


Power filter time constant in sec. 


ETAP 8-400 
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Tw 
Speed filter time constant, sec. 


Rmax 
Rext output max limit 


Rmin 
Rext output min limit 
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8.31.6 Type 3 — Aerodynamics / Rotor Page 


This page contains the fields used to define the aerodynamic or rotor properties. 


em ee SS mm [ose 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Cut-in Speed 
Minimum wind speed in m/s for turbine to generate power 


Cut-out Speed 
Maximum wind speed in m/s for turbine to generate power 


Air Density 
Air Density in kg/m43 
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Rated Speed 
Turbine rated wind speed in m/s 


Rotational Speed 
Rotor/Turbine rated RPM 


Swept Area 
Rotor swept area in M2 (pi*(D/2)2 for horizontal type of turbine) 


Rotor Diameter 
Rotor diameter in meters 


Pitch Angle 
Rotor blade pitch angle in degrees 


Inertia 
Turbine WR“2 in lb-ft42 or kg-m/2 based on system unit 


Kaero 
Aerodynamic gain in pu 


Theta2 
Blade pitch angle in degrees 


Theta0 
Initial blade pitch angle in degrees 
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8.31.7 Type 3 — Dyn Model Page 


This page has fields required to define the dynamic model of the induction generator. 


Turbine / Generator | Aerodynamics / Rotor | Dyn Model | Pitch Control | Controls 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


xX? 
Generator effective reactance, pu on Gen MVA base 


T1 
First generator time constant in seconds 


T2 
Second generator time constant in seconds 


T3 
Third generator time constant in seconds 


Lvpl1 
Low voltage power logic point 1 
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Lvpl2 
Low voltage power logic point 2 


zerox 
LVPL characteristic zero crossing, pu 


brkpt 
LVPL characteristic breaking point, pu 


rrpwr 
LVPL ramp rate limit, pu 


Lvplsw 
Low voltage power logic switch Connect (1) / Disconnect(0) 
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8.31.8 Type 3 — Pitch Controller Page 


This page contains the fields used to define the dynamics of the pitch controller. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Kpp 
Pitch control proportional gain, deg./pu speed 


Kip 
Pitch control integrator gain, deg./pu speed-sec 


Kpc 
Pitch compensator proportional gain, deg./pu P 


Kic 
Pitch compensator integral gain, deg./(pu P-sec.) 
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PImax 
Maximum pitch angle, deg. 


PImin 
Minimum pitch angle, deg. 


Tp 
Blade response time constant, sec. 


Pset 
Power set point in pu 


Wmax 
Pitch control anti-windup upper limit 


Wmin 
Pitch control anti-windup lower limit 


Pmax 
Pitch compensator anti-windup upper limit 


Pmin 
Pitch compensator anti-windup lower limit 


Pirate 
Pitch rate limit, deg./sec. 
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8.31.9 Type 3 — Controls 


This page contains the fields used to define the dynamics of the electronic controller. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 

The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 

Kiv 

Integral gain in voltage regulator (pu Q/ pu V sec) 


Kpv 
Proportional gain in voltage regulator (pu Q/ pu V sec) 


Kqi 
Reactive control gain (pu Q/ pu V sec) 


Kqv 
Terminal voltage control gain, pu V/pu Q 


Fn 
Fraction of WTG in Wind Plant that are on-line 


Tr 
Voltage transduce time constant, sec. 
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Tv 
Proportional path time constant, sec. 


Tc 
Filter time constant in voltage regulator, sec. 


Tp 
Power factor regulator time constant, sec. 


varflg 


Var control type flag (O=constant Q cntl; 1=use wind plant reactive power cntl; -1=use PF regulator) 


vitflg 


Voltage flag (1=use closed loop terminal voltage cntl; 0=bypass closed loop terminal voltage cntl) 


Qmax 
Maximum reactive power limit in voltage regulator, pu 


Qmin 
Minimum reactive power limit in voltage regulator, pu 


Vmax 
Maximum voltage limit, pu 


Vmin 
Minimum voltage limit, pu 


X1Qmax 
Terminal voltage regulator maximum limit, pu 


X1Qmin 
Minimum voltage regulator maximum limit, pu 
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8.31.10 Type 4 — Aerodynamics / Rotor Page 


This page contains the fields used to define the aerodynamic or rotor properties. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Kpp 
Proportional gain in pu 


Kip 
Integral gain in pu 


Kf 
Turbine feedback gain in pu 


Tpw 


Turbine time constant in second 
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Tf 
Turbine feedback time constant in second 


dPmx 
Maximum power change in pu 


dPmn 
Minimum power change in pu 
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8.31.11 Type 4 — Dynamic Model Page 


This page has fields required to define the dynamic model of the induction generator. 


Turbine / Generator | Aerodynamics / Rotor | Dyn Mode! | Controls 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


xX” 
Generator effective reactance, pu on Gen MVA base 


T1 
First generator time constant in seconds 


2 
Second generator time constant in seconds 


T3 
Third generator time constant in seconds 


Lvpl1 
Low voltage power logic point 1 


Lvpl2 
Low voltage power logic point 2 


zerox 
LVPL characteristic zero crossing, pu 
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brkpt 
LVPL characteristic breaking point, pu 


rrpwr 
LVPL ramp rate limit, pu 


Lvplsw 
Low voltage power logic switch Connect(1)/Disconnect(0) 
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8.31.12 Type 4 — Controls 


This page contains the fields used to define the dynamics of the electronic controller. 


MFR 
Displays the name of the manufacturer. 


Model 
Displays the name of the model. 


Notes 
Enter notes or description for the WTG model. 


Lock 

The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 

Kiv 

Wind Control regulator integral gain 


Kpv 
Wind Control regulator proportional gain 


Kqv 
V control integral gain 


Kgqi 
Q control integral gain 


Fn 
Fraction of WTGs in wind farm that are on the one-line 


Tr 
Wind Control voltage measurement time constant, sec. 


Tv 
Time constant in proportional path of WindCONTROL emulator, sec. 
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Tc 
Time constant between Wind Control output and wind turbine, sec. 


Tp 
Time constant in power measurement for PFA control, sec. 


varflg 


Var control type flag (-1=constant Q cntl; 1=use wind plant reactive power cntl; O=use PF regulator) 


pfaflg 
0=Q priority; 1=PF priority 


Qmax 
Maximum Q command, pu 


Qmin 
Minimum Q command, pu 


Vmax 
Maximum V at regulated bus, pu 


Vmin 
Minimum V at regulated bus, pu 


ImaxTD 
Converter current limit 


Lghl 


Hard limit on reactive current, pu 


Lphl 


Hard limit on real current, pu 


Pqflag 
P, Q priority flag (O=Q priority; 1=P priority) 


Vtl 
Vt point 1 (qmax) 


Vt2 
Vt point 2 


Iqmxv1 
Iqmxv point 1 


Iqmxv2 
Iqmxv point 2 
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8.32 Rectifier Library 


The Rectifier Library is set up in a similar manner to a file directory system. The hierarchical library 
structure stores levels or headers (i.e. Standard, Manufacturer, Model, etc.) each containing a set of 
attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as shown below. 


[ | — | 


Rectifier Library 
Librar ANSI Manufacturer Model Vdc/Un Type Size——Regulation 
7 Curve, 
| Manufacturer Model Vdc/Un Type Size Service & 
TEC Manufacturer Model Vdc/Un Type Size Efficiency 
e e e e e Curve 
e e e e e 
e e e e e 
Manufacturer Model Vdc/Un Type Size 


The Rectifier Library header consists of Standard —Manufacturer —Model — Vdc — Type. For each header, 
you can have unlimited records of Rectifier size, for which regulation curve and service & efficiency 
curve points can be defined. 
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8.32.1 Rectifier Library Editor 


[ods Nave | viertn | Tre] | 


DCTrain Uncontrolled 


The Rectifeir Library Editor can be accessed from the Library menu on the menu bar. Select the Library 
from the menu bar and select Converter -> Rectifier. This will bring up the Power Rectifier Library 
Editor. The fields of this Library Editor are described in this section. 
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Manufacturer 


Manufacturer 
Lists all manufacturers for rectifier filtered by the selected standard. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 

Displays a manufacturer web link or URL address. 

Add 

Select the Add button to enter the name of a rectifier manufacturer you wish to add to the library. 
Power Rectifier Library : Add x 
OTI created library a 


Man foster 
Ptomee 
Lk 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 


Enter the reference, if available, for the manufacturer. This field is provided for reference only and may 
be left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit the properties of new or existing manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 
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Power Rectifier Library : Edit Info x 


M]OTI created library (a 
Modo 
Rees 


Link https://etap.com/ 


Delete Manufacturer 
Delete 
To delete a selected rectifier manufacturer and all models provided by that manufacturer, select the 


manufacturer by highlighting it from the list provided and then click on the Delete button. ETAP will 
display a frame requesting that you confirm this request before deleting the selected manufacturer. 


Please Confirm 


Are you sure you want to delete this item? 


Lo} [cancet | 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


ETAP Library 


This entry is locked. Delete is not allowed. 


Copy 
To copy the selected rectifier manufacturer and all models provided by that manufacturer, select the 


manufacturer by highlighting it from the list provided and then click on Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 
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Copy Library: Mfr 


From 


To 


Model 


Model 
Model lists all the Model-Vdc/Un-Type, for the selected rectifier manufacturer. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Overload Class 
Displays the class for the selected rectifier model. 


Brand name 
Displays the brand name, if available, for the selected rectifier model. 


Reference 
Displays the reference, if available, for the selected rectifier model. 


Application 
Displays the reference for the selected rectifier model. 


Add 


Click on the Add button to enter the name of the rectifier model you wish to add to the library. 
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Power Rectifier Library : Add x 


Mandecee [Defend 


Rectifier Label 

Model Vde Type 
Unsealed 
Model Info 
MOTI Created Library a 


Ovelad Cas [Hea Taian Sevice ©] Repuain [Gane >| 
Reference [Datasheet 23 | Cataog  [CADTIODOOTE—_—_| 
cc 7 
Model Desctoion [RectfermodelferOC Tan —SSSSOS~S 
wien [SCS 


Manufacturer 
Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Vdc 


Enter the Vdc for the rectifier. This field is a required library parameter. 


Type 
Select the type of the rectifier from the list box. This field is a required library parameter. 


Overload Class 
Select the overload class of the rectifier from the list box. 


Regulation 
Select the regulation type of the rectifier from the list box. 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 
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Catalog #, Issue Date 
Enter the catalog number and catalog issue date. This field is provided for reference only and may be left 
blank. 


Brand Name 
Enter the brand name, if available, for the model. This field is provided for reference only and may be 
left blank. 


Description 
Enter the description for the rectifier model. This field is provided for reference only and may be left 
blank. 


Application 
Enter the application for the rectifier model. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left 
blank. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Edit Info 


You can edit properties of the new or existing model by highlighting it from the list provided and then 
clicking on the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for 
locked models. 
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Power Rectifier Library : Edit Info 
Marc @ 
Rectifier Label 


DCTrain 


Model Info 
MOTI Created Library [a 


Ovetoad Cos [Heow Teton Sevice | Reguaton [Cave | 


Reference | Datasheet 123 Catalog # [CA01303001E 


Model Description | Rectifier model for DC Train 


—— Ci‘ 


Delete Model 


Delete 


To delete a specific rectifier model select the model by highlighting it from the list provided and then 
click on the Delete button. The model will be deleted from the list after you confirm the request. 


Please Confirm 


Are you sure you want to delete this item? 


a | 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 
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ETAP Library 


This entry is locked. Delete is not allowed. 


Copy 

Copy a rectifier model by selecting the model by highlighting it from the list provided and then clicking 
on the Copy button. The selected model will be copied to the same or different manufacturer with the 
user-specified Model name, Vdc and Type. 


Copy Library: Rectifier 


Help 
Open the Help file for the Rectifier Library. 


Close 
Close the Rectifier Library Editor and save all changes. 
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8.32.2 Edit Parameters 


Select a model and click on the Edit Parameters button to open the Parameters Editor. The Parameters 
Editor allows you to specify available sizes for the selected rectifier model, along with curve points. You 
can Add, Edit and Delete the data using the Add and Delete buttons. 


The different fields in the Parameters Editor for entering data are described below. 


Power Rectifier Library : Edit Parameters x 


== SS 


DC 


a 
z—— === 
>, so EA Ce 


Standard 
Displays the selected standard. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Vdc 
Displays the DC voltage for the selected rectifier model. 


Regulation Character 
Displays the regulation type for the selected rectifier model. 


kVA 
Enter the kVA rating of the rectifier. 
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Vac 
Enter the rated AC voltage of the rectifier in kV. 


FLA 
Enter the rated AC full load current of the rectifier in amperes. 


kW 
Enter the DC kW rating of the rectifier. 


Adc 
Enter the Adc of the rectifier. 


Vmax 
Enter the maximum voltage of the rectifier. 


Vimin 
Enter the minimum voltage of the rectifier. 


Connection 
Select the connection type of the rectifier. 


Pulses 
Select the number of pulses of the rectifier. 


Cooling 
Select cooling type of the rectifier. 


Rectifier Characteristic Curve 


Click on the Curve button for rectifier to open the rectifier characteristic curve window. The Rectifier 
Characteristic Curve Editor allows you to define the regulation curve and service & efficiency curve of 
the rectifier. 


Manufacturer 
Displays the selected manufacturer name. 


Model 
Displays the selected model name. 


Vdc 
Displays the DC voltage for the selected rectifier model. 


Regulation Curve 
Enter the current in Amps or %FLA and voltage in volts. You can Add, Edit and Delete data using the 
Add, Delete, Copy, Paste and Sort buttons. 


Amps and %FLA 
Select unit of current in Regulation Curve. 
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Service & Efficiency Curve 
Enter the loading percentage, efficiency in percent, time in minute and periods. You can Add, Edit and 
Delete data using the Add, Delete, Copy, Paste and Sort buttons. 


Curve ID, Revision 
Enter the curve ID and revision date for the curves, for the selected rectifier. 


Notes 
Enter notes for the curves of the selected rectifier. 
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Chapter 9 


One-Line Diagram GUI 


ETAP provides an easy to use, fully Graphical User Interface (GUI) for constructing one-line diagrams. 
Here you can graphically add, delete, relocate, connect elements, zoom in or out, display grid off or on, 
change element size, change element orientation, change symbols, change equipment/device color, create 
personalized viewing themes, hide or show protective devices, enter properties, set operating status, etc. 


{Study View (Edit Mode) - ETAP 14.0.0 = Ll 
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For Help, press Fi 


When you create a new one-line diagram presentation, you are initially in Edit Mode with the 
configuration status set to Normal, the default condition. The Grid and Continuity Check are both 
switched off. If you open (activate) an existing one-line diagram presentation, it opens with all the 
attributes set that were saved last, i.e., mode (Edit, Load Flow, Short-Circuit, Motor Starting, etc.), 
configuration status, display options, view size, and view location as the initial condition. 


When you create a new project, a one-line diagram presentation is automatically created with an ID 
(name) equal to the ID of the default one-line diagram, appended with a unique number. To create a new 
one-line diagram presentation within an existing project, click on the New Presentations button on the 
Presentation toolbar, as shown below. 
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. Ey [Study view * Study View + “- Normal 


Click here to create a 
copy of your one-line 


You can change the ID (name) of a one-line diagram presentation from within the System Manager (to 
expand the presentations tree, right-click on the one-line diagram, and select properties from the menu), 
or by double-clicking in the background of the one-line diagram presentation. 


ETAP’s electrical system diagram is a one-line representation of a balanced three-phase system. This 
one-line diagram is the starting point for all of your studies. You can graphically construct your electrical 
system by connecting the buses, branches, motors, generators, and protective devices in any order from 
the One-Line Diagram Edit toolbar. You can connect elements to buses graphically (by dragging lines 
from the device element) or by using the Info page of the Device Property Editor (double-click on the 
element and its property editor will open). Using these editors you can assign the engineering properties 
of the element, such as its ratings, settings, loading, connection, etc. You can also elect to set the defaults 
for each element prior to placing them in the one-line diagram to minimize the time required for data 
entry. 
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9.1 Edit a One-Line Diagram 


In this section, some of the most common functions of the graphical user interface for the one-line 
diagram are explained. The detailed instructions provided here will assist you in creating and editing 
your one-line diagram presentation. 


9.1.1 Mouse and Keyboard Functions 


Key 
A key on the keyboard is represented by its name enclosed in a pair of triangular brackets. For example, 
the Control key is represented by <CtrI>. 


Click 
Place the mouse cursor on an object or button, and then click the left mouse button. Click is used to 
select an element in the one-line diagram, add elements from the toolbars, etc. 


Right-Click 
Place the mouse cursor on the object, and then click the right mouse button. For example, right- 
clicking on an element in the one-line diagram brings up a menu. 


Double-Click 

Place the mouse cursor on an object or button, and then click the left mouse button twice rapidly. For 
example, double-clicking on an element in a one-line diagram brings up the Property Editor for that 
element. For composite networks and motors, double-clicking brings up the nested one-line diagram for 
that composite element. 


<Ctrl> + Click 


Place the mouse cursor on the object, then, while pressing the <Ctrl> key down, click the left mouse 
button. Use <Ctrl> + click to select or deselect one-line diagram elements. 


ETAP 9-3 ETAP 19.0 User Guide 


One-Line Diagram Edit 


34.5 kV 
Main Bus 
-2.5% TapP 
Te 
a 


—T 10 MvA 
<Shift> + <Ctrl> + Click 


Place the mouse cursor on a cable; then, while pressing the <Shift> and <Ctrl> keys down together, 
click the left mouse button to drag a cable from the one-line diagram to an Underground Raceway 
System (UGS) or vice versa. Use <Shift> + <Ctrl> + click to place one-line cables in conduits or 
locations in the underground raceways. 
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Drag 
Place the mouse cursor on an element, click and hold the left button down, drag the mouse to the 
required position while keeping the left button down, then release the left button to place the element. 
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1i50 


Selecting 

Make sure the mouse cursor is not on any element; click and hold the left button down. Drag the 
mouse to the required position while keeping the left button down, and then release the left button. You 
will see a rectangle marked with dotted lines indicating the area that you have selected. This is used for 
selecting a group of elements. 
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Drag and Drop 

Drag and Drop is the ability to copy elements using the mouse within an ETAP project and, in one mouse 
motion, paste the elements onto an accepting location within ETAP. Drag and Drop is used in ETAP 
only for copying elements (but not for cutting or purging elements). 


Drag and Drop is implemented in the following manner: 
1. Select the elements to be dragged and dropped. 


2. Using Shift + Ctrl + Left-Mouse depressed, drag the elements to the desired location. 
3. Release the element in the desired location by releasing the Mouse-Left button. 


MtrZ2 Mtr? 
2500 HP i500 HP 


Drag and Drop can be performed between the following ETAP views: 


OLV to OLV 

OLV to Dumpster 

Dumpster to OLV 

UGS (Complete Raceway) to Dumpster 
OLV to ETAP Star 

ETAP Star to OLV 

OLV to UGS 

UGS to OLV 

OLV to Composite Network 
Composite Network to OLV 


Note: Elements cannot be dropped onto an OLV view that is in Study Mode. 
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9.1.2 Right-Click Menu Structure 


The general right-click menu now provides additional logic and consistency to help simplify the context 
menu experience throughout ETAP. 


| (A Bi... 


Cut Ctrl+X 
Copy Ctrl+C 
Paste Ctrl+V 
Move From Dumpster Ctrl+Shift+V 
Template » 
Size +/-> 
Symbol » 
Colors » 
Alignment » 
Rotate Ctrl+R > 
Connector > 
Group Ctrl+G/U 

Closed 

| In Service 

State » 
Classification > 

Visible, PD 

[] Lock 

| Info Annotation r 

Datablock » 
Trace r 
Find in... Ctrl+F > 
Hyperlinks > 
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Menu Title 


This top entry of the menu indicates what the below options will apply to. Typically this is the ID of the 
element that is either highlighted or the object that was right-clicked. Clicking this option will open the 


editor of the specified element/object. 


(A el... 


Multiple Elements 


Note: When multiple elements are highlighted this option will indicate such and be disabled as it will not 


launch any editor. 


Unique Dependant Options 


Some options appear at the top of the menu right below the title only under specific conditions such as 
when in a certain mode, presentation, or with a certain element in the selection. 


Cut Ctrl+X 
Copy Ctrl+C 
Paste Ctrl+V 


Move From Dumpster Ctrl+Shift+V 


Template 


Mode Specific 
Edit Mode 
e Cut 
e Copy 
e Paste 
e Move From Dumpster 
e Template 


Presentation Specific 
Star View TCC 
e Remove from TCC 


Element Specific 
Bus (in SC, AF, Star) 
e = =Fault 


Push Button (in CSD presentation) 
e Push to close 
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GUI tools 


These are the commonly used options for manipulating the appearance or interaction of the elements on 
the OLV. 


Size +/-> 
Symbol r 
Colors > 
Alignment r 
Rotate Ctrl+R > 
Connector r 
[] Group Ctrl+G/U 


Size / Thickness 
Select a number size (or bus thickness) to apply to the highlighted element(s) 


Symbol 


When a single element is selected this option will display the available symbol options for this element. 
When multiple elements are selected the following options apply the selection: 


ANSI 
Change all selected elements to the ANSI standard symbols 


IEC 
Change all selected elements to the IEC standard symbols 


Global Substitution 
Launch Global symbol substitution window 


Colors 


Normal 
Change the colors of the selected element(s) to the normal setting per display options and theme manager 


Custom 
Change the colors of the selected element(s) to a user defined custom setting 


Alignment 


Alignment type 1 
e Straight Alignment (Auto Build OFF) — When a single non-bus element is selected, this option 
will align all connections to the selection up until any bus 
e Bus Horizontal Alignment (Auto Build OFF) — When 1 or more buses are selected, this option 
distributes the downstream connections evenly across the length of the bus 
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e Bus Horizontal Alignment (Auto Build ON) — When 1 or more buses are selected, this option 
distributes the downstream connections based on rulebook Adjacent Element spacing 


Alignment type 2 
e Bus Horizontal & Vertical Alignment (Auto Build OFF) — When 1 or more buses are selected, 
this option distributes the downstream connections evenly across the length of the bus and applies 
compact spacing between connected elements 
e Bus Horizontal & Vertical Alignment (Auto Build ON) — When 1 or more buses are selected, 
this option distributes the downstream connections based on both rulebook Adjacent Element 
Spacing and Element Connection Spacing 


Horizontal Alignment 
Align selected elements horizontally to center of the anchor 


Vertical Alignment 
Align selected elements vertically to center of the anchor 


Top Alignment 
Align selected elements to the top of the anchor 


Bottom Alignment 
Align selected elements to the bottom of the anchor 


Left Alignment 
Align selected elements to the left of the anchor 


Right Alignment 
Align selected elements to the right of the anchor 


Space evenly across 
Distribute elements evenly in horizontal direction 


Space evenly Up & Down 
Distribute elements evenly in vertical direction 


Rotate 


90 
Rotate selection +90 degrees 


-90 
Rotate selection -90 degrees 


180 
Rotate selection 180 degrees 


Reverse Polarity 
Only enabled for CTs 


Mirror 
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Only enabled for CTs 


Connector 


Auto Route 
Redraw connector to shortest rectangular path between elements 


Diagonal 
Set connector to be diagonal or rectangular 


Bend line at cursor 
For diagonal connectors, enable to create bends with cursor 


Relocate Results 
Relocate composite network flow results 


Group 
Group or ungroup the selected elements 
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Status Options 


These are the options which change the editor properties of the selected element(s). The checkbox also 
indicates current status of the selection for that option. 


Closed, Position A 
Toggles the configuration of selected protective devices and switches 


In Service 
Sets selected element(s) to in or out of service 


State 
Sets the state of the selected element(s) 
e§ =6As-built 
e New 
e Future 
e Moved 
© Modified 
e Removed 
e Warehouse 
e Abandoned 
e Repair Shop 
e Other 
Classification 
Sets the bus area classification of the selected buses 
e Zone 
e Area 
e Region 
Visible, PD 


Allows protective devices connected between elements to be shown or hidden 


Lock 
Allows editor locking of selected elements 
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Annotation Tools 
These are the options used to manipulate displayed annotations and their positions 


Info Annotation 


e Save Position - Save info annotation positions for the selected element 
e Apply Position - Apply saved info annotation positions for the selected elements 
e Apply Globally - Apply saved info annotation positions to all elements of the same type 


Result Annotation 


e Save Position - Save result annotation positions for the selected element 
e Apply Position - Apply saved result annotation positions for the selected elements 
e Apply Globally - Apply saved result annotation positions to all elements of the same type 


Datablocks 


e Show - Allows Datablocks of the selected elements to be shown or hidden 

e Move with element — When checked (or unpinned to the OLV), Datablocks will move with the 
elements when they are repositioned or aligned. When unchecked (or pinned to the OLV), 
Datablocks will NOT move with the element and can only be manually repositioned 

e Save Position - Save Datablock positions for the selected element 

e Apply Position - Apply saved Datablock positions for the selected elements 

e Apply Globally - Apply saved Datablock position to all elements of the same type 


Navigation Tools 


These options are used to move through the ETAP presentations 
Trace 


Upstream - Highlight connection paths upstream to source from the selected element 
Downstream - Highlight connection paths downstream to load from the selected element 
Point to Point - Highlight connection path between the two elements 

Clear - Remove existing trace 


Find in 
Locate selected element in another presentation 


Hyperlink 


Lists Active hyperlinks in presentation or for selected element 
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9.1.3 Add Elements 


Every element in ETAP requires a unique ID. ETAP includes a Name Manager, which insures that the ID 
of all elements, presentations, Star Views, configuration status, study cases, underground raceway 
systems, etc. are unique. When you add a new element, the Name Manager automatically assigns an ID 
to it by appending a number to the default ID of that element. Device elements are numbered sequentially 
by type (Fuse 1, Fuse 2, etc.). When an element is deleted from the OLV it is moved to the Dumpster, but 
its ID will still be in use until it is purged from the Dumpster. 


Bus 
O ky 


alla 11 
ory OMVA 


Bus ID = (Default ID) + (A Unique Number) = Bus + 1 = Bust 
When you add an element, it is initialized with the default values. You can modify the default values for 


each element either by selecting Defaults from the menu bar or from the components list in the System 
Manager. 
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ETAP 


Defaults | Tools RevControl Real-Tir 


Display Options 
Plot Options 
Text Box... 


Presentations 


Bus... 

Branch 

Load / Motor / Shunt 
Source 

Panel... 

Phase Adapter... 


Grounding/Earthing Adapter... 


Switching Device 
Meter 

Relay 

Overload Heater... 


Instrument Transformer 


AC-DC Interface 


DC Elements 


DC Control System Elements 


AC Control System Elements 


eTraX 
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Add One Element 


Left-Click on an element symbol on the Edit toolbar, then move the cursor to the one-line diagram and 
click again to drop it. It is unnecessary to hold the mouse button down when moving the cursor. 


Left-click and release the click. 
The cursor will change to resemble 
the selected element. 

Click anywhere on the one-line to 
add the element. 


Add Multiple Elements 

To add an element to your one-line diagram, click on any of the device element buttons on the Edit 
toolbar. Notice how the cursor changes its shape to that of the element’s icon. Now you can drag and 
drop that element in any position on the one-line diagram by clicking the mouse. After dropping the 
element, the cursor returns to its original arrow shape. 


Double-click on an element on the Edit toolbar to add multiple copies of the same element to the one-line 
diagram. As you click the mouse, a copy of the selected element will be placed at each location. 


Rules 

e Elements can be added only in Edit Mode, i.e., they CANNOT be added in any Study Mode. 

e Elements can be added when Base Data is active, i.e., they CANNOT be added when any Revision 
Data is active. 
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9.1.4 Select & Deselect Elements 


Click on an element to select it. Click anywhere in the one-line diagram or in an underground raceway 
system to deselect the element. Use <Ctrl>+Click to select or deselect any element. 


To select an element, click the left mouse button while the cursor (arrow shape) is on top of the element. 
When an element is selected, it is shown in red. To select multiple elements, you can either press 
<Ctrl>+Click to add or delete elements to the selected group, or rubber band a group of elements. 


To select a group of elements, click the left mouse button where there is no element and drag the mouse. 
It will show you a dotted rectangle. When the mouse is released, all elements completely inside the 


rectangle will turn red. 


To select a group of elements, highlight the elements or the entire one-line diagram using the mouse. To 
select other elements or deselect elements from the highlighted group use <Ctrl> + Click 


When an element is selected, its color is shown in red. Deselected AC elements are displayed in black 
and DC elements in blue. 
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9.1.5 Auto Select 


ETAP implements an intelligent and proactive auto select feature that is time saving and intuitive. Use 
the Alt button and the left mouse click together to select multiple elements in an instant. Please see 
Appendix A reference chapter for details. 


Alt + Left Mouse Click on a bus 

If a bus is selected and the ALT key is pressed, then ETAP will automatically select all the loads 
connected to the bus. All protective devices connected to those loads will also be selected. If there are 
branches connected to the bus, the branch components within a bounding box will be selected as well. In 
the below example, the purple text box shows the bounding box for a low voltage bus. There is a breaker 
and transformer T3 that fall within the bounding box, hence they will be selected. 


Note: The bounding box is configured to be the same distance around the element as the element ID's 
adjustable radius. 
Sub3 Swgr Sub3 Swgr 


73 73 
M4} 750 kVA 


) CB40 


LVBus LVBus 
0.48 kV (a 
) § ) | cB41 ') i. cB42 ) cB44 ) 
syn2 Load1 LUMP1 MoyV1 3 a 
150 HP 280 kVA 220 kVA 15 HP aa a 


Alt + Left Mouse Click on a load 
When the ALT key is pressed and a load is selected, ETAP will automatically select all devices connected 
to the load up to the bus. 


Sub3 Swgr 


. T3 
aye () 950) RVA 


il Load] LUMP1 MOV ae Load1 LUMP1 MOV1 
C) 380 kVA O KVA 15 HP 3 280 kVA 220 kVA 15 HP 
m2 “gynz’ 
150 HP 150 HP 


Alt + Left Mouse Click on a load PD 

The Auto select function can also be used on any load protective device. All elements in a straight line 
with the protective device will be highlighted when Alt + left mouse click is used on the protective 
device. The picture below shows the Auto Select function used when the devices are not in a straight 


ETAP 9-18 ETAP 19.0 User Guide 


One-Line Diagram Edit 


line. ETAP highlighted the breaker and the contactor after Alt + Click was used on the breaker. This 
gives the user the ability to quickly select those two elements and drag them in line with the overload 
heater, cable and motor. 


Sub3 Swgr gs Swgr 
73 3 
oiQ750 kVA 444750 KVA 
cp40 |) cB40 |) 
0.48 kv 0.48 kv 
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syn2 Loadl LUMP1 MoV1 Syn2 Loadl LUMP1 Mov. 


Alt + Left Mouse Click on a branch or branch PD 

If the ALT key is pressed and a branch is selected, then ETAP will automatically select all the 
components connected to the branch in a straight line between the “from bus” and “to bus” of the branch. 
If the elements are not in a straight line, ETAP will stop the auto select function at the last inline element 
as done with the load pd shown above. 


Note: Using the Auto Select function on a branch pd will perform the same results as using the Auto 
Select function on a branch. 
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Page Up 
Jump from the selected element to the upstream bus, selecting and highlighting all elements in between. 
When parallel paths exist, all elements in the parallel path will be selected. 


Page Down 


Jump from the selected element to the downstream bus, selecting and highlighting all elements in 
between. When parallel paths exist, all elements in the parallel path will be selected. 
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9.1.6 Connector Routing 


ETAP allows you to specify the connector routing, i.e. orthogonal or diagonal. Orthogonal connector 
implies that the connector bends at right angles only. Diagonal connector implies that the connector can 
bent at any angle. In order to switch between orthogonal and diagonal connector options you may utilize 
the right-click option. 


If an individual connector is selected, then right-click on that connector and go to the connector option to 
switch between orthogonal or diagonal. If a group of connectors is selected then right-click outside the 
one-line diagram (blank space) and go to the connector option. See figure below for example. 


Xfmr03 
10/5/3 MVA 


Xfmr03 
10/5/3 MVA 
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Bend Line at cursor 


Relocate Results 
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Orthogonal Connector Diagonal Connector 
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9.1.7 Bus Connection Points 


Displaying connection points to buses can help more clearly illustrate the electrical junction points on the 
OLV. The display of these points can be configured using the Tools > Option (Preferences). 


Options (Preferences) x 
)41|Sm af oo 
> Load Flow a 
> Motor Starting 
vy One-Line 

Bus Connection Point 

Bus Connection Point Shape 2 

Bus Result Annotation Orientation 345 

Composite Network - Thumbnail Image Quality 50 

Connector Line Jump True 

Connector Thickness, Element Symbol Thickness 1 

Default Bus Width 8 

Device '21' Text 21 

Device '27/59' Text 27/59 v 
Bus Connection Point 


Enable to show connections on a bus using graphical shapes. These options also control the behavior of the bus connection shapes 
ee inout of the diagram. 0 - disabled, 1 - Fixed size, 2 - 100% thicker than bus, 3 - 150% thicker than bus, 4 - 200% thicker 


Help Boly Cancel 

Options (Preferences) x 
S|Sma at oO 
> Load Flow a 
> Motor Starting 
vy One-Line 

Bus Connection Point 1 

Bus Connection Point Shape 

Bus Result Annotation Orientation 345 

Composite Network - Thumbnail Image Quality 50 

Connector Line Jump True 

Connector Thickness, Element Symbol Thickness 1 

Default Bus Width 8 

Device '21' Text 21 

Device '27/59' Text 27/59 v 
Bus Connection Point Shape 


Specify the shape shown graphically on bus to indicate a connecting point. 1 - Square, 2 - Round (default), 3 - Triangle, 4 - Diamond. 


Help Apply Cancel 
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9.1.8 Connector Line Jump 


Intersecting connectors on the OLV can be configured to show as line jumps through the Tools > Option 
(preferences) menu. Use this setting to more clearly illustrate where connections are not made. 


Options (Preferences) x 
2¢)/|Su 8 oo 

> Load Flow a 
> Motor Starting 
v One-Line 

Bus Connection Point 1 

Bus Connection Point Shape 2 

Bus Result Annotation Orientation 345 

Composite Network - Thumbnail Image Quality 50 

Connector Line Jump True v 

Connector Thickness, Element Symbol Thickness 1 

Default Bus Width 8 

Device '21' Text 21 

Device '27/59° Text 27/59 ¥ 
Connector Line Jump 


Show graphical equipment line jump on vertical and horizontal connectors crossing. True = Enabled. 


Help Apply EEE 
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9.1.9 Element & Connector Weight 


ETAP allows you to customize the line weight of the symbol and connector by utilizing the line weight 
options in Options (Preferences). Go to the Tools menu in order to access the Options (Preferences) editor 
or utilize CTRL+K keyboard shortcut. 


ETAP allows you to configure the element symbol & connector thickness. 


Options (Preferences) x 
2\2/|Sa a Bo 


fata) 
4 


iivvvvvvyvyvyvyvy 


Composite Thumbnail Quality 
> 
Default Bus Width 8 
Device '27/59' Text 27/59 
Device "32° Text 32 
Device ‘49° Text 49 
Device 79° Text 79 
Device ‘81° Text 81 
Device ‘87 Text 87 
Device ‘A’ Text A . 
ee 2 ae ee dat» 

Connector Thickness, Hement Symbol Thickness 

Set connector line and element symbol thickness between 1 to 5 


Helo) [Pe cae 


Typically both values should be set equal in order for the one-line diagram to have a uniform line weight. 
The default value for the line weight is 1; however, it may be set between 1 through 5. A good default for 
print is 2. 
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9.1.10 Element & Connector Colors 


You can customize the colors of all elements and connectors by assigning their colors using the Theme 


Editor or the Theme toolbar. 


For example, if you want to color code your system based on ‘review required’ you can identify certain 
corresponding regions in the system, highlight the appropriate components, right-click anywhere in the 


blank space and the following menu will be available. 


Multiple Elements 


Cut 

Copy 

Paste 

Move From Dumpster 
a4. Template 

Size 

Symbol 

Colors 

Alignment 

Rotate 


Connector 
13.8 % Cll esemes 
Closed 
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State 
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Visible, PD 
Lock 
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Om 


Load. Info Annotation 
Datablock 


Trace 
Find in... 


Hyperlinks 


Ctrl+X 
Ctrl+C 
Ctrl+V 


Ctrl+Shift+V 


Ctrl+R > 
> 


Ctrl+G/U 


Ctrl+F > 
> 


ETAP Tutorials 


Hyperlink for etap.com 


Click on Custom and select the appropriate color you wish to use. Alternatively custom colors can be 
added to the one-line diagram by utilizing the custom color button from the Theme toolbar. 


© ETAP (Default) 


J Colors Custom 


Change selected components color to 
custom 


When Colors Custom is clicked, the following standard color palette is displayed for the user to select a 


pre-defined color or mix a new color. 
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If a region is selected where there the color coding is based on normal theme color and custom color then 
the right-click option and theme toolbar will change as follows. 
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9.1.11 Relocate Elements 


To drag an element or group of elements to a new location, first select the elements that you wish to 
move. Selected elements are indicated in red. Move the cursor on top of the selected elements, click and 
hold the left mouse button as you place them in the desired position, and then release the mouse button. 


Relocate a Single Element 
Select an element and move the cursor over it; the cursor changes shape to a move symbol. Drag the 
element to a new position and release the left button. 


Relocate a Group of Elements 
Select the elements that you wish to relocate, move the cursor on top of the selected elements so it 
becomes a move symbol, and then drag the selected elements to a new position. 


9.1.12 Connect Elements 


Each element has one or more (up to 20) pins. A pin is a graphical tool (represented by a small, red 
square indicating the connection point) to connect elements together. The following is a list of elements 
and their pins: 


e Sources (synchronous generator, power grid, and battery) have one pin. 

e Loads (synchronous motors, induction machines, DC motors, static loads, MOVs, capacitors, filters, 
etc.) have one pin. 

e Branches (2-winding transformers, lines, cables, impedances, reactors, etc.), protective devices (high 

& low voltage circuit breakers, fuses), and relays have two pins. 

Three-winding, potential, and current transformers have three pins. 

Switching devices have two pins. 

Double-throw switches have three pins. 

Overcurrent relays and ammeters have two pins. 

Voltmeters, voltage relays, and frequency relays have one pin. 

Composite motors have one pin. 

Composite networks have unlimited pins. 

Converters (DC converters, chargers, inverters) have two pins. 

Buses are considered to be one long pin (continuous pins along their length). 


Connect Element to Bus 


e Place the cursor over the pin of an element (pin appears in red). Click and drag the mouse to a bus. 
When the bus turns red, release the left button. 

Drag an element and place its pin on a bus. 

Drop a new element with its pin on top of a bus. 

Buses are considered to be one long pin. Connections are always made from elements to buses. 
Relays cannot be connected to buses. 

Only one pin of an element can be connected to the same bus. 
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Connect Element to Element 


You can graphically connect elements by moving the cursor to the end of an element until the connection 
pin is highlighted in red. Click and drag the mouse to a bus or protective device and release the mouse 
button when the bus or the connecting pin also turns red. 


e Place the cursor on the pin of an element. Click and drag the mouse to the element you wish to 
connect. When the latter element’s pin turns red, release the left button. 
e Drag & drop a protective device with its pin placed on top of the pin of any branch or load element. 


e Drag & drop a protective device onto a connection. 
e Branches CANNOT be connected to each other; ETAP automatically inserts a bus between them. 


whe os ¥. Conee 


Cablei7? Cablei? 


e Branches CANNOT be connected to loads, utilities, composite motors, and composite networks. 


Bus1 


“ 


0 MVA 


e Relays can only be connected to current transformers (CT) or other relays. 
e You CANNOT directly connect two buses with a connector or current transformer. 
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9.1.13 Auto Connect 


Auto Connect is a tool added to Edit mode in order to increase the efficiency and convenience of connect 
or disconnect the AC and DC elements on one-line. This tool is providing the following features: 


Automated selection of available pins for connection 

Auto connection of selected element to closest highlighted element 

Automated selection of available pins from the new dropped element 

Automated availability of connection line for connection to other elements 
Automated disconnect and reconnect of existing connection line between elements 


Activation Button 

The Auto Connect button is available in Edit Toolbar as can be seen below and becomes active with green 
background color when pressed. This button can be pressed again to be deactivated when the green 
background color is displayed. 


Adding New Element 


The behavior and steps of adding new elements to the one-line works differently when the Auto Connect 
button is active, i.e. the color of the cursor is turned into red to represent the Auto Connect mode and 
connection lines are provided for any new element except bus as explained below. 


After selection of element from the Edit Toolbars, it is attached to cursor as usual for drop in the one-line 
but the next left-clicks on the mouse would behave as follows. 


If one of the new element pin is adjacent to another connectable pin or bus then: 


e The adjacent element becomes highlighted to represent the possible connection. 

e 1“ click makes the connection and element will be still attached to cursor. 

e 2" click drops the element on one-line and dynamic connection line is provided for the other pin, 
if there is any other available pin. 

e Next click will connect the connection line to next element till there is no remaining pin. 


ETAP 9-29 ETAP 19.0 User Guide 


Edit 


One-Line Diagram 


Busl Busl Busl Busl Busl 
- 
i os 
an 
T1 | a LAAAS T1 
2 \ 1 
Bus2 


Bus2 


If none of the element pins are adjacent to another connectable pin or bus then: 


e 1% click drops the element on one-line and the cursor becomes end of dynamic connection line. 

e 2™ click makes the connection with next element and cursor becomes end of dynamic connection 
line to other pin of new element, if there is any other available pin. 

e Next click connects the other connection line to next element till there is no remaining pin. 


Busl Busl Busl Busl 
uy [ i t2 L T2 
_ ae - : 
Bus2 Bus2 Bus2 Bus2 


If the new element selection button on Edit Toolbar is double clicked for multiple insertion of the same 
element, then above steps will be repeated for next element insertions on one-line again. 


Left-clicking on blank space will terminate the automated provision of connection lines when such 
connection line belongs to last pin of the new element. 
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Auto Disconnect and Reconnect 


The Auto Disconnect and Reconnect provides convenience and efficiency in disconnecting a connection 
line from already connected element and reconnecting it to another element as explained below. 


Double left-clicking on any connection line will disconnect that connection line from the connected 
elements and cursor becomes end of dynamic connection line based on following rules: 


e If the connection line is between element and bus then it is disconnected from the bus end. 


Bus1 Bus3 Bus1l Bus3 Busl Bus3 


Cablel Cable Cablel 


Bus2 Bus2 Bus2 


e If the connection line is not between an element and bus then it is disconnected from the farther 
pin to double click location. 


Busl Bus3 Busl Bus3 Busl Bus3 Bus1l Bus3 


— = —T— 
Fusel f) Fuse2 Fusel f] Fuse2 Fusel Fuse2 Fusel 4 {| Fuse2 
: -) ; : 


> 


ko cablel & 3 Cablel 4 Cablel 


$  Cablel 
l 


Bus2 Bus2 Bus2 Bus2 


ETAP 9-31 ETAP 19.0 User Guide 


One-Line Diagram Edit 


9.1.14 Voltage (kV) Propagation 


Whenever two elements are connected together ETAP will identify all devices in the connection path that 
have a null value for nominal / rated kV. Once identified, ETAP will automatically update them based on 
the upstream or downstream voltage. Voltage (kV) propagation considers any remote connectors in the 
system during the propagation. The following are some examples of voltage propagation throughout the 
one-line diagram. 


Connecting a Transformer to a Bus 


Bus5 
Oo kV 


| T? 
AY O MVA 
474.16 kV 


Since Bus4 Nominal kV = 0, then Bus Nominal kV is set equal to connecting Transformer Rated kV = 
4.16 kV, in this case. ETAP will continue propagating the voltage through the rest of the system starting 
from Bus4. The result of this connection is shown below. 


Bus5 Bus5 
0 kv 24 kV 


alo 


Oo MVA T? 
24/4.16 kv 


iM O MVA 
"| 24/4.16 kv¥ 


Bus4 Bus4 
4.16 kV oO kV 
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Connecting a Branch (Cable, Line, X, or Z) to a Bus 


Bus4 
4.16 kV 


Cable, Line, X & Z Branch 
oO ft 


Bus8 
Oo kV 
T9 
Cable19 o/o/o MVA 
O £6 AN o/O/O kV 
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Since Bus8 Nominal kV on one side of the branch is zero and the other side is non-zero, ETAP will set 
Bus8 kV = Bus4 kV. Voltage will not be propagated from the primary side of the transformer to the 
secondary side since ETAP does not know upfront the turn ratio of the transformer. For DC systems, DC- 
to-DC converters behave in the same manner as transformers. 


Bus4 
4.16 kv 


Cable, Line, X & Z Branch 
oO ft 


Bus8 
4.16 kv a 
Line1 Cable19 |, 18 vw 0/0/0 MVA 
1 mile O ft 0 HVA ov 4.16/0/0 
4.16/0 kv 
Bus9 Busi0 | Busii Busi2 Busi3 Busl4 =: Bus15 
4.16 kv2-1© *¥4.16 kv 4-16 kv 0 kv 0 kv 0 kv 


Shown below is an example that uses AC and DC components to illustrate the most efficient points to 
start kV propagation. 


oO kV 
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Chargerl 
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Bus3 
4.16 kV 
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Cablez 
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See the section on Autobuild for voltage propagation for elements based on rule-book and voltage re- 


propagation. 
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The Remote Connector 


Two sections, section 1 and section 2, form the Remote Connector element. This Remote Connector 
allows you to connect elements together that are located in widely separated areas of the project, without 
having to run a long, continuous branch circuit cable connector between them, as indicated in the figure 
below. 


Bus? 
4.16 kV 


og 
T&[CL1] 


Bus? [CL1] 


TS 
10 kVA 


pay 
4.16/0.48 kV 


The Remote Connector Find Feature 

The Find Other End feature associated with the Remote Connector allows the user to quickly locate all 
elements connected to either section 1 or section 2 of the Remote Connector. Right-click on either 
section of the Remote Connector, and select Find Other End from the menu. The Program will 
automatically locate the other section of the Remote Connector, regardless of its location in the one-line 
diagram. 


Remote Connector - CL1 |S 


Side 1 Connection 
Protective Device [CB 20 


Side 2 Connection 
Protective Device [CB 28 
Element [17 


Bes Wa JD) BAL) (OX) [coneet 
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Insert Protective Devices (PD) 


You can insert a protective device on any connector path by dragging and dropping it on top of the 
connector. There is no limit to the number of protective devices that can be inserted and connected 
together. If a connector element icon is horizontal, the orientation of the protective device is 
automatically changed to 180 degrees and inserted in the connector path. If you later wish to change the 
orientation, right-click on the element and select Orientation from the menu that appears. You can select a 
new orientation from 0, 90, 180 and 270 degrees. 


In this example, a circuit breaker and fuse are inserted between Bus1 and T1. 


Bus1 
CB1 
Fuse 


T1 
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9.1.15 Cut, Copy & Paste 


Cut (Delete) 


Elements, along with their connectors, can be cut (deleted) from the one-line diagram and placed in the 
Dumpster. There are four methods to cut selected elements: 


e Select Cut from the right-click menu. 
e =Click on Edit on the menu bar and select Cut. 
e Click on the Cut button in the Project toolbar. 
e Press the Delete key on your keyboard. 
aX T4 —— 
1.5 MVA 
| 4, TA... 
) CBZ (4 5 CB22 
Busi Cut Ctrl+X Busi 
0.48 kV CBZ Copy Ctrl+C 0.48 kV ) CB23 
Paste Ctrl+V 
Move From Dumpster Ctrl+Shift+V 
DC System| Template ; DC System 
Cutting a Transformer using the Right-Click Menu 
Rules 
e Elements can be cut in Edit Mode only when Base Data is active. 
e Elements have to be selected before cutting. 
e To cut a connection, the connection has to be selected (click on it). 
e When a protective device in a connecting path is cut, the connector remains intact. 
e Hidden protective devices become visible when a connector is cut. 
e Section 1 and section 2 of the Remote Connector must be cut at the same time. 


When an element or group of elements is placed in the Dumpster, ETAP creates a new Dumpster Cell to 
hold them. ETAP assigns the name of the Dumpster Cell. When you cut an element or a group of 
elements, they are deleted from the one-line diagram and placed in the Dumpster with the same ID. The 
connections, properties, and status of the deleted elements are preserved. 
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Copy 


Elements, along with their connectors, can be copied into the Dumpster by one of three methods: 


e Right-click on an element and select Copy. 
e =Click on Edit in the Menu bar, and select Copy. 
e Click on the Copy button on the Project toolbar. 


Rules 

e Elements can be copied in Edit Mode only when Base Data is active. 

e Elements CANNOT be copied in a Revision Data. 

e You CANNOT copy a connector with hidden protective devices. 

e Section 1 and section 2 of the Remote Connector must be copied at the same time. 


When an element or group of elements is placed in the Dumpster, ETAP creates a new Dumpster Cell to 
hold them. ETAP assigns the name of the Dumpster Cell. When you copy an element or group of 
elements, they get copied into the Dumpster with new IDs. The connections, properties, and status of the 
duplicated elements in the Dumpster are preserved. 


Paste 


Use the Paste command to copy the selected cell from the Dumpster into the one-line diagram. Elements 
can be pasted from the Dumpster by three methods: 


e Right-click on the one-line diagram and select Paste at the cursor location. 
e Click on Edit in the menu bar and select Paste at the cursor location. 
e Click on the Paste button on the Project toolbar to paste at the top left corner of the one-line diagram. 


Rules 

e Paste can be done only in Edit Mode when the Base Data is active. 

e Paste CANNOT be executed if there are no Cells (element groups) in the Dumpster. 

e Paste will copy the active Dumpster Cell into the one-line diagram. You can change the active Cell 
by opening the Dumpster presentation (from the System Manager) and clicking on the Cell ID. When 
you cut or copy elements to the Dumpster, the newly created Dumpster Cell becomes the active Cell. 

e Dumpster Cells are not deleted after pasting. 

e You cannot copy part of a Dumpster Cell; the entire contents of a Cell are pasted. 

e You can paste the contents of any Dumpster Cell into any Composite Network. However, you cannot 
paste Cells that contain buses and branches into Composite Motors. 

e Section 1 and section 2 of the Remote Connector must be pasted at the same time. 


When you paste a Dumpster Cell, it gets copied into the one-line diagram with a new ID. The 
connections, properties, and status of the pasted elements are preserved. 
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Move From Dumpster 


Elements can be moved from the Dumpster into the one-line diagram with the same IDs by two methods: 


e Right-click on the one-line diagram and select Move From. 
e Click on Edit on the menu bar and select Move From. 


Rules 

e Move From Dumpster can be done only in Edit Mode when Base Data is active. 

e Move CANNOT be done if there are no Cells (element groups) in the Dumpster. 

e When you move a Dumpster Cell to the one-line diagram, the desired Cell needs to be active and it 
gets deleted from the Dumpster after being moved. 

e You can move any Dumpster Cell you desire by making it active from the Dumpster presentation. 
When you cut or copy elements to the Dumpster, the newly created Dumpster Cell becomes the active 
Cell. 

e You cannot move part of a Dumpster Cell; the entire contents of a Cell are moved. 

e You can move any Dumpster Cell into any Composite Network. However, you cannot move Cells 
that contain buses and branches into a Composite Motor. 

e Section 1 and section 2 of the Remote Connector must be moved from the Dumpster at the same time. 


When you move the contents of a Dumpster Cell into the one-line diagram, the IDs of the moved 
elements, along with the connections, status, and properties are preserved. 


9.1.16 Copy / Paste Bulk Data 


This feature provides the ability to copy property data of a single element to any number of other 
elements of the same type. 


Data Clipboard (Tabular approach) 


If only a single revision and device type is selected, choosing the “Properties” display option will also 
expose the Data Clipboard section. Please see Appendix A reference chapter for details regarding how the 
Data Clipboard is used in the Copy / Paste Bulk Data feature. 
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Right-Click (Graphical approach) 


From the OLV, use any selection method to choose the element to be copied as well as the all the 
elements to be pasted. Right-click the individual element from which the data will be copied from to 
display its context menu. 


Hold "Ctrl + Shift" 
and Left-Click this 
property option 


Visible, PO 
Otek 


Hold the “Ctrl + Shift” keys and left-click the top context menu option (the element property option) 
labeled with the ID of the element. A prompt will show requesting confirmation of action. 


" Square-D Square-D 
5 a LAL LAL 
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Shortcut (Shift + C) 


Then simply hold the “Shift” key and press “C” to copy the anchor element’s data to other selected 
elements of the same type. Please see Appendix A reference chapter for details regarding how the this 
shortcut is used in the Copy / Paste Bulk Data feature. 


Sub2A Sub2B 


Shift + C 


Cable23 
Cable22 


1-3/C 350 
1-3/C 350 


ABB 
25HKSA1000 
25 kA - 25 
63 kA Peak 
1200 A 


a a 


q 


Please Confirm 


1.01 kV 
Are you sure you want to replicate the properties of 'CB27' to other 
selected elements? 
Mtrs 
2000 HP 
Sub2A Sub2B 


Cable23 


Cable22 


1-3/C 350 
1-3/C 350 


ABB 
25HKSA1000 

25 kA - 25 kV 
63 kA Peak 
1200 A 


ABB 
25HKSA1000 

25 kA - 25 kV 
63 kA Peak 
1200 A 


ABB 


25HKSA1000 
AaB 25 kA - 25 kV 
254KSA1000 63 kA Peak 

25 kA - 25 kV 4200 A 

63 kA Peak 

1200 A 


ETAP 9-42 ETAP 19.0 User Guide 


One-Line Diagram Edit 


9.1.17 Element Size 


When an element is added into the one-line diagram, its default size is 3. To assign it to another size, 
right-click on the element to bring up a menu. Use the Size command to select a size (1, 2, 3, 4, or 5). 
The drawing below shows a 3-winding transformer that is changed from size 1 to size 5. 


AN 


Cut Ctrl+X 

Copy Ctrl+C 

Paste Ctrl+V 

Move From Dumpster Ctrl+Shift+V 

Template > 

Size +/-> 1 
Symbol r 2 
Colors Piiv||3 
Alignment V - 
Rotate Ctrl+R > 2 


Alternatively, element size can be changed globally by highlighting an area of the one-line diagram and 
right-clicking anywhere on the blank space of the presentation, selecting size and picking the new element 
size. This procedure is illustrated below. 


Multiple Elements 


Sub3 Swgr Cut Ctrl+X 
4.16 kV 
Copy Ctrl+C 
Paste Ctrl+V 
Move From Dumpster Ctrl+Shift+V 
Template » 
Size +/-> 1 
Symbol >| 2 
Colors » 3 
MCC 3A | 
Select Alignment » 4 
Rotate Ctri+R > =) 
Connector » 
Right click Comp Mtr C1 Group Ctrl+G/U 
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Bus Size may be controlled independently from all other components by using the Bus Size option in the 
menu shown in the figure above. 
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9.1.18 Element Symbols 


There are two families of graphic symbols (ANSI & IEC) available for one-line diagram elements. The 
symbols of some elements, such as buses, are the same for both standards. Symbols can be assigned for 
newly added elements or changed for any existing element. 


Symbol of New Elements 
When you add elements to the one-line diagram, ETAP uses the Project Standard for the ANSI or IEC 
symbol of the new element. Note that the Edit toolbar also reflects the selected Project Standard. 


Change Symbol of Existing Elements 
Right-click on an element to bring up the menu, use the Symbols command, and then select the ANSI or 
IEC symbol. 
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Cut Ctrl+X 
Copy Ctrl+C 
Paste Ctrl+V 
Move From Dumpster Ctrl+Shift+V 
Template » 
Size +/-> 
Symbol r 
Colors r 
Alignment » ao 
Rotate Ctrl+R > 
Connector ’ 


Alternatively, element symbols can be changed globally by highlighting an area of the one-line diagram 


and right-clicking anywhere on the blank space of the presentation, selecting symbol and picking the new 
element size. This procedure is illustrated below. 
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Alternative symbols are included in the symbols folder under C:\ETAP 1400. These symbols can be 
viewed and applied from the Symbols Quick Pick editor located under the Tools - Symbols drop down list 


from the menu toolbar as shown below: 


Tools | RevControl Real-Time Window 


Options (Preferences)... 


Size 


Bus Size 


Orientation 

Status 

Switching Device Status 
Colors 

Classification 


Contour 


Alignment 


Rotate 


Group 


Ungroup 


Ctrl+K 


Use Default Annot. Position 
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» 


ANSI 


IEC 


Global Substitution 


| 


Alternatively, the global substitution editor can be accessed by right-clicking anywhere on the blank 
space of the presentation, selecting symbol and clicking Global Substitution. 
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Select Global Substitution to activate the Symbols Quick Pick editor. This editor allows the user to 
globally substitute alternative symbols for a selected element. Symbols cannot be substituted to a selected 
group of elements. 


Symbols Quick Pick 


One-Line 


Unselect All Sizes 


Project Standard ANSI 
M1 Size 1 A] Size 2 MSie3 MSize4 MSize5 


[ Gq CABUILDS\FGT.T Rel\Symbole iter] New Symbol 


|e) | 


( IEC Classic : 
(Gq SCADA-HMI 1 


(q SCADAHMI 2 
(q SCADAHMI 3 


~-@y Greuit Breaker, LV 


2 Ey coece ' 
()~-(j Current Transformer 


i (Gq DC Battery Currently Used 
f DC Motor ANSI v 
#1 Fuse 


(4) Generator, Synchronous 
(#)~(j Impedance, Branch 

4 Motor, Induction 

(Gj Motor, Synchronous 


} Switch, Ground 


Substitute currently used IEC with IEC-Classic (2) Cancel 


Symbols 
This section displays a list of all the elements that provide alternative symbols. Each element folder 
contains the default ETAP symbols for ANSI and IEC along with alternative element symbol folders. 


Select All Sizes 
Select to enable symbol substitution for each size and substitute the symbol for all sizes. 


Size 1-5 

Individually select which symbol size to substitute. If size 1 and size 3 are checked, with sizes 2,4, and 5 
unchecked, then the symbol substitution will only change the currently used symbols for sizes 1 and 3. 
To view the new symbol, make sure the element symbol is on the correct size in the one-line diagram. 


New Symbols 
Display the symbol that will be used to replace the existing symbol. The five pictures represent the 
symbol for each size. 


Currently Used 

Display the symbol currently used on the one-line diagram. The five pictures represent the symbol for 
each size. After Substitute is clicked, the new symbol will replace the previous currently used symbol in 
this section. 
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Project Standard 
Displays the standard used for the project. To change the project standard, go to Project - Standards. 


Change 


Select which element standard symbol to replace after substituting a new symbol. To view the new 
symbol, make sure the element symbol is on the correct standard in the one-line diagram. 


Substitute 
Click Substitute to accept the substitution. 


Substitute currently used IEC with IEC Classic 


When “IEC” is selected in the “Currently Used” section, clicking this option will globally substitute the 
IEC Classic symbols to all applicable elements. 


One-Line 


Project Standard [jEC 


sze1 PASue2 Sve Sizes WASze5 
Sq CABUILDS\FG1.1-Re\Symbols\Ater] New Symbols 
=-(@y Charger 
Sy Circuit Breaker, HV 
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(G@ IEC Classic 

(@ SCADA-HMI1 

SCADA-HMI 2 

(Gq SCADAHMI 3 
Eq Crrouit Breaker, LV 
it~ Contactor 


Conformation 


cj Current Transformer 
Substitute the currently used "IEC Symbols" with "IEC-Classic Symbols" (Gq DC Battery 
for the follwing groups of elements: e8-(&q DC Motor 


; + Fuse 

-Circuit Breaker, HV 1} Generator, Synchronous 
-Circuit Breaker, LV (Gj Impedance, Branch 
-Contactor cS) Motor, Induction 
-Current Transformer G3-(@qj Motor. Synchronous 
-Fuse : h 

“Switch, Single-Throw & 4 ae areas | 


Do you wish to continue? 


HVCB LVCB Contactor CT Fuse Switch 


IEC Classic 


OK 
Click OK to accept the substitution and close the Symbols Quick Pick editor. 
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9.1.19 Element Rotation 


To rotate an element, you need to right-click on the element to bring up a menu. Use the Rotate 
command and then select one of the rotations (-90, 90, 180, or Orientation). The illustration below shows 
the various rotate positions of the top pin of the 3-winding transformer. 
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Closed, Position A Sates hare 
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Rules 
When an element is added, its orientation is based on the system default as follows: 


Buses are added at 0 degrees. 

Composite networks are added at 90 degrees and do not rotate. 

Protective devices are added or inserted based on the orientation of the connections. 
All other elements are added at 90 degrees. 
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9.1.20 Element Status 


Element Lock/Unlock 

To lock / unlock the editor properties of any element; double-click on the element to access its propoerties 
editor and click on the lock image to toggle between lock / unlock. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Px ETT meen tae] . 2-Winding Transformer Editor - T2_ 


Reliability | Remarks [Comment | _Reliabilty al Remarks " Comment 
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[ 10 MVA ANSI Liquid-Fil Other 55/65 C 345 13.8kV [10 MVA ANSI Liquid-Fil Other 55/65 C U5 13.8kV 
Info Info 
uly on whe 4) 
ID T2 erra ID |T2 ern S| 
Prim. [Main Bus x| 34.5kV Revision Data Prim. | Main Bus 34.5kV Revision Data 
Sec. | Sub2A +] 138kV Base Sec. | Sub2A 13.8kV Base 
Standard Condition Standard Condition 
@ In @ In 
Service a Service 
© ANSI © Out 3) ANSI Out 
IEC State [As-buit : IEC State 
Equipment Connection Equipment Connection 
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(3) 1-Phase 
Name a! Name 
Description Description 
econdary CenterTap econdan tterTap 
SEH We >) we Bes we >) we 


The user may also globally change a group of elements or an individual element from Lock to Unlock 
status or vice versa without accessing the properties editor by highlighting a group of elements or a single 
element, right-clicking anywhere on the blank portion of the one-line diagram and selecting Status > 
Lock. 
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Element In/Out of Service 


To change the state of any device from In Service to Out of Service or vice versa; double-click on the 
element to access it properties and toggle between In and Out of Service. 


The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the de- 
energized color (theme manager). The default color for a de-energized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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Alternatively, you can globally change a group of elements from In Service to Out of Service or vice 
versa by highlighting a group of elements, right-clicking anywhere on the blank portion of the one-line 
diagram and selecting Status - Service. 


Sub 3 Sub 3 


Multiple Elements 


e 
“a 
a 

Ci 
uv 


Cut Ctrl+X 
Sub? Sugr 

aia ae Copy Ctrl+C 

Paste Ctrl+V 

Move From Dumpster Ctrl+Shift+V 
Template » 
Size +/-> 
Symbol > 
Colors » 

Mcc 3a ro 

Select nae e Alignment > 
Rotate Ctrl+R > 
Connector » 

Right click (1 Group Ctrl+G/U 

“YN. Closed 
| In Service 
State » 
Classification > 
{m] Visible, PD 
OO Lock 

Info Annotation » 
Datablock » 
Trace + 
Find in... Ctrl+F > 


ETAP 9-53 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Element State 


To change the state of any device, double-click on the element to access it properties editor and select the 
element’s state from the drop-down menu. 


State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


PSS___| Harmonic | Protection | Reliability | Fuel Cost Tenet _| commer 
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[138kV 75MW Voltage Control 
* 
Revision Data 
ID Gent | Base 
Condition 
_ Ol 
Bus | Sub2B | 13.8kV Service © Out 
State Se 
As-built 
Equipment Configuration Configuel faveed 
Modified 
cas Normal | Removed 
ag ; Warehouse 
Operation Mode C Abandoned 
a _ Repair Shop 
Name Gen1 © Swing © Other 
@ Voltage Control 
Description © Mvar Control 
») PF Control 
Bea ki= aR 


ETAP 9-54 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Alternatively, the user may also change the state of a group of elements or an individual element without 
having to access the properties editor by simply highlighting the group or individual element and right- 
clicking anywhere on the blank portion of the one-line diagram and selecting Status - State. 
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9.1.21 Bus Area Classification 


Zone, Area & Region 

This functionality allows the user to group buses anywhere in the one-line diagram by area, zone, and /or 
region in order to facilitate the analysis and result filtering of specified groups. The area, zone, and / or 
region assignment is made through the bus editor. Note that ETAP automatically propagates the area 
information based on bus area classification. 


Harmonic Reliability Remarks Comment 
Info |_PhaseV | Load | Motor/Gen | Rating | ArcAlash | Protection _ 
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Edit 


Alternatively, the user may also define the area, zone and / or region of a single or group of buses by 
highlighting the bus or buses and right-clicking anywhere on the blank portion of the one-line diagram 
and selecting Classification. 
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9.1.22 Component Classification 


In ETAP 18 and higher, component classification provides a simple way to organize the components of a 
project by gathering them into customizable hierarchies and categories then illustrate them graphically on 
the presentation. 


Note: The difference between component classification and older bus area classification is the ability to 
directly classify individual elements and the flexibility to define a variety of hierarchies that can be 
utilized in different project files. 


Classification Pane 


Enable the classification pane from the “View” menu. OLV element coloring based on component 
classification is only visible when the pane is enabled. 
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Hierarchy Tab 


Use this tab to build and customize classification hierarchies. 


2 2 7 et af 
Se | Classifications 
ay Geographic 
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Bee Division 
(8 Group 
(#)~-(jg Department 


Hierarchy Instances 


Add 
Select a class folder and hit the “Add” button to add a new class folder within the selection. 


Delete 
Select a class folder and hit the “Delete” button to remove it. 


Expand All 
Select a class folder and press “Expand All” to expand all levels within the selection. 


Collapse All 
Select a class folder and press “Collapse All” to collapse all levels within the selection. 
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Instances Tab 


Use this tab to view and manage different instances of the component classifications. The items listed 
here represent the actual instances of the classifications defined in the hierarchy tab. When components 
are classified to a specific instance, they will take on that instance color and the total count of components 
will be displayed next to the instance name. 


<3 File Eat View Project Defaults RevContro! Ubrary 


488 6G 4 


5@Qa ck 


» 


St sose = B Sys Monitor + Sy: Monitor 


— 29 f Awe, Ww 
wus 


& 


Warehouse Rules RealTime Datak 


SRR FDA O. |G tumiedetur 


Capie 


/~ Norms! -Re,. 


Os Ke 


Toots Window Help 


F<) 


p Q Pur 
<< Oar 


BD). B impedance Diagram -Bae. 
So 


~. 8 
WO pta- 


bd 


apm 


¢ 
2@-¢ 2 
+ nl 


- s = 
@ Oy 


< 
i] 
i] Rules & Libraries 


For Help, press FY 


Class Selection List 
Select a class from the dropdown list at the bottom of the pane. By default the first Class will be selected. 


Add 


Press the “Add” button to create a new instance or sub-instance of the selected Class 


Delete 
Press “Delete” to remove the highlighted instance. 


Classify Brush 
With a specific instance selected, click the “Classify” button to toggle the cursor into the Classification 
Brush. With this cursor, select components on the OLV you wish to add to the instance. Click the green 


check mark or press the “Enter” key to complete the action. 


Exp 


Select an instance and press “Expand All” to expand all levels within the selection. 


and All 
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Collapse All 
Select an instance and press “Collapse All” to collapse all levels within the selection. 
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Color 
Right-click an instance and choose “Color” to customize the color of the instance and the components that 
belong to the instance. 


Clear 
Right-click an instance and choose “Clear” to remove all classified components from that instance. The 
instance count will be reset and the one-line elements will return to the default un-classified color. 


Select 
Right-click an instance with a non-zero component count and hit “Select”. This option will select all the 
components in the active presentation that belong to that instance. 
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9.1.23 Element Alignment 


Alignment tools provide functionalities to arrange elements. To align the elements, you need to first select 
the elements you want to align. Right-click on the one-line diagram, select alignment and choose from 
one of the alignment options. There are 10 total features: Straight Align, Space Align, Align Center, Align 
Middle, Align Top, Align Bottom, Align Left, Align Right, Distribute Horizontal, and Distribute Vertical. 
The alignment is based on an anchor element. An anchor element is defined upon user selection. The 
anchor element is shown with four blue corners surrounding the element. 


Multiple Elements 


Cut Ctrl+X 
a Copy Ctrl+C 
Paste Ctrl+V 


Move From Dumpster Ctrl+Shift+V 


Template > 
Size +/-> 
Symbol > 
Colors > 
Rotate Ctrl+R > 
+} 
Connector » = 
at 
, [] Group Ctrl+G/U | 
pet QoL 
Closed ————| 
In Service o =| 
—_ 
State — 
Classification > Jo[ il 
— 
fil Vieihle DN F 


Straight Align Application Space Align Application 


Align Center Application Align Middle Application 


aed 


=] 
o 
ra 


Align Top Application Align Bottom Application 


Align Left Application Align Right Application 


LSS | 


Jeo a | 


Distribute Horizontal Application Distribute Vertical Application 


ETAP 9-62 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Straight Align 


Use the straight alignment tool to vertically and horizontally align elements in a straight line. This tool 
can be used to align all elements connecting a load to a bus. Select a load as your anchor element and use 
the straight align tool to align the protective devices in a straight line between the load and the bus. You 
may also select the bus as your anchor element and all the devices will be aligned in a straight line based 
on the center of the bus. Also this tool is used to align all elements between two buses. When you have 
multiple elements between two buses and they are not aligned, select one element as your anchor element 
and align the other elements in a straight line with the selected element. 


Bus¢ Bus3 


Space Align 


Use the space alignment tool to vertically and horizontally align elements in a straight line while creating 
an equal space between the elements. Select a load as your anchor element and use the space align tool 
to align the protective devices in a straight line with equal spacing between the load and the bus. The 
space before the load is double the space between two protective devices. This spacing is used for any 
equipment cables that are in your one-line diagram. You may also select the bus as your anchor element 
and all the devices will be aligned in a straight line with equal spacing based on the center of the bus. 
Also this tool is used to align and space all elements between two buses. When you have multiple 
elements between two buses and they are not aligned and spaced properly, select one element as your 
anchor element and align and space the other elements in a straight line with the selected element. Using 
the bus as anchor element, you may also equally space branches horizontally, as well as vertically, to 
create an equal separation between branches on the same bus. 
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Align Center 


Select multiple buses and horizontally align them in a straight line, based on the bus used as the anchor 
element, using the Horizontal Center Alignment option. You may also use this option to horizontally 
align different loads through the center of the anchor element. Two or more elements must be selected to 
activate Align Center. 
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Align Middle 

Align elements downstream from the bus in a straight line through the center of the selected elements 
based on the anchor element. Also align multiple elements between two buses in a straight line. Two or 
more elements must be selected to activate Align Middle. 
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Align Top 


Align selected elements horizontally at the top location of the anchor element. Two or more elements 
must be selected to activate Align Top. 


Align Bottom 


Align selected elements horizontally at the bottom location of the anchor element. 
must be selected to activate Align Bottom. 


Two or more elements 
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Align Left 

Align selected elements at the left side location of the anchor element. This tool can be used to align 
multiple buses to their left most side with reference to the anchor element. It can also be used to align 
elements at their bottom location if the elements are rotated to the right. If the elements are rotated to the 
left, then it can be used to align the elements to the top side. Two or more elements must be selected to 
activate Align Left. 


Align Right 

Align selected elements at the right side location of the anchor element. This tool can be used to align 
multiple buses to their right most side with reference to the anchor element. It can also be used to align 
elements at their bottom location if the elements are rotated to the left. If the elements are rotated to the 
right, then it can be used to align the elements to the top side. Two or more elements must be selected to 
activate Align Right. 
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Jol 


Distribute Horizontal 


Distribute selected elements horizontally with equal spacing in between each element. Use this tool when 
you have three or more elements on different lines that need to be equally spaced across from each other. 
One example of this is when you have multiple loads coming down from one bus, use this tool to equally 
space all the loads. 


Distribute Vertical 


Distribute selected elements vertically with equal spacing in between each element. Use this tool when 
you have three or more elements along the same vertical line that need to be equally spaced. 
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9.1.24 Protective Devices 


Protective Device Status 


Circuit breakers, fuses, relays, potential transformers, and current transformers are considered protective 
devices. However, only switching devices (circuit breakers, switches, contactors, and fuses) have status 
(open or closed). Note that when you change the status of a circuit breaker, you are changing it for the 
active Configuration Status. When you switch to another configuration, the status may be different. This 
statement is also true for the status of motors, MOVs, and loads. 


Status can be changed by using the right-click menu, or from the editor. 


From the Right-Click menu 

e Right-click on a circuit breaker in the one-line diagram to open the menu, and use the Closed 
command. The check mark (“) means the status of the circuit breaker is closed. If you click on it, 
the check will disappear and the status of the circuit breaker will become Open. For a normally open 
protective device, a NO (Normally Open) annotation is shown in the one-line diagram. 

e To close an open circuit breaker, use the Close command. The check will appear next to Closed in 
the menu and NO will disappear from the one-line diagram. 
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e Alternatively, you can globally change a group of protective devices from Open to Close or vice versa 
by highlighting a group of elements, right-clicking anywhere on the blank portion of the one-line 
diagram and selecting Switching Device Status from where you can choose Open or Close. 
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From the Editor 


e To change the status of a circuit breaker from its editor, open its editor and click on Closed or Open in 
Configuration Status. 


High Voltage Circuit Breaker Editor - CB3 i. |e Sem 
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Mirror 


Relays and Current Transformers are the only two protective devices that can be mirrored. Mirror allows 
the user to view the relay or current transformer from the reflective view point of its original position. To 
mirror a relay or current transformer, right-click on the device and select Mirror. 
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To mirror both the Relay and Current Transformer you must mirror each one separately. 


Reverse Polarity 


Current Transformer is the only protective device that allows reverse polarity. There are two ways to 
reverse the polarity of a current transformer, from the right-click menu or selecting Reverse Polarity in 
the info page of the current transformer. 


From the Right-Click Menu 
e Select the Current Transformer, right-click and select Reverse Polarity. 
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From the Info Page 
e Double-click on the Current Transformer and check the Reverse Polarity box. 
Current Transformer(CT) Editor - CT1 |S 
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Hide Protective Devices (PD) 


Protective devices (circuit breakers, fuses, current transformers, switches, contactors, potential 
transformers, meters, and relays) can be made invisible for each individual one-line diagram presentation. 
For example, one presentation could be your relay view where all protective devices are displayed. 
Another presentation might be for load flow studies, and you may not want to show any protective 
devices. 


Protective devices can be hidden (so that they are invisible in the one-line diagram) individually or in 
groups. 


Hiding Protective Devices 

Select a protective device from the one-line diagram and right-click on it to open the menu, and then click 
on Visible. The protective device will become hidden and will be shown as a red diamond on the 
connector when the connector is selected. The red diamond is an indicator for hidden elements and 
appears whenever you click on the connector. 
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Select one or more protective devices, right-click on the background then select Hide All PDs to hide all 


selected protective devices. 
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Rules 


e A protective device with one end open (a pin not connected to any element) cannot be hidden. 

e You CANNOT copy a one-line diagram with hidden protective devices. 

e A potential transformer (PT) can be hidden only if both pins located on the primary (line) side of the 
PT are connected to elements. 

e Ifa one-line diagram with hidden protective devices is cut or deleted, the protective devices will be 
visible in the Dumpster. 

e Protective devices CANNOT be hidden in the Dumpster. 

e Protective devices can be hidden or visible regardless of their status. 


PT primary (line) side 

3) oO 
—O Ko ©) 
| A. 


Showing Protective Devices 

Select a connection with a hidden protective device. The hidden protective device will be shown as a red 
diamond on the connector. Right-click on the hidden protective device (switch $1) to open the menu and 
select Show PD. 


ETAP 


Sub 45 Sub 45 Sub 45 


Sub 45 


$1 
$1 SWGR 6 


SWGR 6 


Show PD 
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After selecting one or more connectors with hidden protective devices, right-click anywhere on the one- 
line diagram where there is no element, then click on Show All PDs. 


Main Bus Main Bus 
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Sometimes there are two or more hidden protective devices on one connection. If you decrease the length 
of the connection, the hidden protective devices will be shown as two small, red diamonds next to each 
other. In this case, if you repeat one of the above methods, all the protective devices will be made visible 
on this connection. To avoid this, stretch the connection by separating the two elements connected to 
these protective devices. 


Bus2 
Bus2 
Busi 
Busi 
Rules on Show All PDs 


e For a connection with one or more hidden protective devices, there is no need to select or rubber-band 
the connection. Place the cursor on the connection and right-click to open the menu, and then click 
on Show All PDs. 

e If there are any composite networks or motors within the rubber-banded area, the protective devices 
inside of these composites will not be affected. 

e Hide or Show all PDs is specific to each one-line diagram presentation. 
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9.1.25 Group & Ungroup 


To group elements; first select the elements, then right-click, and select Group. To ungroup, click on 
grouped elements, then right-click, and select Ungroup. 
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9.1.26 Get Template and Add to Template 


Get Template 


Select pre-developed one-line diagrams to insert into the presentation of the current project. Template 
files can be created manually using the Add to OLV Templates icon or can be taken from the ETAP 
default templates. Select any .xml template file in the folder and place the one-line diagram template in 
the presentation. Select the template using the template IDs and properties and/or the default IDs and 
properties. To select a template, right click on the presentation background in edit mode and select Get 


From Template. 
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After Get From Template is selected, choose the template to add to the one-line diagram from the 


Template Quick Pick editor. 
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Template 


Displays the folder and file names the templates are saved under. Click the file name to view the 
template. 


IDs 


This section allows the user to select whether to use the template with the template IDs or the project 
default IDs. 


Template 

Select Template to place the elements on the presentation with the same IDs as the IDs used when the 
template was created. If an element has the same ID as one currently in the one-line diagram the template 
ID will show a sequence number. For example, if an element ID in the template is shown as T2 and there 
is an element with T2 in the project, the ID for the element from the template will be placed as T2-2. 


Defaults 
Select Defaults to place the elements on the one-line diagram with default ETAP IDs. These IDs will be 
created the same way as dropping any element to the one-line from the Edit toolbars. 


Properties 


This section allows the user to select whether to use the template with the template properties or the 
default properties. 


ETAP 9-77 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Template 
Select Template to place the elements on the presentation with the same properties as the properties used 
when the template was created. 


Defaults 
Select Defaults to place the elements on the one-line diagram with default ETAP properties. 


Description 
Add a description to the template selected. 


Save 
Click Save to save the description. 


Refresh 


Changes made from Windows explorer to the template files, such as renaming or deleting, can be updated 
in the template quick pick editor by clicking Refresh. 


Add to Template 


Add any section of the one-line diagram to the template quick pick list. Select the section of the one-line 
diagram to add, right click and click Add to Template. Templates can be created and added from base 
mode or any revision mode. 


Multiple Elements 


Cut Ctrl+X 
Copy Ctrl+C 
Paste Ctrl+V 
Move From Dumpster Ctrl+Shift+V j 
A A oe wes LTG Load Template » Add to 
75 HP 125 HP 50 HP 2x60 HP ioe EK Get from 
Size +/-> 


Create a template file name and save the file name in the template folder which is located in the ETAP 
directory. 
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9.1.27 Nodes & Buses 


The connecting point between two branches or a motor and branch requires a bus. If this bus is not a 
MCC switchgear, or if you simply do not desire to emphasize the bus on your one-line diagram, change 
the symbol of the bus from a bar shape to a dot shape. Note that nodes have separate annotation options 
than buses, and power flows and current are not displayed into or out of nodes. 


You can use the right-click menu to change a bus to a node or vice versa. 
e Right-click on a Bus to open the menu and use the Node command. 


e To change from Node to Bus, right-click on the node in the one-line diagram. Deselect Node to 
change to Bus. 
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9.1.28 Composite Networks 


Among ETAP’s most powerful features are its composite networks. Composite networks allow you to 
graphically nest network elements within themselves to any arbitrary nesting depths, i.e., a composite 
network can contain, within itself, other composite networks. This feature provides you with the 
capability to construct complex electrical networks while still maintaining a clean, uncluttered diagram 
that displays what you wish to emphasize - and the next level of details are still within easy reach of your 
mouse. 


Composite Networks (ETAP PowerStation 2.0 and Prior Release) 


These networks have only four pins for external and internal connections. Externally, these pins can only 
be connected to buses. Internally, these pins can be connected to branches. 


il SC Study=>Network1 {— [oy x} 
S 


Top Pin 


Sub3 


{ei} Lt Pin Rt Pin 
' ' 


No Ext Bus No Ext Bus 


Bot Pin 


No Ext Bus 


Old Composite Network Network1 with top pin connected to bus Sub3 
You can replace the old composite networks with new ones by following these steps: 


Cut all the elements inside of the old composite network. 

Add a new composite network in place of the old one. 

Open the new composite network. 

Move the elements from the Dumpster into the new composite network. 


Composite Networks (ETAP PowerStation 3.0 to ETAP 12.6.5) 


Composite networks have up to 20 entry points (pins). These are the top pin, left pins, right pins, and the 
bottom pin. Externally, these pins can only be connected to elements. Once a pin gets connected to an 
element, it becomes a proxy for that element, i.e., you can connect the internal pin just like you were 
connecting the element to other elements. 


The external pins and internal pins are the same points. They represent the connecting points of the 
composite network to the outside and inside. 


The internal pin of the composite network is the starting point for the composite network internal 
connection. This element graphically represents the connecting point of the composite network to the 
outside system. This connecting point is not considered as an element for studies. 


When you open a composite network for the first time, all pins are shown in their relative positions. You 


can move these internal pins anywhere inside the composite network. If there is an external connection to 
a pin, the ID of the connected element is displayed. If there is no external bus connection, the pins 
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Edit 


indicate its position (Left1, Rt5, Bot, etc.). If there is an external connection, the ID of the externally 
connected element is displayed. 


Sub3 Net 


A Composite Network with 12 pins 


You can hide the uncounted internal pins by using the right-click menu and selecting Hide Unconnected 


Pins. 
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You may place composite networks anywhere on a one-line diagram or within other composite networks. 
These nested composite networks are part of the overall one-line diagram of the system. All studies that 
are run include all the elements and connections nested within all composite networks and composite 
motors. 


Note: When you are working with a particular one-line diagram presentation, display attributes of 
composite networks and composite motors are saved along with the one-line diagram presentations, i.e., 
composite networks are treated the same as the one-line diagram. 


The ID (name) of a composite network can be changed by three methods: 


e <Ctrl>+Double-Click on the composite network symbol from the one-line diagram. 

e Open the composite network and double-click on the background where no device exists. 

e Double-click on it from the System Manager (under Components, Networks Composite) to bring up 
the Composite Network Editor. 


You can change the ID to any unique 12-character name from the Composite Network Editor. 


Composite Network Editor - MCC 3A (ever 


Name MCC 34 


(| Metafile Browuce 


| Disable Zoom 


Hee | (0K 


The following steps are used to move a subsystem (group of elements and connections) from the one-line 
diagram to a composite network: 


e Select the desired elements including their connections using rubber band and <Ctrl>+Click. 
e Press Delete to cut the elements into a Dumpster Cell. 

Activate the composite network by double-clicking on it. 

Right-click inside the composite network and select Move From. 


Metafile 
Attach any symbol created with an .emf extension. Many symbols are located in the ETAP directory 
under the symbols folder. 
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Composite Networks (ETAP 14.0 and higher) 


With ETAP 14.0, composite networks have unlimited connection capability, i.e. unlimited external 
connections can be routed to a nested network. There are no visible connection pins. The pins are visible 
when you move the cursor to the edge of the composite network as shown below. 


Network1 


Connections — Connecting to composite network 
1) Ensure that you are in edit mode. 


2) Drag the connection from an existing element towards the composite network 
3) Release the click to make the connection from the cable to the composite network 


Cable2 


| 


Network1 


4) When the composite is opened, you will see the external pin as shown below. 


OLVT (Eait Mode! 


4 Cable2 


Networkl 
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Connections — Connecting to the composite from outside the composite network 


1) Drag the connection from an existing element towards the composite network 
2) Move the cursor past the edge and towards the center of the composite network. The composite 


network will be highlighted with a heavier line weight box. 
Cable2 


Network1 


3) Release the click and the composite network will automatically open and display an external pin. 
4) Move the mouse cursor and you will notice that a connector is available from the external pin. 


Move the connector to the appropriate element to complete the connection. 
OLV1 (Edit Mode) o/B OLV1 (Edit Mode) colbls 
Cable2 Cable2 
Networkl1 Networkl 
OlV1=>Networkt (Edit Mode) rs = OlV1=>Networkt (Edit Mode) srs 
Cable2 
Q@ 
Busl 
0 kv 
Cable3 
Bus2 
Mtr1 
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Composite Network Representation 
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Composite Network representation can be changed by selecting the appropriate composite network and 
using the right-click context menu as shown below. 
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The Symbol or representation can be changed between: 


ANSI 
IEC 
Contents 
Image 


ETAP 9-85 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Symbol 


: Composite Network Representation 
Selection Pp P 


Xfmr04 
2500 KVA 


rom 


Xfmr04 
2500 kVA 


YNyno 


ee el 


LV Bus 
0.4 kV 


DC Network 


ETAP 9-86 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Symbol 
Selection 


Composite Network Representation 


F ec 


When the ‘Contents’ option or the third option is selected, then the composite network will 
automatically open. 


Close the composite network to show the details of the nested network on the previous OLV. 


0 Study View (Edit Mode) Eas cos =| 


Bus C 
11 kv 


Network2 
YNynO 


DC Network 


Note that the contents may not be clear depending upon the size of the nested layer. 


For maximum clarity for viewing and printing, ensure that the Composite Thumbnail Quality 
option in ‘Options (Preferences)’ set to maximum or 100. Utilize CTRL+K to quickly launch 


the ‘Options (Preferences)’ editor. 


Further, you can increase the size of the composite network by click on the composite 
network itself, grabbing the adjustment handles and changing the dimensions. 
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YNynO ~~. 2500 kVA 


ETAP 


LV Bus 
0.4 kV 
DC Network 
9-87 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Xfmr04 
2500 kVA 


Network2 


Y; YNynO 


LV Bus 
0.4 kV 


ETAP 9-88 ETAP 19.0 User Guide 


One-Line Diagram Edit 


Symbol 
Selection 


Composite Network Representation 


ETAP 


When the ‘Image’ option or the last option is selected, then the following editor will be 
launched. Click on the Browse button to select the image that will be used for the composite 
network. This image can be a metafile, JPG, etc. 


Image Browse... 


OK | Cancel 


Once the image is selected, the composite network will have an image layer on top that can 
be offset using the mouse cursor as needed. 


Xfmr04 
2500 kVA 
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ID 
The ID (name) of a composite network can be changed by three methods: 


e <Ctrl>+Double-Click on the composite network symbol from the one-line diagram. 

e Open the composite network and double-click on the background where no device exists. 

e Double-click on it from the System Manager (under Components, Networks Composite) to bring 
up the Composite Network Editor. 


You can change the ID to any unique 25-character name from the Composite Network Editor. 


Name 012345678901 2345678901 234 


[| Disable Zoom 


Help Cancel 


Disable Zoom 
This option is available in the composite network properties using the right-click menu. When this option 
is checked, ETAP disables the zoom function within the composite network. 
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9.1.29 Composite Motors (AC & DC) 


Composite motors are used as a tool to group motors and loads in the system. The elements you can 
include inside the AC Composite Motors are: 


e 30 Induction Motors e = ©Fuses 

e 3d Synchronous Motors e Current Transformers 
e 1 Induction Motors e Potential Transformers 
e Static Loads e Voltmeters 

e MOV e Ammeters 

e 3¢ Lumped Loads e Multi-meters 

e 1 Lumped Loads e Overcurrent Relays 

e Capacitors e Frequency Relays 

e Filters e Voltage Relays 

e Circuit Breakers e Composite Motors 

e Contactors e MVSST 

e e 


Switches, Single Pole Single Throw Multi-Function Relay 


The elements you can include inside the DC Composite Motors are: 


DC Motors 

DC Static Loads 

DC Lumped Loads 

DC Elementary Diagrams 
DC Circuit Breakers 

DC Fuses 

DC Switches, Single Throw 
DC Composite Motors 


The number of levels that you can nest inside composite motors is unlimited. 


Composite motors have 2 single pins that can be connected externally to buses only, i.e., directly 
connected to buses or indirectly through protective devices. Internally, this pin looks and behaves like the 
external bus. Other than this limitation and the types of elements that you can include inside a composite 
motor, the user interface characteristics of composite motors are the same as composite networks. 


Here is an example of composite motor Mtr C1, which is connected to bus MCC 1 inside the composite 
network Sub2. 
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Mtr6 LTG Load 
2x60 HP 100 kVA 


AC Composite Motor Mtr C1 with four motors, one static load, and one composite motor 
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9.1.30 Grounding Symbols 


Grounding elements like resistors, reactors and transformer grounding can be displayed on the one-line 
diagram. These grounding elements are like other AC elements. You can modify existing grounding 
connections to create new configurations. 


By default, the grounding is displayed as a font as shown below. The grounding font can be displayed via 
the Display Options. 


Display Options - Edit 
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<s 
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To display the grounding symbols for transformer or generator go to the grounding page and select 


Symbol as the Display Type. 


34.5 kV 
Main Bus 


13.8 kV 


Editing Grounding Symbols 


2-Winding Transformer Editor - T2 
Reliability I Remarks I Comment 
Info| Rating |. impedence | Tap | Grounding | Sizing | Protection | _Hemonic. 
10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
Phase Shift 
i mr ® Vector Group Connection Angle 
V| Font 
DY 20 HV leads LV 
®@ Winding Connection zs 
[| Symbols (Grounding Element) 
Primary 
4 
Secondary 
Grounding Vin " Ohms 
Y] 7967 400 1991858 
Resistance to Ground/Earth 
Rg 0 Ohms 
Ses wz 72) we 


Grounding Symbols can be edited just like other elements on the one-line diagram. For example if a 
transformer grounded symbol was to be changed to a resistor grounded symbol, you can either change the 
selection from the editor or simply edit the grounding symbol as shown below. 
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9.2 Theme Manager 


The Theme Manager is used to change color and line styles for device connectors, symbol color and 
background. The Theme Manager can also be used to determine decluttering options for component & 
result layers on the one-line diagram. 


Select from template themes or you can create custom themes that can be applied globally or according to 
the presentation. The advantage of using a Theme Manager is that unlimited custom styles may be stored 
on one computer and these styles are project independent so they are available when switching from one 
ETAP project to another. Themes created using the Theme Manager can be easily transported from one 
computer to another. 


Note: Themes can be applied to one-line diagram and control circuit diagram presentations. Also, colors 
applied manually using Theme Toolbar. 


Select the presentation for which you want to create and apply a custom theme. The Theme Manager can 
be accessed from the Theme toolbar, as shown below. 


Fey ETAP (Default) ~ Phase ~ 78 
Edit Theme Color Coding... 
Edit ETAP Theme Color Coding 


The Theme Manager appears as shown below. When ETAP is first installed, the standard theme applied 
to all presentations is “ETAP (Default)” theme. 
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Theme Color Code [Phase | 


Hlement Symbols 


Note: Annotation Colors for an existing and new system are based on User-Defined Colors specified in 
the Display Options for the presentation selected. Switch to Global Theme to use Annotation colors 
specified in the Theme Editor. 


The Theme Manager includes the following pages: 
e = Layer 

3-Phase 

1-Phase 

Formats 

Voltage 

Feeder 

Area 

Grounding/Earthing 

Font 
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Theme 


This is controlled by a drop-down box that allows you to switch between themes. Colors are switched in 
the Theme Editor when switching between different themes. Colors and/or styles are not applied until you 
click Apply or OK. If the default colors are changed a new theme is created automatically “Modified 
Default xx”. 


Save As 


Click on this button to rename the selected theme. The dialog box shown below will be displayed. It 
allows you to assign a new theme name. 


Get Theme Name [ula 


New Theme 


Delete 
Click on this button to delete the selected theme. Note that “ETAP (Default)” theme cannot be deleted. 


Set Global 
If Set Globally is clicked then the following dialog is displayed. 


in . 
Select Presentations k=) eae) 


Presentations 


OLV Pres1 Check All 
Relay View 
Study View 
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From these presentations, select those that should be displayed in the ETAP (Default) theme or your 
custom theme. Theme settings can also be applied to your entire project, including all the selected 
presentations (excluding Ground Grid, Cable Pulling, and Star). 


Active Color Code 


Select the active color code for the energized conductors. The energized conductors can be color coded 
based on the following: 


Phase 
Voltage 
Feeder 
Area 
Grounding 
Earthing 


Note that the de-energized color is based on the color selection on the 3-Phase page. 


Phase 
Select user-defined colors for the elements and annotations on your one-line diagram. User-defined 
colors are based on colors defined within the 3-Phase and 1-Phase section. 


Voltage 
Select Voltage to define colors by their kV ratings. When kV based is selected, define colors under the 
Voltage tab. 


Area 
Select Area to define colors by area assignment. When area based is selected, define colors under the 
Area tab. 


Grounding 
Select Grounding to define colors by transformer neutral grounding assignment. When grounding based 
is selected, define colors under the grounding/earthing tab. 


Earthing 


Select Earthing to define colors by systen earthing assignment. When earthing based is selected, define 
colors under the grounding/earthing tab. 
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9.2.1 Layer 


This page controls which layers are shown or hidden related to the one-line diagram no matter what color 
code is active. 


Delete 


Layers 


Use this section to set which layers are visible, layer transparency and de-cluttering zoom 


Show 
Use to indicate the layer group is visible or not. 


Transparency 
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Set the layer transparency from 0 (solid) to 100 (transparent). This value can be typed or selected from a 
dropdown list. 


Zoom 
Zoom level at which the layer is visible or hidden. 


Print 
Controls which layers are to be flattened and printed to an external printer or PDF. 


Element Symbols 


This section determines at what zoom level the one-line diagram symbols will be visible or hidden, i.e. 
decluttering options for the one-line diagram. 


For elements connected between two or more terminals such as branches the decluttering works as 


follows. 
Zoom Level = 20 
1h | Study View (Edit Mode) 


Zoom Level = 15 
| Study View (Edit Mode) soe | 


i) 
q 


yDerink for etap.com 


ETAP Tutorials 


AY 1.5 MVA 
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For elements connected to only one terminal such as 


Zoom Level = 20 Zoom Level = 15 
ff "y fe = i) 
4 | Study View (Edit Mode) i) Study View (Edit Mode) = 


sc 
tility 


ypemnk tor etp.com 
ETAP Tutorials 
k 1 


Mtr2 ] | 
2500 HP 


DC System 


State 


This section is used to a show or hide elements according to the element state condition. The element 
states are defined for each element on the Info page. Zoom level based on state are have priority over the 
element symbol zoom level and will only apply to elements with symbols visible. 
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9.2.2 3-Phase 


a 


Theme Editor 
Theme | ETAP (Default) 7| Color Code | Phase 
| Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font _| 
Standard Bement Colors 
AC DC Composite 
Energized (<a | 
De-energized 
nc) ee) 
Selected | ll __T 
Faulted Bus |__| 
Annotation 
a Hyperlink a’ 
Warning | Visited Hyperlink LS 
No Tag Online Meter a 
Acknowledged | Playback Meter ——s 
Bad Quality 
Zoom Grid Faulted Bus 
Color Color Color 
Transparency 80 Size 16 Symbol 


Energized 
Select the color and line style for 3P AC & DC energized conductors and elements. Energized elements 
are those connected to a swing source and are electrically energized by the source. 


De-energized 

Select the color for 3P AC and DC de-energized conductors and elements. De-energized elements are 
those either not connected to a swing source or connected but other components in series are out of 
service or with open status. These elements are therefore not energized by the source. 
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Pins 
Select the color for the 3P AC and DC element connection pins. When the mouse is moved over the pins 
the pin is highlighted with the selected color. 


Selected 
Select the color for the 3P and AC and DC selection color. Whenever the element is clicked the selected 
color is use to show the highlighted color. 


Faulted Bus 
Select the color for the 3P AC and DC faulted bus color. This color is only used for Short Circuit and 
Coordination modes. 


Background 
Select the color of the one-line diagram background. 


Grid 

Select the color and the grid size or spacing for the one-line diagram. 

Faulted Bus 

Select whether the faulted bus is shown based on the selected color or based on a symbol. Note that 


symbol should be used when printing the one-line with short circuit results on a B&W printer. 


The following default colors are used for different operating modes: 
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Energized AC Color 


Mode Element COM Condition Color Comment 
Check 


NO 


me 
) 
. — | = 
| 
All AC Device Black 
é 


al Peet [ae | ST 
al a ol 


v 
v 
v 


(Composite / 
All De-Energized Gray 


All Sone haeans Off De-Energized Fuchsia 
Remote connector) 
. 
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Mode Element SOLEUS Condition Color Comment 
Check 


All DC Pins Any Any Cyan a v a 
DCMac! 
Oo kW 
(Composite / ‘ F es 
All Remote connector) Any De-Energized Lime a ~ 


AC/DC/Composite i 


ed ie 
All AC Annotation Display Blue 
Options - 
Themes 
a 
Phase A 
" 
Phase B 


v 
v 


al 
All 1-Phase 2 Wire — On Energized Teal Dash — Dot-Dot 
Phase C ea: 


All 1-Phase 2 Wire — 
Phase C 


Al Ip Branch 


All 
All 


De-Energized | Gray |__| Solid Line 
[Any [Black [|__| Solid Line 


=n) 
ocr¢ 


Al | 19,3 Wire Branch Bright Green 
All 1, 3 Wire Branch De-Energized | Gray | ~~ | Solid Line 
All| 16,3WireBranch | Off | Any | Black__— |__| Solid Line 


Run Bus On/Off Error Magenta Base kV 
Studies Problem 


Load Bus, Cable, Line, On/Off Alarm Critical Limits, 
Flow Reactor, Overload 
Transformer, Panel, 
PD, Generator 
Flow 


Circuit 
Circuit 
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9.2.3 1-Phase 


This tab will bring up the Energized conductors editor so that you can change colors and line styles for 
single phase connectors and elements. The single phase coloring is for 2W, 3W as well as for 2 Phase 2W 


and 3W connected systems. 


G 
Theme Editor 


Theme | ETAP (Default) ¥ Color Code | Phase 


Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font _| 


1-Phase 2 Wire 1-Phase 3 Wire 
Phase A ’ Line 1-Neutral 


Phase B ’ Line 2-Neutral 
Phase C ’ Line 1-Line 2 


Unknown i? Line-Line-Neutral 


2-Phase 2 Wire 2-Phase 3 Wire 
Phase AB Phase AB 


Phase BC ’ Phase BC 


Phase CA ’ Phase CA 
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9.2.4 Formats 


Automatically change result precision or decimal points based on the unit and value ranges. 


a 


/| Hide Zero Values 


/| Suppress Lagging Zeros 


Result Parameter 


Select from a list of parameters that are calculated from various modes in ETAP. For example, power is 
calculated by load flow and load flow based calculations modules. Hence adjusting the precision for this 
result parameter will impact load flow, motor starting, transient stability and similar calculations. 


Unit 
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Select the unit for each of the result parameters. For example power parameter has W, var, VA as one set 
of units. You can adjust the result precision for each unit and save with the theme manager, i.e. W, var, 
VA can have one set of result precision while kW, kvar, kVA has another set of result precision. 


Result Precision 


Utilize this table to define the decimal precision for value < the value defined in the table. For example, 
the following table was setup for current values for load flow calculation. Based on the range of current 
results, various precision can be setup and utilized. 


Hide Zero Values 
This option automatically hides any result values that are zero. 


Tere Crewe Ove . Coe Code Thee There Cae Catt - Coke Cote Phase 
Lae | Heer | ieee fot Notage | bender | Ane | Grounding taeting | font Layer [3fhese | iPhame formes | Votege [Feeder | rue | Grundig Eating | Fort 
Lnpiey boomed 


Pee Parwrate 


7 


Suppress Lagging Zeros 
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This option automatically removes any lagging or trailing zeros from numeric result after the decimal 
points. 


% 
99-29 
¥74.20A 
0.000A Theme Geaenpin Deft ’ Color Code Phusse 
74.20 A Layer | 3Frave | 1 rave Formas Votage | Feeder | Area _| Grounding/Eattng | Fert 
' $74.20 A (a) 
74.20 A (c) 
| 
a 
99- 
' 1974.20 A (a) ee [Hite Zero Veduen 
| 74.20 A (ce) Q ne 
| Sunpress Lagging 
H (Dy Use ETAP (Detautth Sethirgs 
' 
| 
© | 
a ” 
1474.20 A (a) 
| 74.20 A (c) 


1474.2 A (a) 


74.2 A (c) 


i 
| 
© ! : 
2 


1¥74.2 A (a) 
| 74.2A(c) 


Use ETAP (Default) Settings 

When this option is selected, ETAP will override the current theme precision settings and utilize the 
precision settings from the ETAP (Default) theme. Note that the ETAP (Default) theme is a factory 
default and cannot be changed. 
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9.2.5 Voltage 


Define colors based on the kV rating of the elements on your one-line diagram. This section is used when 
Voltage is selected using the active color code.. Each color incorporates all kV ratings lower than or 
equal to the listed rating until the next specified rating is reached. 


fo 
Theme Editor 


Theme | ETAP (Default) 7 | Color Code | Phase 


Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area_| Grounding/Earthing | Font _| 


Voltage (<=kV) Color 
0.13 


Add Delete 


[Help | [ Saveds... SetGlobal | {Apply | [OK | [ Cancel 


Sort 
Click Sort to view your ratings in ascending or descending order. 


Add 
Click Add to add a new kV rating with a selected color. 
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Delete 
Click Delete to delete an existing kV rating and its selected color. 
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9.2.6 Feeder 


Select to color code feeders based on the feeder circuit breaker setup on your one-line diagram. Note that 
in the current version of ETAP, feeder assignment does not affect any calculations. 


‘ 
Theme Editor 


Theme |ETAP (Default) 7 | Color Code | Phase 


Layer | 3Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font 


Show Associated HVCB Feeder ID Color 
HVCB_145_661 
"HVCB_40_661 
PHVCB_41_661 
“HVCB_42_661 
mane OP 
-HVCB_44_ 661. 
“HVCB_55_661 
mane 
“THVCB_57_661 
“HVCB_58_661 
"HVCB_59_661 
-HVCB_60_661 
“THVCB_69_ 661 


[I< 


4) IS 


Is) 


4) [<) 


4) [<) 


4) [<) [4] 


Is) 


ifs 


Feeder circuit breakers can be assigned on the one-line diagram by selecting the following option in the 
circuit breaker editor. 


Application/Association 


[¥| Association Feeder CB vy) ID Feeder 1 


The circuit breaker has a higher de rating as a Generator CB. 


ETAP 9-112 ETAP 19.0 User Guide 


One-Line Diagram Theme Manager 


Show 
Use this option to decide whether to show or hide a feeder. This option works with the transparency 
slider. 


ETAP 14.000 - (Study View (Eat Model] = 


Tl rae et Vir Projet Uibewy Wanemowie Russ Defauti Toole ReCentret RealTime Window Help -6x 
SB. AL DDGS OB 10 oe BE BS PO OP [B) tance omen sifeesee Ey wa 

nae 2B ste 0w Bist ew eNom DT Bi moecunce Doge i IOS De eh ee 240: 

VAT A ERT ee i eS Pe oe ee 


feat ok ay, Be 
a dé 
We) fe: 
~ he 
Ss Thee Enample Onn : Cole Code Fender oa 
a Law [34 hone | 1hase | Fomats | Velage | Fede [Are | Grounding ating | Fort B4 
ie 

b og 
#7 ag © 
‘A + 
= ids 

: Re 
wl Ba 
one 
e 
one 
- 
en or = 
Associated HVCB 


This is the ID of the HVCB that is associated as a Feeder CB. 


Feeder ID 
The Feeder ID is user-defined text and appears in the theme manager as shown below. If no ID is defined 
then the circuit breaker ID is used as the Feeder ID. 


Show Associated HVCB Feeder ID Color 


Color 
Chose the color to color code the Feeders based on their ID. 
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? ETAP 14.0.0 - [Study View (Edit Mode}] - oa 
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9.2.7 Area 


Define colors based on the bus area classification of the elements on your one-line diagram. This section 
is used when Area is selected using the active color code option. The area assignment is made using the 
bus editor or graphically selecting the one-line diagram and using the classification option on the right- 
click. Note that ETAP automatically propagates the area information based on bus area classification. 


r 
Theme Editor 
Theme | ETAP (Default) 7 Color Code | Phase 
[ Layer_| 3Phase | 1-Phase | Formats | Voltage | Feeder| “2 | Grounding/Earthing | Font_| 
Area Colors Setting 

me: Name 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 | 

11 

12 | 

13 

14 

15 

fb] (Saw ha SG] (Aes) —_s 
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9.2.8 Grounding / Earthing 


Define colors based on the area classification of the elements on your one-line diagram. This section is 
used when Area is selected using the active color code option. The area assignment is made using the bus 
editor or graphically selecting the one-line diagram and using the classification option on the right-click. 


Note that ETAP automatically propagates the area information based on bus area classification. 


G 
Theme Editor 


Theme | ETAP (Default) 


7| Color Code | Phase 


Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area 


Grounding/Earthing | Font | 


Instrumentation Elements 
@ User-Defined 


Color Code 


Protective Earthing (PE) Type (Low Voltage) 
Earth - Earth (17) | 
Earth - Neutral Combined (TN-C) maa 


Earth - Neutral Separate (TN-S) || 


Earth - Neutral Comb-Sep (TN-C-S) Sas 


Isolated Earth (IT) _—=ay 


National Electric Code 


Undetermined (iT 


Voltage > 1 kV Element Based 


Grounding Elements 


@ User-Defined — 


Not Visible 
Ground Switch 
a =| 


@ User-Defined 
Not Visible 


Color Code 


Grounding Type 


Select the grounding type color for the following: 


ETAP 


Solid 
Low Impedance 
High Impedance 


SaiGicbal_] (Ao | 


9-116 
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- Ungrounded 
For impedance grounded system, the break point between low impedance and high impedance grounded 
systems need to defined. By default, low impedance systems are ones where the reactor, resistor or 
transformer grounded impedance allows more than 50 A ground fault current. 


Grounding Type 


Solid i ~ 
ore = =—S ss) 

Hish2 [i ~ 

Ungrounded | + 


Note that the color coding based on grounding type is applied to the entire network including MV and LV 
systems. This is in contrast to the Earthing type color coding which is applied only to LV systems. 


Protective Earthing (PE) Type (Low Voltage) 


Select the earthing type color for the following: 


- Earth —Earth (TT) 

- Earth — Neutral Combined (TN-C) 

- Earth — Neutral Separate (TN-S) 

- Earth — Neutral Combined-Separate (TN-C-S) 
- Isolated Earth (IT) 

- National Electric Code 

- Undetermined 
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Protective Earthing (PE) Type (Low Voltage) 
Earth-Earth (TT) i ~ 
Earth - Neutral Combined [TN-C) a ~ 


Earth - Neutral Separate (TN-S] — 7 7 
Earth - Neutral Comb-Sep ([TN-C-S] En = 
Isolated Earth [IT] | = 


National Electric Code 


+ 


Undetermined _——ae | + 


Voltage > 1k¥ Bement Based 


Note that the earthing colors are used when the active color code is selected as earthing. Earthing colors 
are used for IEC / BS Standard based systems while National Electric Code color is used primarily for 
NFPA standard based systems. 


Undetermined color is used when ETAP detects a conflict on the grounding connections or when the 
grounding system is not correctly defined. 


A Common cause of the “Undetermined” color could be due to the grounding system connected to 
elements that are < 1 kV for AC systems and < 1.5 kV for DC systems. Another cause could be due to 
multiple elements with different earthing types. 


Earthing colors are used only for low voltage systems i.e. voltage levels < 1 kV. For elements greater than 
1 kV, standard colors are used from the 3P and 1P tabs. 


Instrumentation Elements 


Choose the color option to use for instrumentation colors. Instrumentation elements include PT, CT, 
Meters and Relays. 


Instrumentation Elements 


®) User-Defined i = ¥ 


Active Color Code 


v 


(| PT - Not Visible 
(| Meters - Not Visible 


|| Relays- Not Visible 


User-Defined 
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Choose User-Defined color when you want the instrumentation colors to be independent of the colors set 
for the one-line diagram. For example, if the one-line diagram is colored using Voltage Based coloring, 
the instrumentation colors can be setup independently. 


Active Color Code 

Choose Active Color Code when you want the instrumentation colors to be the same colors as the one- 
line diagram. For example, if the one-line diagram is colored using Voltage Based coloring, the 
instrumentation colors would inherit the same colors. 


PT — Not Visible 

Check if you want to hide the PT from the one-line diagram especially when using ETAP Real-Time 
Monitoring. The PT is colored same as the background color so the element still exists on the one-line 
diagram and it is possible to manipulate its orientation by selecting it. 


Meters — Not Visible 

Check if you want to hide the Multimeters, Voltmeters and Ammeters from the one-line diagram 
especially when using ETAP Real-Time Monitoring. The meters are colored same as the background 
color so the element still exists on the one-line diagram and it is possible to manipulate its orientation by 
selecting it. 


Relays — Not Visible 

Check if you want to hide the Relays from the one-line diagram especially when using ETAP Real-Time 
Monitoring. The relays are colored same as the background color so the element still exists on the one- 
line diagram and it is possible to manipulate its orientation by selecting it 


Grounding Elements 

Choose the color option to use for grounding elements colors. Grounding elements include the Delta — 
Wye symbols used for 2 winding and 3 winding transformers. The grounding element sybmols can be 
turned on from the grounding page of the transformers as shown below. 


Phase Shift 
Vector Group Connection Angle 


| Fort [py 30 ~ — HVleads LV 


@) Winding Connection 


(¥] Symbols (Grounding Element) 


When the grounding symbol is turned on, the Delta-Wye connections are shown as symbols on the one- 
line to which protective relaying may be connected. The grounding elements option controls the color of 
these symbols. 


A 
dy ™ 
“i 

No 
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User-Defined 

Choose User-Defined color when you want the grounding elements color to be independent of the colors 
set for the one-line diagram. For example, if the one-line diagram is colored using Standard colors, the 
grounding element colors can be setup independently as shown in the image above. 


Not Visible 

Select if you want to hide the grounding elements from the one-line diagram especially when using ETAP 
Real-Time Monitoring. The grounding elements are colored same as the background color so the element 
still exists on the one-line diagram and it is possible to manipulate its orientation by selecting it. 


Grounding Elements 


®) User-Defined as >* ——r 


Not Visible 


Check if you want to hide the Relays from the one-line diagram especially when using ETAP Real-Time 
Monitoring. The relays are colored same as the background color so the element still exists on the one- 
line diagram and it is possible to manipulate its orientation by selecting it. 


Ground Switch 


Choose the color option to use for ground switch element. Ground switches can be connected to the one- 
line diagram and have two states: 

- Grounded 

- Ungrounded 


The color codes in this option control not only the color of the ground switch but also of the one-line 
diagram in grounded state. 


Ground Switch 


®) User-Defined Se id 


Not Visible (Grounded) 


Active Color Code Ea bd 


User-Defined 

Choose User-Defined color when you want the ground switch element color to be independent of the 
colors set for the one-line diagram. For example, if the one-line diagram is colored using area based 
colors, the grounding element colors can be setup independently in order for them to stand out or easily 
identifiable on the one-line. 


Not Visible 

Select if you want to hide the ground switch elements from the one-line diagram especially when using 
ETAP Real-Time Monitoring. The ground switch elements are colored same as the background color so 
the element still exists on the one-line diagram and it is possible to manipulate its orientation or status by 
selecting it and accessing its editor. 


Active Color Code 
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Choose Active Color Code when you want the ground switch color to inherit the same color as the one- 
line diagram. For example, if the one-line diagram is colored using Voltage Based coloring, the ground 
switch color would inherit the connector color. 


Grounded 


Select the color for the one-line diagram that would indicate whether the system is grounded. This color 
only applies to de-energized systems that may be grounded using a ground switch. This color does not 
apply when the system is energized and the ground switch is closed since this is an invalid operation for 
any electrical system. 
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Grounded System using Grounded Color Code 
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9.2.9 Font 


Define font style (color, line, etc.) for element information and results on the one-line diagram. The color 
section is used when the display option is set to utilize theme manager. 


Fa 
Theme Editor 


Theme |ETAP (Default) 7 | Color Code | Phase 


Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font 


Info Font 
Annotation Color Size Font Style Trans. Zoom Print 
: Courier New Regular 0 19 [¥] 
Courier New Regular a) 19 Pal 
CourierNew Regular 0 19 v 
CourierNew Regular 0 9) i 
CourierNew | Regular. 0 19 Fd 
ETAP_DY Regulars 19 v 
CourierNew Regular 0 19 (v] 
Font Style Trans. Zoom Print 
Courier New Regular = 0 19 [¥] 
ae a ae a a 


[Help | [ Saves... ete SetGlobal | {Apply | [OK | [ Cancel 


Info Font 


This section defines the annotation, color, size, font type, style, transparency, zoom level and print 
options for information text displayed on the one-line diagram. 
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CB5 

4000 A 
420 kV 
63 kA 


Annotation 
This is a list of element properties that are typically displayed for various ETAP devices. These are 
controlled using the display options in each study mode or edit mode. 


Color 
Select the color for each info annotation. Note that if custom colors are applied then the annotation color 
follows the custom color. 


Size 
Select font size between size 8 through 72 


Annotation Color Size Font Style Trans. Zoom Print 
ID 9 Courier New Bold 0 19 
Rating 18 i Ty Regular (yf 0 © 19 (yi ( B 
Voltage 8 : 
Current 8 
Impedance 8 4 A 
Delta - Y 8 
Status 8 


Font Style Trans. Zoom Print 
Courier New Regular 0 19 v) 


CourierNew jy) Regular (yi, 0 & 19iy i 


Font 
Select font type between the fonts installed on your computer. 


Info Font 


Annotation 
ID 


Rating 


CB5 
4000 A 


Voltage 
Current 
Impedance 
Delta - Y 
Status 


ZR RE Rew 


Dutch801 XBd BT 
Result Font 


Ebrima 
Edwardian Sete ITC 
Annotation |Enoravers MT 
Bus ‘Eras Bold ITC 


Branch 


ETAP 9-124 ETAP 19.0 User Guide 


One-Line Diagram 


Theme Manager 


Style 
Select font style between Regular, Bold, Italic & Bold Italic. 
Info Font 
Annotation Color Size Font Style Trans. Zoom Print 
ID Courier New Bold 0 19 
Rating CourierNew = Bolditalic : 
Voltage Courier New Italic ie 


Current 
Impedance 
Delta - Y 
Status 


Courier New Regular 
Courier New 
ETAP_DY 


Courier New 


Regular 


Regular 
Regular 


Result Font 
Annotation Color Size Font Style 
Bus 8 Courier New Regular 
Branch 8 Courier New Regular 
Transparency 


Select to apply transparency to info annotation text. 


Zoom 


Select the zoom level where the specific annotation will be hidden or displayed, i.e. decluttering option. 


For example, ID will be shown at zoom level 29 while the remaining annotations shall be shown at zoom 


level 30. 


Color 


The outcome shall be as shown below. 


ETAP 


CB5 


< 
': 12269 (Zoom Level: 29) 


Font 


Courier New 


“| Lucida Bright 


~ Courier New — 
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Regular 
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(Zoom Level: 30) 
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Result Font 
This section controls the font style shown for Bus & Branch results as shown below. The options are 
similar to Info Font as explained above. 


Result Font 


Annotation Color Size Font Style Trans. Zoom Print 


Bus 8 Courier New Regular 0 19 Ge 
Branch eal 8 | Helvetica i Italic 50 
99-3? 
4408.2 
(282.8 
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9.3 Auto Build 


Auto Build is a powerful automated tool used for creating and editing one-line diagrams. The rule-based 
design of Auto Build can significantly reduce the time spent building and organizing the one-line diagram 
by providing the following capabilities. 


e Automated creation and alignment of connected elements 
e Automated voltage assignment to buses andconnected elements 
e Customizable Rule Book to allow specification of desired spacing and applicable voltage levels 


Key Features 
The provided capabilities by Auto Build can be accessed through following key features. 


e Toolbar 

e Automated Connection 
e Automated Insertion 

e Automated Alignment 
e Rule Book 


e Auto Build alignment tools are optimized for single source radial systems. 
e Generally elements are connected and added to the system from top to bottom and from left to 
right. 


9.3.1 Auto Build Toolbar 


Enable One-Line Auto Build 


When clicked, this button becomes highlighted and turns on Auto Build. With Auto Build enabled, the 
creation and modification of the elements on the one-line diagram is drastically simplified. 


Auto Build is OFF 


Turn off Auto Build. 


Auto Build is ON 


Turn on Auto Build 


The automatic spacing and voltage preferences defined in the Auto Build rule book are only accessible 
with this feature on. 


Open Auto Build Rule Book Editor 
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Disabled (When Auto Build is OFF) 
When Auto Build is disabled the Auto Build rules are not considered for alignment or addition of 
elements so the rule book is not accessible from the toolbar. 


Open Auto Build Rule Book 
This button allows quick access to the Rule Book editor containing spacing and voltage preferences. Any 
changes made in this editor will become effective upon hitting OK. 


Spacing | Yoltage 


Element Connection Spacing 


Reference Element Branch Source Rroteetive 


Protective Device 


Adjacent Element Spacing 
Adjacent Bus to Bus 


Connector to Bus Edge Spacing 


Adjacent Connectors to Bus 


Instrumentation Element spacing 


Note: The values will not be saved to the actual rule file unless the rule itself is saved from the ETAP top 
menu bar [Rules] > [Save] 
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Voltage Assignment Combo Box 


[38 WV | pisabled 


This field and button are disabled if Auto Build is OFF. 


68 +  ¥! Enabled 

This combo box displays the voltage levels automatically assigned to new buses placed in the project. 
After a transformer is placed with Auto Build, ETAP will automatically assign the next voltage level 
down in the list to the bus connected to the secondary of the transformer. 


es pw * 


34.5 kV 


34.5/13.8 kV 


13.8 kV 


12.47 kV 


12.47/4.16 kV 


4.16 kV 
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The list of voltages comes from the Auto Build rule book connected to the project. 
With any single bus selected the “Apply Selected Voltage” arrow button is activated. Pressing this button 
will assign the voltage shown in the combo box to the highlighted bus. The user may also manually add to 


this list by typing into the combo box. After applying a manually entered voltage it is also added to the 
connected rule book nominal voltage list. Note this list handles only the AC voltages. 


Align Middle 
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Disabled 


This button is disabled if less than 2 elements are in the selection. 


++ 

Align selected elements to vertical middle 

Align elements in a straight line through the vertical center of the selected elements based on the anchor 
element. 


Align Center 


Disabled 


This button is disabled if less than 2 elements are in the selection. 


Align selected elements to horizontal Center 

Select multiple buses and horizontally align them in a straight line, based on the bus used as the anchor 
element, using the Horizontal Center Alignment option. You may also use this option to horizontally 
align different loads through the center of the anchor element. Two or more elements must be selected to 
activate Align Center. 
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} 
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Bus Horizontal Alignments 


— 
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Fi Disabled 


This button is only enabled if the selection contains 1 or more buses 


iz! Bus Horizontal Alignment Button (When Auto Build is OFF) 

When a bus is selected this button will align all connected feeders below (or to the right for a rotated bus) 
and evenly space them across the length of the bus. This alignment does not correct the spacing between 
connected elements in a feeder, it only aligns the elements in each feeder to one another and spaces the 
feeders. No Auto Build spacing rules are applied in this case. 


Bus Horizontal Alignment Button (When Auto Build is ON) 

When a bus is selected this button will align all connected feeders below (or to the right for a rotated bus) 
and space them according to the adjacent spacing rules defined in the Auto Build rule book. Please see the 
rule book Adjacent Element Spacing table for further details. Again, this alignment does not correct the 
spacing between connected elements in a feeder, it only aligns the elements in each feeder to one another 
and spaces them with the rules. 
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Bus Horizontal & Vertical Alignments 
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Disabled 


This button is only enabled if the selection contains 1 or more buses 


Bus Horizontal & Vertical Alignment Button (When Auto Build is OFF) 

When a bus is selected, pressing this button will align connections with all feeders below (or to the right 
for a rotated bus) then evenly space them across the length of the bus. This tool will also compact the 
spacing between connected elements in each feeder. No Auto Build spacing rules are applied in this case. 


int | i 


Bus Horizontal & Vertical Alignment Button (When Auto Build is ON) 

To space directly connected loads, branches and feeders below the selected bus up to the load type 
element or first bus with more than 2 connections/connectors. Spacing between feeder and Bus length 
should increase/decrease based on the rulebook. 
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Downstream Alignment / Straight Alignment 
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[#| Disabled 


Downstream alignment is only enabled if Auto Build is ON and only a single element is selected. 


[3 Downstream Alignment 
With a single element selected, pressing this button applies rule book spacing to all connected elements 
downstream and below the selected reference element. 


Note: In horizontal systems, downstream elements to the right of the reference are considered below and 
aligned. 


4 Straight Alignment 

When Auto Build is OFF and a single non-bus element is selected, this button becomes enabled and will 
align all connected elements above and below (to the first source, load, or bus with more than 2 
connections) to the selected reference. 


Template Tools 
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S| Get From Template 

Click this button to open the template quick pick window and select a template to add to the project. After 
a template has been placed it will be added to the template combo box on the toolbar for future quick 
selection. 


S| Add to Template 

This button is activated when at least one element is selected. Clicking this button will create a new 
template from the selected element(s). After creating a new template it will be added to the template 
combo box on the toolbar for future quick selection. 


‘Template-01_» | Template to drop 


This drop down will show the recently added/dropped) templates in historical order. Maximum number of 
templates in the list is 20 for now and it will be saved after closing the project. Pressing the “Drop 
Selected Template” arrow will place the template selected in the combo box into the OLV. Dropped 
templates are automatically grouped. 
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9.3.2 Automated Connection of Elements 


Element Type Categories 


Auto Build recognizes each element to belong to a certain equipment category in order to simplify the 
method of spacing between different element types. 


Bus 
The following elements are considered Buses in Auto Build: 


e AC Buses 
DC Buses 


Node 
The following elements are considered Nodes in Auto Build: 


e AC Node 
e DC Node 


Branch 
The following elements are considered Branches in Auto Build: 


2 Winding Transformer 
Open Delta Transformer 
3 Winding Transformer 
Bus duct 

Cable 

Transmission Line 
Inductor 

Impedance 

HVDC Transmission Link 
DC Cable 

DC impedance 

DC converter 


AC-DC 
The following elements are considered AC-DC components in Auto Build: 


e UPS (Uninterruptible Power Supply) 
e VFD (Variable Frequency Drive) 
e Charger 
e Inverter 
Load 


The following elements are considered Loads in Auto Build: 


e Induction Machine 
e Motor, Synchronous 
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Source 


Lumped Load 

MOV (Motor Operated Valve) 
Static Load 

Capacitor 

Panel System 

Harmonic Filter 

Remote Connector 

MG Set (Rotary UPS) 
Motor Composite Network 
Composite Network 

Static Var Compensator 
DC Motor 

DC Static Load 

DC Lump Load 

DC CSD 


The following elements are considered Sources in Auto Build: 


Power Grid (Utility System) 
Generator, Synchronous 

Wind Turbine Generator 

PV Array (Photovoltaic Array) 
DC PV Array 

Battery 


Protective Device 


The following elements are considered Protective Devices in Auto Build: 


ETAP 


Fuse 

Contactor 

HVCB (High Voltage Circuit Breaker) 
LVCB (Low Voltage Circuit Breaker) 
Recloser 

Ground Switch 

Overload Heater 

In-Line Overload Relay 

Single Throw Switch 

Double Throw Switch 

Phase Adaptor 

Grounding/Earthing Adapter 

CT (Current Transformer) 

PT (Potential Transformer) 

DC Circuit Breaker 

DC Fuse 

DC Switch, Single-Throw 

DC Switch, Double-Throw 
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CT/PT — Relay/Meter (Instrumentation) Components 
The following elements are considered Instrumentation elements in Auto Build: 


Current Transformer 
Potential Transformer 
Voltmeter 

Ammeter 
Multi-Meter 

Voltage Relay 
Reverse Power Relay 
Frequency Relay 

MV Solid State Trip Relay (Medium Voltage Solid State Trip Device) 
Differential Relay 
Multi-Function Relay 


Enabled Elements to Drop 


When Auto Build is on in Edit mode, the element toolbars will display only the elements that may 
connect to the highlighted element on the OLV. 
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Automated Connection to Highlighted Elements 

Clicking on any of the enabled elements in the toolbars will automatically connect it to the highlighted 
element and apply the rulebook spacing in between. After being placed the new element becomes 
highlighted again causing the toolbar to update and display only what may be connected next. 
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In general the diagram will be built from top to bottom and from left to right. Also note the enabled 
elements to drop are based off their ability to connect to the selected element manually. 
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Connection to Multi-Pin Elements 


When the highlighted element has multiple pins available for connection Auto Build will prompt you to 
specify which to connect to. Once a selection is made the space will be applied and the newly placed 
element is highlighted. 
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9.3.3 Automated Insertion of Elements 


Element Insertion on Connectors 


When a connector between two elements is highlighted in Edit mode, Auto Build will also display only 
the elements that may be inserted on such a connection. 
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Note: Generally when inserting elements, Auto Build assumes enough space has been provided. 
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Auto Build 


Element Insertion Above Loads or Below Sources 


When a load or source is highlighted that is already connected, Auto Build will display only the elements 
that may be inserted before it. In this case the load or source is pushed away using rule book spacing. 
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Note: If a node is required for the insertion of the enabled element, the node will be automatically created 
and inserted at the center of the connector. 
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Bus Extension 


When a bus with existing connections is highlighted, additional connections will expand the bus to the 
right (Or down for rotated bus) and apply rule book adjacent spacing between connectors. 
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Multiple Element Insertion 


When the selection contains multiple load type elements only, Auto Build will allow insertion of enabled 
elements before all highlighted load type elements at once. 
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9.3.4 Auto Build Rule Book Editor 


The rulebook allows you to specify and save the spacing and voltage preferences to be applied when 
using Auto Build to create or modify the online in your project. 


Info Page 
Auto Build Rulebook Editor; ETAP Default x= 
"Info Spacing | Voltage | 
Rule Edited By 
Rule ID ETAP Default Name  [OTI 
Date 6/18/2015 11:33:35 4M 
Rule Info Checked By 
Reference ANSI C84.1 and IEC 60038 Name 
Descrinti AC Voltages for ANSI and IEC are based on preferred Date 
escription voltage ratings from ANS! C84.1 and IEC 60038 standards. 
Help | OK | Cancel 


Rule ID 
This field displays the ID of the selected rule. It can be modified however must be unique within the rule 
file. 


Reference 
Edit the rule reference. 


Description 
Edit the rule description. 


Edited By 
Displays the name of the user whom last modified this rule book and the time it was modified. 


Checked By 
Displays the name of the user whom last checked this rule book and the time it was checked. 
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Spacing Page 


Auto Build 


d Rulebook Editor: ET ault 
Info _| Spacing |Vatage| 


Element Connection Spacing 


Protective 
Device 


3 


Reference Element Branch AC-DC Source 


Node 


6 

Bus g 
Branch 6 9 
3 


A4C-DC 
Source 
Load 


Protective Device 


Adjacent Element Spacing 
Adjacent Bus to Bus 


Connector to Bus Edge Spacing 


Adjacent Connectors to Bus 


Instrumentation Element spacing 


The spacing page allows you to specify the distance between connected or adjacent elements. The unit of 
spacing is a multiple of one-line resolution and is similar to the unit used by Grid Size in the theme 
manager. 


Grid 
Color [ =6 
Size 6 
Style ¥ 
From Theme Manager One-Line Diagram 


The spacing values are used by Auto Build for connection of new elements or alignment of existing 
elements. 


Spacing Page - Element Connection Spacing 
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This table indicates the space applied between two element types when they are connected or aligned with 
Auto Build. The applied value is measured from the connection pin of one element to the connection pin 
of the other. Generally these spacing values are used for in-line connections. 


Element Connection Spacing 


Protective 


Reference Element A4C-DC Device 


3 
6 
6 
6 


Protective Device 


Example: 


Grid size = 6 

Reference element = Bus 
Connected element = Load 
Spacing applied = 9 


Bement Connection Spacing 


Spacing Summation 
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Since connections between element categories require or permits the insertion of Node in between then 
the element-to-element spacing cells are calculated using the user defined node spacing. 


Example: 


Node to Source distance = 15 (editable field) 
Node to Branch distance = 9 (editable field) 


Therefore the Branch to Source spacing will be calculated as 15 + 9 = 24 (display only) when they are 
directly connected and a node is placed in between. 


Spacing Page - Adjacent Element Spacing 


This table provides the space values used in cases where the elements are adjacent or side-by-side with 
one another. Generally these are used for spacing perpendicular to the normal in-line connection 
direction. 


Adjacent Bement Spacing 


Adjacent Bus to Bus 

Connector to Bus Edge Spacing 
Adjacent Connectors to Bus 
Instrumentation Bement spacing 


Adjacent Bus to Bus 
When a bus is highlighted and another bus is placed as bus section next to it, Auto Build will apply this 
spacing between the two adjacent and aligned bus edges. 


Reference 


Connector to Bus Edge Spacing 
This is the spacing applied between the edge of the bus and the closest connector. 
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Adjacent Connectors to Bus 

This is the space applied between the connectors on the same side of a bus. This spacing supersedes the 
spacing between Element to Element when these elements belong to the parallel feeders branched off 
from the same bus. 


Note: This space is also applied in the following cases. 


Instrumentation Element Spacing 
This is the space applied between Relay or Meter elements and current or potential transformers. The 
same spacing is applied to cascaded connection of relays 
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Voltage Page 


r 
Auto Build Rulebook Editor: ETAP Default 


Standard Nominal Voltage 


DC Nominal Voltage 


Default: 250 ¥ 


[¥| Automated Voltage Assignment to new elements 


Delete 


| Cancel 


Standard 
Each rulebook is capable of storing voltage preferences for each of the following standards: 


e ANSI 
e IEC 


DC Nominal Voltage 
This voltage will be automatically assigned to DC buses created with this Auto Build rulebook 


Automated Voltage Assignment to new elements 

Check this option to allow Auto Build to apply the listed Nominal Voltages to the new buses in the 
designed system. The next lower voltage level from the selected list will be applied when new bus is 
connected to other side of transformer. 


Nominal Voltage 
kV List 


e Checked voltages in this list will appear in the voltage combo box on the toolbar 
e This list is automatically sorted from largest to smallest 
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kV Filter 
e ~All: Show all voltages in the list 
e <=: Show all voltages in the list that are less than or equal to the specified kV 
e >=: Show all voltages in the list that are greater than or equal to the specified kV 


Check All 
e Checks all voltages in the list to show in the voltage combo box on the toolbar 


Uncheck All 
e Uncheck all voltages in the list to hide them in the voltage combo box on the toolbar 


Delete 


e Delete the highlighted voltages 
e This is the same as hitting the “Delete” button on the keyboard when highlighting a cell 


e =Adds a blank row to the bottom of the list for addition of anew kV 
e This is the same as typing into the blank row at the bottom of the list 
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9.4 Display Options 
ETAP allows different display options for the one-line diagram when you are working in different modes. 


Here we describe the display options for Edit Mode. The display options for Study Modes are described 
in their respective sections. 


9.4.1 AC Page 


This page includes options for displaying info annotations for AC elements. 


Display Options - Edit 


AC AC-DC 
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ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Generator kW /MW 
Power Grid (Utility) MVAsc 
Motor HP /kW 
Load / Panel kVA / MVA and connection type (# of phases - # of wires) 
Composite CSD kW / MW (Future) 
Bus kA bracing 
Node Bus bracing (kA) 
CB Rated interrupting (kA) 
Fuse Interrupting (kA) 
PT & CT Transformer rated turn ratio 
Relay Display Tag for OC, Multi-Function and MTR Relays 
Branch, Impedance Base MVA 
Branch, Reactor Continuous amps 
Transformer kVA /MVA 
Voltage Regulator kVA /MVA 
Line (size) # of cables - # of conductor / cable - size 
Cable / BD / BW (size) # of cables - # of conductor / cable - size 
kV 


Select the appropriate checkboxes under this heading to display the rated or nominal voltages of the 
selected elements on the one-line diagram. 


For transformers, the kV checkbox is replaced by %Tap checkbox which displays both transformer rated 
kV as well as total % Tap (Fixed Tap + LTC setting) for both 2-winding and 3-winding transformers. 


For cables/lines, the kV checkbox is replaced by a ‘T’ button. Click this button to display the cable/line 
conductor type on the one-line diagram. 


A 
Select the appropriate checkboxes under this heading to display the ampere ratings (continuous or full- 
load ampere) of the selected elements on the one-line diagram. 


For cables/lines, the Amp checkbox is replaced by an L button. Click this button to display the cable/line 
length on the one-line diagram. 


For transformers, the Amp checkbox is replaced by the Tap checkbox. Select this checkbox to display the 
Fixed Tap value on the one-line diagram. 
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D-Y 
Select the appropriate checkboxes under this heading to display the connection types of the selected 
elements on the one-line diagram. 


For circuit breakers, fuses and switches, the D-Y checkbox is replaced with the N.O. checkbox. When 
checked, switching devices that are normally open have a N.O. designation on the one-line diagram. 


For relays, the D-Y checkbox is replaced with the Tag checkbox. When checked, it displays user-defined 
tag for OC, Multi-Function and Motor Relays. 


Info 


ID |Relay1 


Display Tag |50/51/67/51V 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the Load Tap 
Changer (LTC). 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % on 100 MVA base (R + j X) 

Motor % LRC 

Branch (Impedance and Reactor) Impedance in % (R+jX) or Ohms 

Transformer Positive Sequence Impedance PS (%Z) for 2-winding transformer 

and PS/PT/ST (%Z) for 3-winding transformer 

Voltage Regulator Impedance (%Z,) if included 

Line Positive Sequence Impedance (R + j X in ohms or per unit length) 

Cable / BD / BW Positive Sequence Impedance (R + j X in ohms or per unit length) 
DB 


Select the checkboxes under this heading to display the datablock for the selected device or element 
types. 
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GND 
Select the checkboxes under this heading to display the IEC symbols for cables and transmission lines on 
the one-line diagram. 


With current ETAP releases, for transmission line, the IEC symbols will show the phase conductor 
numbers as shown below. For cables, if the Neutral/Protective conductor(s) are specified on the 
Configuration page of editor, they will be shown on the one-line diagram as well. 


Note: In order for a cable/line to be displayed as an IEC symbol, it must first be connected between two 
buses. Note also that the GND checkboxes are applicable only to the current mode. 


LV Bu, Cable Editor - Cable Main x 
lal Sizing - Phase Sizing - GND/PE Reliability Routing Remarks Comment 
Info Physical Impedance Configuration Loading Capacity Protection 
Fuse Main ff Heesung Non-Mag. 60 Hz Code : 25 
XLPE 100% 1.0kV 3c «(CU | ¥ mm2 
i'd 
= Info 
Cable Main _ : f 
ID |Cable M: = 
1=3/¢ 25 — 
a From | LV Bus2 v| 0.65kV 
Revision Data 
To | Bus5 v| 0.65kV a 
Bus5 
0.65 kv 
Equipment Condition 
@n 
s Tag # Senice Oout 
A 
State | As-Built v 
Fuse LOC A i Name 
| : 
v Description No. of = / — 
1 
FDR LOC A Ex) 
1=3/C 25 tf 
Length Library Connection 
- Length{ 20 ||m  v Library... 


1 Tolerance | 0 | Link to Library 
| 
| 
i 
| 
i 
I 


23) (3) () [Ri|cabie main pS] MLB) (0K | | conca 
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Composite Motor 
Select this option to display the AC composite motor IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


Equipment Cable 

This checkbox displays or hides equipment cables from the one-line diagram. Equipment cables are 
specified as part of the loads. Double-clicking on the equipment cable will bring up the Equipment Cable 
Editor. 


Sub2A 
Sub2A 


CB21 | 


CB21 


MR1 EN 
MR1 
Mtr2 
2500 HP Merz 


2500 HP 
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9.4.2 AC-DC Page 
This page includes options for displaying info annotations for AC-DC and DC elements. 


Display Options - Edit 
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ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC and DC elements on 
the one-line diagram. 


Rating 
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Select the checkboxes under this heading to display the ratings of the selected AC-DC and DC elements 
on the one-line diagram. 


Device Type Rating 

Charger AC kVA & DC kW (or MVA/ MW) 
Inverter DC kW & AC kVA (or M™W / MVA) 
UPS kVA 

VFD HP /kW 

Battery Ampere Hour 

Motor HP /kW 

Load kW /MW 

Composite CSD kW /MW 

Converter kW / MW 

Cable (Size) # of Cables - # of Conductor / Cable - Size 
CB Rated Interrupting (kA) 

Fuse Interrupting (kA) 

Switch Rated Bracing Current (kA) 


For cable, the Rating checkbox is replaced by a Size check box. Checking this option displays the size of 
the cable on the one-line diagram. 


kV 
Select checkboxes under this heading to display the rated or nominal voltages of the selected elements on 
the one-line diagram. 


For DC elements, voltage units are changed from kV to V. For cables, the Voltage checkbox is replaced 
with the Type checkbox. When this checkbox is selected, cable conductor type (CU/AL) is displayed on 
the one-line diagram. 


For cables the kV box is replaced by the Type checkbox. Checking this box will display 
the conductor type (Copper or Aluminum) of the cable on the one-line diagram. 


A 


Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 

Inverter DC FLA & AC FLA 

UPS Input, output, & DC FLA 

Motor FLA 

Load FLA 

Composite CSD FLA 

Converter DC-DC Converter Input / Output FLA 


For cables, the Amp checkbox is replaced by the Length checkbox. Select this checkbox to display the 
DC cable length (one way) on the one-line diagram. 


For CB, Fuse and Switch, the N.O. checkbox displays the N.O annotation on the one-line diagram when 
the switching devices are in normally open state. 
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Z 
Select the checkboxes under this heading to display the impedance values of the cables and impedance 
branches on the one-line diagram. 


DB 
Select the checkboxes under this heading to display the datablock for the selected device or element 
types. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


9.4.3 Train Page 


Please contact ETAP for more information. 
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9.4.4 Colors Page 


This page allows you to set up the colors used for displaying annotations on the one-line diagram. 


Display Options - Edit 


AC-DC Train Colors 


Color Theme 
Select the annotation colors specified in the Theme Manager by selecting the appropriate theme name. 


Theme 
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Click this button to access the Theme Manager in order to quickly change the theme colors for 
annotations. 


Annotations 

Select the source of colors to be used for displaying annotations. Annotation colors can be used from the 
Display Options Editor or from the Theme Editor. By default, ETAP will use user-defined (Display 
Option Editor) colors to display annotation colors. Switch to Global Theme to use the selected theme 
annotation colors. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the AC or DC 
element annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


ETAP 9-160 ETAP 19.0 User Guide 


& Theme Editor x 
Theme Example Default v Color Code Phase v 
Layer 3Phase 1-Phase Formats Voltage Feeder Area  Grounding/Earthing Font 
Standard Hement Colors 
AC DC Composite 
Energized CO 
De-energized 
Pins | 7 
Selected [x EE 
Faulted Bus I 
Annotation 
Aan Hyperlink —__—_—a 
Warning |B, «Visited Hyperlink | 
Acknowledged | Online Meter 
Bad Quality [0 = Playback Meter = | 
Zoom Grid Faulted Bus 
Color (EE) Color eee 
Transparency [39 [3 Size 8 O Symbol 
Style v 
Background 
Help Save As... Delete Set Global Cancel 


Theme Manager 
The Theme Manager allows you to select existing color themes or define a new color theme. 


Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 
on this page may also affect other modes and presentations if the color themes option has been previously 
selected. 


Colors 
Select the color for information annotations to be displayed on the one-line diagram. 
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Annotations 
~) Theme 
@) User-Defined 


wore ay deConv2 

0 MVA [=] 0 = 0 kVA | By} Net3 
0/0 kV 

re ae oasfoa 
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9.5 Default Display Options 


ETAP allows different display options for the one-line diagram in different modes. These are the display 
options for Edit Mode. Display options for Study Modes are described in their respective sections. 
Default display options are set by selecting the Defaults Menu — Display Options — One-Line Diagram. 


Display Options - Default x 
AC AC-DC Colors 
™@emoOomo 
= ID Rating kV A DY Z 
Generator bh] M O OO DO 
PwerGd 4M O OOO 
Motor MM O OO O 
Load / Panel J Oo 
Composte CSD [(] [1] OF 
Bus [y] OO 
Node HO O Og,, 
ceBMOOOOMs 
fe MO OO 
swth KF] O O O YM 
Ground Switch [J 
PTacT O OF 
Relay | CL] 
Branch [¥} Tap oy U 
Transformer [¥] OOOO 
Votage Rep. O O O OO 
Size Type LothGND 
ie(]O OO OU 
Cable /BD /BW 4] OOOO 
Pic Pin ID 
Composite Motor [7] 
Composite Net ©] O 
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9.6 Result Annotation 


In the ETAP one-line diagram, the direction of the arrows for power flow results matches the positive 
direction of the real power flows (kW). In the output reports, however, the printed power flow values 
indicate flows from the “From Bus” to the “To Bus.” 


For 3-winding transformers, the arrow indicates the positive direction of the real power flow (kW), i-e., 
positive kW can be going into or coming out from each winding. However, in the output reports the 
printed power flow values indicate flows from the “From Bus” to the “To Bus.” 


A 3-winding transformer may be represented as a star or a delta circuit in the calculation modules. 
In the ANSI Short-Circuit Device Duty calculation, a 3-winding transformer is represented as a star 
circuit. A center bus is added to the system that takes the transformer ID as its bus ID and the primary 


winding kV as its nominal kV. In this case, the output report prints the short-circuit current contributions 
between the three terminal buses and the center bus. 


Contributions 


From Bus To Bus 
ID ID 


Bus P Total 
XFMR 1 Bus P 
Bus S XFMR 1 
Bus T XFMR 1 


For the above example, the following fault current contributions are printed for a fault at “Bus P.” 


From Bus To Bus 
ID ID 


Bus P Bus S 
Bus P Bus T 
Bus S Bus T 


In all the other calculation modules, a 3-winding transformer is represented as a delta circuit. The printed 
power flows (or currents) are reported between two of the three terminal buses of the transformer. 
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9.7 Datablock 


Datablocks are useful tools that put together component information, input data, and study results in one 
block of annotations displayed per element. They are also fully customizable allowing them to be shown, 
hidden, arranged, and formatted according to the user’s preference. An advantage with using Datablocks 
is showing properties and results from different studies and displaying this information within the same 
one-line diagram presentation. 


9.7.1 Datablock Toolbar 


Toggle Datablock to be 
shown/hidden globally Toggle display of 
Open Datablock Editor 


Datablock Tooltip 
L ® Be 


Arc Flash 
/ Device Settings - ANSI 
Pull-down menu to select Toggle Datablock connection 
Datablock template lines to be shown/hidden 


Device Settings - Brief 

Device Settings - IEC 

IEC_SC 
Open Datablock Editor 
To open the Datablock editor, click on the Datablock icon. If there are no existing datablocks, then the 
user will be prompted to create and name a new Datablock. 


Impedance Diagram 
Load Flow 


Select Datablock Template 

Using the pulldown menu, users can select which datablock template they would like to use for their one- 
line diagram. Datablock templates are presentation dependent meaning each presentation can have its own 
datablock template. 


Datablock Show or Hide Globally 
This function displays or hides the datablocks on the one-line diagram. If the icon is highlighted, then the 
datablock will be shown. 


Note: Datablocks can be hidden for elements using the display options editor or per device ID with the 
right click menu. 
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Datablock Connection Lines Active or Inactive 
To show Datablock connection lines, click on the connection line icon. The lines displayed are active 
when this icon is enabled. 


Note: The connection lines are always used when the datablocks are moved. 


Bp Toggle Datablock Connection lines active or inactive 


Toggle Datablock Connection lines 
active or inactive 


T1 


eee MV;A 


Cablei2 


i<3 

AM-13.8-750 - 
289 kA 15 kV 
1013 kA Peak 
1200 A 


\ CAPi | ee al u 
‘, La > a {7 Band = Minimum 
Syni ‘. 3x0.15 Mvar Busi ST Pickup = 3 
1250 HP ‘ ST Band = Minimum (()x)t = IN) 
sean ah ‘, Ground Pickup = 300 
Synl Motor, 1250 HP 4 x ) 0.48 kV Ground Band = Intermediate (\J*xit = OUT) 
Load Model = Centr. Comp ‘ * ! 
Inertia = 0.799 MW-Sec/MVA. H General Electric 
: R123 
Class 10 
Tip Ame: 116.9 
DC System 
Datablock Tooltip 


When pressed, properties and results checked to show in the DB tooltip will display when hovering the 
cursor over elements irrespective of the Datablock being visible. 


DatablockToobar =X vtinity 


&B Device Settings - ANSI x B® 1200 MVAsc 


cB2 

ABB 

382M40 

40 kA 38 kV 
108 kA Peak 
1200 A 
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9.7.2 Datablock Editor 


2 Datablock x 


Datablock 


Device Selection Properties 


Page 
Active Failure Rate 


zg 
2 


ID 
Nominal kV Nominal 
Bus Type ; Bus Type 
Lim. Bdry (Fixed) Lim. Bdry (Foced) 
Lim. Bdry (Movable) Lim. Bdry (Movable) 
Restricted Boundary Restricted Boundary 
Final FCT Final FCT 
AFB AFB 


z= 


Voltage Regulator 
ZigZag Transformer 
Busway 

Induction Motor 
Synchronous Motor 
AC Lumped Load 


oot none wn 


Total Incident Energy Total IE 
Working Distance Working Distance 
Source PD ID Source PD 


S 
Ca csy ceIfcoMics lice ica) ca] celica] cs a 


HIN NY \OO|O|8 8h) 9] 


OO OO|O|O/O)0)0/0 


= 


Device Filter Study Related Input 


[ Non-Engineering Data 
| Load Flow 

© Short Circuit 

Arc Flash 

Protective Device [ Protection & Coordination 
ACT 7) Unbalanced Load Flow 
(Real-Time (Unbalanced Short Circuit 
Reliability Assessment 
| Load Allocation 

Time Domain Load Flow @ Global (All Study Modes) @ Tab [| Show Border Lines 


Train O Local (Study Mode Dependent) © Compress [©] Hide Zero Values 


Apply || OK || Cancel 


Select Datablock Template 

A pull down-menu that allows the user to select pre-made or customized datablock templates. Upon 
selecting a datablock template, the elements selected in the template are then displayed in the datablock 
builder. 


Device Selection 
The device selection displays elements for AC or DC devices. The properties and results will be updated 
based on the element selected. 


Device Filter 
The device filter displays elements based on selected components. 


Properties/Results/Real-Time Tag 

This filter allows the user to switch the annotations between properties, results, and Real-Time tags for 
the element selected in Device Selection. The datablock per element can contain properties, results and/or 
tags. 


When the pull down menu is set to properties, an additional filter is active (Page) allowing the user to 
filter properties by the editor tabs within the element selected. 


Results 
e Results do not change after properties are modified. Datablock results only change after the study 
is executed post property modifications. 
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e Generator Circuit Breaker results will be included in a future release. Currently the values are 
hidden when generator circuit breaker results are included in the Datablock. 

e Real and Reactive Power Flows for loads are based off the total demand of the loads excluding 
losses from the equipment cable. 

e Load Terminal Voltage includes losses from the equipment cable. 

e Results for the equipment cable will be included in a future release. Currently the values are 
hidden when equipment cable results are included in the Datablock. 


Study Related Input/Result 
When any of the study filters is checked then the properties/results used for the selected study will be 
displayed and all others will be hidden. The following study filters are available in ETAP 14. 


e Non-Engineering Data — Lists all properties/results for selected element that is not associated 
with any analysis / calculation. 
e Load Flow - Lists all properties/results for selected element that is associated with load flow 


analysis. 

e Short Circuit - Lists all properties/results for selected element that is associated with short circuit 
analysis. 

e Arc Flash - Lists all properties/results for selected element that is associated with arc flash 
analysis. 


e Protection & Coordination — Lists properties for selected element that is associated with Star — 
Protection & Coordination including the Protective Device Settings. 

e Other Studies - Lists all properties/results for selected element that are associated with all other 
engineering studies. 


Protective Device Settings Annotations 
The setting annotations of relays and LVCB (Low Voltage Circuit Breaker) are combined and presented 
as grouped Protective Device Properties to simplify the selection for Datablock. 


2 Datablock x 
Datablock 
Device Selection Properties v 
@ac Ooc Page v B Bj==Ss 
Circuit Breaker, HV ” | |Checked By a| = 
Gircuit Breaker. LV Checked Date &J On | Append Name Alias Value Unit Text 
AC Fuse Comment pI ID ID} value 
Transformer, Current CT GndPrim 
Transformer, Potential CT GndSec 2 |M Mi Manufacturer value 
Contactor CT InptPrim > 
AC Switch, Single-Throw CT InptSec 3 |M\ev Model value 
AC Switch, Double-Throw CT PhPrim 4\M\y OCR Phase OCR Phase| value 
AC Switch, Ground CT PhSec 
Overload Heater CT SenGndPrim <4 5 MiMi OCR Neutral OCR Neutral | value 
In-Line Overload Rel CT SenGndS 
lc a ay Equip prolaaa 6iMiéM OCR Neg. Sequence OCR Neg. Sequence| value 
Bus Duct Equip. Name 7 |e OCR Ground OCR Ground | val 
Grounding/Earthing Adapter Equip. Tag# — =— a 
VFD Fault Arow 3Ph Max 8 iMiY OCR Sen. Ground OCR Sen.Ground| value 
Fault Arow LG Gnd Max 
‘Ammeters Fault Arrow LG Ph Max 3 |Miv Differential Differential | value 
Muli Meters | [Fault Arrow LG SenG Max ___ IV! 0 |Z OLR Themmal/instant... | OLR Thermal/Instant...| value v 
Device Filter Study Related Input niVMsiv OLR Acceleration OLR Acceleration | value 
Bus 7] Non-Engineering Data all 12 /M\M OLR Jam OLR Jam| value 
Branch [| Load Flow 3 |M iv OLR Ground OLR Ground| value 
Load [¥] Short Circuit 
Source [¥] Arc Flash 
a wi 
Train [/] Unbalanced Load Flow 
Real-Time Unbalanced Short Circuit 
[] Reliability Assessment 
[¥] Load Allocation = = 
| Time Domain Load Flow © Global (All Study Modes) O Tab a Save Alias | | Load Alias 
MY] Train v O Local (Study Mode Dependent) @) Compress [Hide Zero Values 
Device Settings- ANSI v New Copy Delete Help Apply OK Cancel 
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For instance, the “Relay, Multifunction” device would have the following grouped setting properties 
meaning selection of each will display all the available and enabled settings in the OCR page of relay 
editor. 

e OCR Ground 

e OCR Neg. Sequence 

e OCR Neutral 

e OCR Phase 

e OCR Sen. Ground 

e Differential 


Similarly, the grouped setting properties for OLR page of relay editor are as follows. 
e OLR Acceleration 
e OLR Ground 
e OLR Jam 
e OLR Thermal/Instantaneous 


For LVCBs, the device settings are grouped based on type of Trip Device as displayed below. 
e EM 
e LVSST 
e MCP 
e TM/GFI/RCD 
The rest of settings and protective device properties are not grouped and can be selected individually. 


Add annotations 

Use the right arrow to add annotations to the Datablock. To add multiple annotations, hold the shift key 
and select the series of annotations to be added. To add specific annotations all at one time, hold the 
control key and select each annotations to be added to the Datablock. 


Remove annotations 

Use the left arrow to remove annotations to the Datablock. To remove multiple annotations, hold the shift 
key and select the series of annotations to be removed. To remove specific annotations all at one time, 
hold the control key and select each annotation to be removed from the Datablock. 


Annotation Order 
Use the up and down arrows to set the order of the annotations in the Datablock. 


New 
Selecting “New” creates a new datablock template and prompts the user to name it. 


fr , 
New Datablock =a) 


Name 


ci | cc 
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Copy 
Select an existing template from the “Copy” list and copy the selected datablock template to create a new 
replicate of that template. 


a \ 
Copy Datablock x) 


Delete 
Selecting “Delete” deletes the datablock picked from the pulldown menu. 


Apply 
Click “Apply” to save and apply the changes made to the Datablock template. 


Global (All Study Modes) 
Setting the datablock to global will show all the result annotations in the datablock for all studies 
regardless of what module is selected. 


Local (Study Mode Dependent) 
Setting the datablock to Local will show the results based on the mode that is active. If the datablock 
contains results from different studies, the results will be dynamically removed. 


Note: Global and local are only applied to results. Properties will show for all studies. 


Note: Results do not change after properties are modified. Datablock results only change after the study is 
executed post property modifications. 


Tab 
This option formats the datablock so that the selected annotations are aligned into columns. 


ID value 
Nominal kV value 
Rating, Bus Type value 
A.Flash, Lim. Bdry (Fixed) value 
A.Flash, Lim. Bdry (Movable) value 
A.Flash, Restricted Bdry value 
A.Flash, Gap value 
A.Flash, Work. Distance value Work Distance 
Final FCT value Cycles 
AFB value ft 
Total Incident Energy value cal/cm2 


Compress 
This option formats the datablock so that the selected annotations are compressed and justified to the left. 
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ID: value 

Nominal kV: value 

Rating, Bus Type: value 

A.Flash, Lim. Bdry (Fixed): value 
A.Flash, Lim. Bdry (Movable): value 
A .Flash, Restricted Bdry: value 
A.Flash, Gap: value 

A.Flash, Work. Distance: value Work Distance 
Final FCT: value Cycles 

AFB: value ft 

Total Incident Energy: value cal/cm2 


Show Border Lines 
Check this option to display the borderlines around all Datablocks for the selected Datablock template. 


[7] Show Border Lines 
[A Hide Zero Values 


ID CB2 
MFR Alstom 


Model FP0436F 
Rated Int 29. =«kA 


Hide Zero Values 
When checked, any properties or results equal to 0 or without content will be automatically hidden. 


x 
=o 


ab 
Ss 


BEET EEE EE EEE 


PEE EE EE EE EEE 


— 


@ Global (All Study Modes) @ Tab © Show Border Lines 


© Global (All Study Modes) @ Tab M1 Saaw Boater Lines (Save Alias O Local (Study Mode Dependent) © Compress [Hide Zero Values 


CO Local (Study Mode Dependent) © Compress [[] Hide Zero Values Sieh eee Save Alias Load Alia 


Load Alia 


Help OK || Cancel Help OK || Cancel 


ID Bust 
Nominal 24 kv 


ID Bust 
Nominal 24 
Bus Type Switchgear 


ul ul 
170 kVAsc 170 kVAsc 


Bus Type Switchgear 


Final FCT Working Distance 24 in 


AFB 
Total IE Bus1 


Working Distance i 
Source PD 24 BY 
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9.7.3 Datablock Selection Chart 


The selection chart allows the user to add and format the Datablocks that will be displayed on the one-line 
diagram. Names provided in the alias will be displayed on the one-line and the formatting that is selected 
for each box will also be incorporated into the one-line. 


Note: Results do not change after properties are modified. Datablock results only change after the study is 
executed post property modifications. 


Formatting Datablock Text 
Bold, italicize, and/or underline the text for the “Alias”, “Value”, “Unit”, and “Text” for the datablock. 
The user can also align the text left, right, or center justified. 


G4) | On | Append Name Alias Value Unit Text 
2 [] | Total incident Energy Total IE | value cal/cm2 
3 CL] | Final FCT Final FCT _| value Cycles 
4 [] |AFB AFB| value (ft 
5 []) ()_ |Energy Levels Energy Levels value 
6 [_] | Trip Time Trip Time | value | Cycles 
7 [] | Open Time Open Time value | Cycles 
8 [] | Exceeds Max FCT Exceeds Max FCT value 
9 [] | Source PD ID Source PD ID value 


ID CcB2 
Total lE 432.4  cal/cm2 
Final FCT 14.2 = Cycles 
AFB 28.528 ft 


TripTime 9.2 Cycles 
Open Time 5Cycles 
Exceeds Max FCT 
Source PD ID CB1 


Saving/Loading Alias 

This function is for copying the names for changed aliases in a datablock and loading them into an 
existing datablock or new one. The user would make the desired changes to the alias names then click 
Save. To add the name changes to a different datablock, the user would open or create a datablock then 
click on “Load Alias.” 


Note: Alias name changes are only valid for properties for ETAP 14 and higher. 
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Show/Hide Elements in the Datablock Tooltip 
When this option is checked, the annotation will be displayed in the Datablock Tooltip. 


Show/Hide Elements in the Datablock 
The annotations in the datablock can be shown/hidden by selecting them in the editor chart. 


Append 


Appending an annotation in the datablock puts the annotation on the same row as the previous annotation. 


Name 
This is the property name of the annotation used in ETAP as the default name. This name is read-only but 
is not displayed in the Datablock. 


Alias 
This is the name of the element used in the Datablock. The alias can be renamed by the user. 


Value 
The value is used as a placeholder for the actual calculated value or status for the alias. The user can use 
the placeholder to format or align the actual value. 


Unit 

These are the units of the property or result. Result annotation units can be defined from the pull down 
menu in this column. Property units will be determined from the unit used within the editor of the 
element. 
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9.7.4 Positioning and Showing the Datablock 


The datablock can be moved by dragging it anywhere on the one line diagram. 
Pin to lock the X to hide a specific datablock 
datablock to the one-line on the one-line 


ID Main Bus 
Nomina! kV 34.5 
Rating, Bus Type Open Air 
A.Flash, Lim. Bdry (Fixed) fi 


A.Flash, Lim. Bdry (Movable) 
A.Flash, Restricted Bary 
A.Flash, Gap 

A.Flash, Work. Distance 

Final FCT 

AFB 

Total Incident Energy 


One-Line Options 


Pin 
By default, the datablock is pinned to the component. If the component is moved, the datablock will move 
with it. Unpin the datablock to isolate the movement from the component. 


Hide 

The user can remove a specific datablock from the one line diagram by selecting the datablock then 
clicking the x that appers in the upper right-hand corner. To show the datablock, right-click the 
component associated with the datablock, go to datablock and check the show box. 


System Manager 


Within the components list in the system manager, right click on any element ID and choose whether to 
show or hide the datablock. 


Right Click Menu 


Show 
Choose whether to show or hide the datablock from the right click menu. 


Move with element 


If move with element is unchecked, the datablock keeps its location on the one-line diagram whenever the 
element is moved. 
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Size +/-> 
Symbol » 
Colors r 
Alignment » 
Rotate Ctrl+R > 
Connector > 
CL] Group Ctrl+G/U 
Closed, Position A 
In Service 
State » 
Classification r 
Visible, PD 
L] Lock 
Info Annotation » 
Result Annotation r 
 Datablock > 
Trace b Move with element 
Find in... Ctril+F > 


Save Position 


Apply Position 


Apply Globally 
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9.8 Text Box 


Custom text can be entered directly on the one-line diagram by using the Text Box feature. The text box 
eliminates the need to use OLE Objects when you add notes to the one-line diagram. Many device 
properties can also be displayed directly in the text box and are dynamically linked to the device property 
in the database. 


Text boxes can be added to the following ETAP Views: 
e One-Line View (OLV) 


e Underground Raceway View 
e Star View 


ProjectToolbar we 
BEE 68 *S2B%QQQ8KR oa BERBERS & Ha @ 


Click 


—- 
Drop 
To drop a text box on one of the views, select the text box from the Project toolbar as shown. 
Double-click on the text box to access the Text Box Editor. 
The text box includes two pages of properties: 


e Text Page 
e Format Page 
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9.8.1 Text Page 


Using the text box you can define custom text as well as properties to be displayed from the ETAP 
database for any element on the single line. 


Format Text Box |e 


Properties 


A.Flash, Arc Duration 
A.Flash, FCT 

A.Flash, Fault kA 
A.Flash, Fixed Ckt Part 


A.Flash, Grounding Type 
A.Flash, Hazard Risk (Calc./ UD) 
A.Flash, Label 

A.Flash, Lim. Bdry (Fixed) 

& Flach Lim Redrw f[Mawahle) 


PNR SESE) 


ee ee 


Selection 

This section is used to select the element and its properties to be displayed on the one-line diagram. 
Device Type 

Select the device type or element type from the drop-down list. Note that this list will only display those 
types of devices that exist on the one-line diagram. Elements in the Dumpster will not be displayed in this 
list. 


Device ID 
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Based on the Device Type selected, ETAP will list all available device ID’s that exist on the one-line 


diagram. 


Properties 


The properties in this list are displayed based on the Device Type and Device ID selected in the Text Box 
Editor. Using these properties it is possible to display engineering data stored inside the device editor. 
ETAP ensures that once the property is selected in the text box, it will always be dynamically linked with 
the text box. The illustration below shows selection of some of the properties for a 2-Winding 


Transformer. 


Format Text Box 


Properties 


Text 


Efficiency 
Equipment Description 
Equipment Name 
Equi t State 

g s Q 
Fixed Tap Prim, + of Taps 
Fixed Tap Prim, Max Tap 
Fixed Tap Prim, Min Tap 
Fixed Tap Prim, Setting 
Fived Tan Ser + nf Tane 


{p: [T3|Equipment Tag #]1|2} 


Equipment Tag # = {p:T3|FDRTag] 1/2} seconds 

XFMR Inrush Time = {p:T3|nrushDuration| 1/2} seconds 
XFMR Inrush Multiplier = {p:T3[InrushMultiplier |1]2} x FLA 
Primary LTC = {p:T3|PrimCheckBox| 1/2} 


Custom 


ee 


Click OK to close the text box and save changes, or Apply to save changes but keep the editor open. The 
following text will be displayed in the text box. 


ETAP 


9-178 
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T3 
T3 Equipment Tag # = 
aN 5 MVA XFMR Inrush Time = 6.00 cycles 


' 13.8/4.16 kV XFMR Inrush Multiplier = 8.00 x FLA 
Primary LTC = 00 


If changes are made to the transformer properties selected, the text box will be dynamically updated as 
shown below. 


Magnetizing Inrush 


en Multiplier [8 =v 1673 | Prim. Amps 


Tag # /OT1-1234567890 


Duration Cycles 


Name 


Description | 


eds 


aN 5 MVA 


13.8/4.16 kV 


XFMR Inrush Time = 7.00 cycles 
XFMR Inrush Multiplier = 8.00 x FLA 
Primary LTC = O1 


Auto BTC 


AVR 


Sec. [] 


Note that for checkboxes or radio buttons the database returns either a value of 1 or 0. A value of 1 
indicates yes or available, while a value of 0 indicates no or not available. 


Multiplier 
When a property is selected from the database to be displayed in the text box, the multiplier field can be 
used to manipulate the data being retrieved from that property. For example, for the MW property, if the 
data stored in the database is in MW units then you can use a multiplier of 1000 to display the same data 
in kW units. 


Precision 

Move up or down to either increase or decrease the precision of the data being retrieved from the 
database. 

Insert 

Click to display the selected property inside the text box. The property will be inserted at the location of 


the cursor within the preview text region. 


Custom text or data from database property can be entered or setup in this section. 
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Editing Tools 
Basic editing tools are available for the text region in this editor. They include Font, Cut, Copy, and Paste 


Text 


A Sie) 
{p:[T3|Equipment Tag #] 1/2} a 
Equipment Tag # = {p:T3|FDRTag] 1/2} seconds 
XFMR Inrush Time = {p:T3|nrushDuration| 1/2} cydes 


XFMR Inrush Multiplier = {p:T3|InrushMultiplier |1]2} x FLA 
Primary LTC = {p:T3|PrimCheckBox|1]2} 


9.8.2 Format Page 


This page may be used to control the display format for the text box. Text box border, shape, margins, 
and colors can be controlled from this page. 


Fill 


Color 
A color palette is available in the drop-down list to select a fill color for the text box. 


Fal 


¥| Transparent 


Transparency Level 


T3 
&% 5 MVA 


| 13.8/4.16 RV 


Transparent 
Select to apply transparency to the text box fill color. 


Transparency Level 
Select to adjust the amount of transparency for the fill color. 


ETAP 9-180 ETAP 19.0 User Guide 


One-Line Diagram Text Box 


ee. 


aN 5 MVA 


| 13.8/4.16 kV 


Fill 


\V] Transparent 


Color ll Yellow = [| 


Transparency Level 


This is a sample text 


olay 


aN 5 MVA 


13.8/4.16 kV 


100% Transparency 


Fill 
Transparent 


Color oa Yellow = a 


Transparency Level 


Border 
Select this to change the border style including color, line style, line thickness, and line shape. 


Border 
Color | Purple = Style |Rectangle ’ 
Line Style = Weight 9.25 = 
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Format Text Box 


Fa 
¥) Transparent 
cor (Ym : | 
Transparency Level 
Border 
Color J Peru - style [Elipse * 
Pe a 
Pe Pee, then Sie foe Sos caccnascencews on ° Weight 1 > 
This is a sample text *. 
* 
? a Internal Margin 
"My. -* Top 9 
**eccceDecese®*” 
lee 0 . Right 0 
Bottom 9 


Internal Margin 
This is the padding or spacing the text box will have when text is added to it. 


Internal Margin 
Top 4 . 
Left 7 = Right 4 = 
Bottom 4 = 
SF SSSSSSSSSSSSSSSSSSHSSSSSSSSSSSSSESEEES hy 


: Left TR 
5 Sn his is a sample COT es 
: Right = 
Bottom 
RGdRekenedehbhdabeesedseednaddbnsae 
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9.9 Polyline Text Box 


Custom text can also be entered directly on the one-line diagram by using the Polyline Text Box feature. 
The primary difference is that the polyline text box can be used to create text boxes with polygon shapes 
that can be closed or open-ended as compared to the conventional text box. The polyline text box 
eliminates the need to use OLE Objects when you add notes to the one-line diagram. 


Further, the polyline line text box can be used to highlight or annotate the one-line diagram without 
entering any text. Many device properties can also be displayed directly in the text box and are 
dynamically linked to the device property in the database. 


Text boxes can be added to the following ETAP Views: 
e One-Line View (OLV) 
e Underground Raceway View (Future) 
e Star View (Future) 


——> Indicates click-points with left mouse button | A \ \ 


While the conventional textbox is dropped as a pre-defined shape, the polyline textbox can be drawn as 
any polygon shape. 


To draw a polyline text box, select the polyline text box from the Project toolbar as shown in the image 
above. The cursor will appear as follows. 


beweee 


Click with your left mouse button at the desired location on the presentation to start drawing the polyline 
textbox. 
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It is not necessary to bring the cursor back to the first point to close the polygon shape. Hence it is 
possible to create open-ended shapes by simply double clicking the left mouse button when you reach the 
end. 


To finish drawing simply double-click on the last point. When closing a shape, you need double-click 
within close proximity to the starting point. 


Double-click to 
end drawing 


Selecting the polyline shape shows the textbox edges. You can use the edges to resize the textbox or 
reposition the textbox using click & drag with your mouse. 


Click the textbox (within the 
points) to drag it to the desired 
location 


Selecting the 
polyline shape 
shows the textbox 
edges 


Double-click on the text box to access the Text Box Editor. 
The text box includes two pages of properties: 
e Text Page 


e Format Page 


All items in the Text Page and Format Page are same as conventional textbox described in this chapter 
with additional options to change the color, style and weight of the polyline itself. 
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Polyline 
The following options are unique to a polyline textbox. 
Polyline 
Color Line Style Weight 


Ge a eee ~| (2 |B 


Color 
A color palette is available in the drop-down list to select a color for the polyline edge. 


Color 


za RoyalBlue ¥ 


ee 


ee | 


Line Style 


A drop-down list of various line styles like solid, dashed, etc. are available to change the polyline textbox 
border style. 


Line Style 
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Weight 
A counter list that can be used to increase or decrease the line thickness in increments of 0.25 points or by 
directly typing in the weight. The maximum weight is 10 points. 


Weight 
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9.10 Zoom Window (Magnifying & Panning) 


Zoom windows are magnifying & panning windows that allow the user to create multiple instances of 
magnified views around any region of the one-line diagram. 


1. To zoom into the first region on the one-line diagram, click on the Zoom In button on the Project 
Toolbar. 


2. The cursor will change to a magnifying glass as shown 


3. Hold the CTRL key and highlight a region of the one-line diagram where you would like to create 
a zoom view. 


Vee (at Wow Project Leary Warehouse Bute Ovtauty Toots RevControt Resi time Window Help 

yet” 1° fe Sh Al 8 IE oP LINO. F Sp lewmone Come = mane or ae 

Sa ee ee 7 he eS tte | 
7286 de D2 xy Ne Ni tP 2 tet 
p, |atem Manes 
ae One tine Components 
ia ay Components * 


% GAC Composite C50 


enor 


2990050 


Wi) GAC CHO Contact 
AY $ © By AC CSD Contact, Macro-Cer 
al = GAC CSD Control Coble 
Ball 2 Gy AC CSD Devers 
GAC C50 Pet Button 
LY © AC CO Wes 
= Gy Satery 
Ss 2 ea-25 
© edu 
a) © cre 47 
+ Gy Coprotor 
Bl sam 
& Gy Coeur Breather, He » 302 


& Gy Creuse Brenber, LY 


2@o 


© Gy Compesae C50 
© Gy Composte, Motor - 2 

'y © Ga Compose, Network » 17 
© Gy Contactor -9 

oe 

| © Gy CSO Contact, Macro Crt 

| & GSO Control Cabie 

© Gy C80 Devices 

© Gy CSD Pur Brsren 

= Gy CSD Wes 

2K ba 

© Gy OC Crewe Rreater 


ee # Gy OC Comers 
rs & & OC Fuse 

© OC impedance 
pS OC Link, High-Voltage 


© Gp OC Lumped Leas 
© Gy OC Motor 

© Gy OC Static Loos 

© Gy OC Switch, Doubie- Throw 

= Gy OC Swatch, Sangh Theew 

© Gy bqevatert Crowe 

© Dy Fte, Harmonie 

= hue? 

2 Gy Generates, Symerronour - 2 
© Gy Grouns Grid 

@ Ground Sertich = 118 

= G Grounding Eatheng Adapte 
© Gy mpedance, feanch 

© Deere 

= Gy Lummped Loos» 18 

2 Gy Meter, Aummeter - . 


~~ So ORK S+H+GO>4n Oia 


oe He 
DI 2i~+BHO-44+O8RO~a=t > 


4 Mun Omensonal Databane 
Rains he Lien 
HAWES P20 Doom Levet 2H ' = Baie 


A colored rectangle or zoom region will appear on the main one-line diagram and a mini-window will 
open that displays the zoomed region of the one-line diagram. 


Note that the zoom view that appears is not a static image or thumbnail. You can interact with the zoom 


view just like the one-line diagram and perform operations such as delete, open property editor, move 
devices, etc. Any change made in the zoom view is reflected in the main one-line diagram as well. 
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Creating Multiple Zoom Views 

If the steps mentioned above are repeated on a different region of the one-line diagram then ETAP will 
create another zoom window and indicate the zoomed region with another zoom region as shown below. 
ETAP allows unlimited zoom windows to be created. 


XUT66T 25735 oom Levee 2 
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Panning Zoom Views 


The zoom windows can be panned by moving the zoom region from one location on the one-line to 
another as shown below. The zoom windows are panned dynamically as the zoom region is moved. 


x 


2 
2 


H-~ Se oBeG2h+e@>4u A kik 
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Resizing Zoom Views 


The zoom region can be expanded or reduced by dragging the edges of the zoom region as shown below. 


imple Default ~ ||Phase 
ance Diagram Zi le} ae 
PQ {ie 
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Renaming Zoom Views 


Select a zoom view to be renamed, right-click on the zoom view and select properties. 


— —_> 
as las 


Delete 


Name Zoom Window 1 


Help Cancel 


Deleting Zoom Views 


Select a zoom view to be deleted, right-click and select delete OR 
Select a zoom view and press DELETE on the keyboard 
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Menu Bars 


ETAP menu bars provide a list of menu options that include drop-down lists of commands. Menu 
commands with an arrow icon pointing to the right denote the existence of a drop-down menu that offers 
access to additional commands. For example, select the Project menu option and then select Settings to 


view more menu options, as in the example below. 


Project Library Warehouse 


Information... 


Rules 


Standards... 


Settings r 
Options... 


Mutual Coupling Group... 
DC Control Cable Schedule... 
AC Control Cable Schedule... 


Default Calendar 


Loading and Generation Categories... 

Avg Temp and Humidity... 

Duty Cycle Categories... 

Starting Categories... 

Load Priority... 

Data Type... 

User-Defined Fields... 

Cable Ampacity App. MF... 

Panel Code Factors... 

Rate Schedule 

Fuel Cost Profile... 

Emergency Handling... r 
Arc Flash r 
Star View Reference kV... 

Area, Zone & Region 


GIS Coordinates... 


The contents of the menu bars will vary depending on the type of window or view that is active. The 
following different types of menu bars exist in ETAP, as listed below: 


Start-Up Menu Bar 

One-Line Diagram Menu Bar 
U/G Raceway System Menu Bar 
Dumpster Menu Bar 

Cable Pulling Menu Bar 
Ground Grid Menu bar 
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10.1 Start-Up Menu Bar 


® ETAP 


File View Help 


The Start-Up menu bar is displayed when you start ETAP and have not yet opened a project file. This 
menu bar contains a limited number of menu options. 


The Start-Up menu bar offers the following menu options: 
e 6File Open a new or existing project file 


e View Show or hide Status Bar (help line) and Message Log 
e =Help ETAP Help 


10.1.1 File Menu 


File | View Tools Help 


1) New Project... ! 
eS Open Project... 
Download NetPM Project... 


1 Example-ANSl.oti 


Exit 


Select the File menu option from the Start-Up menu bar to create new project files, open existing project 
files, or to exit ETAP. 


The File menu offers the following commands: 


e New Project Creates a new project file 

e Open Project Opens an existing project file 

e Download NetPM Project Download a project from NetPM 

e Recently opened file list | List of recently opened ETAP projects 
e Exit Exits and closes ETAP 


10.1.2 View Menu 


File | View | Help 
re al» Toolbar 


Status Bar 


Message Log 


Select the View menu option from the Start-Up menu bar to show or hide the Status Bar (help line) at the 
bottom of your screen where the help message, error message, and revision data are displayed. 
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10.2 One-Line Diagram Menu Bar 


The One-Line Diagram menu bar is displayed when a One-Line Diagram presentation is active. The One- 
Line Diagram menu bar contains a comprehensive collection of menu options. 


Study View (Edit Mode) - ETAP 


Sa") 


File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help | 


The One-Line Diagram menu bar offers the following menu options: 


ETAP 


File 

Edit 

View 
Project 
Library 
Warehouse 
Rules 
Defaults 
Tools 
RevControl 
Real-Time 
Window 
Help 


File management and conversions 

Cut, copy, and paste 

Display different toolbars 

Project standards and settings 

Library access and management 

Warehouse access for GIS View only 

Set engineering rules and best practices 
Fonts and default settings of elements 
Global sizing/symbols and element grouping 
Base and revision data control 

EMS, ILS, Tag File, and Active X operations 
Window Management 

Help access 
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The File menu option on the One-Line Diagram menu bar provides commands to open/close project files, 
log off/on users, save/copy project files, print/print preview one-line diagrams, convert one-line diagrams 
to WMEF/EMF files, and export to and import from the clipboard. The File menu for One-Line Diagram 
offers the following commands: 


New Project 


New Project... Ctri=N 
Open Project... Ctril+O 
Upload NetPM Project 

Close Project Ctrl+Q 
Log Off 

Save Project Ctri+S 
Copy Project To... 

Save Library 

Print Setup... 

[Q Print Preview... Ctrl+Shift+P 
Print... Ctrl+P 
Batch Print... 

Convert old OC Relay 
E-mail Project Files... 
1 Example-ANSl. oti 
Exit 


Create a new project file 


Open Project 


Open an existing project file 


Upload NetPM Project 


Upload a registered project to NetPM (Project Master only) 


Close Project 


Close an opened project 


Log Off 


Log off or onto an open project as a different user or change access levels 


Save Project 


Save the project file 


Copy Project To 


Save an open project to a specified file name and continue to function within 
original project 


Save Library 


Save Library file 


Print Setup 


Select a page layout as well as a printer and printer connection 


Print Preview 


Display the one-line diagram on-screen as it will appear when printed 


Print Print the one-line diagram 
. Print all or any number of views that belong to a presentation at once. Views consist 
Batch Print ; : : : : 
of the main one line diagram and nested composite networks and composite motors. 
Option is provided when relay elements created in ETAP version 3.0.2 and earlier 
Convert Old Relay are detected. This allows the migration of the “old” overcurrent relays to the new 


relay format. 


Email Project Files 


Provides options to send a zip file of collected data via email and other methods 


Recent File List 


Displays a list of the projects recently opened in ETAP 


Exit 


ETAP 


Close project file and exit ETAP 
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New Project 


To start a new project, click on File and select New Project. This opens the Create New Project File 
dialog box, as shown below. 


‘a ; 
Create New Project File Ex) 


Project File 


Name Project! 


Directory C:\ETAP\Project1 


Unit System Password ODBC 


© Enalish (60 Hz) Driver | Local SOL DB bt 


(| Required 


(©) Metric (50 Hz) Advanced Parameters ... 


M 


From the dialog box, enter a Project File Name with a maximum of 30 characters that is suitable for your 
project. For more information about this dialog box, see Create a New Project File. 


User Information 


User Name OoTl 


Full Name Operation Technology 


Cancel 
Description 


Delete 


Help 


Access level permissions 


V| Administrator \V¥] Revision Editor Librarian 
V) Project Editor \¥| Checker Controller 


\V| Base Editor |¥| Browser Operator 


For the purpose of this manual, name the new project Test and click on OK. This will open the User 
Information dialog box. For more details on User Information, see User Access Manager. 
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When you create a new project, ETAP automatically gives you all access level privileges. Project Editor 
provides you with full access to all editors including Base Data, Revision Data, and Libraries. 
Administrative functions such as adding and deleting users to the project are not available to a Project 
Editor. To access these functions, you must log on as Administrator. 


We recommend that you do not require a password for projects if you are a single user of ETAP or 
security is not an issue. You can change the password requirement at any time. 


If you forget your user name or your password, log on as Admin and type password as the password. We 
recommend that you do not change the password for Admin unless you record it for later use. Do not 
forget your User Name or password, as this may be the only way you can access this project. 


Enter your user name (maximum 20 characters) in the User Name field. User Name is a mandatory field. 
For the purpose of this manual, enter OTI, and then click on OK. ETAP will create a one-line diagram 
presentation named OLV1. You can start adding elements and editing the one-line diagram. Each time a 
new project is created, the presentation displayed in the window will be named OLV1. You can change 
the name of the one-line diagram presentation at any time. 


System Manager ax 
& One-Line Components 
& Distribution Components 


= Multi-Dimensional Database 


le a | Example-ANSI - C:\ETAP\Example-ANS, 
-(@ Configurations 
=} Presentations 
(@ Cable Pulling Systems - 1 
(Gq DC Control Systems - 3 
@ Distribution 


3 


+)-(@j Dumpster & 63 [h |eus 
Gos 72 
+) Ground Grid Systems zal i Me 
=} One-Line Diagrams - 3 Te = 
e OLV Presi | = 
“ Relay View ie © () 7) 
a [Ry Study View x Ht 
#)-(@@ Star -9 @) [B 
#-(@ Underground Raceway Systems A a Qo 8 
4) (Gy Study Cases \ bos 
a ik Poway, 
73] oll Ed A) 
x fy yz] EZ 
bo 
ate 
FEZ 
aa 


Add text to your one-line diagram 


|< m r 


w Rules & Libraries 
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Open Project 


You can open an existing project file by clicking on Open Project in the File menu. You can also select 
Open Projects from the menu by right-clicking on the project name in the System Manager. 


If you are editing a project and you wish to open an existing project, you will be prompted to save the 
current project. 


In order to open an existing project while you are editing a project, the currently opened project must be 
in Edit or Study mode. You CANNOT save or close a project when you are in Revision Data. You must 
first change to Base Data. 


An example project file is included in the ETAP installation program named Example.OTI. To open this 
file, click on Open Project from the File menu. This will open the Open Project File dialog box. Locate 
the folder in the ETAPS directory called Example. The file Example.OTI is located in this folder. Select 
the file and click on Open. 


The example project file contains a sample project complete with a one-line diagram and sample values 
entered into the component editors. Performing the actions described in the remainder of the manual will 
help you to become familiar with ETAP. 


Note that you can also drag and drop the .OTI file onto the ETAP window. If no ETAP project is open the 
ETAP will attempt to open the project dropped graphically. If an ETAP project is already open then 
ETAP will attempt to close the existing project and open the project that was dropped graphically. 


Open Project File Dialog Box 


The following options allow you to specify which file to open: 


Look in 


Select a network, drive, and directory, where the ETAP project file that you want to open is located. 


File Name 


Type or select the file name you want to open. This box lists files with the extension you select in the List 
Files of Type box. 


Files of Type 
ETAP project files have an .OTI extension. 


Upload NetPM Project 


Click to save and upload registered project to NetPM. Details for this feature found in NetPM section of 
Data Synchronization chapter (41.5.2) 
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Close Project 


A project can be closed when you are in Edit or Study mode. However, you CANNOT close a project file 
when you are in Revision Data. A project must be in Base Data. It is recommended that you save the 
project prior to closing it. Closing a project can be done by clicking on Close Project in the File menu or 
on Close in the pop-up menu by right-clicking on the project name in the System Manager. 


Before a project file is closed, you are promoted to save the project file. 


ETAP |e omen 


(2) Do you want to save changed data before closing this project? 


| No | [ Cancel 


If you click on Yes, all data is saved when the project is closed. 


Log Off 


Select Log Off to exit from the current project without closing it. You may use this to choose a new user 
logon name and/or user access level. 


Save Project 

A project can be saved only when you are in Edit mode or Study mode. If you have logged on as a Project 
Editor or Base Editor, you CANNOT save a project while the project is in a revision level of data. Saving 
a project can be done by clicking on Save Project in the File menu or on Save in the menu by right- 
clicking on the project name in the System Manager. 


You can schedule a project to save for any pre-defined time interval. This may be done from the Project 
Options dialog box, as shown below. To open the Project Options dialog box, click on Project in the 
menu bar and click on Options or click on Options from the menu by right-clicking on the project name 
in the System Manager. 
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Project Options a] 


Project Options 


VV) AutoS ave Every 30 minutes 


©] Prompt Before Saving Project 


|| Reload Last Project 


Editor Options 


(| Confirm Before Saving Changes 


| Display Changed Data in RED 


ne 


Click on AutoSave and enter a time interval (maximum 999 minutes). The number 30 has been entered 
here as an example. Your current project will be saved automatically every 30 minutes from this point on. 


If you have selected Prompt before saving project in this dialog box, ETAP will request your 
confirmation before saving the project. This is required if you want to save the connections between 
elements in your database. 


When AutoSave is active, the following dialog box appears: 


AutoSave Project |~eSvom 
Ready to SAVE the project 


This project is autosaved 
every 30 minutes. 
Options 
'V! Disable AutoS ave 


~ | Save connections for external use 


(V| Prompt before saving 


The AutoSave Project dialog box allows you to: 

e Change the scheduled autosave time period 

e Disable autosave 

e Save element connections in the project database 


Note: Every time the program autosaves your project, it will backup to your project name~~ file. 
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Copy Project To 


This command makes a copy of the project file but does not open that copy. The copied file does not 
contain the passwords and user information of the original project file. A copy of the project file can be 
made only when you are in Edit mode or Study mode. You CANNOT make a copy of your project if you 
are not in Base Data. You may copy a project file to a new project file name or to a previously saved 
project file name. In order to copy the project file to a new one, click on Copy Project To from the File 
menu, as shown below: 


a 
2 Copy Project To 


OD i « ETAP > Example-ANSI > las 


Organize v New folder 


BE Desktop = Name Date modified 
sb Downloads 


: rY) BACKUP 8/3/2011 11:55AM File folder 
=| Recent Places 


ad Output 8/2/2011 10:23 AM File folder 


a (t) EXAMPLE-ANSI 8/24/2011 11:21AM OTIFile 
Libraries 


==) Documents 
@ Music 

fee) Pictures 
# Videos 


»™ Computer 
&, Local Disk (C:) 
ca Local Disk (D:) 


File name: | 


Save as type: | Project Files (*.0ti) 


~ Hide Folders 


\ 


From this dialog box, select a directory for the new file name. Enter the new name Example-1 or a 
previously saved project file name for the new File Name, and click on Save. A message will confirm 
that the copy has been successfully saved. The new project file name will be saved as Example-1.oti. 


Note: ETAP uses file transitioning for saving project files. When you copy projects, ETAP prompts you 
with the following dialog box confirming your request to save the project file before copying. 


ETAP 10-10 ETAP 19.0 User Guide 


Menu Bars One-Line Diagram 


ETAP 


(?] Do you want to save changed data before copying this project? 


| | Cancel 


Select Yes to save the project file and then copy it to a new name. Select No to copy the project file 
without saving. 


Save Library 


Select this option to save the entire associated library file. The Save option in the Library menu only 
saves the associated library file and is independent of the ETAP Save Project function in the File menu. 


For more information, please refer to Chapter 8.1. 


Print Setup, Print Preview, Print, and Batch Print 


ETAP allows you to preview and print/plot one-line diagrams, underground raceway systems, text output 
reports, motor starting plots, transient stability plots, and cable temperature plots. For more details on 
Print Setup, Print Preview, Print, Batch Print, and Plot capabilities, see the Printing and Plotting chapter. 


Print Setup 


Every one-line diagram view, including composite networks and composite motors, has their own 
individual print setup and print options. This menu bar item opens the Print Setup dialog box for the 
active view. 


Print Setup [ere Svom 


| \\otidc05\Gestetner 


Ready 
NRG 4545/4518/4532 PCL6 
Printer Room 


Size: | Letter (8.5"x 11") 


Source: | Auto Tray Select 
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Print Preview 


The Print Preview dialog box allows you to change the printer setup, options, print size (Zooming), and 
print adjustment (moving the OLV graphic up, down, left, and right). All settings are only associated with 
the displayed view and are saved for that view. 


mel 183603 Aagse sont 


Print 


This item will display the Print dialog box for the active view. You can change the Setup and Options 
from this dialog box. 
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Print Study View 


Printer: System Printer (‘\otidcO5\G estetner] 


Print Range 


(@ Entire diagram 


~) Selected elements only 
-) Pages 
From: To: 


Print Quality | 600 dpi = OK ALL 


Copies 14 Cancel ALL 


Batch Print 


Batch printing allows you to print all views associated with one presentation. Each one-line diagram 
(including composite networks and motors) will be printed based on the last saved print setup, options, 
and zooming. You can globally select or deselect all composite networks, composite AC motors, and 
composite DC motors. 


Batch Print [eee Soon 


Select All Composites 


aL] Study View 
~fyJ0C Sytem 


EB] Sub24-N 


a] Sub3 Net 


Print Options 


("| Save while Printing 


Cancel 
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Convert Old OC Relay 

You can convert relay elements created in earlier versions of ETAP. From the ETAP File menu, point to 
Convert old OC Relay. This is a special conversion tool provided to move the "old" overcurrent relays 
created in ETAP version 3.0.2 and earlier to the new relay format for relay elements. 


Note: if you are importing a PowerPlot project you must first convert the old relay elements to the new 
relay format in ETAP prior to converting the PowerPlot project. 


Conversion / Mapping Utility 


Total of 130 OC Relay (old) element(s) found in the progect 
database. Click on OK to convert to new element types. 


Notes: Once the conversion is petformed the old Relay 
element(s) vail be removed from the project database. 


oo ee © 
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Send ETAP Project Files 

This ETAP function collects licensing, project, and computer information into a single zip file then offers 
you options to send the collected data to a remote destination via e-mail or FTP. Alternatively, you may 
save the collected information to a disk file. 


Send ETAP Project Files x 


Compress the Project File into a Zip File 
Options Include 

O Send by E-mail Project Files 
[_] Project Folder 

O Send by FTP Libraries 

@ Save on Hard Disk [_] Rulebook 
[_] Themes 
[_] TCC Plot Settings 
[_] Templates 
[_] Datablock 


Zip File Password 


Enter Password AMMMRRRRAKKRRRARH 


Confirm Password 


Cancel 


Options 


Send by E-mail 

Select this option if you want to send this project via email. ETAP will create a zip file containing the 
files checked for inclusion then open your default e-mail program, create a new e-mail, and attach the zip 
file to it. 


Send by FTP 
Select this option if you want to upload this project to an FTP Site. ETAP will create a zip file containing 
the files checked for inclusion then launch the “Send ETAP project files by FTP” window. 


Save on Hard Disk 


If this option is selected, ETAP will create a zip file containing the files checked for inclusion then 
prompt you to designate a name and destination. 
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2 Save As x 
= ~ 4 Gl > ThisPc > v & Search This PC 5°) 
Organize v te OY Q 


hee Folders (6) Devices and drives (2) 


Desktop *3, Local Disk (C:) 
ME This PC <|Documents 4 DVD RW Drive (D:) 
Il Desktop 4} Downloads 
4) Documents J) Music 
4} Downloads =) Pictures 
d Music BB Videos 
=| Pictures 
B Videos 


‘3 Local Disk (C:) 


o> Network 


Save as type: Zip Files (*.zip) es 


“@ Hide Folders Cancel 


Include 


Project Files 


When this function is invoked, ETAP creates a zip file containing by default the following files (if 
present): 


* oti - Operation Technology, Inc. interface file 

* bak - Backup project database 

*pso - OLE objects container file (only if you have OLE elements in the project) 

*cpxs - Cable pulling project file (only when cable pulling presentation has been created) 

* ords - Ground grid design project file (only when Ground Grid Presentation has been created) 

* oli - Encrypted licensing and computer information file for OTI support and trouble 
shooting 


Include Project Folder 

Check this option to include all files saved under the same project directory as the ETAP project. This 
will allow you to include reports and reference information saved under the same project directory. Sub- 
directories will not be included in the zip file. 


Libraries 


Check this option to include the project library (*.lib) file into the Zip file. The project library file does 
not have to be in the project directory to include it in the zip file. 


Rulebook 


Check this option to include the rulebook (*.rul) files from the ETAP installation into for this machine 
into the zipped file. 
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Themes 
Check this option to include the theme (*.oth) files from the ETAP installation into the zip file. Theme 
files contain the OLV presentation color, and font preferences. 


TCC Plot Settings 
Check this option to include the otigraph.ini in the zip folder. The otigraph.ini maintains the Star View 
plot option settings for the ETAP installation. 


Templates 
Check this option to include the custom templates files from the “Templates” folder in the ETAP 
installation. 
Datablock 


Check this option to include the Datablock template files from the “Datablock” folder in the ETAP 
installation. 


Zip File Password 


Enter Password 
Enter a password if you want to add password protection to the zip file, otherwise leave blank. 


Confirm Password 
Once you have entered a password this field will become editable so you can confirm. 
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Send ETAP Project Files by FTP 


This dialog box lets you connect to a FTP site and upload the project zip file. 


Send ETAP project files by FTP = s| 

FTP site 

Address ftp://192.168.0.12 ieee ae 
—__--- —-—___. _ Connect | 

UserID usemame Password 

Se? 
Zip fle C:\RedOAKRel\E xample-ANSI\Example-ANSI.zip | Send... | 

Oe: 


FTP Site 


Address 
Enter the FIP Site address. The FTP address should be in FIP URL format such as 
FTP://www.etap.com:80 or in IP address format such as 128.121.97.137. 


User ID 
Enter your FTP User ID. If the User ID is not entered, an anonymous FTP connection would be 
established if the FTP site allows for this connection. 


Password 
If you entered a User ID, then enter your password to the FTP site here. Otherwise leave this field blank. 


Connect 
Click on this button after entering the FTP address, User ID, and Password. If the connection is 
successful, you will see the FTP site directory tree in the dialog box center space. 


Zip File 
This box displays the location of the project zip file that is being uploaded. 


Send 
Click on this button to start the uploading of the projects zip file. 
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Quick Load Last Project 


ETAP loads the last-opened project automatically next time it is started. If the project is moved or 
removed from the last-opened location, ETAP prompts you for a project to load. 


Exit 
Using this command will save and close your ETAP project file and close the ETAP program. 
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10.2.2 Edit Menu 


Edit | View Project Library Wai 


t 


“) Undo Alt+Backspace 
™ Redo 
& Cut Ctrl+Delete 
33 Copy Insert 
(FA Paste Shift+Insert 

Move From 

Select All 

DeSelect All Ctri+Shift+A 

Cut 

Copy 

Clear 

Paste 

Paste Special... 

Insert New Object... 

Links... 

<OLE VERBS GO HERE>> 


The Edit menu on the One-Line Diagram Menu Bar offers the following commands: 


Undo 


Redo 
Cut 


Copy 
Paste 


Move From 
Select All 
DeSelect All 
Cut 

Copy 

Clear 

Paste 

Paste Special 
Insert New Object 
Links 

Object 


ETAP 


Dumpster 


Dumpster 
Dumpster 
Dumpster 


OLE 
OLE 
OLE 
OLE 
OLE 
OLE 
OLE 
OLE 


Moving or hiding an element or moving, adding, deleting a connection is 
can be undone. Also triggered using CTRL-Z 

Redo a task that was undone through Undo. Also triggered using CTRL-Y 
Deletes selected element(s) from the one-line diagram and moves it to the 
Dumpster 

Copies selected element(s) from the one-line diagram to the Dumpster 
Pastes selected cell from the Dumpster into the one-line diagram 

Moves selected cell from the Dumpster into the one-line diagram 

Select all elements in the one-line diagram 

Deselects all elements in the one-line diagram 

Deletes selected OLE object(s) from the one-line diagram to the clipboard 
Copies selected OLE object(s) from the one-line diagram to the clipboard 
Deletes selected OLE object(s) from the one-line diagram 

Pastes object(s) from the clipboard into the one-line diagram 

Pastes as object or image from the clipboard into the one-line diagram 
Inserts new OLE object(s) in the one-line diagram 

Edit any linked OLE objects on the one-line diagram 

Placeholder for OLE object verbs 
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Undo 


Undo hiding an element or undo the movement of an element. Also undo moving, adding or deleting a 
connection. You may not use undo to remove an element. There are two methods to Undo: 


e Click on Edit in the menu bar and select Undo 
e Select Undo from the ETAP main tool bar 


Here is an example of moving a transformer back to its original place: 


Redo 


When undo is used, graphical Redo allows user to redo undone tasks. There are two methods to redo: 


e Click on Edit in the menu bar and select Redo 
e Select Redo from the ETAP main tool bar. 


Cut 


The Cut command on the Edit menu will delete selected elements from the one-line diagram and place 
them in the Dumpster. You can cut elements in Edit Mode only. You can also cut selected elements by 
right-clicking and selecting the Cut command from the pop-up menu. Another way to cut an element or a 
group of elements is to select the elements and click on the Cut button from the toolbar or press the 
Delete key. To select a group of elements, click and hold the left mouse button down while dragging the 
pointer across the elements you want to select. When you cut an element or a group of elements, they are 
deleted from the one-line diagram and placed into the Dumpster. 


Copy 

The Copy command from the Edit Menu will copy selected elements from the one-line diagram and place 
them in a Dumpster cell. You can also copy an element or a group of selected elements by right-clicking 
and selecting the Copy command from the pop-up menu. Another way to copy an element, or a group of 
elements, is to select the elements and click the Copy button on the toolbar. To select elements, press and 
hold the left mouse button down while dragging the pointer across the elements you want to select. 


You can copy elements in Edit Mode only. When you copy an element or a group of elements, they are 
copied into the Dumpster with new ID Names while all other data and properties are preserved. 


Paste 


To paste an element or a group of elements from a Dumpster Cell, select a cell from the Dumpster and 
activate the view (one-line diagram or U/G raceway) where you wish the element to be pasted. Then 
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select the Paste command from the Edit menu or click on the Paste button on the toolbar. You can also 
right-click and select the Paste command from the pop-up menu. 


If more than one element is to be pasted, the pasted one-line diagram will be grouped to facilitate 
dragging the one-line diagram to the desired location. To ungroup the one line diagram, right-click on the 
pasted elements and select ungroup from the menu. 


You can paste elements in Edit Mode only. When an element is pasted from the Dumpster, ETAP assigns 
a new ID to it while all other data and properties are preserved. 


Move From 


This command will move the contents of a Dumpster cell and place them in the one-line diagram. Note: 
when you move elements from the Dumpster into the one-line diagram, the element IDs are not changed 
as the elements are extracted from the Dumpster. 


You can move elements in Edit Mode only. The Move From command is available from the Edit Menu 
and also from the pop-up menu generated when you right-click on the one-line diagram or U/G raceway 
system. The Move From Dumpster command moves the active Dumpster cell. 


ic 


=| Dumpster 


ID Type 
SubOL1 Sub One-Line System 


DeSelect All 


This command deselects all elements in the one-line diagram. Use this feature before you print a one-line 
diagram to ensure that the print file will include the entire one-line diagram. If you have selected 
elements, only those selected elements will be displayed in the print preview and print. 


Cut (OLE) 


This command removes the selected OLE object from your one-line diagram and places it on the 
clipboard. This command is available only in Edit mode and only if you have selected an OLE object. 


Co OLE 


This command copies the selected OLE object onto your one-line diagram and to the clipboard. This 
command is available if you have selected an OLE object on your one-line diagram. 
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Clear (OLE) 


This command deletes all selected OLE objects onto your one-line diagram. None of the OLE objects are 
placed on the clipboard. This command is available only in Edit mode and only when you have selected at 
least one OLE object on your one-line diagram. 


Paste (OLE) 


This command pastes an OLE object from the clipboard onto your one-line diagram. The OLE object is 
always pasted in its embedded form (the object is always embedded into ETAP). An embedded object is 
always completely inserted into ETAP. The embedded object can be edited only from within ETAP and is 
completely contained within ETAP. This command is available only in the Edit mode and only when 
there is an OLE object on the clipboard. 


Paste Special (OLE) 


This command pastes an OLE object from the clipboard onto your one-line diagram. Unlike the Paste 
command, you may select any specific format of the OLE object to paste on the one-line diagram. This 
command runs the OLE Paste Special dialog box. 


Paste Special 


Source: Unknown Source 
®) Paste Device Independent Bitmap | 


Bitmap 


Paste Link Display As Icon 


Result 


Inserts the contents of the clipboard into your 
document as a device independent bitmap. 


The OLE Paste Special dialog box lets you select the format (link, metafile, bitmap, object, or iconic) of 
the OLE object to be pasted onto the one-line diagram. The selection is, of course, limited to the formats 
supported by the OLE object on the clipboard. In the example shown above, the OLE object is a bitmap. 


If a linked format is available, ETAP inserts a linked object onto the one-line diagram. In contrast to an 
embedded object, a linked OLE object does not live “within” ETAP. ETAP contains only a reference to 
the object. This allows the linked object to be automatically updated when the original object is changed. 
If the object is an embedded object, editing the object from within ETAP is the only way to make a 
change. 


Some formats, such as metafile or bitmap, are static objects and may not be editable after they are 


inserted into ETAP. This command is available only in Edit mode and only when there is an OLE object 
on the clipboard. 
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Insert New Object (OLE) 


This command inserts an OLE object onto the one-line diagram. This command runs the OLE Insert 
Object dialog box. 


Insert Object 


Object Type: 

Microsoft Equation 3.0 

Microsoft Graph Chart be 
Microsoft Office Excel 97-2003 Work: 
Microsoft Office Excel Binary Worksh 
Microsoft Office Excel Chart 

Microsoft Office Excel Macro-Enablec 
Microsoft Office Excel Worksheet 2 


Result 
Inserts a new Adobe Acrobat Document object 


into your document. 


The OLE Insert Object dialog box displays a list of all the OLE objects registered on your computer. You 
may select any object from the list and specify whether to create a new object or use an object that resides 
in a file (i.e., a Microsoft Word document). Additionally, you may specify whether to have the object 
display an icon for itself in place of its normal visual appearance. The following one-line diagram 


includes these OLE objects: a Microsoft Excel chart, Microsoft Word document (legend), and a WordPad 
text. 


Document 
nm 
15/10/5 MvA 


= 

= 
Wordpad 
Document 


Sample Exce! Sheet 
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After you have selected the OLE object you wish to insert, ETAP checks the registry to determine if the 
selected object is a programmable object. If it is, ETAP will automatically recommend that you NOT 
insert a programmable object into ETAP. 

Note: Inserting a programmable OLE object into ETAP may lead to unpredictable results. 


Worksheet Object (OLE) 


aie) View Project Library Defaults 


Paste Dumpster 
Move From Dumpster 
DeSelect All 

Activex > 
Cut OLE 

Copy OLE 

Clear OLE 

Paste OLE 

Paste Special... OLE 


Insert New Object... OLE 


Worksheet Object > Edit 


Open 


This command is a placeholder for the selected OLE object in which the OLE object will place its OLE 
verbs. An OLE object must be selected for this function before it becomes active. The specific contents of 
this menu location will vary depending upon which verbs are supported by the selected OLE object. 


Typically, OLE objects support such verbs as Open, Edit, Replace, etc. When you select one of these 


verbs, ETAP will execute the verb for the selected OLE object. In the example shown above, an Excel 
worksheet displays two verbs — Edit and Open. This command is only available in Edit mode. 
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Edit OLE Object Document Properties 


You can right-click on the OLE object and select Properties to change the OLE object to an icon or to 


Document Properties 2 (Som 


scale it. 


Jetan 


Power at Your Fingertips* Cut 


Copy 
Delete 


Document Object > 


General 


This displays the general information on the particular type of import. General tab lists the type, size, 
and location of the file. 


rer 
Document Properties 2 |ntSoa) Cm 
[General [Mews] 


wl) Microsoft Office Word 97 - 2003 Document 


Type: Microsoft Office Word 97 - 2003 (Convert... | 


Size: Unknown 
Location: C:\Exemple-ANSI\Example-ANSI.OTI 
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10.2.3 View Menu 


View | Project Defaults RevControl L 


Zoom In 
Zoom Out Ctri+Num - 
Zoom to Fit Ctri+0 


Zoom to New Window 


Classification Pane 
Message Log 
Project Toolbar 
System Toolbar 


Mode Toolbar 


KIikikikik] was 


Quick Launch Toolbar 
¥ | Study Case Toolbar 
¥ | 3-D Database Toolbar 
¥ | Status Bar 


¥ | Datablock Toolbar 


Theme Toolbar 
AutoBuild Toolbar 


Show Toolbars for Current Mode 


Reset Toolbar Location 


Mode Toolbars » 


Help Line 
## Grid 


Continuity Check 


The View menu on the One-Line Diagram Menu Bar provides commands for zooming and displaying 


toolbars, time-sliders, etc. 


Zoom In 
Zoom Out 
Zoom to Fit 


Zoom to New Window 


Message Log 

Project Toolbar 
System Toolbar 
Mode Toolbar 
Real-Time Toolbar 
Study Case Toolbar 
3-D Database Toolbar 
Status Bar 

Datablock Toolbar 
Theme Toolbar 


ETAP 


Show more detail in the one-line diagram 
Show less detail in the one-line diagram 
Re-size the one-line diagram to best fit the window 


This function is available for Star View. ETAP will open TCC rubber- banded area in 
a new window for detailed display of selected portion. 


Show or hide the Message Log 

Show or hide the Project Toolbar 

Show or hide the System Toolbar 

Show or hide the Mode Toolbar 

Show or hide the Real-Time Toolbar 
Show or hide the Study Case Toolbar 
Show or hide the 3-D Database Toolbar 
Show or hide the Status Bar 

Show or hide the Datablock Toolbar 


Show or hide the Theme Toolbar 
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AutoBuild Toolbar Show or hide the AutoBuild Toolbar 
Show Toolbars for Current Mode Show Toolbars for Current Mode 
Mode Toolbars Show or hide current Mode Toolbars 
Help Line Show or hide the Help Line 
Grid Show or hide the grid lines in the one-line diagram 
Continuity Check Activate or de-activate Continuity Check 
Zoom In Show more detail in the one-line diagram 
Zoom Out Show less detail in the one-line diagram 
Zoom to Fit Re-size the one-line diagram to best fit the window 


This function is available for Star View. ETAP will open TCC rubber- banded area in 


Zoom to New Window 
a new window for detailed display of selected portion. 


Classification Pane Show or hide the Component Classification Pane 
Message Log Show or hide the Message Log 

Project Toolbar Show or hide the Project Toolbar 

System Toolbar Show or hide the System Toolbar 

Mode Toolbar Show or hide the Mode Toolbar 

Real-Time Toolbar Show or hide the Real-Time Toolbar 

Study Case Toolbar Show or hide the Study Case Toolbar 

3-D Database Toolbar Show or hide the 3-D Database Toolbar 

Status Bar Show or hide the Status Bar 

Datablock Toolbar Show or hide the Datablock Toolbar 

Theme Toolbar Show or hide the Theme Toolbar 

AutoBuild Toolbar Show or hide the AutoBuild Toolbar 

Show Toolbars for Current Mode Show Toolbars for Current Mode 

Reset Toolbar Location Reset all toolbars to their original locations 
Mode Toolbars Show or hide current Mode Toolbars 

Help Line Show or hide the Help Line 

Grid Show or hide the grid lines in the one-line diagram 
Continuity Check Activate or de-activate Continuity Check 


The following commands are available from the View menu under the Mode Toolbars header: 
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v| System Toolbar 


AC Edit Toolbar 
DC Edit Toolbar 


Traction Edit Toolbar 


Load Flow 


Arc Flash Toolbar 


tarting Toolbar 


starting Time-Slider 
Harmonic Analysis Toolbar 


Harmonic Order-Slider 


Transient Stability Time-Slider 


Star (PD Coordination) Toolbar 


Star 


(TCC Toolbar 


StarZ Toolbar 


StarZ View (R-X Plot} Toolbar 


DC Load Flow Toolbar 
DC Short-Circuit Toolbar 
DC Arc Flash Toolbar 


Battery Sizing Toolbar 


Battery Discharge Slider 


Voltage S 


Optimal Powe 


Reliability Analysis 


Optimal C or Pla 


Switching Optimizatio 


Switching Sequence Management Toolbar 


Contingeng Analysis Toolbar 
Time Domain Load Flow-Slider 


Railway Tracti 


Railway Traction Power-Slider 
Volt-VAR Optimization and Control 


Load Allocation 


k Monitoring 
Playback Status 
Automatic Generation Control Toolbar 


Online ILS Toolbar 


Data Capture Toolbar 


System Toolbar Show or hide the System Toolbar 

AC Edit Toolbar Show or hide the AC Edit Toolbar 

DC Edit Toolbar Show or hide the DC Edit Toolbar 

Traction Edit Toolbar Show or hide the Traction Edit Toolbar 

Load Flow Toolbar Show or hide the Load Flow Toolbar 

Short Circuit Toolbar Show or hide the Short-Circuit Toolbar 

Arc Flash Toolbar Show or hide the Arc Flash Toolbar 

Motor Starting Toolbar Show or hide the Motor Starting Toolbar 
Motor Starting Time-Slider Show or hide the Motor Starting Time-Slider 
Harmonic Analysis Toolbar Show or hide the Harmonic Analysis Toolbar 
Harmonic Order-Slider Show or hide the Harmonic Order-Slider 
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Harmonic Frequency-Slider 
Transient Stability Toolbar 
Transient Stability Time-Slider 

Star (PD Coordination) Toolbar 
Star View (TCC) Toolbar 

StarZ Toolbar 

StarZ View (R-X) Toolbar 

DC Load Flow Toolbar 

DC Short-Circuit Toolbar 

DC Arc Flash Toolbar 

Battery Sizing Toolbar 

Battery Discharge Slider 
Unbalanced Load Flow Toolbar 
Time Domain Load Flow Toolbar 
Unbalanced Short-Circuit Toolbar 
Voltage Stability Toolbar 

Optimal Power Flow Toolbar 
Reliability Analysis Toolbar 
Optimal Capacitor Placement Toolbar 
Switching Optimization Toolbar 
Switching Sequence Management Toolbar 
FMSR Toolbar 

Contingency Analysis Toolbar 
Time Domain Load Flow-Slider 
Railway Traction Toolbar 

Railway Traction Power-Slider 
Volt-VAR Optimization and Control 
Load Allocation 

Playback Monitoring 

Playback Status 

Automatic Generation Control Toolbar 
Online ILS Toolbar 

Data Capture Toolbar 


Show or hide the Harmonic Frequency-Slider 

Show or hide the Transient Stability Toolbar 

Show or hide the Transient Stability Time-Slider 

Show or hide the Star (PD Coordination) Toolbar 

Show or hide the Star View (TCC) Toolbar 

Show or hide the StarZ Toolbar 

Show or hide the StarZ View (R-X) Toolbar 

Show or hide the DC Load Flow Toolbar 

Show or hide the DC Short Circuit Toolbar 

Show or hide the DC Arc Flash Toolbar 

Show or hide the Battery Sizing Toolbar 

Show or hide the Battery Discharge Slider 

Show or hide the Unbalanced Load Flow Toolbar 

Show or hide the Time Domain Load Flow Toolbar 

Show or hide the Unbalanced Short-Circuit Toolbar 
Show or hide the Voltage Stability Toolbar 

Show or hide the Optimal Power Flow Toolbar 

Show or hide the Reliability Analysis Toolbar 

Show or hide the Optimal Capacitor Placement Toolbar 
Show or hide the Switching Optimization Toolbar 

Show or hide the Switching Sequence Management Toolbar 
Show or hide the Fault Management & Service Restoration Toolbar 
Show or hide the Contingency Analysis Toolbar 

Show or hide the Time Domain Load Flow-Slider 

Show or hide the Railway Traction Toolbar 

Show or hide the Railway Traction Power-Slider 

Show or hide the Volt-VAR Optimization and Control Toolbar 
Show or hide the Load Allocation Toolbar 

Show or hide the Playback Monitoring Toolbar 

Show or hide the Playback Status Toolbar 

Show or hide the Automatic Generation Control Toolbar 
Show or hide the ILS Toolbar 

Show or hide the Data Capture Toolbar 


Zoom In 
_View | Project Library Warehouse R 
Q Zoom In 
Q Zoom Out ls Ctrl+Num - 
fe] Zoom to Fit Ctri+0 
Zoom to New Window 


Select the Zoom In command from the View menu or click on the Zoom In button to enlarge your one- 
line diagram. A magnifying glass appears and can be placed directly over the element(s), which you 


ETAP 
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would like to enlarge. Clicking the left mouse button will activate the enlargement. All elements in the 
window are enlarged and the screen is now centered on the location of the magnifying glass. The 
magnifying glass will disappear. Double-clicking on the Zoom In button allows you to enlarge the project 
many times. Pressing the escape key stops the Zoom In function and the magnifying glass disappears. 


Zoom Out 


View | Project Library Warehouse R 


Q Zoom In 
Q Zoom Out N Ctrl+Num - 
fe] Zoom to Fit Ctri+0 


Zoom to New Window 


Select the Zoom Out command from the View menu or click on the Zoom Out button to reduce the size 
of the one-line diagram. All elements in the active window are automatically reduced by one 
magnification level. 


Zoom To Fit 


View | Project Library Warehouse F 


RQ Zoom In 
Q Zoom Out Ctrl+Num - 
KE] Zoom to Fit Ctri+0 


Zoom to New Window 


Select the Zoom to Fit command from the View menu or click on the Zoom to Fit button to resize 
selected elements of the one-line diagram to fit within the window; i.e., you can rubber-band an area of 
the one-line diagram or select elements by holding down the Control key and clicking on the element(s), 
then Zoom to Fit. If no element is selected, the entire one-line diagram will be resized, and all the 
elements within the project will be shown in the window. The elements may be enlarged or reduced, 
depending on the number of elements and their placement. If all the elements will not fit within the 
window, the window will be set to maximum reduction with the view located to the window’s upper left- 
hand corner. 


Zoom To New Window 


View | Project Library Warehouse R 


QR Zoom In 
Q_ Zoom Out Ctrl+Num - 
2] Zoom to Fit Ctri+0 


Zoom to New mS ndow 
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Select this command to zoom in on the Time Current Characteristic (TCC) in a new zoom window. This 
function is available for Star View. When this command is selected and you rubber-band a specific area 
on the Star View, ETAP will open a new window and display the selected portion there. You can resize 
the zoom area by re-sizing the block displayed on the TCC. 


Classification Pane 


In ETAP 18 and higher, component classification provides a simple way to organize the components of a 
project by gathering them into customizable hierarchies and categories then illustrate them graphically on 
the presentation. Please see Component Classification section of One-Line Diagram GUI chapter for 
details. 


Message Log 


ETAP uses the message log to record certain activities when you are working with your ETAP project. 
For example, ETAP records an entry whenever you open or close a project. In addition, ETAP records 
entries when you delete OLE objects or update OLE links and whenever some internal errors are 
encountered. The greatest use of the message log is reserved for the ETAP Real-Time power applications. 


The operation of the message log is completely transparent. ETAP automatically maintains the log. You 
may, however, customize the log by setting the maximum number of entries that ETAP can display in the 
message log at any given time. Additionally, you may set the size of the text logs generated by ETAP. 


Toolbars 


The Toolbar commands from the View menu allow you to choose which toolbars, time-sliders, or 
frequency sliders are shown or hidden. If the toolbar is available AND it has a checkmark in front of it, 
the toolbar is active and available to use. The toolbar will not be visible or available for use when the 
checkmark is removed (by selecting the toolbar from the list). Toolbars that are shown as grayed out are 
not available in the current mode of operation. For example, if you are in Online ILS mode, then the ILS 
toolbar will be active and all other toolbars will be inactive. Toolbars that are active and available may be 
moved from their attached location using the mouse. Select the toolbar by clicking and holding the left 
mouse button down on an area of the toolbar that does not contain an icon. The toolbar may then be 
dragged to a new location. 


Project Toolbar 


The Project toolbar contains buttons that allow you to perform shortcuts of many commonly used 
commands in ETAP. All of these commands are described in detail in different parts of this manual such 
as One-Line Diagram Menu Bar and One-Line Diagram Presentation which explains the graphical user 
interface of the one-line diagram. 


System Toolbar 


The System toolbar is a convenient and efficient method of switching between ETAP systems. When 
navigating from one ETAP system to another using this toolbar, ETAP will open the last accessed 
presentation for the selected system. For example, if you are switching from Network Systems to Star 
Systems, ETAP will check for an existing Star View. If Star Views exist, ETAP will open the last 
accessed Star View and make it the active window. 


If there are no existing presentations, ETAP will prompt you to create a new presentation, with the 


exception of Ground Grid. The button for Ground Grid will be disabled if no presentation has been 
created. See Ground Grid Systems Chapter for instructions on how to create Ground Grid presentations. 


ETAP 10-32 ETAP 19.0 User Guide 


Menu Bars One-Line Diagram 


Mode Toolbar 


When you click the One-Line Diagram (Network Systems) button on the System toolbar, the Mode 
toolbar is available that contains all the study modules related to the one-line diagram. In general, ETAP 
has three modes of operation under Network Systems; Edit, AC Study, and DC Study. The AC Study 
mode consists of analyses such as Load Flow, Short Circuit, Motor Acceleration, Transient Stability, and 
Protective Device Coordination. 


Real-Time Toolbar 


This toolbar enables you to take the selected One-Line Diagram presentation to any of the real-time 
modes available. 


Study Case Toolbar 


The Study Case toolbar is displayed automatically when one of the Study Modes becomes active. The 
Study Case toolbar allows you to control and manage the solution parameters and output reports. The 
Study Case toolbar is available for all ETAP configurations. 


3-D Database Toolbar 


This toolbar allows you to manage the project presentations. To Activate a presentation, click on the 
down arrow. The drop down list displays the presentations available. Select the presentation from the list 
that you want to activate. 


Depending in the mode you presentation is, that is type of presentations that will be displayed in the drop 
down. For Example, if you are in the STAR View, the drop down list all the STAR View available. 


Click on the button on the left on the toolbar to create or copy presentations. 


Composite Network Toolbar 


This toolbar allows the user to manage the project’s composite networks. All composite networks are 
created directly in the one-line diagram presentation; however this toolbar facilitates looking up specific 
composite networks within any project, regardless of the size of the project and of the location of the 
composite network within the project. Simply select the desired composite network name and the view of 
the composite network opens up in a new window. 


Datablock Toolbar 
This toolbar allows you to enable, disable, and customize Datablocks. 


Theme Toolbar 


This toolbar allows you to launch the Theme Editor, and change color and line styles for device 
connectors as well as device color and background. 


Auto Build Toolbar 


The Auto Build toolbar provides tools for creation and editing of the one-line diagram using rule-based 
spacing and voltage preferences. 


Show Toolbars for Current Mode 
If Mode specific toolbars were hidden, selecting this option will cause them to display again. 
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Reset Toolbar Locations 


Select this option to set all the toolbars back to their default locations. Note, this option will consider the 
monitor aspect ratio. 


Status Bar 


Horizontal bend angle in degrees between two consecutive straight segments NUM 


The Status Bar is located at the bottom of the screen. The Help Line may be hidden from view if you 
uncheck this option. The three parts of the Help Line are: 


Help Message 


Displays a brief description regarding most functions and properties. Each time you click on a button, 
select a function or edit a property, the Help Line displays a brief description for it. 


Error Message 


Displays the last active error message. ETAP includes a number of error-checking modules. When you 

run studies, an output error report is generated if data inconsistencies are found. From this report, if you 
double-click on an error message, ETAP brings up the editor for the element, which generates the error 
and displays the error message in the Help Line. 


Revision Data 
The active Revision Data is displayed here for your reference. 
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Grid 


Select the Grid command from the View menu or click on the Grid button to display grid lines on the 
one-line diagram. The grid is zoom-dependent and will be enlarged or reduced proportionately with the 
elements when they are enlarged or reduced. Use the Theme Manager to change the grid size. 
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Continuity Check 


The Continuity Check can be activated or de-activated from the View menu or by clicking on the 
Continuity Check button for individual presentations. If the Continuity Check is on, ETAP determines 
which element in a presentation is energized. An energized element is an element, which is connected by 
an uninterrupted path to a swing source (generator or utility). Elements, which are not energized, are 
displayed in gray on your screen. 


Out of Service elements are displayed in a light gray color (grayed out) if the Continuity Check is on, 
otherwise only their annotations are displayed in gray. Motors and loads with Spare status are always 
shown with gray annotations. 


ETAP determines whether every branch in your system is energized or hot. An energized branch has an 
uninterrupted path from an energized bus to another bus. A branch that is not connected to one energized 
bus is considered de-energized. A branch is considered “hot” if it has one uninterrupted path to an 
energized bus but its other terminal is not connected to another bus. When you run studies only energized 
buses, branches, and loads are considered. De-energized elements, along with their connections, can be 
printed in gray, black, or not printed at all. You can choose to print de-energized elements from Print 
Options. 


Theme Fditor 


% 


The Theme Editor is used to change color and line styles for device connectors as well as device color 
and background. Select from template themes or you can create custom themes that can be applied 
globally or according to the presentation. The advantage of using a Theme Editor is that unlimited custom 
styles may be stored on one computer and these styles are project independent so they are available when 
switching from one ETAP project to another. Themes created using the Theme Editor can be easily 
transported from one computer to another. 


Note: Themes can be applied to one-line diagram and control circuit diagram presentations. Also, colors 
applied manually using the right-click context menu will override theme colors. 


Please refer to Theme Editor for more details. 
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10.2.4 Project Menu 


Library Warehouse’ Rules 


Information... 
Standards... 
Settings 
Options... 


Mutual Coupling Group... 
DC Control Cable Schedule... 
AC Control Cable Schedule... 


Default Calendar 


» Loading and Generation Categories... 
Avg Temp and Humidity... 

Duty Cycle Categories... 

Starting Categories... 

Load Priority... 

Data Type... 


User-Defined Fields... 

Cable Ampacity App. MF... 

Panel Code Factors... 

Rate Schedule 

Fuel Cost Profile... 

Emergency Handling... » 
Arc Flash » 
Star View Reference kV... 


Area, Zone & Region 


GIS Coordinates... 


The options available in the Project menu are used to set parameters and options that affect your whole 
project. This includes information such as system frequency, unit system, and names of loading 
categories. It is highly recommended that you review and modify this information before you create your 
one-line diagram. The Project menu for the one-line diagram and System Manager menu bars offers the 


following commands: 


e Information 

e Standards 

e Settings 

e Options 

e Mutual Coupling Group 

e DC Control Cable Schedule 
e AC Control Cable Schedule 
e Default Calendar 


ETAP 


Enter general project information 

Select project standards 

List of project settings 

Specify project options 

Add and specify lengths of transmission line coupling groups 
Specify DC control cable schedule settings 

Specify AC control cable schedule settings 

Setup the default calendar including working times and 
seasons. Refer to ETAP Real Time Help File for more 
information. 
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Project Information 


To customize a project's general information or view it's NetPM information go to the “Project” pull- 
down menu and click “Information”. 


File Edit View | Project | Defaults RevContro!l Libran 


Bee i 


3% Base Standards... 
a 
Settings > 


Options... 


User Manager... 


Mutual Coupling Group... 


General 


With the exception of Comments, all general project information is printed as part of the header for the 
output reports 


2 Project Information x 


General NetPM 


Project Title | Example 


Location Irvine, Califomia 


Contract # |OTI-12345678 


Engineer | Operation Technology, Inc. 


Company || 


This info is printed on every output report, 1st remark line. (120 
Remarks characters) 


The Study Case ID and Remarks are obtained from the Study Case editor. An example of an output report 
header is shown below. 


Project: Example ETAP Page: 1 
Location: Irvine, Califormia Date: 

Contract: OTI-12345678 SN: ETAP-OTI 
Engineer: Operation Technology, Inc. Study Case’ LF 100A Revision: Base 
Filename: Example-ANSI : Config.: Normal 


This info is printed on every output report, 1st remark line. (120 characters) 
Second line of remarks for "LF 100A” study case. 


Any information specified in these fields is for project identification only and is not crucial to performing 
any type of analysis. The Remarks field is common to all studies and is printed on all output reports. 
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NetPM 


The NetPM page is dedicated to providing information regarding the projects status on NetPM server. 
This page only applies to projects that have been registered, uploaded to, or downloaded from NetPM. 
Please see NetPM Chapter (41.5) for details. 


2 Project Information x 


General NetPM 


Type [Client Project 


DXM Address |http://company-XVZ.com/etapDXM/ ] 


Project URL |http://company-XVZ.com/etapDXM/NetPM_Project-A ] 


Registered Users |Admin A 
engineer] 
engineer2 
master 


v 


Time Uploaded {2/7/2019 2:00:30 PM 


Type 

Indicates whether the open project is a Master Project or a Client Project. Only Master projects are able to 
register and upload to NetPM (DXM). If this project was downloaded from NetPM it is automatically a 
Client Project. 


DXM Address 
Address or URL of the NetPM server machine where this project was registered to. 


Project URL 


Address or URL of the project itself on the NetPM server. Should the project need to be downloaded 
again, this address may be entered into the “Download from NetPM” login window. A copy button is 
available for this field to allow quick copy and paste of this URL into any document or email. 


Registered Users 


List of users that were registered and given access to this project. If the Project Master has altered the user 
list in the User Manager of the Master project, Re-registration must be performed to update this user list. 


Time Uploaded 


This was the last time that the open project was uploaded to NetPM. A Master Project can be re-uploaded 
at any time to distribute the latest version to other ETAP registered users however this “Time Uploaded” 
is only updated for a Client project when it is downloaded. 
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Standards 
When you select Standards, the following dialog box opens: 


fo \ 
Project Standards x=) 


Standard | IEC aa 

Frequency 50 ¥ 

Unit System [Metric + | 
Date Format |dd-mm-yyyy (Europe) 7 | 


mts) Cea]] [cet 


Standard 


Set the project standard as either ANSI or IEC. Setting the project standard will determine some of the 
project defaults. Depending on whether you select ANSI or IEC Standard, ETAP uses different element 
symbols by changing the Edit toolbar and sets the defaults for some properties and studies, such as the 
short circuit method. 


Note: after you change the standard, the new standard is used as the default for any new element that you 
add to the one-line diagram. 


However, you can change the symbols of individual elements or groups of elements from ANSI to IEC or 
from IEC to ANSI by right-clicking on the one-line diagram. You can also reset the short circuit study 
method (ANSI or IEC Standards) for any study case. The study method can be changed in the Study Case 
dialog box. 


Frequency 


Here you can enter the electrical system frequency in Hertz (Hz). Acceptable values are from 1 to 999 Hz. 
The system frequency is used when you run transient stability and harmonic studies. The system 
frequency is also used to correct the line and cable reactances and susceptances when these values are 
obtained from the libraries. For example, if the system frequency is set to 50 Hz and the frequency of the 
cable library is 60 Hz, the cable positive and zero sequence reactances are multiplied by 5/6 and 
susceptances are multiplied by 6/5. It is important that you set the system frequency correctly prior to 
entering data into ETAP. 


Unit System (English, Metric) 

The unit system entered here determines the display attributes used for underground cable systems but 
will not change the defaults for the one-line elements. The defaults for the system elements are set when 
you create a new project. That is why ETAP asks you to select a unit system at the time you are creating a 
new project file. 
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Note: you can edit the defaults for any element to meet your specific requirements. 


Date Format 


You can use any one of the following formats for printing the date on the output report header: 


USA mm_-dd-yyyy 

Europe dd-mm-yyyy 

Japan, China = yyyy-mm-dd 

Literal mm dd, yyyy 
Settings 


The Project Settings menu option allows you to select one of the following commands from the submenu 


to modify: 


11-23-2004 
23-11-2004 
2004-11-23 
Nov 23, 2004 


Library Warehouse’ Rules 


Information... 
Standards... 
Settings 
Options... 


Default Calendar 


ETAP 


Mutual Coupling Group... 
DC Control Cable Schedule... 
AC Control Cable Schedule... 


r Loading and Generation Categories... 
Avg Temp and Humidity... 

Duty Cycle Categories... 

Starting Categories... 

Load Priority... 

Data Type... 


User-Defined Fields... 
Cable Ampacity App. MF... 
Panel Code Factors... 
Rate Schedule 

Fuel Cost Profile... 
Emergeng Handling... 
Arc Flash 


Star View Reference kV... 


Area, Zone & Region 


GIS Coordinates... 
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Loading and Generation Categories 

By selecting Loading and Generation Categories, you can customize the name of any of the 10 loading 
and generation categories provided by ETAP. You can change these names at any time when running the 
project. Each name may be up to 12 characters. 


fT ' 
Loading and Generation Categories Ex) 


AC Load DC Load Generation 


Design 
Brake 


Full Load 


Summer Load 


Winter Load 


Start Up 
Emergency 
Shutdown 
Accident 


Load Cat 10 


Design 

Brake 

Full Load 
Summer Load 


Winter Load 


Start Up 
Emergency 
Shutdown 
Accident 


Load Cat 10 


Design 
Normal 
Shutdown 
Emergency 


Standby 


Startup 
Accident 
Summer Load 
Winter Load 


Gen Cat 10 


Description AC Load - Design 


Help Cancel 


. 


Description 


Enter the description for each AC & DC loading category and Generation category. Note that the 
description is saved per category. 


When you run load flow or motor starting, ETAP uses the percent loading of the specified loading 
category to calculate the operating power factor and efficiency of motors and static loads from the values 
of power factor and efficiency specified at 100%, 75%, and 50% loading. This is accomplished by using a 
curve fitting technique with a maximum of 100% for power factor and efficiency. The calculated power 
factor and efficiency are then used to calculate the operating kW and kvar loading, as well as the feeder 
losses, if an equipment cable with a non-zero length is specified for the load. 
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Avg Temp and Humidity 


This is used for short-term load forecasting module. Refer to ETAP Real Time Help File for more 
information. 


Duty Cycle Categories 


Here you can modify (change) the names of duty cycles. ETAP provides five duty cycles for DC loads for 
the purpose of battery sizing. 


Duty Cycle Category |p| 


Name Description 


Normal 
Full Load 
Start Up 
Shutdown 


Accident 


Starting Categories 


Motor starting categories provide ETAP with various percent loading at the starting time of motors. From 
this dialog box you can customize the name of each starting category for your reference. Each name may 
be up to 12 characters. 


Motor Starting Category |preSomm| 


Name Name 
Start Up 


Normal Essential 


Emergency Shutdown 


Shutdown MS Cat3 


Accident MS Cat 10 


Help Cancel 


Starting Categories are a useful tool for group (gang) starting or acceleration of motors. They are also 
used for setting the starting and final loading of each individual motor under different starting conditions. 
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When a motor is started, the general practice is to reduce the load on that motor until it reaches the final 
speed and then increase the load to the required operating level. Starting and final percent loading 
provides modeling of this adjustment in the motor load. These values are entered as a percent of the motor 
full load current in the motor editors. 


Load Priority 


Motor and load priorities provide you with various options from which motors can be prioritized. Using 
this dialog box, you can customize the name of each of the ten load priorities. Each name may be up to 12 
characters long. 


Motor / Load Priority |u| 


Name Name 


Critical Priority 6 


Essential Priority ? 


NonEssential Priority 8 
Other Priority 9 


None Priority 10 


From the Motor/Load dialog box, you can select and assign a load priority to the motor or static load. 


Data Type 


There are a total of ten data types. The name of each type can be customized from this dialog box. Each 
name may be up to 12 characters. 


Data Type |v 
Name Name 
Data Type 6 
Typical Data Type 7 


Vendor Data Type 8 


Final Data Type 9 


None Data Type 1 


= GD) al 
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This field provides a convenient way to track data entry for motors and static loads. Select one of the data 
types (such as estimate, typical, vendor, final, etc.) from the list box and as the data is updated, this field 
can be changed to reflect the source of the latest data. 


User-Defined Fields 


These fields are provided for various elements and can be custom named with a maximum of 12 
characters. 


User Defined Fields |S 


Field Name Field Name 
UD Field 46 


Last Maint. UD Field 47 
Next Maint. UD Field 48 
Tests Reg. UD Field 49 


UD Field 45 UD Field 410 


User-Defined Fields are available for elements in the Remarks page of their respective editors. 
Note: Elements allow for 7 user defined fields. 


ETAP 10-45 ETAP 19.0 User Guide 


Menu Bars One-Line Diagram 


Cable Ampacity App. MF 


Cable Ampacity Application Multiplication Factors are provided for a number of typical applications of 
motors, loads, etc. 


Cable Ampacity Application MF |p| 


Multiplying Factor 
Low Voltage Motors 1.25 


Medium Voltage Motors 1.25 
Motor Operated Valves 

Small Distribution formers 

Large Distribution formers 

Lighting/Distribution Panels 

Motor Control Centers 

LY Switchgear 


Electric Heaters 


Battery Chargers 
Others 


Capacitors 

User Defined 1 
User Defined 2 
User Defined 3 
User Defined 4 


Using this dialog box you can change the MF for the typical application and for four additional user- 
defined applications. You can select one of these applications for cable ampacity and/or voltage drop 
calculations from the Ampacity page of the Motor, Static Load, and Cable editors. 
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Panel Code Factors 


The Panel Code Factors are used to specify the continuous code demand load, connected non-continuous 
code demand load, and the total connected code demand load parameters. 


Continuous Load Multiplier [125 | Non-Continuous Load Multiplier 
| toadType | Units Limit | CF1_| Limit2 | cr2 [Limits] C3 [Limits | CF4 [Limits | cr5 | cre | va | PF] 


g 
0 


fa 
Go 
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a 
4] 
5h 
TSI 
ZI 
EI 
EI 
10) 
WW 
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4) 
15) 
115) 
irl 
18) 
13) 
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The Panel Code Factors dialog box includes 14 fixed load type devices and ten user-defined load type 
devices that could be customized according to specific user applications. For more details concerning the 
calculation of the parameters shown in the dialog box, please see Chapter 37, Panel Systems. 


Rate Schedule 


Enter the electricity tariff for energy accounting application. Refer to ETAP Real Time Help File for more 
information. 
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Fuel Cost Profile 


The Fuel Cost Profile names are user definable and can be changed from the Project Setting Menu. By 
selecting Fuel Cost Profile, you can customize the name of any of the 10 fuel/energy cost profiles 
provided by ETAP. You can change these names at any time when running the project. Each name may 
be up to 12 alphanumeric characters long. For more details refer to Chapter 11 section Synchronous 
Generator. 


Fuel Cost Profile [eevee 


Name 


Fuel Cost 6 


Fuel Cost 2 Fuel Cost 7 


Fuel Cost 3 Fuel Cost 8 
Fuel Cost 4 Fuel Cost 9 


Fuel Cost 5 Fuel Cost 10 


Cancel 
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Emergency Handing 


The Emergency Handing menu option allows you to select one of the following commands from a 


submenu to modify: 


Generator Emergency 


Generator Emergency 


Name Name 


Over Speed User Defined 6 


Over Temperature User Defined 7 
Over Yoltage Limit User Defined 8 


User Defined 4 User Defined 9 


User Defined 5 User Defined 10 


HVCB Emergency Tripping 


HVCB Emergency Tripping provides ETAP 
with various HVCB Emergency Tripping 
names. From this dialog box you can 
customize the name of each HVCB 
Emergency Tripping for your reference. Each 
name may be up to 20 characters long. This 
editor allows you to specify the name of the 
tripping emergency condition. This feature 
will only take effect if in Remote Controlled 
Auto Simulator mode in ETAP Real-Time. 
For more information see the ETAP Real- 
Time User Guide or contact OTI. 
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Over Frequency 


(ESN) Generator Emergency provides ETAP with 


various Generator Emergency names. From 
this dialog box you can customize the name 
of each Generator Emergency for your 
reference. Each name may be up to 20 
characters long. This editor allows you to 
specify the name of the Generator 
Emergency Condition. This feature will only 
take effect if in Remote Controlled Auto 
Simulator mode in ETAP Real-Time. For 
more information see the ETAP Real-Time 
User Guide or contact OTI. 


HVCB Emergency Tripping [servo 


Name 


Governor Overspeed Under Voltage 
Governor Over Temp Over Voltage 
Generator Loss Ext Reverse Power 


Under Frequency User Defined 9 


User Defined 10 
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Arc Flash 


The Arc Flash menu option allows you to select one of the following commands from a submenu to 
modify: 


Incident Energy Levels 


This editor allows you to view the NFPA 70E category ranges as well as it allows you to specify your 
own. PPE requirements can be entered for each hazard/risk category along with disclaimer and user- 
defined text. PPE requirements, disclaimer and user-defined text appear on labels generated from ETAP. 


a . 
Incident Energy Levels =a 


Standard Personal Protective Equipment 
NFP& 70E 2000 


User-Defined 
NFPA, 70E 2004 
> NFPA, 70E 2008 da , 
Level 4 a 
@ NFPA 7OE 2012 to 2015/User-Defined 
Description 
Level : : 
Non-melting or untreated natural fiber long-sleeve 
ID cal/cm? shirt and long pants 
Level A 2 
Level B 4 
pave E Disclaimer 
Level D 25 Changes in equipment settings or system 


configuration will invalidate the calculated values and 
PPE requirements which may result in a hazardous 


at a0 condition. 
Level F 100 
Level G 120 User-Defined Text 
Level H Oo 
Level | Oo 
Level J O 


Approve PPE 


0K... Cancel 


The Incident Energy Levels window has the following sections: 
1. Standard: which includes four pre-defined PPE requirements as described in NFPA 70E 2000, 
2004, and 2009 and a user-definable set of descriptions for NFPA 70E 2012. 


2. Personal Protective Equipment: where you can specify the personal protective equipment list 
for each level. 


3. Disclaimer / User-Defined Text section: Where you can enter text that can be used as a 
disclaimer about the Arc Flash Analysis results that are printed on a label 
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NFPA 70E-2000 Incident Energy Levels 
These ranges are listed on Table 3-2.9.3 of NFPA 70E-2000. 


Incident Energy Levels based on NFPA 70E 2000 


Incident Energy Level 
Exposure cal/cm? 


0 < cal/em?<1.2 0 
5 > cal/cm*> 1.2 if 
8 > cal/em’> 5 2 
25> cal/cm?> 8 3 
40 > cal/em?> 25 4 
cal/cm*> 40 N/A 


NFPA 70E-2004 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2004. 


Incident Energy Levels based on NFPA 70E 2004 


Incident Energy Level 
Exposure cal/cm? 


0 < cal/cm?<2.0 0 
4 > cal/cm?> 2.0 1. 
8 > cal/cm?> 4 2 
25> cal/cm’> 8 3 
40 > cal/cm?> 25 4 
cal/cm*> 40 N/A 


NFPA 70E-2009 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2009. 


Incident Energy Levels based on NFPA 70E 2009 


Incident Energy Level 
Exposure cal/cm? 


0 < cal/em?<1.2 
4 > cal/em*> 1.2 
8 > cal/cm?> 4 
25> cal/cm’> 8 
40 > cal/cm?> 25 

cal/cem*> 40 N/A 


RwWN FO 
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User-Defined Incident Energy Levels 
The User-Defined levels are interpreted by the Arc Flash Module as described in the following table: 


User Defined Incident Energy Levels 


Level Range (example) Defaults 
0 0 < cal/cm*<CO 2 
1 C1 > cal/cm*> CO 4 
2 C2 > cal/em*> C1 8 
3 C3> cal/em*> C2 25 
4 C4 > cal/em*> C3 40 
5 C5 > cal/cem*> C4 100 
6 C6> cal/em’> C5 120 
7 C7> cal/cm’> C6 0 
8 C8> cal/cm?> C7 0 
9 C9> cal/cm’> C8 0 


The level ranges are always from low values to higher values. For example, this means that the level 4 
value cannot be equal to or higher than the value in level 3. This is true for all the levels. 


If any level (6, 7, 8, and 9) is left as zero, the module ignores it and uses the 5" level for any value higher 
than the maximum value in the 5" level. This will also apply if level 6 is the last one and 7, 8, and 9 are 
left as zero. You cannot skip a level. 


The Incident Energy Levels editor has the following properties and behavior: 


a) The NFPA 70E 2000, NFPA 70E 2004 and NFPA 70E 2009 Incident energy ranges are not 
customizable and follow the definitions published by NFPA 70E Standards. The items that can be 
customized are the Level ID and the list of PPE equipment (requirements) for each level. 


b) If you select the User-Defined Values option, you can define a name for each level, which can be 
composed of up to 12 alphanumeric characters (i.e., a Level0 or Level, etc.). 


c) If you select the User-Defined Values option, the Incident Energy range fields become editable 
and you may type the different limits in cal/cm/?. 


d) You have the option to type in some text for a disclaimer statement. This disclaimer statement 
may appear in some selected label templates. This field holds up to 250 alphanumeric characters. 


e) You have the ability to create a user-defined text field, which may be used to type in custom 
information (such as engineering company name and address). This information is included in 
certain label templates or is stored in the output report database. This field holds up to 125 
alphanumeric characters. 


f) You may navigate using the scroll arrows which allow you browse the different PPE descriptions 
for each level. 


g) There are four sets of PPE descriptions. One for each of the options “NFPA 70E 2000” (5 
descriptions), “NFPA 70E 2004” (5 descriptions), “NFPA 70E 2009” (5 descriptions), and one 
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for the “NFPA 70E 2012/User-Defined” (10 descriptions). The description fields hold up to 250 
alphanumeric characters. 


The PPE Requirements window has some default descriptions based on the simplified Two-Category 
Level PPE system published in Table F-1 of NFPA 70E 2000 and Annex H of NFPA 70E 2004 and 2009. 


Note: The defaulted descriptions are provided only as examples of PPE requirement descriptions as 
described by NFPA 70E Standards. These descriptions are not recommendations made by ETAP on how 
to protect personnel from Arc Flash or Shock Hazards. Please exercise caution in applying these 
descriptions and follow all the remaining recommendations made in the PPE matrix tables provided in 
NFPA 70E 2000, 2004, and 2009. 


In previous versions of ETAP the incident energy levels were defined as incident energy categories. For 
the purpose of keeping older projects or versions compatible, the word category is maintained and still 
used for the 2000, 2004 and 2009 sets of energy levels. 


Note: Starting with NFPA 70E 2012, a new set of PPE descriptions specifically designed to be used with 
for arc flash analysis has been approved and added. It is important to understand that the energy levels or 
“categories” as they used to be called in previous versions are nothing more than a method of sorting 
incident energy results and do not imply that the table method from NFPA 70E is being used. These 
ranges have been used in the past versions of ETAP as a method of rationalizing or analyzing the incident 
energy found at different locations in the system. It was convenient to use the incident energy breakdown 
from the table method of NFPA 70E as a starting range to sort or present the incident energy results. 


Table: User Defined Hazard/Risk Category Default Descriptions based on NFPA 70E 2000, 2004, and 
2009 


Category group Category Default 


Category0 | Non-melting or untreated natural fiber long- 
sleeve shirt and long pants 


Category! | FR long-sleeve shirt (minimum ATPYV of 5) worn 


(minimum ATP¥ of 3) 

Category2 | FR long-sleeve shirt (minimum ATPYV of 5) worn 
over untreated cotton T-shirt with FR pants 
(rimimum ATPV of 3) 


Clothing System) ATPYV of 5), worn over untreated natural fiber 
long-sleeve shirt and pants, worn over an 


untreated cotton T-shurt. 


Category4 | Double-layer FR flash jacket and FR bib overalls 
worn over either FR coveralls (minimum ATPV 
of 5) or FR long-sleeve shirt and FR pants (min 
ATPYV of 5), worn over untreated natural fiber 
long-sleeve shirt and pants, worn over an 


NFPA 70E 2000 Category3 | Double-layer FR flash jacket and FR bib overalls 
(Table F-1 Simplified , Two- worn over either FR coveralls (minimum ATPV 
of 5) or FR long-sleeve shirt and FR pants (min 


untreated cotton T-shirt. 
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Category group | Category | ——=S~C~é iE 


CategoryO 


sleeve shirt and long pants. 


Category! | FR long-sleeve shirt (mimimum arc rating of 4) 
worn over untreated cotton t-shirt with FR pants 
(minimum arc rating of 8). 

Category2 | FR long-sleeve shirt (mimimum arc rating of 4) 
worm over untreated cotton t-shirt with FR pants 


NFPA 70E 2004 (minimum arc rating of 8) 


(Annex H Simplified, Two- Category3 | Multilayer FR flash jacket and FR bib overalls 
Category, Flame Resistant (minimum arc rating of 4) or FR long-sleeve shirt 
(FR) Clothing System) and FR pants (minimum are rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 

pants, worn over an untreated cotton t-shurt. 


Category4 | Multilayer FR flash jacket and FR bib overalls 
(rmimimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shurt. 


Category 0 Non-melting or untreated natural fiber long-sleeve shirt, 
long pani 


Category FR long-sleeve shirt (minimum arc rating of 4), wom 
NFPA 70E 2009 
(Annex H Simplified, Two- 
Category, Flame Resistant FR long-sleeve shirt (minimum arc rating of 4). wom 
over untreated cotton T-shirt with FR pants (minimum 


(FR) Clothing System) 
Category 3 : Po ; 
A total clothing system consisting of FR shirt and pants 
and/or FR coveralls and/or arc flash coat and pants 


Category4 — | a total clothing system consisting of FR shirt and pants 
and/or FR coveralls and/or arc flash coat and pants 


over untreated cotton T-shirt with FR pants (minimum 
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Category group Default 
Cat A Non-melting or untreated natural fiber long- 
sleeve shirt and long pants. 
FR long-sleeve shirt (minimum arc rating of 4) 


worn over untreated cotton t-shirt with FR pants 
(minimum arc rating of 8) 


FR long-sleeve shirt (minimum arc rating of 4) 
worm over untreated cotton t-shirt with FR pants 
(minimum arc rating of 8) 
Multdayer FR flash jacket and FR bib overalls 
|User-defined (minimum are rating of 4) or FR long-sleeve shirt 
(You can define your own and FR pants (mimimum arc rating of 4) worn 


incident energy limits and PPE over untreated natural fiber long-sleeve shirt and 
descriptions; however NFPA pants, worn over an untreated cotton t-shurt. 
only provides PPE Multilayer FR flash jacket and FR bib overalls 
descriptions up to 40 cal/cm?) (minimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shurt. 


“None available based on NFPA 70E” 
“None available based on NFPA 70E” 
“None available based on NFPA 70E” 


“None available based on NFPA 70E” 


“None available based on NFPA 70E” 


Note: The default values can be fully customized by simply typing in the new description in the 
Hazard/Risk Category Levels for PPE description fields for each set of categories. 


Approve PPE 


This button opens the PPE Approval editor. This editor can be used to modify and approve the PPE 
Requirements which can be used to be printed on the arc flash labels. 


Note: The PPE Requirements will not be printed on the arc flash labels, reports or arc flash analyzer until 


they have been approved by the engineer in charge or the facility safety manager. A warning message will 
appear when running the Arc Flash study if the PPE Requirements have not been approved. 
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The PPE Requirements need to be approved before being 
printed on the safety labels. It is recommended that these 
requirements be approved by the facility safety manager or 
person in charge of PPE selection 


Furthermore, it is recommended to use the LATEST version 
of NFPA, 70E to perform the are flash hazard calculations 
and/or to make PPE requirement selections. 


The default PPE requirements that are provided by ETAP 
are only samples and must be reviewed and approved. 
Checking the box below indicates approval of PPE 
requirements 


PPE Requirements have been Approved 


Gicoas) Lentn]| [acetal 


Arc Flash Analysis Data 


This editor allows you to view the type of equipment and working distances to be used by the Arc Flash 
program. Select to use the values which are based on IEEE 1584 2002 or select User-Defined Values and 
manually adjust the values to user defined settings. After you select User-Defined Values, the Gap and 
Working Distance columns become editable. The X-factor is not user definable and is based on the 
factors given from IEEE which cannot be changed. 


Arc Flash Analysis Data 
Typical Gaps / Working Distance 


© IEEE 1584 Typical Values 
© User-Defined Values 


|__| Votage Range || Equipment Type | Gap |__XFactor__| Wotking Distance | Main FD is Isolated | 
ial 
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Note: Not all devices listed in the table are listed in the table given in IEEE 1584. Values given for 
devices such as switchboard and switchrack are derived from comparable items such as the Switchgear, 
whose values are listed in IEEE 1584. 


ArcFault Method 1 Coefficients 
Please see ArcFault Chapter for details. 


Method 1 - Coefficient Editor x 


ArcFault Method 2 Coefficients 
Please see ArcFault Chapter for details. 


Method 2 - Coefficient Editor 


Ibf (kA) 


M 

C5 [L 6 JL a | 
Eave Eave Eave 

kV/m) kvm) | " | kvm | % 
1.75 19 F 3 
1.75 19 2 


exp1 exp2 


o Ki K2 K3 K4 
Average Standard Deviation Voltage Gradient Coefficients [0.0000112] [19 | [ 0.0069 | [ 0.0126 | [ = | [+1239 | 
K7 exp3 KS exp4 K6 
Vare, rms Thermal Flux Coeffidents [0.58 || 1.58 | { -0.152 | 6.7 | 


[ree] Lo] [I eee] 
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ArcFault Minimum Approach Distance 
Please see ArcFault Chapter for details. 


| Minimum Approach Distances Data x 


Minimum Approach Distances 

@NESC C2-2017 

OvUser-Defined 

Muse [5 | inch as minimum LG working distance for Bus kV < 46 
Muse [s | inch as minimum LL working distance for Bus kV < 46 


eke a 


wieiece [am jae [ as 


Voltage Range 


1 
2 
3 
4 
5 
6 
7 
8 
9 


a 
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Shock Risk Assessment Data 


This editor displays the typical NFPA 70E 2004 and 2009 settings, or allows you to enter the user-defined 
parameters for the different approach boundaries. You can also view or change the class settings given by 
the ASTM D 120-02 standard in regards to voltage-rated protective gloves. 


Shock Risk Assessment Dat x 
Typical Approach Boundaries to Live Parts 
© NFPA 70E 2004 
(© NFPA 70E 2009 to 2012 


(@® NFPA 7OE 2015 
© User-Defined 


Voltage-Rated Gloves 
@ ASTM D120-14 
© User-Defined 


The Limited Approach Boundary (LAB) is defined according to NFPA 70E as the approach limit at a 
distance from an exposed live part within which a shock hazard exists. 
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Limited Approach Boundary to Exp. Movable Conductor 


The LAB for exposed movable conductors is the distance, which unqualified persons may not cross when 
approaching a conductor that is not properly braced in a fixed position. 


Limited Approach Boundary to Fixed Circuit Part 


The Limited Approach Boundary for Fixed Circuit Parts is the distance, which unqualified persons may 
not cross when approaching a conductor that is fixed (not movable). 


Restricted Approach Boundary 

The Restricted Approach Boundary (RAB) is defined according to NFPA 70E as the approach limit at a 
distance from an exposed live part within which there is an increased risk of shock due to electrical arc 
over combined with inadvertent movement, for personnel working in close proximity to the live part. 


Prohibit Approach Boundary 


The Prohibited Approach Boundary (PAB) is defined according to NFPA 70E as the approach limit at a 
distance from an exposed live part within which work is considered the same as making contact with the 
live part. 


Bus Arc Flash Typical Data 


This editor is used to select the data to be used for each bus. The Arc Flash Analysis Data editor and the 
Shock Risk Assessment Data editor are used to view the values or edit the read-only values. The radial 
button selection in this editor is used to determine which values are used for each bus. You can view this 
editor from the Bus Rating page by clicking Data Options. For more information on selecting typical data 
for each bus, refer to ETAP user guide chapter for Arc Flash. 


GG \ 
Bus Shock & Arc Flash Typical Data =a) 


Arc Flash Analysis Data 
@ IEEE 1584 2002 Typical Values 


User-Defined Values 


Shock Risk Assessment 
Approach Boundaries 
NFPA 7OE 2004 
NFPA 7OE 2009 to 2012 
® NFPA 7OE 2015 
User-Defined 


Voltage-Rated Gloves 
@ ASTM D120-14 
User-Defined 


tee | oR) [cance | 


Note: PPE Hazard/Risk Categories editor is not selected from this set of Data Options. The standard 
used for the Hazard/Risk Categories is defined in the Parameters tab in the Arc Flash Study Case editor 
and is a global selection for all the faulted buses in the project. 
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Star View Reference kV 


Star View Reference kV sets the Plot kV of all TCC Curves based on either the Calculated Base kV or 
Nominal Bus kV. The recommended setting is Calculated Base kV where ETAP will automatically take 
care of the curve shift due to base voltage transformation. 


Star TCC View Reference kV | 


Star View Reference Voltage [Plot kV] 
(@ Calculated Base k'¥ 


() Nominal Bus ki¥ 


Help Cancel 


Area & Zone 


This functionality allows the user to group buses anywhere in the one-line diagram by area and / or zone 
in order to facilite the analysis and result filtering of specified groups. The area, zone, and / or region 
assignment is made through the bus editor. Note that ETAP automatically propagates the area information 
based on bus area classification. This information is used to filter all alert views such as load flow, short 
circuit, motor starting, etc. The area information is also used to color code the one-line diagram based on 
area classification via the theme manager. 


Classification Editor 


Click Add for Zone, Area or Region to add # and name for the zone, area or region you want to consider 
in the ETAP project database. Note that the classification information is stored as part of the ETAP 
project. 


Classification Editor Se) 
Zone Area Region 
# Name | # Name # | Name | | 
1 Zone 1 l 
2 Area 2 
Add | | Delete | | Add | | Delete | | Add Delete 
Cancel 


Options 


The Project Options dialog box allows you to select options specific to your project. 
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Project Options 


Project Options 


VV) AutoS ave Every 30 minutes 


V] Prompt Before Saving Project 


¥) Reload Last Project 


Editor Options 


(¥| Confirm Before Saving Changes 


(¥| Display Changed Data in RED 


AutoSave 


AutoSave will save your project automatically every X minutes, where X is the number of minutes you 
have specified in this dialog box. The AutoSave default time is 30 minutes and can be changed at any 
time. 


Prompt Before Saving Project 
Selecting this option initiates a message that asks for confirmation before saving your project. 


Reload Last Project 
If you select this option, ETAP automatically reloads the last project opened whenever ETAP is started. 


Confirm Before Saving Editor Changes 


This option will display a message asking for confirmation before saving editor changes when you 
navigate inside the editors. 


[KJ(manes ID 
ETAP a] 


(?] Save changes to Main Bus - Feeder 2 (Star TCC)? 


ne) (one 
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Display Changed Data in Red 


Changed or modified data appears in red typeface in the property editors if this option is selected. After a 
user (with Checker access level) checks (validates) the data, the data is then displayed in black typeface. 


Note: Windows 7 Display Problem for Certain Drop Lists Windows 7 may not show certain drop lists in 
red because of the selected theme graphics. However, the checker function still detects all changes made 
to these drop lists and still prompts the checker for acceptance of the changes. The following images 
show the problem and the suggested workaround for this issue: 


1. Go to Project Options to set Editor Options 
Project Options [es 


Project Options 


| AutoSave 
|¥| Prompt Before Saving Project 
| Reload Last Project 


Editor Options 


“) Confirm Before Saving Changes 


“| Display Changed Data in RED 
an 
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2. Open an editor and verify with a combo box. Note that the combo box has a 3D effect and the 
background may not show up in Red due to visual themes option in Windows 7 operating 
systems. The red color is only displayed if the list is expanded. 


Induction Machine Editor - Mtr2 — al 
Cable/Vd | Cable Amp 
Info Nameplate | imp 


to. Tie 
ome He [Bish 


Sas (Coimis =) 
sen 2) (0) (ces | 
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Work-around: 


1. Disable the visual themes as shown below. Right-click on the ETAP program shortcut, select the 
Property command and then the Compatibility tab. Click on Apply and OK. 


Compatibility 


if you have problems with this program and it worked correctly on 
an earlier version of Windows, select the compatibility mode that 
matches that earlier version. 
Help me choose the settings 

Compatibility mode 


a 


Run this program in compatibility mode for: 
Windows XP (Service Pack 3) v 


Settings 

Run in 256 colors 

Run in 640 x 480 screen resolution 

Disable desktop composition 

|_| Disable display scaling on high DPI settings 


Privilege Level 
Run this program as an administrator 


(@l\Change settings for all users _| 


2. Run ETAP and verify the solution. Note that the background of the combo box is now shown in 
red color without having to select the combo list. 


Induction Machine Editor-Mt2 x! 


Cable/Vd | CableAmp | Protection | Reliability | Remarks | Comment | 
Info | Nameplate | Imp | Model | Inertia | Load | StatDev | StatCat | 
1 2500HP 13.2kV 13/0 2AWG/kcmil 15kV 


‘ome | __O 
ID |Mtr2 
j Revision Data ——_} 
0 ET] 280 | | ———— 
Bus1 
Main Bus 
- Equit'Sub2a | Condition —— 7 
‘Sub2B 
Sub 3 in 
Service 
Name[ oo —“i‘“—SOSCS een 
State |As-buit si 
Descinti 
j Connection 
App. Type | Motor ae @ 3Phase 
Data Type | Typical . © 1 Phase 
Priority [Other x Quantity | 1 
Demand Factor ‘Configuration 
Continuous Intermittent Spare Normal 
[100 [80° fo % Status [Continuous > 
eS) me SD) (BAR) 0K |] ances 
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AutoSave Project 


ETAP will prompt you before saving the project if you have checked the Prompt before saving option 
from the Project Option dialog box. 


AutoSave Project | eS 
Ready to SAVE the project 


This project is autosaved 


every 30 minutes. 


Options 


|V| Disable AutoS ave 
|| Save connections for external use 


V! Prompt before saving 


Help | Close 


You can set the time interval for auto saving, disable/enable auto saving, and decide if you want to be 
prompted before ETAP saves your project from this dialog box. 


Saving connections for external use means that the bus connections for branches, loads, and sources will 
be written in the property tables along with the other properties of the elements. If you do not check this 
option, the property tables of the elements will not include the bus connections, or they may indicate the 
wrong bus connections if you change the connections from the one-line diagram and do not save them 
into the property tables again. 


Note: the bus connection information in the property tables is for external use and is not read or used by 
ETAP. 
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Mutual Coupling Group 


Selecting this function allows you to add, name, and specify the length of different transmission line 
coupling groups. ETAP gives you the flexibility of adding as many groups as needed. 


After adding these groups, you can assign different lines to the groups by going to the Transmission Line 
editor, Grouping page. 


Mutual Coupling Group |e Som) 


Name (ID) | Length (miles) 
Mine to Crusher Lines 10 
Port to Gen Plant 1 18 
Port to Gen Plant 4 
150¥ Lines to Town! mi 


ETAP 10-67 ETAP 19.0 User Guide 


Menu Bars One-Line Diagram 


Control Cable Schedule 


Selecting this function allows you to add a cable, assign a name, specify connections, add the length and 
other variables of the cables used in your Control System Diagram and project. 


CSD Control Cable Schedule [peoreSrm| 
Cable Number Of Wires 
ID Size From Loc ToLoc Length |Unit}Assigned|Reserved] Free Total 
2 CtrlCable2 18 Loc A Loc B 200 | ft 3 i 7 10 (|| 
Add .. [ Edit. | | Pint Schedule... | 


Click Add to insert a new cable into the schedule, or click Delete to remove it. If you wish to add a cable 
the CSD Control Cable Schedule — Edit window (shown below) will open and allow you to specify the 
cable information. 


CSD Control Cable Schedule -- Edit [eS 
GenCabTypeP Mag. Size 
Rubber 100% OBkv =e CU AWG//kemil 
Connection Length Zz 
ID. CtrlCablet 250 R’ 721 1@z 
@ZPe 1000 
From Loc Loc-1 = Urit ft >| L ooo79 — 
ToLoc Loc-2 7 To 5 %& BaseTemp. 25 w C 
Wire 
No. of Wires 


Assigned 2 
Reserved | it} 


Free 10 
Total 12 
| Cable Library... 


If you wish to select a cable from the ETAP cable library, click the Cable Library button and the Library 
Quick Pick window for cables will appear. Once you have made your selection, click Ok to close the 
library window and accept the information, or click Cancel to close the window without inserting the 
information into the Control Cable Schedule. 
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Library Quick Pick - Cable al 


Unit System Conductor Type k¥ % Class Source Insulation #/Cable 


. a EPR 
Frequency Installation : 


U/G Ampacity 4/G Ampacity Unit 


Tc RHO Ta Length L AWG /kemil 
30 30 90 1000 ft 


(@ Avail. Sizes 
1000 ft 
1000 ft © All Sizes 


Click Ok to close the CSD Cable Schedule Edit window. 


Click the Print Schedule button to make a printout of the CSD Cable Schedule information. Click the 
Close button to accept your changes to the CSD Cable Schedule and close the window. 
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Default Calendar 


The default calendar is used to define the working day and season information for energy accounting 
application. Refer to ETAP Real Time Help File for more information. 


x! 


End Date 31 28 31 30 31 30 31 31 31 30 31 


aU 
L] = 
O O O La O 


Vv) ) 
O O 
O O 
U UO 


Default | 


Working Day 


Late | eescription 
Work week starts on: [Monday +] New | 


[January | 
Default start time: 8:00 +] 
Default end time: 18:00 +] 


Fiscal year starts in: 


Delete | 


4 
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10.2.5 Defaults Menu 
Tools RevControl Real-Tir 


Display Options r 
Plot Options r 
Text Box... 

Presentations r 
Bus... 

Branch r 
Load / Motor / Shunt » 
Source r 
Panel... 

Phase Adapter... 


Grounding/Earthing Adapter... 


Switching Device r 
Meter » 
Relay » 


Overload Heater... 


Instrument Transformer » 
AC-DC Interface » 
DC Elements r 
DC Control System Elements r 
AC Control System Elements r 
eTraX r 


Annotation fonts, default display options, and default properties of elements can be set from this menu 
item. It is a good practice to go through your options for each relevant editor in the defaults section before 
creating your one-line diagram and underground raceway system. 


ETAP maintains default values for each element in the project database. As each new element is created, 
ETAP initializes the element with these default values. You may modify the default properties of any 
element through the Defaults menu. ETAP will then use the modified values to initialize each new 
element. 
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The Defaults Menu for the One-Line Diagram Menu Bar offers the following commands: 


Display Options 
Plot Options 
Text Box 
Presentations 
Bus 

Branch 


Load/Motor/Shunt 


Source 

Panel 

Phase Adapter 
Grounding/Earthing Adapter 
Switching Device 


Meter 

Relay 

Overload Heater 
Instrument Transformer 


AC-DC Interface 

DC Elements 

DC Control System Elements 
AC Control System Elements 
eTraX 


Edit defaults Display Options 

Edit defaults Plot Options 

Edit Text Box 

Edit defaults Presentation 

Edit defaults for Bus properties 

Edit defaults for Cable, Impedance, Reactor, Transmission Line, 
Transformer, and 3-W transformer properties 

Edit defaults for Ind. Machine, Synch. Motor, Lump Load, Static 
Load, Capacitor, and MOV properties 

Edit defaults for Utility and Synch. Generator properties 

Edit defaults for panel schedule, load information, panel information. 
Edit defaults for the phase adapter, load connected to Phase Adapter 
Edit defaults for the Grounding / Earthing Adapter. 

Edit defaults for Fuse, HV Circuit Breaker, LV Circuit Breaker, 
Contactor, SPST Switch, SPDT Switch, and Overcurrent Relay properties 
Edit defaults for Ammeter, Voltmeter, and Multi-Meter properties 
Edit defaults for Relay properties 

Edit defaults for Overload Heater properties 

Edit defaults for Current Transformer (CT) and Potential Transformer 
(PT) properties 

Edit defaults for AC-DC Interface elements 

Edit defaults for DC Components 

Edit defaults for DC Control System Diagram elements 

Edit defaults for AC Control System Diagram elements 

Edit defaults for eTraX 


10.2.6 RevControl Menu 


This menu item allows you to create, copy, edit, merge, and delete different Revision Data and to manage 
them. ETAP provides unlimited different levels of engineering properties for each element. Base Data is 
the default data supplied by ETAP. If you wish to modify your project data but do not wish to modify the 
Base Data, you may create a revision. 


RevControl 
Create... 
Copy... 
Edit... 


Merge... 
Delete... 


While in a Revision Data level, you cannot save the project. To save the project, switch to Base Data. 


e Create 
e Copy 


ETAP 


Create a Revision Data 
Copy data to another revision 
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e = Edit Edit information for each revision 
e Merge Merge data to another revision 
e Delete Delete a revision 
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Create 


ETAP displays the Create version of the Project Revision Control dialog box. Using this dialog box, you 
can create a new Revision Data ID or copy an existing one on which to base a new revision. 


Project Revision Control - Create | 


From Revision Data 


ae Change # 09123456789 
Existing | 2007 Modifications 


Group # 2 


® New Summer2010_NewSub Authorization Group2 


Create revision records based on: Description Added New substation for plant 123 


|_| Star short-circuit updates 
Schedule August 1, 2004 
Prompt for confirmation 
The substation will serve a new processing 
Arc Flash fault current updates Remarks plant. 20 MVA total load. 


| Prompt for confirmation 


To Revision Data 
Change # 


Group # 
Authorization 


Description 


Schedule 


Remarks 


Cancel Help 


This option is provided to create any one of the unlimited Revision Data. Once a revision level is 
selected, any subsequent modification of engineering properties made from the property editors will be 
reflected in that revision level only. 


To create a new revision: 

1. Inthe From Revision Data group, make sure the New option is selected. 

2. Inthe New option text box, enter the new Revision Data ID. 

3. Enter the revision information in the text boxes on the right, including Change # (design change 
notification number), Group # (design group number), Authorization, Description, Schedule, and 
Remarks. 

Note: When you want to merge Revision Data, you can merge by the Revision Data ID, Change 
#, or Group # entered in this dialog box. For more information about merging Revision Data, see 


the Database and Project Management section of this user guide. 


4. Click OK. ETAP adds the Revision Data ID to the Revision toolbar’s drop-down list. 
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Copy 

You can create new revisions by copying Revision Data from existing Revision Data IDs (names). All 
data in a copied revision is identical to the revision from which it was copied, until you begin to make 
changes. 


Project Revision Control - Copy 


From Revision Data 
Change # | 09123456789 


@ Existing | Summer 2010_NewSul ¥ 


Group # 2 
New Authorization Group2 
Create revision records based on: Description | Added New substation for plant 123 


[| Star short-circuit updates 
= Schedule | Septermber 1, 2010 
Prompt for confirmation 
will serve new processing 
total load 


The substation 
|_| Arc Flash fault current updates Remarks |plant. 20 M\ 


| Prompt for confirmation 


To Revision Data 


Change # 09123456789 
New Main FMR_2005 
Group # 2 
Authorization Group2 
Description Added New substation for plant 123 
Schedule Septermber 1, 2010 


The substation will serve new processing 
Remarks plant. 20 MVA total load 


et] [| 


To copy a revision: 

1. Inthe From Revision Data group, make sure the Existing option is selected. 

2. Select the Revision Data ID you want to copy from the drop-down list. 

3. Inthe text box under the To Revision Data group, enter the name of the new Revision Data ID. 

4. Edit the revision information as required in the text boxes on the right, including Change # 
(design change notification number), Group # (design group number), Authorization, Description, 
Schedule, and Remarks. Change # and Group # can be any alphanumeric combination up to 36 
characters. 

Note: When you want to merge Revision Data, you can merge by the Revision Data ID, Change 
#, or Group # entered in this dialog box. For more information about merging Revision Data, see 


the Revision Data Section in Chapter 5. 


5. Click OK. ETAP adds the Revision Data ID to the Revision toolbar’s drop-down list. 
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Edit 


You can rename a Revision Data ID and edit any of its information by doing the following: 


Project Revision Control - Edit |p Som 


Revision Data Info 
Change # 09123456789 


surmer 2010 NewS ub 


Group # 2 
Authorization Group2 


Create revision records based on: Description Added New substation for plant 123 


| Star short-circuit updates 
Schedule Septermber 1, 2010 


(| Prompt for confirmation 


The substation will serve new processing 
Remarks plant. 20 MV& total load 


Are Flash fault current updates 


(| Prompt for confirmation 


Cox) Cancel | | Help | 


Edit the Revision Data ID name and information as required, and then click OK to save the changes. 
Note: The Revision Data ID information includes Change # (design change notification number) and 


Group # (design group number), which may be used to merge Revision Data. For more information about 
merging Revision Data, see Chapter 5 — Merging and Purging Revisions 
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Merge 


You can merge one revision into another revision using their Revision Data IDs. Where the same changed 
properties differ between two revisions, the revision being merged into has its properties overwritten. 
However, the merged revision keeps the Revision Data Info values of the revision that is being merged 
into. 


Note: You cannot merge the Revision Data of one ID into the same ID (for example, Revision 1 into 
Revision 1). 


Project Revision Control - Merge [re 
From Revision Data 
® ID | Summer 2010_NewSub - Change # [09123456789 
~) Change # Group # 9 
») Group # Authorization 5 roup2 


Description | Added New substation for plant 123 


Schedule Septermber 1, 2010 


The substat 
Remarks plant. 20M 


vill serve New processing 
otal load 


To Revision Data 


2007 Modifications ¥ Change # 197-02 


Group # GAS 
Authorization 55-07 
Description |Increase T2 size 


Schedule July 2007 


Analysis of the system with 15 MVA4, 


Remarks | | fansformer 


See chapter for 3-D Database for more details how to merge revisions. 
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Delete 


Project Revision Control - Delete |u| 


Revision Data Info 


Summer 2010_NewSul ¥ 


Change # | 09123456789 


Group # 2 
Authorization Group2 


Create revision records based on: Description Added New substation for plant 123 
Star short-circuit updates - —— 
Schedule | Septermber 1, 2010 
Prompt for confirmation 
, , The sub will serve new pr ing 
Arc Flash fault current updates Mz 3 
rc Flash fault current update Racais nae “VA total load 


Prompt for confirmation 


Cancel | | Help | 


You CANNOT delete the Base Data; however, you may delete Revision Data levels. Deleting any 
Revision Data will delete all changes that exist in that Revision Data that relates to your project 
permanently. Deleting a Revision Data is equivalent to merging the Base Data into the Revision Data. Be 
certain you do not need the Revision Data before proceeding. 
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10.2.7 Library Menu 


The Library menu for the One-Line Diagram menu bar offers the following commands: 


Warehouse Rules Reé 


Cable... | 

Cable Fire Protection » 

Transmission Line La 
] 

Motor » 

Transformer » 

Fuse... 

Relay... 

Recloser... 


Electronic Controller... 

HV Circuit Breaker... 

LV Circuit Breaker... 

Trip Device r 
Overload Heater... 


Converter r 
Harmonic... 
Reliability... F 


Sector Library... 
Profile Library... r 


Battery... 


Control System Device F 
Renewable Sources » 


Train Rolling Stock... 


Library File r 


ETAP 


Cable 

Cable Fire Protection 
Transmission Line 
Motor Nameplate 
Motor CKT Model 
Motor Characteristic 
Model 

Motor Load Model 
Fuse 

Relay 

Recloser 

Electronic Controller 
HV Circuit Breaker 
LV Circuit Breaker 
Trip Device 
Overload Heater 
Harmonic 
Interruption Cost 
Reliability 

Sector Library 
Profile Library 
Battery 


Control System Device 


Photovoltaic 
Wind Turbine 
Train Rolling Stock 
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Open the Cable Library 

Open the Cable Fire Protection Libraries 
Open the Transmission Line Libraries 
Open the Model Nameplate Library 
Open the Motor Model Library 

Open the Motor Characteristic Library 


Open the Motor Load Library 

Open the Fuse Library 

Open the Relay Library 

Open the Recloser Library 

Open the Electronic Controller Library 

Open the High Voltage Circuit Breaker Library 
Open the Low Voltage Circuit Breaker Library 
Open the Trip Device Libraries 

Open the Overload Heater Library 

Open the Harmonic Model Library 

Open Interruption Cost Library 

Open Reliability Library 

Open Sector Library 

Open Profile Library 

Open the Battery Library 

Open the Control System Libraries 

Open the Photovoltaic / Solar panel library 
Open the Wind Turbine Generator library 
Open the Train Rolling Stock Library* 


*Contact ETAP for more information. 
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Library File Submenu 


Library File r 
a | ; 
Open... e Open Open a new ETAP Library 
oe e Save Save an ETAP Library 
e Save As Save an ETAP Library as a new library 
—— e Save Project Library Create a project specific library file 
Save Project Library... e Create Create an ETAP Library 
Create... e Copy/Merge Copy or Merge an ETAP Library 
e Purge Purge an ETAP Library 
pia e Export Export library data for printing. 
sia oe e Import Import library data. 
Export... 
Import... 


For more information see Chapter 8, Engineering Libraries. 
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Save Project Library... 


This option allows the user to create a project specific library file with engineering devices. 


Library | Warehouse Rules Real-Time DataX Tools Wind 


| Cable... Jaf & EA O21 


‘T Py ae 

= ine Y RPS RE 
PQ 
Motor Zz m a= 


Transformer » View (Edit Mode) 


Relay... 

Recloser... 

Electronic Controller... 

HV Circuit Breaker... 

LV Circuit Breaker... 

Trip Device » 
Overload Heater... 


Converter 
Harmonic... 
Reliability... 


Sector Library... 


Profile Library... » 


Battery... 
Control System Device > 


Renewable Sources vA 


Train Rolling Stock... 


Open... 


Save 
Save As... 


Save Project Library... 


Create... 
Copy/Merge... 
Purge 


Export. 


Import... 


This option allows the user to create and save a new library file, which includes device library models 
used in that particular project only. This library can be saved in any user-defined location. The table 
below summarizes the extent of export per device library. For example, if project has 5,000 lines and all 
of them are using the same model from the library then the exported library will contain only that model, 
(i.e. specific device lib only). 


Specific Device Complete Device 
Lib Only Lib Export 

Transmission Line X 

Fuse 

High Voltage Circuit Breaker 

Low Voltage Circuit Breaker 

Relay 

Renewable sources 

Converter 

Cable 

Cable Fire Protection 

Motor 

Trip Device 

Harmonic 

Reliability 

Battery 


Device Library 


<x KK KK XK 


<x KK KK XK 
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10.2.8 Rules Menu 


The Rules Menu for the One-Line Diagram menu bar offers the following commands: 


[ Rules Defaults 


ETAP 


Star Auto... 
UGS... 
Auto Build... 


Open... 
Save 
Save As... 


Create... 


Copy/Merge... 


Purge 


Tool 


Star Auto 
UGS 

Auto Build 
Open 

Save 

Save As 
Create... 
Copy/Merge 
Purge 


Open the Star Auto Rule Book Editor 
Open the UGS Rule Book Editor 

Open the Auto Build Rule Book Editor 
Open a new ETAP rule file (.rul) 

Save changes to connected rule file 
Save as anew rule file 

Create a new blank rule file 

Copy or Merge two rule files 


Purge the contents of the connected rule file 
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10.2.9 Real Time Menu 


This menu used for ETAP Real-Time power applications and server / console connectivity to IEDs, 
SCADA, PLC, DCS, relays, etc. ETAP Real-Time is expanded the traditional offline capabilities of 
ETAP in order to acquire real-time data from external systems. Refer to ETAP Real Time Help File for 
more information. 


Real-Time | Window’ Help 


Real-Time Server » 
Playback Server » 
EMS » 


Intelligent Load Shedding > 


State Estimation » 
SCADA Integrator » 
On-Line Viewer r 
Tag Link r 
Device Status » 


e Real-Time Server Manage ETAP Real-Time servers in the complex 


e Playback Server Enter server name and access Playback Server options 

e EMS Access circuit breaker and Logic Editor 

e Intelligent Load Access Intelligent Load Sheddin logic editor, load control and 
Shedding trigger editors 

e State Estimation Access Meter Definitions, mark or unmark selected meters as 


boundary or interchange 
e SCADA Integrator Export ETAP model for use with SCADA integrator or launch 


SCADA integrator 
e On-Line Viewer Access the online template editor and assignments 
e Tag Link Access tag link display options 
e Device Status Access to device reports, pin or unpin devices 


Selections related to ETAP Real-Time will be grayed out unless ETAP Real-Time is enabled on your 
ETAP license. 


Real Time Server 


Manage ETAP Real-Time servers in the complex. Refer to ETAP Real Time Help File for more 
information. 


Playback Server 


Type-in a server name to assign a server as the playback server. 
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EMS 


This menu item is used to access the ETAP Energy Management System (EMS) logic editor. This logic 
editor may be used to setup conditional logic for demand management when using ETAP as real-time 
monitoring and analysis tool. 


Intelligent Load Shedding 


This menu item is used to access the ETAP Intelligent Load Shedding (ILS) logic editor, load control 
editor and load shedding trigger editor. 


ILS Load Control editor 
This editor is used to add and assign the circuit breaker order. 


z — 
Intelligent Load Shedding Load Control Editor exe 


CB Definitions | PLC Definitions 


CB Order 


| 00) I) | OT) | Go| RO 


olo|o\o\o/a|a\o]o/o]3 
29/0) S/a\Gla\ola\a/? 


S|] 00) ) | on} oo] no} 


= 
So 


—— a 


«|_| 


¥ | Protect against load renumbering 
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ILS Trigger Editor 


This editor is used to define and associate one-line diagram elements with actual system triggers. These 
triggers are events (electrical or non-electrical) that are known or potential reasons for initiating load 
shedding in an electrical network. 


ILS Trigger Editor 


Fast Trigger 5 Source 


ai 


Protect against trigger renumbering 
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ILS Logic Editor 
Refer to ETAP Real Time Help File for more information. 
=a 
ILS Logic Editor |= a 
Selection 
; . Properties 
C) 
; Properties dbid a 
-) Tags # of Cells 
‘ # of Strings = 
: Fanos Altered By 5 
Device Type Checked By 4 
Comment 
| Battery Nd Connected Bus ID 
: Data Type ‘ 
Device ID Earthing Type Filter 
| Battery] ¥ Equipment Description 
Equipment Name 
Active Version Equipment Tag # 
External L (uH] 
External R [Ohm] a 
Text 
(ILS Local Logic +] | Saveds || Delete | Ln t.ch:1  [S¥)/B5]|68) 
——_ O; 7 
Logcalculations(); 


If 
// The following variables are set to complete this part of th 


Logoutputs (); 


«| mT > 


= Ges 


Tag File 


Use this menu to create, audit or specify the location of a tag database for online / real-time operation. 


Create 


Use this command to create a new tag database in SQL format. Note that all real-time information would 
be automatically entered in the tag database except for the DCS Tag name that must be determined based 
on type of connection (directly to relay / directly to meter / via SCADA or DCS system, etc.) 


Audit 


Audit a previously created tag file to remove or append information based on changes made to the one- 
line diagram. 


Path 


Specify the path and name of the tag database to be loaded into the Real-Time Server when the system is 
switched to Online or Real-Time mode. 
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Open 
Refer to ETAP Real Time Help File for more information 


Tag Composer 
Refer to ETAP Real Time Help File for more information 


Composite Tag Editor 
Refer to ETAP Real Time Help File for more information 


On Line Viewer 
Refer to ETAP Real Time Help File for more information 


Template Editor 
Refer to ETAP Real Time Help File for more information 


Element Assignments 
Refer to ETAP Real Time Help File for more information 


Close All 
Refer to ETAP Real Time Help File for more information 
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Macro Options 

Select an existing Visual Basic macro to apply from the list, as shown below. These macros are used to 
relay electrical or non-electrical information being read from the real system to virtual instruments setup 
in ETAP. Virtual instruments are setup using “Insert New ActiveX” menu item as mentioned above. 


Macros Options |p. Sem 


|| Test 

(V] TestCtl 
Testevent 
Testevent Et 
TestSub 


Options 
Use this page to assign keyboard shortcuts using custom macros 

Macros Options |S 
Links 


Refer to ETAP Real Time Help File for more information 


Tag Link 


Refer to ETAP Real Time Help File for more information 
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10.2.10 DataX Menu 


The DataX option on the One-Line Diagram menu bar provides commands to import, export, and 
interface data and projects with ETAP and external software. For more information regarding the 
different command options and their uses, please refer to the Data Exchange section, or the individual 
menu option sections listed below: 


Import from Clipboard 
Import Status Configuration 
Import Object (OLE) 
Import Excel - Fixed Format 
Import Excel - Open Format 
Import XML - One Line 
Import e-DPP 

Import [EEE Format 

Import RAW Format 
Import SKM Project 

Import EasyPower Project 
Import from Revit 

Export to Clipboard 

Export Status Configuration 
Export DXF File 

Export Metafile 

Export Protective Device 
Export Excel - Open Format 
Export XML - One-Line 
Export Load Ticket 

Export RAW Format 
Export to PSCAD 

Export to EMTP-RV 
SmartPlant Electrical 
AVEVA Electrical 

Import CIM Project 
Publication Manager 
Project Merge 


Universal Mapping 


ETAP 


DataX Menu Options 


port saved one-line diagram elements 
port the project configuration to a project 


Insert an OLE object onto the one-line diagram 


Im 


Ex 
Ex 
Ex 


port from a MS Excel file with a fixed format 

port generic Microsoft Excel files with data arranged in columns for different elements 
port project database via XML format 

port from an e-DPP exported MS Access database 

port a file to ETAP in IEEE format 

port a RAW data file to ETAP 

port a Dapper® PTW32 project in version 6.0, 6.5, or 7.0 

port an EasyPower project in version 8.0 or 9.0 


port selected one-line diagram elements 
port the project configuration to a project 
port your one line diagram directly to AutoCAD® DXF Format 


Convert the one-line diagram into a WMF or EMF file 


Ex 


port protective device library information from the project to Excel 


Export a generic Microsoft Excel file with data arranged in columns for different elements 


Export project database via XML format 
Generate equipment datasheets from an ETAP project file using MS Excel format 


Export the one-line diagram elements to a RAW data file 

Export project data to PSCAD 

Export project data to EMTP-RV 

Import or export project data or cable data between ETAP and SPEL 
Import or export project data between ETAP and AVEVA Electrical 
Import CIM Projects to ETAP 


Launch Publication Manager for Export and Merging of project publications to and from mobile users 
Compare and merge projects by assigning a source project (master) and creating sync projects (copies) 


in which edits are made and then synced back to source project 
Interface which allows modification of existing Data Exchange electrical property mapping 
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Clipboard 

This option allows the exporting and importing of a selected one-line diagram to and from the clipboard 
as a method of merging files. From the ETAP File menu, point to Data Exchange and then select 
Clipboard. 


Export to Clipboard 


You can export an entire one-line diagram, or a portion of it, to the clipboard as a method to temporarily 
save it so that it can be merged into other project files or the same project file. 


ETAP only exports the active status and revision data (engineering properties). Before you select the 
elements from the one-line diagram, choose the configuration status and revision data that you wish to 
have associated with the exported one-line diagram, highlight all of the elements you wish to export to the 
clipboard, and then click on Export to Clipboard selection in the File Menu’s Data Exchange pull down 
menu. 


Utility 
¥ 2500 MVAsc 


34.5 kv 
Main Bus 


bie i 
15/10/5 MVA 


CAP1 
450 kvar 


Sub2A-N Synl 
1250 HP 


Sub3 Net 


The elements exported into the clipboard include elements inside of composite networks and composite 
motors, as well as their properties and status. 
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Import from Clipboard 


Importing from the clipboard is another method used to merge ETAP project files. Before you can import 
from the clipboard, the export action into the clipboard procedure must have completed. To import the 
content of the clipboard, open the ETAP project file you wish to have the exported elements imported 
into, and then click on the Import from clipboard. The imported elements include elements inside of 
composite networks and composite motors. 


Busi 34.5 k¥ 


Tl 
2 MVA 


Bus2 .16 kV 


Mtr1l 
500 HP 


SubZaA-N Synl 
1250 HP 


The imported elements can now be utilized just like any other elements. ETAP checks for the uniqueness 
of element’s ID. If an element with the same ID exists, the ID of the importing element will be appended 
with “-1” or other integers to make it unique. 


Merging ETAP Projects 
Individual project files within ETAP can be merged together. The process involves the following steps: 


1) Open the ETAP project file. 

2) Export (temporarily save) the project file or a portion thereof to the clipboard. 
3) Close the first project file and open the next project file. 

4) Import (merge) the temporarily saved project file into the second project file. 


Import Status Configuration 


This option allows the user to import a Status Configuration file previously exported by a project. From 
the ETAP File menu, point to Data Exchange and then select Status Configuration. 
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Import Object (OLE) 


This command inserts an OLE object onto the one-line diagram. This command runs the OLE Insert 
Object dialog box. 


Insert Object 


Object Type: 

a 
Microsoft Equation 3.0 

Microsoft Graph Chart 

Microsoft Office Excel 97-2003 Work: 
Microsoft Office Excel Binary Worksh 
Microsoft Office Exce! Chart 

Microsoft Office Excel! Macro-Enablec 
Microsoft Office Exce! Worksheet 


Inserts a new Adobe Acrobat Document object 


a into your document. 


The OLE Insert Object dialog box displays a list of all the OLE objects registered on your computer. You 
may select any object from the list and specify whether to create a new object or use an object that resides 
in a file (i.e., a Microsoft Word document). Additionally, you may specify whether to have the object 
display an icon for itself in place of its normal visual appearance. The following one-line diagram 


includes these OLE objects: a Microsoft Excel chart, Microsoft Word document (legend), and a WordPad 
text. 


veanity 
1200 Maat 


Wordpad 
Document 


~ 0799 MW-SeeMVA 
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After you have selected the OLE object you wish to insert, ETAP checks the registry to determine if the 
selected object is a programmable object. If it is, ETAP will automatically recommend that you NOT 
insert a programmable object into ETAP. 


Note: Inserting a programmable OLE object into ETAP may lead to unpredictable results. 


Import Excel — Fixed Format 

You can import data from a MS Excel file into ETAP. From the ETAP File menu, point to Data Exchange 
and then select Excel — Fixed Format. Refer to Chapter 41 section Excel — Fixed Format for more detailed 
information regarding importing data from a fixed format excel sheet. 


Import Excel — Open Format 

Import generic Microsoft Excel files with data arranged in columns for synchronous motors, induction 
motors, lumped loads, static loads two-winding transformers, cables and buses. Refer to Chapter 41 
section Excel — Open Format for more detailed information regarding importing data from an Open 
format Excel sheet. 


Import XML File 

This option allows the importing of project database files via XML format. In order to perform the 
transfer of files in this format, it is necessary to have a PDE activation code. Please contact OTI to obtain 
further information concerning this process. 


Import e-DPP 

You can import data from an e-DPP exported SQL database into ETAP. From the ETAP File menu, point 
to Data Exchange and then select e-DPP. Refer to Chapter 41 section e-DPP for more detailed 
information. 


Import IEEE Format 

You can import IEEE formatted files into ETAP. From the ETAP File menu, point to Data Exchange and 
then select Import IEEE Format File. Type in the name of the file you wish converted. Refer to Chapter 
38 under section Import IEEE Format for detailed information. 


é , 
© ETAP IEEE Data Converter =) 
Select IEEE Data File (text) Sal 


Help OK | Cancel | 
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Import RAW Format 

You can import raw data files into ETAP. From the ETAP File menu, point to Data Exchange and then 
select Import RAW Format. Select the raw data file that you wish to convert. Note that the Raw data 
conversion is applicable for Version 29, 30 and 32 Raw data files. For converting a version other than 
these contact Operation Technology, Inc. Refer to Chapter 38 under section Import RAW Format for 
detailed information. 


6 , 
 ETAP Raw Data Converter =) 


Select Raw Data File ES 


Impedance Tolerance (p.u.) [0.0005 Delimiter 
(* Comma f Blank Space 


For Raw Data File Version 29 and 30 


Help OK Cancel 


Import SKM Project 

Enhanced SKM import utility that allows for the automatic conversion of projects created in SKM 
including automatic protective device mapping and TCC import. This feature is included as a part of the 
base module. This data exchange tool allows for direct import of SKM Dapper® PTW3z2 versions 6.0, 6.5 
& 7.0. Refer to Chapter 38 section Import EasyPower Project for more information. 


Features 


Converts Dapper® PTW32 versions 6.0, 6.5 & 7.0 

Import CAPTOR TCCs into STAR 

Automatic, one click conversion of SKM Dapper projects 

One-line diagram layout conversion per the original project drawing 
Support for multiple one-Line drawing into composite networks 
Automatic protective device settings mapping 

Conversion of AC &DC networks 


ETAP Feature enhancements to SKM one-line diagram 


e Create nested one-line diagrams by adding composite networks 

e Current Transformer (CT) elements automatically generated during conversion, when relays are 
found 

e Add equipment cables to motors to remove the need for unnecessary buses 
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Import EasyPower 


EasyPower import utility that allows for the automatic conversion of projects created in EasyPower 
versions 8.0 and 9.0. Refer to Chapter 38 section Import SKM Project for more information. 


Features 


e Automatic import of AC elements including all their input data 

e Automatic one-line diagram import to match the original project layout 

e Library mapping utility for importing protective device settings for fuses, low voltage circuit 
breaker trip units, as well as relays. 

e Import of EasyPower TCCs into ETAP’s STAR coordination module 


Import from Autodesk Revit 


Autodesk® Revit™ is a program widely used among architects, engineers, and designers to create 
geometry equipped with real-life information. It addresses Mechanical, Electrical, and Plumbing 
Disciplines. The ETAP-Revit Interface offers the ability to import Revit Electrical Systems into ETAP via 
a corporate DMZ without the need to save files on physical hard drives and automatically creates single 
line diagrams in ETAP. It also provides a flexible mapping interface to transform and manipulate data 
between ETAP and Revit. Refer to Chapter Data Exchange section Import from Autodesk Revit for more 
information. 


Export Status Configuration 


This option allows the user to export a portion of the project configuration to a new project. The user may 
also export or import the complete project configuration. From the ETAP File menu, point to Data 
Exchange and then select Status Configuration. 
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Export DXF File 


The “Export DXF File...” command can be invoked by going to the File \ Data Exchange\ Export DXF. 
When this function is invoked, ETAP will create a one-line diagram file in AutoCAD (Release 2000) 
DXF format. The DXF file is compatible with AutoCAD or any other software supporting DXF format 
file. 


Se oF we Bee Lewy Deets Dk Beco Wid Gere be 
Disa aba) ele) ale afr at 9) = Sime erm —a Cs) 
es ee Fc a lO 2 ee J 


utility 
1500 mvase 


ETAP View 


Format Took Draw Canegsion Modify Image window tile 


AutoCAD® View 


oO o> xX 
4] 4] +1 Hi) Model { Layout 7 


[Comma rect 


[79.6673, _4959.5584, 0.0000 | SNAP! GRID|[GATHO POLARIOSNAP[GTRACK LWT\[MODEL 


The “Export DXF File...” command exports all ETAP elements including their annotations as displayed 
on the one-line diagram. The DXF file when opened in AutoCAD represents an exact replica of the one- 
line diagram as seen in ETAP. 


Note: When opening the exported DXF file in AutoCAD, it is necessary to “Zoom Extents” to view the 
schematic. 


ETAP 10-96 ETAP 19.0 User Guide 


Menu Bars One-Line Diagram 


The location and name of the DXF file is specified in the Save As dialog box as shown below: 


Ft 
2 Save As — 
— 2 = aici 
Wwe | « ETAP » Example-ANSI > v | + | Search Example-ANS Pp 

Organize ¥ New folder end @ 
BE Desktop “~ — Name ° Date modified Type 
” Downloads - bs : 
)) BACKUP 8/3/2011 11:55AM File folder 
i, Recent Places ; i 7 
r) Output 8/2/2011 10:23 AM File folder 
|_| EXAMPLE-ANSI_Sub3 Net.DXF 8/24/2011 11:36 AM DXF File 
(ea Libraries 
=] Documents 
@ Music , 
| Pictures 
& Videos 
1 Computer 
&, Local Disk (C:) 
c~ Local Disk (D:) 
|| ae uW b 
Filename: [S.cWg esos) ’ 
Save as type: | Data Exchange Format Files (*.dxf) sf 
* Hide Folders | Cancel 


Composite Networks and Composite Motors 


Separate DXF files are created for each composite motor and composite network in the one-line diagram 
along with a DXF file for the main one-line diagram (henceforth referred as the Main DXF file). 
Therefore, a set of DXF files may be created for an ETAP project. The name of the DXF files 
representing composite networks and composite motors in a one-line diagram depends on the name used 
to save the Main DXF file. The location of the DXF files representing composite networks and composite 
motors in a one-line diagram is the same as the location of the Main DXF file. 


For example, consider the case when an ETAP one-line diagram has a composite network Net1 and a 
composite motor CM1, which in turn have a composite network Net2 and composite motor CM2. If the 
Main DXF file is saved as C:\Example\Main.DXF, the name and location of the DXF files representing 
composite networks and composite motors will be: 


C:\Example\Main_Net1.DXF 
C:\Example\Main_CM1.DXF 
C:\Example\Main_Net1_Net2.DXF 
C:\Example\Main_CM1_CM2.DXF 
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[B) main.oxF 10,907 KB DxFFile 9/18/2002 1:09PM 
[E] Main_cm1.DxF 10,901KB DXFFile 9/18/2002 1:09PM 
|B] Main_Neti_Net2.DXF 10,890KB DXF File 9/18/2002 1:09 PM 
[B] Main_Net1.DxF 10,886KB DXF File 9/18/2002 1:09PM 
&] Main_Cm1_CM2.DxF 10,892KB DxFFile 9/18/2002 1:09PM 
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= =I My Computer 
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It may not be necessary to know the location of all the DXF files created for an ETAP project as the 
composite motors and composite networks in the DXF files contain hyperlinks. The composite motor and 
composite network hyperlinks point to the DXF files representing the one-line diagram within them. Use 
the following steps for opening composite motor / composite network DXF files from another DXF file: 


e Select the composite motor / composite network 
e Right-click on the selected composite motor / composite network 
e Click on the Open command in the Hyperlink menu 


1 
: ie Repeat Pan Realtime 


Cut = 


By CAPL 


Copy with Base Point 


oe 450 kvar 


Paste 


Paste Eo ¢ | Coordinates 


Erase 


Sub Move 


Copy Selection 
Scale 
Rotate 


Deselect all 6% 


Quick Select... 
Find... 
Properties 


Copy Hyperlink 
Add to Favorites... 
Edit Hyperlink. .. 


The ETAP DXF Converter gives you an option to create DXF files for one or more composite networks 
and/or motors in addition to the main one-line diagram. 
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Presentation, Configuration 


The DXF file created by the “Export DXF File...” command in ETAP represents the active Presentation 
and Configuration. For example if a relay is hidden in the active presentation it is not displayed in the 
DXF file. If the status of a breaker is open in the active configuration, it is shown as open in the exported 
DXF file. 


Note: For small size projects, dashed and dotted lines in the ETAP presentation set from the theme editor 
will remain as dashed and dotted lines in the exported .DXF files; however, for larger ETAP projects, 
they will appear as solid lines in the exported .DXF files. 


Analysis Results 

The results of an analysis performed in ETAP may be exported to the DXF File. To export the results, 
perform the analysis and display the results on the one-line diagram as required, use the “Export DXF 
File...” command while the results are displayed on the one line diagram. The DXF file(s) created will 
include the results as displayed on the ETAP one-line diagram. 
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For example in order to export power flows and the voltage profile perform the load flow analysis before 
using the “Export DXF File...” command. Note: you may use the “Display Options” editor to select the 
information displayed on the ETAP one-line diagram and hence the exported DXF files. 


Conversion Progress 
The time taken to export an ETAP one-line diagram to a DXF file is proportional to the number of 
elements in the one-line diagram, especially on the number of composite networks and composite motors. 


Ground Grids 


When you convert an ETAP file into a DXF file, the buses are hidden behind the ground grids. The figure 
below shows the DXF file with the buses hidden behind the ground grids. 


The buses can be made visible by performing the following steps in AutoCAD. Select the Ground Grid. 
Click on the Tools menu, select Display Order, and then select Send to Back. 
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Export Metafile 

ETAP can convert the contents of one-line diagrams into disk-based Enhanced Metafiles (EMF format) or 
16-bit Windows Metafiles (WMF format). To convert a one-line diagram into a metafile, select the 
Export Metafile option. 


Export Metafile |S 


Metafile Type Instruction Set 
¥) Enhanced (EMF) GDI 
| Windows [WMF] ® GDi+ 
Element Range 


® All Elements 


| Cancel 
Selected Elements only 


Convert Viewable 4rea Only 


Draw Background 


The Enhanced Metafile format (EMF) improves the drawing scalability and accuracy by adding more 
extensive information into the metafile header along with new drawing instructions. EMF files can be 
used for programs such as Microsoft Word. The Windows Metafile (WMF) consists of device- 
independent drawing instructions that help Windows to recreate the drawing element and display it on 
any display device such as AutoCAD. 


Metafile Type 


Select the metafile format (EMF, WMF, or both). You must specify at least one format for the conversion 
to work. The default setting is Enhanced Metafile format only. 


Instruction Set 


Select between GDI (Graphic Device Interface) and GDI+. The GDI is responsible of displaying the 
graphics in screen and printer. If the graphics should be displayed in operating systems other that the ones 
mentioned above, GDI should be used, otherwise GDI+ should be used. 


Element Range 


You can convert all elements in the one-line diagram (including OLE objects) or only elements that you 
have selected. The default setting is All Elements. 


Convert Viewable Area Only 
Convert only the area of the one-line diagram that can be seen in the one-line view. 


Draw Background 
This option allows you to select to include the background of the presentation to the metafile. 


ETAP will ask you to specify the path location where the metafile is on your system. 
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Import WMF Files into AutoCAD 
AutoCAD can only support the Windows Metafiles format. To create an AutoCAD drawing from a WMF 
file exported from ETAP, make sure that both options Wire Frame and Wide Line in the AutoCAD menu 
File/Options/WMF Options are unchecked. To import the metafile into AutoCAD, select the File/Import 
menu item and browse or type the name of the WMF metafile complete with path location. Note: the 


resolution of the WMF files gets better as you zoom in the one-line diagram. 


ETAP 
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Export Protective Device 


Extract and get a listing of all protective devices in your ETAP project. The extracted information 
includes Device ID, Type, Manufacturer, Model, and other information pertaining to the protective device 
type. The extracted information is exported to a Microsoft Excel file which is placed in the ETAP project 
directory. 


Gi) ~ExportProjectPD-EXAMPLE-ANSLXLS [Compatibility Mode] be 
B ya a E | F | G | H | 
ID Revision Data Standard Type Manufacturer TypeClass Maxkv Cont. Amps 
| 2 |cB Base ANSI Default none 1 0 
3 |CB1 Base ANSI HVCB ABB 38PM40 38 1200 
4 cB10 Base ANSI HVCB ABB 38PM40 38 1200 
_|CB2 Base ANSI HVCB ABB 38PM40 38 1200 
6 CB12 Base IEC HVCB GE 13.8VBI-25 13 2000 
7 CBS Base ANSI HVCB Powell O5PV0250 4 2000 
8 CBs Base ANSI HVCB GE AM-4.16-350 4 1200 
9 (CB11 Base IEC HVCB GE 13.8VBI-25 13 2000 
10 |CB14 Base ANSI HVCB Siemens MA-350 4 1200 
11 |CB13 Base ANSI HVCB Siemens MA-350 4 1200 
12 |CB3 Base ANSI HVCB Siemens FA-350 8 2000 
13 CB4 Base ANSI HVCB Westinghouse 150-DVP-500 15 2000 
14 CBS Base ANSI HVCB Westinghouse 150-DHP-500 15 2000 
15 CB6 Base ANSI HVCB Brown Boveri 15-HKV-500H 15 1200 
16 CB18 Base ANSI HVCB Siemens MA-250 4 1200 
17 )\cB19 Base ANSI HVCB GE AM-4.16-350 4 1200 
18 CB21 Base IEC HVCB GE 13.8VBI-25 13 2000 
19 CB24 Base ANSI HVCB GE AM-13.8-750 15 1200 
20 CB25 Base ANSI HVCB none 1 0 
(21,CB26— Base IEC HVCB None None 1 ty) 
22 |CB27 Base IEC HVCB ABB 25HKSA1000 25 1200 
23 |CB29 Base ANSI HVCB none 1 0 
24 


“MVSST OL 
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Export Excel — Open Format 

Export Microsoft Excel files with data arranged in columns for synchronous motors, induction motors, 
lumped loads, static loads two-winding transformers, cables and buses. Refer to Chapter 41 section Excel 
— Open Format for more detailed information regarding exporting data to an Open format Excel sheet. 


Export XML File 

This option allows the exporting of project database files via XML format. In order to perform the 
transfer of files in this format, it is necessary to have a PDE activation code. Please contact OTI to obtain 
further information concerning this process. 


Export Flat 
This Function allows the exporting of project database files via XML Format as a Flat Database. 


Export Nested 
This Function allows the exporting of project database files via XML Format as a Nested Database. 


Export Load Ticket 


Load ticket is a method to generate equipment data from an ETAP project file in a flexible excel format. 
Refer to Chapter 38 section Export Load Ticket for more information. 


Export RAW Format 

You can export raw data files from the ETAP one-line diagram. From the ETAP File menu, point to Data 
Exchange and then select Export RAW Format. Note the RAW data file export capability is applicable for 
exporting versions 30 and 32 raw data files. Refer to Chapter 38 under section Export RAW Format for 
detailed information. 


Export EMTP-RV 

ETAP project data file can be exported to an external file and imported to EMTP-RV program. From the 
DataX menu, point to Export to EMTP-RV, and then select Flat Diagram (not including composite 
networks) or Nested Diagram (including composite networks). Refer to Chapter Data Exchange section 
Export to EMTP-RV for more detailed information regarding transferring project data between ETAP and 
EMTP-RV. 


Export PSCAD 

You can export PSCAD project files from the ETAP one-line diagram. From the DataX menu, once 
clicking on Export to PSCAD, program will automatically launch PSCAD application and open up the 
converted ETAP project in PSCAD. Refer to Chapter Data Exchange section Export to PSCAD for more 
detailed information regarding transferring project data between ETAP and PSCAD. 
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SmartPlant Electrical 


You can import SPEL project data as an XML file into ETAP or export ETAP project data for use in 
SPEL. From the ETAP File menu, point to Data Exchange and then select SmartPlant Electrical. Refer to 
Chapter 41 section SmartPlant Electrical for more detailed information regarding transferring project data 
between ETAP and SPEL. 


AVEVA Electrical 


You can import AVEVA Electrical project data as an XML file into ETAP or export ETAP project data 
for use in AVEVA Electrical. From the ETAP File menu, point to Data Exchange and then select 
AVEVA Electrical. Refer to Chapter 41 section AVEVA Electrical for more detailed information 
regarding transferring project data between ETAP and AVEVA Electrical. 


Project Merge 

Project merge provides the capability of comparing and merging projects being worked on 
simultaneously. A source project (master) is created along with the sync project (copy) in which 
comparisons or changes are made. Finally, the sync project changes are merged back to the source 
project. 


Master/Source Project: is supposed to be a project which all the copy projects will be merged into it. 


Copy/Sync Project: is a copy retrieved from the master project in order to make required changes which 
at the end can be merged into master project 


Universal Mappin 

The Universal Mapping interface allows modification of existing Data Exchange electrical property 
mapping. This interface supports the mapping of elements properties including the use of equations to 
better transform and manipulate the incoming data. Refer to Chapter 41 under section Universal Mapping 
for more information. 


DataX Manager 


The Project Master can use DataX Manager to publish projects to DXM for use on etapAPP capable 
mobile devices. Please see DataX Manager section of Data Synchronization chapter for additional details. 
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10.2.11 Tools Menu 


The Tools menu is provided to control and change one-line diagram graphics in a global manner. 


Options (Preferences)... Ctrl+K 
Size » 
Bus Size » 
Symbols > 
Orientation » 
Status » 
Switching Device Status » 
Colors » 
Classification » 
Contour > 
Alignment » 
Rotate > 
Group 

Ungroup 


Use Default Annot. Position 


Options (Preferences) 


Entries in ETAPS.INI can be changed by using the Options (Preferences) Editor. The advantage of using 
this interface is that changes are applied to ETAP without requiring a restart. 


Size 
This command will globally change the size of the selected elements in the one-line diagram. Global size 
change can also be done using the right-click pop-up menu. 


Bus Size 


This command will change the size of the selected bus editor in the one-line diagram. Global size change 
can also be done using the right-click pop-up menu. 


Symbols 


This command will globally change the symbols of the selected elements in the one-line diagram to ANSI 
or to IEC symbols. 


Orientation 


This command will change the orientation of a selected element in the one-line diagram to 0, 90, 180, or 
270 degrees. 
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Status 


This option allows the user to control the Lock, Service and State status of each element or group of 
highlighted elements. 


Lock 


This command allows the user to Lock or Unlock the editor information for any selected elements. When 
the editor properties are locked, all engineering data is displayed as read-only expect condition 
information. The user can change condition information (service & state) even though the element 
properties are locked. 


Service 


This command allows the user to change the service status of any selected element to In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 


This command allows the user to change the state of any selected element. State is used to describe the 
service status of an element. Certain states have flexible service status like As-Built, New, Future, Moved 
and Modified can be both In or Out of Service. Certain states have fixed service status like Removed, 
Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Switching Device Status 

This command allows the user to change the status of any selected switching devices to Open or Close. 
Circuit breakers, fuses, relays, potential transformers, and current transformers are considered protective 
devices. However, only switching devices (circuit breakers, switches, contactors, and fuses) have status 
(open or closed). Note that when you change the status of a circuit breaker, you are changing it for the 
active Configuration Status. When you switch to another configuration, the status may be different. This 
statement is also true for the status of motors, MOVs, and loads. 


Colors 
This command will change the color of the selected elements in the one-line diagram. 


Classification 


Zone, Area & Region 


This functionality allows the user to group buses anywhere in the one-line diagram by area, zone, and /or 
region in order to facilitate the analysis and result filtering of specified groups. The area, zone, and / or 
region assignment is made through the bus editor. Note that ETAP automatically propagates the area 
information based on bus area classification. 
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Contouring 


This functionality launches the color contouring settings. Color contouring allows the user to place a user- 
configurable color maps behind the one-line diagram. These maps are color coded based on voltage or 
power flow magnitude. 


Alignment 


This functionality allows the user to change the alignment on the selected elements. There are 10 total 
features: Straight Align, Space Align, Align Center, Align Middle, Align Top, Align Bottom, Align Left, 
Align Right, Distribute Horizontal, and Distribute Vertical. The alignment is based on an anchor element. 
An anchor element is defined upon user selection. The anchor element is shown with four blue corners 
surrounding the element. 


Rotate 
This functionality allows the user to change the orientation of any selected elements. The orientations 


available are (-90, 90 and 180). 
Note: When an element is added, its orientation is based on the system default as follows: 


e Buses are added at 0 degrees 
e Composite networks are added at 90 degrees and do not rotate 
e Protective devices are added or inserted based on the orientation of the connections 


e All other elements are added at 90 degrees 


Group 


This command will group the selected elements in the one-line diagram into one group. Grouped 
elements can be selected by selecting any one of the elements in the group. 


Note: each element can belong to one group only. To add elements to an existing group, click on a 
member of the group in the one-line diagram, then select the other elements by holding down the control 
key and clicking the left mouse button, then clicking on the Group command. Grouping can also be done 
using the right-click pop-up menu. 


Ungroup 


This command will ungroup the selected elements in the one-line diagram. Ungrouping can also be done 
using the right-click pop-up menu. 


Use Default Annot. Position 


This command will set the position of the annotations of the selected elements in the one-line diagram to 
their default position. This command can also be done using the right-click pop-up menu. 


Note: you can set the default annotation position of each element by selecting the element and using the 
right-click pop-up menu. 
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Miscellaneous Tools 


Additional tools may be setup using the Options (Preferences) editor to invoke external programs. Up to 
25 additional tools may be added using the Options editor. 


Options (Preferences) saa 


These tools may be used when custom or external programs have to be launched from inside the ETAP environment 


These tools would appear at the bottom of the menu based on the sequence setup in the options editor. 
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10.2.12 Window Menu 


| Window | Help 

| Cascade 

Tile Vertical 

Tile Horizontal 
Arrange Icons 
Sync Presentations 
Fit Presentation 


Close All Presentations 


1 UGS1 (Calculation Mode} 
2 OLV Pres1 (Edit Mode} 


3 Relay View (Star - Protection & Coordination) 
lv 4 Study View (Edit Mode} 


The Window menu offers the following commands, which enable you to arrange multiple views of the 
project in the application window: 


Cascade 
Use this command to arrange multiple opened windows in an overlapped fashion. 


| UGS1 (Calculation Mode) S| &) Ed 


B) UGS2 (Calculation Mode) oS | | es | 


i] Study View (Edit Mode) oloeuls | 
| Relay View (Star Sequence-of-Operation) oles 
4 #] OLV1 (Star Sequence-of-Operation) olols 
0 


=] OLV Presi (Edit Mode) [oce|[eC=de] 
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Tile Vertical / Horizontal 
Use these commands to vertically or horizontally arrange multiple opened windows in a non-overlapped 


(side-by-side) fashion. 
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Arrange Icons 


Use this command to arrange the icons for minimized windows at the bottom of the main window. If 
there is an open project window at the bottom of the main window, then some or all of the icons may not 
be visible because they are undermeath this project window. 


BUG... | @ |G || es 


Ll uG... | & || & || a OL... | || & || ss ia Rel... | & || & || &3 a UG... | & || & || & ja OL... |e || & || && 


Sync Presentations 


Use this option to synchronize the focus of open presentations. As an element is selected on one 
presentation, the same element will be panned to and highlighted on the other open synchronized views. 


4 tM Seis 


wo” Study View (Edit Mode) = 


Add text to your one-line diagram 
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Fit Presentation 


This option fits the active presentation in the ETAP window and performs a Zoom-to-Fit on the diagram. 
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Close All Presentations 


DIFi 


DG system 


This command closes all open presentations. User must go to System Manager on Systems Toolbar to re- 


open any of the available presentations. 


42s 


ETAP displays a list of currently open project windows at the bottom of the Window menu. A checkmark 
appears in front of the project name of the active window. Choose a project from this list to make its 


window active. 


ETAP 
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10.2.13 Help Menu 
Help | 


Help Search... 


ETAP Real-Time Overview 
ETAP Real-Time Solutions Brochure 
ETAP Real-Time Video Presentations 


ETAP Grid- Transmission 
ETAP Grid- Distribution 
ETAP Grid- Microgrid 


ETAP Company Website 

My ETAP Login 

ETAP Products Overview 
ETAP Product Literature 
ETAP Help Desk 

Global Events Schedule 
User Feedback 

Upgrade License 

ETAP News 

Frequently Asked Questions 
Tutorials & Training Videos 


Technical Articles 


About ETAP... 


This option enables you to learn about functions and concepts in ETAP. The Help shortcut button creates 
a question mark that can be used to point to an area for which you have a question or would like more 
details on. This includes being able to select keywords in the Project menu bar. The entire contents of this 
user guide are included in the Help file. 

The Help menu offers the following commands, which provide assistance for this application: 


e Help Search Offers you an index to topics on which you can get help 


e About ETAP Displays ETAP version, license and usage as well as licensed capabilities 
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Help Search 


Use this command to display the opening screen of Help. From this screen, you can jump to step-by-step 
instructions for using ETAP and various types of reference information. Once you open Help, you can 
click on the Contents button to return to the opening screen. You can also use Index to search for 
information on a specific topic. 


About ETAP 


This editor provides useful information about how to contact Operation Technology, Inc. In addition, 
there is information about the functions activated through your license and other program functions that 
can be added to your ETAP package. 


ETAP Enterprise axe 
About | Capabilities | License 
User Support Licensee 
(949) 462 - 0400 
s Operation Technology Inc 
@ ETape (949) 462 - 0500 fax 
support.etap.com 
Serial Number 
Number of Buses 
Copyright © 1995-2015 OT! Sales 
Operation Technology, Inc. , F 
Configuration Network 
Corporate Headquarters (949) 462 - 0100 
1? Goodyear, Suite 100 
(949) 462 - 0200 fax License Type 


Irvine, CA, 92618-1812 


wuw.etap.com sales@etap.com 
Close 


When contacting Technical Support, please have this information on hand. This will help support 
engineers identify and solve problems much faster. The three pages of About ETAP contain the following 
information. 


ETAP 


This area displays the copyright notice, version number of your copy of ETAP, and OTI’s Corporate 
Headquarters information. 


ETAP User Support 


The contact information for the ETAP Technical Support Department is displayed in this group. With a 
valid Upgrade and Support Agreement, you may contact this group for any technical support question 
about ETAP and ETAP Real-Time. 
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If you do not have valid Upgrade and Support Agreement and would like to have technical support, 
please contact the ETAP Sales for available options on updating your contract. 


ETAP Sales 


The contact information for the ETAP Sales Department is displayed in this group. Feel free to contact 
ETAP Sales for information about upgrades and licensing. 


Licensee 
This section displays the ETAP license information 


Serial Number 
This is the serial number for this copy of ETAP. 


Number of Buses 
Total bus capability purchased for this license of ETAP. 


Configuration 
Displays license delivery method - Network or Stand Alone 


Stand-Alone 


The stand-alone hardware key is placed directly on the parallel, USB, or serial port of the computer that 
will be running the software. No installation is required other than ETAP itself. Licensing for the 
computer will be automatically done by the stand-alone hardware key and the accompanying software 
installed by the ETAP setup program. 


Network 

The network hardware key requires a Windows 7/Windows 8/Server 2012 & 2012 R2/Server 2008 R2 
workstation or server. Place the network hardware key on the back of the computer/server designated to 
license ETAP. This will be the permanent location of the key, and therefore it should not be removed 
once it is installed and operating. The computers obtaining permission to run ETAP may run Windows 
7/Windows 8/Server 2012 & 2012 R2/Server 2008 R2 operating systems. 


Installation on Windows 7/Windows 8/Server 2012 & 2012 R2/Server 2008 R2 requires that the 
installation be performed by a user account with Windows NT Administrative privileges. The network 
installation can be installed with the License Manager (current version) Setup program provided on the 
ETAP (current version) DVD, launched from the ETAP Installer Program, or installed manually. In each 
case, the steps to be performed are the same. 


License Type 
Displays the type of ETAP license - Nuclear (N), Commercial (C), Educational (E), or Training (T) 
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Capabilities 


The active ETAP capabilities purchased for the license being used are displayed in black on the 
Capabilities page. Capabilities displayed in gray are not active and may be added to ETAP by contacting 


ETAP Sales by email sales@etap.com or by phone (949) 462-0100. 


jo 
ETAP Enterprise 


| About | Capabilities | License 
Lees. 


AC Network Analysis 
Load Flow 
Short-Circuit - ANSI/IEEE 


Short-Circuit - GOST 


Are Flash - NFPA 70E 

Are Flash - IEEE 1584 

Motor Acceleration - Dynamic 
Motor Acceleration - Static 
MG Set (Rotary UPS) 

Load Analyzer 


Protective Devices - Star 


Coordination & Selectivity 
Sequence-of-Operation 
Star Auto - Evaluation 
Relay Test-Set Interface 
Star Short-Circuit 


Panel Systems 
ANSI NEC / IEC 
1- & 3-Phase Panels 


Harmonics 
Harmonic Load Flow 
Frequency Scan 
Filter Design & Sizing 


Short-Circuit - IEC 60909 & 61363 


Unbalanced Short-Circuit - ANSI 
Unbalanced Short-Circuit - IEC 


Distribution Systems 

Load Flow - Unbalanced 
Reliability Assessment 

Optimal Capacitor Placement 
Switching Sequence Management 
Switching Optimization 

Fault Management 

Failure Mode Analysis 

Voltage Stability 

Distribution 


Time Domain Unbalanced Power Flow 


GIS Map 


Renewables 
Wind-Turbine Generator 


Photovoltaic / Solar Array 


Transmission Systems 
Line Constants 

Line Ampacity 

Line Sag & Tension 

H¥ DC Transmission Link 
Optimal Power Flow 
Contingency Analysis 


Transformer 

Transformer M¥A Sizing 
Transformer Tap Optimization 
DC Systems 

DC Are Flash 

DC Load Flow 

DC Short-Circuit 

Battery Discharge & Sizing 


Dynamics & Transients 

Transient Stability 

Generator Start-Up 

Parameter Estimation 

User-Defined Dynamic Model 

Dynamic Parameter Estimation & Tuning - 


Cable Systems 

Underground Raceway - Neher-McGrath 
Underground Raceway - IEC 60287 

Cable Ampacity -IEEE 399 / NEC / ICEA-P54 
Cable Ampacity - BS 7671 

Cable Ampacity - IEC 60502 

Cable Ampacity - NF C15-100 

Protective Conductor Sizing - BS 7671 
Electric Shock Calculation - BS 7671 


Cable Ampacity - IEC 60364 

Protective Conductor Sizing - IEC 60364 
Electric Shock Calculation - IEC 60364 
Cable Sizing 

Cable Pulling 

Ground Grid Systems 

IEEE 80 & 665 Method 

Finite Element Method 


Control Systems 
DC Control System Diagram 
AC Control System Diagram 


eTrax - Railway Traction Systems 
Rail Traction Power 


PSMS - Real-Time 
Intelligent Monitoring 
State & Load Estimation (SLE) 


Sequence of Events Playback & Historian 


Data Trending & Alarming 

On-Line / Remote Control 
Predictive Simulation 

Load Forecasting 

EMS - Real-Time 

Automatic Generation Control (AGC) 
Economic Dispatch 


ILS - Real-Time 

Intelligent Load Shedding 
Data Exchange 

MS Excel & Access Import 
IEEE Format Import 

RAW Data Import 

DXF & EMF Export 

e-DPP Interface 
SmartPlant Interface 
Project Merge 


ETAP 
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License 


This page displays a list of users currently using ETAP via a network license. The fields show the type of 
license, the number of users online and the number of licenses assigned to your site. This is a useful 
feature if you the number of users or workstations where ETAP is installed is greater than the number of 
available ETAP licenses. 


ETAP Enterprise [emt 
| About | Capabilities | License 
Coane: Teoria ETAP License Manager 

DEV-ABBYD abby.don 08/24/2011 03:45:56 17785 a LAN 
<PSP3-VM Administrator 08/22/2011 04:53:19 |T27716 

FN-XP64 Administrator 08/24/2011 10:23:44 |T8007 Server Name 
OTI-KM17IB23WOU | Administrator 08/24/2011 11:52:48 |T25876 aE 
TS-XPSP264BIT | Administrator 08/15/2011 10:06:07 |T15778 

DEV-AHMEDS ahmed saber 08/24/2011 03:34:24 |T24547 

ENG-ALZ alzewila 08/24/2011 04:24:50 [T1201 Ussplteicti || ae 
B JENG-ALBERTM _ _|albert.maroquin _ (08/24/2011 11:46:06 | T30694 | F 

ENG-ALIH ali halimi 08/24/2011 01:47:25 120798 verse! || ea 
ENG-ARASHH arash hedayat 08/24/2011 11:42:57 |T19755 

ENG-ARYAZ atya.zarrinkelk_ 08/24/2011 03:50:20 |T13327__| 

ENG-AVELARDOM avelardo.morales 08/24/2011 04:05:17 |T29862 
DEV-BENB ben.boronow 08/24/2011 02:23:23 |T18043 

ARCSERVER carlos.tlalpan 08/17/2011 11:45:13 [T9880 Display License Manager 
DEV-DEREKS |derek.saclolo 08/24/2011 03:47:51 |T20154 

ENG-DIANESM diane. sanmiquel 08/24/2011 09:54:53 (718361 Peter Rett 
EXEC-FARROKHS |fatrokh shokooh 08/17/2011 01:42:03 |T31978 

DEV-HAWUNL haijun liu 08/24/2011 04:02:53 |T29016 

DEV-HANJUNL-VM |haijun. liu 08/24/2011 04:27:59 |T22489 Leake 
ENG-HAMIDB hamid. beheshtian 08/24/2011 02:37:50 [T8436 x 


Click the Refresh button to update the information on the page if it has been open for some minutes. 


ETAP License Manager 
This section contains information about the license manager being accessed 


LAN — Local Area Network license type. Note that with a LAN license, it would not be possible to access 
the license manager in case it is installed on a server behind a router. 


WAN -— Wide Area Network license type. With a WAN license, it is possible to access the license 
manager in case it is installed on a server behind a router. This is particularly useful in case your offices 
are in different time zones and you would like to share the license between the offices. 


Server Name 


Displays the server name on which the ETAP license manager is running and the software is successfully 
connected to. 


Users Connected 
Displays the total number of connected users or the users utilizing ETAP licenses across a LAN or WAN 


Total Licenses 
Displays the total number of purchased licenses 
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Display License Manager 


This brings up a list of available license managers in a network. This button is disabled if there is only 
one license manager in a network. 


Activation Code 


Alphanumeric code found on the DVD Sleeve used to activate your ETAP license. You can update the 
activation code by pressing the Update button. If you add new capabilities, Operation Technology, Inc. 
will send you a new activation code. Click on the Update button to change the Activation Code. Note that 
you can copy and paste the code into the update dialog box. 
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10.3 Underground Raceway System Menu Bar 


The Underground Raceway System (UGS) menu bar is displayed when a U/G raceway presentation is 
active. 


% UGS1 (Calculation Mode) - ETAP Stax") 


File Edit View Project Library Warehouse Rules Defaults RevControl Window Help 


The UGS menu bar contains a comprehensive collection of menus that are listed here: 


e File Menu File management and printing 

e Edit Menu Cut, copy, and paste 

e View Menu Display different toolbars 

e Project Menu Project standards and settings 

e Library Menu Library access and management 

e Rules Menu Access Rule books 

e Defaults Menu Fonts and default settings of elements 
e RevControl Menu Base and Revision Data control 

e Window Menu Window management 

e Help Menu Help access 


Note: many of the menu commands for the UGS menu bar are the same as those for the One-Line 
Diagram menu bar. Menu items that are not common with the One-Line Diagram menu bar are explained 
here. 
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10.3.1 File Menu 


New Project... 
Open Project... 
Close Project 
Log Off 


Save Project 
Copy Project To... 


Save Library 


Page Setup... 
[Q._ Print Preview... Ctrl+Shift+P 


ee Print... 
Data Exchange r 


1 Example-ANSLOTI 


Exit 


The File menu for Underground Raceway System offers the following commands: 


New Project 
Open Project 
Close Project 
Log Off 

Save Project 
Copy Project To 


e Save Library 

e Page Setup 

e Print Preview 

e  =Print 

e Data Exchange 

e E-mail Project Files 
e Exit 


ETAP 


Create a new project file 

Open an existing project file 

Close an existing project file 

Logoff and logon as a different user or change access levels 

Save the project file 

Save an opened project to a specified file name and continue to function within 
the original project 

Save the Library file 

Select a page layout as well as a printer and printer connection 
Display the one-line diagram on the screen as it would appear printed 
Print the one-line diagram 

Access all Data Exchange options (Refer to Data Exchange) 

Zip and E-mail, FTP, or store your project files to a remote location 
Exit ETAP 
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10.3.2 Edit Menu 
‘Edit | View Project Library Wai 
Cut Ctri+Delete 
Copy Insert 
Paste Shift+Insert 
Select All 
DeSelect All Ctrl+Shift+A 


The Edit menu for Underground Raceway System offers the following commands: 


e Cut Delete selected element(s) in the UGS and move it to the Dumpster 
e Copy Copy selected element(s) in the UGS to the Dumpster 

e Paste Paste selected element(s) from the Dumpster into the UGS 

e Select All Select all elements in the UGS 

e = DeSelect All Deselect all elements in the UGS 
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10.3.3 View Menu 


Project Library Rules D 
j Ls Zoom In 
Zoom Out 
Zoom to Fit 


Message Log 
Y¥ Project Toolbar 
Mode Toolbar 
v= Study Case Toolbar 
Edit Toolbar 
v¥_ Analysis Toolbar 


LiL 5 0 al Dil 


~ 


Help Line 


The View menu for Underground Raceway System offers the following commands: 


e Zoom In Show more detail 

e Zoom Out Show less detail 

e Zoom to Fit Re-sizes objects to best fit the window 
e Message Log Show or hide Message Log 

e Project Toolbar Show or hide the Project Toolbar 

e Mode Toolbar Show or hide the Mode Toolbar 

e Study Case Toolbar Show or hide the Study Case Toolbar 
e =Edit Toolbar Show or hide the Edit Toolbar 

e Analysis Toolbar Show or hide the Analysis Toolbar 

e Theme Toolbar Show or hide the Theme Toolbar 

e Help Line Show or hide the Help Line 


ETAP 10-123 ETAP 19.0 User Guide 


Menu Bars Underground Raceway System 


10.3.4 Library Menu 


Library | Warehouse Rules 


Cable... 


Cable Fire Protection > 


Open... 

Save 

Save As... 
Create... 
Copy/Merge... 
Purge 


Export... 


The Library menu for Underground Raceway System offers the following commands: 


e Cable Library Open the Cable Library 

e Cable Fire Protection Open the Cable Fire Protection Libraries 

e Open Open a new ETAP Library 

e Save Save an ETAP Library 

e Save As Save an ETAP Library as a new library 

e Create Create an ETAP Library 

e Copy/Merge Copy or Merge an ETAP Library 

e Purge Purge an ETAP Library 

e Export Export library data for printing purposes. Crystal Reports formats are used 


for viewing and printing library data. 
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10.3.5 Defaults Menu 


‘Defaults | RevControl Window 


Display Options... 


Cable... 

Heat Source... 

Direct Buried Raceway... 
Duct Bank Raceway... 
Conduit (duct bank)... 


Location (direct buried)... 


U/G System... 


ETAP maintains default values for each element in the project database. As each new element is created, 
ETAP initializes the element with these default values. You may modify the default properties of any 
element through the Defaults menu. ETAP will then use the modified values to initialize each new 


element. 


To save time in data entering, it is advisable to go though the defaults for each element before creating 
your one-line diagram and underground raceway system. 


The Defaults menu for Underground Raceway System offers the following commands: 


Display Options 

Cable 

Heat Source 

Direct Buried Raceway 
Duct Bank Raceway 
Conduit (duct bank) 
Location (direct buried) 
U/G System 


ETAP 


Select defaults for Display Options 

Cable Editor defaults 

External Heat Source Editor defaults 

Direct Buried Raceway Editor defaults 

Duct Bank Raceway Editor defaults 

Conduit Editor defaults 

Location Editor defaults 

Underground Raceway System Editor defaults 
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10.4 Dumpster Menu Bar 


The Dumpster menu bar is displayed when the System Dumpster is active. This menu bar contains the 
three menus listed below: 


Dumpster - ETAP Stax") 


Edit Window Help | 


e Edit Purge or Purge All elements from the Dumpster 
e Window Window management 
e Help Help access 


Note that the Window and Help menu items for the System Manager menu bar are the same as those for 
the One-Line Diagram menu bar. Menu items that are not common with the one-line diagram menu bar 
are explained here. 


10.4.1 Edit Menu 


Purge 


This option deletes the selected cell from the Dumpster permanently. All elements in the selected 
Dumpster Cell will be erased from the database and cannot be recovered. 


Purge All 


This option deletes all cells in the system Dumpster from the Dumpster permanently. All elements in all 
Dumpster Cells will be erased from the database and cannot be recovered. 
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10.5 Cable Pulling Menu Bar 


The Cable Pulling menu bar is displayed when a Cable Pulling Presentation is open and active. 


% Cable Pulling Systems - CablePulling Revision: Base Se} 


| File Study Case View Help | 


Note: the Cable Pulling Presentation opens in an external window to ETAP. 


This menu bar contains the four menus listed below: 


File Menu Project Management 
Study Case Menu Create New Study Case 
View Menu Show/Hide Toolbars 
Help Menu Help Access 


10.5.1 File Menu 


Save 


A project can be saved only when you are in Edit mode or a Study mode. If you have logged on as a 
Project editor or Base editor, you CANNOT save a project while working with a revision of the project. 
The project can be saved by clicking on Save Project in the File menu or the Save button on the Project 
toolbar. 


Print 


ETAP allows you to preview and print/plot one-line diagrams, underground raceway systems, text output 
reports, motor starting plots, transient stability plots, Ground Grid and cable temperature plots. For more 
details on Print Setup, Print Preview, Print, Batch Print, and Plot capabilities, see Printing and Plotting. 
Currently the Cable Pulling Printing Options are disabled 


Print Preview 
Currently the Cable Pulling Printing Options are disabled 


Print Setup 
Currently the Cable Pulling Printing Options are disabled 


Exit 


Using this command will save and close your Cable Pulling project file and take you back to the main 
ETAP program. 
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10.5.2 Study Case Menu 


Create New 


Click to create a new Cable Pulling Study Case. ETAP allows you to have unlimited number of study 
cases. 


10.5.3 View Menu 


Toolbar 


Click to hide/show the Project toolbar. Functions on this toolbar are Save, Cut, Copy, Paste, Print, Print 
Preview, and “What is this?” Help assistant. 


Status Bar 


Click to hide/show the Status toolbar. ETAP displays help lines on the Status Bar. The help line provides 
brief information about the field where the cursor is placed. 


CP Toolbar 
Click to hide/show the Cable Pulling toolbar. 


Study Toolbar 
Click to hide/show the Cable Pulling Study Case. 


10.5.4 Help Menu 


Help Topics 

Use this command to display the opening screen of Help. From this screen, you can jump to step-by-step 
instructions for using ETAP and various types of reference information. Once you open Help, you can 
click on the Contents button to return to the opening screen. You can also use Index to search for 
information on a specific topic. 


About Cable Pulling 


This editor provides contact information for Operation Technology, Inc. as well contact information for 
sales and technical support. 
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10.6 Ground Grid Menu Bar 


The Ground Grid menu bar is displayed when a Ground Grid Presentation is open and active. 


% Ground Grid Systems -Grid1 Revision: Base St==) 


| File Edit View StudyCase Default Help | 


Note: the Ground Grid Presentation opens in an external window to ETAP. 


This menu bar contains the following menus listed below: 


File Menu Project management 
Edit Menu Editing functions 

View Menu Show/Hide toolbars 
Study Case Menu Create new presentation 
Default Menu Set defaults for editors 
Help Menu Help access 


10.6.1 File Menu 


Save Project 


A project can be saved only when you are in Edit mode or a Study mode. If you have logged on as a 
Project editor or Base editor, you CANNOT save a project while the project is in a revision level of data. 
A project can be saved by clicking on Save Project in the File menu or the Save button on the Project 
toolbar. Shortcut key is available [Ctrl + S]. 


Print 


ETAP allows you to preview and print/plot one-line diagrams, underground raceway systems, text output 
reports, motor starting plots, transient stability plots, Ground Grid and cable temperature plots. For more 
details on Print Setup, Print Preview, Print, Batch Print, and Plot capabilities, see Printing and Plotting. 


Clicking on this command will allow you to print the Ground Grid Top View. The following editor is 
brought for selecting the printer, the number of copies, etc. 


Print Preview 


Clicking on this command activates the print preview for the Ground Grid System. The Top View of the 
grid is placed in a report format for you to print. The Project information (Project Name, Location, etc...) 
is entered through the One-Line Project menu \ Information. 


Print Setup 


Dialog box to select and setup the printer to be used with this project. 


Import from XML File 


Allows you to select an Extensible Markup language (XML) file and import its data into a Ground Grid 
System. This is useful when importing existing ground grid designs from AutoCAD files. 
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Export to XML File 


This option allows you to export selected areas of a Ground Grid System to an XML file. 


Exit 
Using this command will save and close your Ground Grid project file and return to the ETAP base 
program. 


10.6.2 Edit Menu 


Cut 


This selection allows you to cut selected elements of a Ground Grid System. 


Copy 


This selection allows you to copy elements of a Ground Grid System. 


Paste 
This selection allows you to paste elements of a Ground Grid System that have been selected and copied. 


10.6.3 View Menu 


Toolbar 


Clicking on this command will allow you to display the Project toolbar. Clicking again will disable the 
display and the toolbar will be hidden. Functions on this toolbar are Save, Cut, Copy, Paste, Print, Print 
Preview, and ‘What is this help?’ 


Status Bar 


Clicking on this command will allow you to display the Status toolbar. Clicking again will disable the 
display and the toolbar will be hidden. ETAP displays help line on the status bar. This help line describes 
the field where the cursor is placed. 


Grid 


Clicking on this command will allow you to display or hide grid lines. 


10.6.4 Study Case Menu 


Create New 


Clicking on this function will allow you to create a new Ground Grid Study Case. ETAP allows you to 
have unlimited number of study cases. 
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10.6.5 Default Menu 


Conductor 


The Conductor editor default specifies the values to be placed in the Conductor editor for each new 
conductor created. Changing the defaults to desired settings before creating your grid reduces the overall 
time required to develop the grid. 


Rod 


The Rod editor default specifies the values to be placed in the Rod editor for each new rod that is created. 
Changing the defaults to desired settings before creating your grid reduces the overall time required to 
develop the grid. 


IEEE Grouper 

The IEEE Grouper editor default specifies the values to be placed in the IEEE Grouper editor for each 
new IEEE grouper created. Changing the defaults to desired settings before creating your grid reduces the 
overall time required to develop grid. 


FEM Grouper 


The FEM Grouper editor default specifies the values to be placed in the FEM Grouper editor for each new 
FEM grouper created. Changing the defaults to desired settings before creating your grid reduces the 
overall time required to develop the one-line grid. 


10.6.6 Help Menu 


Help Topics 


Use this command to display the opening screen of Help. From this screen, you can jump to step-by-step 
instructions for using ETAP and various types of reference information. Once you open Help, you can 
click on the Contents button to return to the opening screen. You can also use Index to search for 
information on a specific topic. 


About PSGrid 


This editor provides very useful information to contact Operation Technology, Inc. for sales and technical 
support. 
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AC Elements 


This chapter addresses editors for all AC elements in the One-Line Diagram. Except for the element IDs, 
bus connections, and status, all other data that appear in the editors are considered engineering properties, 
which are subject to Base and Revision Data. The following table lists all the AC elements in ETAP that 
are included on the AC toolbar. 


Pointers Manual Connection Pointer Auto Connection 
Bus Node 
Bus Duct Busway 


Transformer, 2-Winding Transformer, 3-Winding 


Buses and Branches Transformer, Open-Delta Voltage Regulator 
Transformer, Zig-Zag Transformer, Scott-T 
Cable Transmission Line 


Reactor, Current Limiting Impedance 


Power Grid (Utility System) Generator, Synchronous 


Wind Turbine Generator (WTG) Photovoltaic Array (PV Array) 


Induction Machine Motor, Synchronous 


Lumped Load Motor Operated Valve (MOV) 
Sources and Loads Static Load chy aR Capacitor 

Panel System 7 Harmonic Filter 

Remote Connector “ { Phase Adapter 
Grounding/Earthing Adapter ©) MG Set (Rotary UPS) 
Static Var Compensator £ + HVDC Transmission Link 
Composite Networks Composite Motor Composite Network 
Fuse | == Contactor 
0 


High Voltage Circuit Breaker (HVCB) Low Voltage Circuit Breaker (LVCB) 


Protective Devices Recloser Ground Switch 


Overload Heater In-Line Overload Relay 


Single-Throw Switch Double-Throw Switch 


Instrumentation Toolbar Ground Grid 


Settings and Reports 


Display options Schedule Report Manager 
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11.1 Bus 


You can enter the properties associated with AC buses (nodes) of the electrical distribution system in this 
Data Editor. 


The ETAP Bus Editor allows you to model different types of buses in an electrical system. The data 
entered in the Bus Editor is used when running all types of system studies. 


Note: Specifying bus generation or loading is not done from the Bus Editor. Generators, motors, and 
static loads are elements and can be connected to any desired bus. ETAP can display all loads, 
generators, and utilities that are directly connected to the bus from the Bus Editor. Protective devices are 
ignored when ETAP determines connections to buses. 


A bus is defined as a point (node) where one or more branches are connected. A branch could be a cable, 
transformer, etc. The minimum amount of data required to define a bus is the bus nominal kV which can 
be entered in the Info page of the Bus Editor. Once entered, this value is defined as a unique bus in the 
system model, which can be connected to other buses/nodes by placing branches between them. 


Buses have two types of graphical presentation, i.e. Bus or Node. You can change a bus to a node or 
vice versa at any time. This option gives you the flexibility to display the annotation of buses and nodes 


differently. 


The Bus Editor includes the following pages of properties: 


Info Protection 
Phase V Harmonic 
Load Reliability 
Motor/Gen Remarks 
Rating Comment 
Arc Flash 
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11.1.1 Info Page 
You use the Info page to specify the bus ID, Service & State, Nominal kV, Initial/Operating Voltage 
(Magnitude and Angle), Diversity Factors (Maximum and Minimum), FDR Tag, and Equipment Name 
and Description. 


Info 


ID 


buster Minas 


Bus 


Info 


ID | 
Nominal kV 34.5 


Bus Voltage 
%V kV Angle 
Initial 100 345 0 


Opersing [0 «so Oo 


@ 3 Phase 


1 Phase 2W 


1 Phase 3W 


Load Diversity Factor 


This is a unique ID name containing up to 25 alphanumeric characters. 


ETAP 


yen (28 (2) COC) |[coneet 
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ETAP automatically assigns a unique ID to each bus. The assigned IDs consist of the default bus ID plus 
an integer, starting with the number one and increasing as the number of buses increase. The default bus 
ID (Bus) can be changed from the Defaults menu in the menu bar or from the System Manager. 


Recommendations for assigning buses are as follows: 


e Every piece of major equipment, such as switchgear, switchrack, and motor control centers 
(MCCs). 


e On the primary side of transformers when the primary line/cable feeder is more than: 
250 feet for high voltage cables 
100 feet for medium voltage cables 
50 feet for low voltage cables 


e Utility and generator terminals when the cable is more than: 
250 feet for high voltage cables 
100 feet for medium voltage cables 
50 feet for low voltage cables 


e Induction and synchronous motors do not need buses assigned at their terminals since motors can 
include equipment cables. 


Nominal kV 

Enter the nominal voltage of the bus in kilovolts (kV). This input is a required entry, which is used by 
ETAP to convert the final bus voltages to the actual values for graphical display and output reports, i.e., 
bus nominal kV is used as the base kV for the reported percent voltages. 


Note: The nominal voltage and actual base voltage of a bus can be different values. Actual base voltages 
of buses are calculated internally by ETAP, starting from a swing bus. The rest of the base values are 
calculated using the transformer turn ratios. A swing bus is defined as a bus that has a power grid and/or 
generator (in swing mode) connected to it. 


Condition 


Service 

The operating condition of a bus can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. 
When the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Bus Voltage 


Initial% V 

Enter the magnitude of the bus voltage as a percentage of the bus nominal kV. This value is used as the 
initial bus voltage for load flow studies including motor starting, harmonics, and transient stability 
studies. For unregulated buses which do not have any utility or generator connected to them, the 
operating voltage is calculated during load flow analysis using the value entered here as a first guess or 
initial value. For regulated buses, which have a utility or generator (in swing or voltage control mode) 
connected to them, this value is not used. Voltage magnitude defaults to 100%. 


If you select the Update Initial Bus Voltage option from the Load Flow Study Case Editor, this value will 
reflect the operating voltage of the bus after you run a load flow study. 


For ANSI short-circuit studies, this value is used as the prefault bus voltage if you select the Vmag X 
Nominal kV option from the Short-Circuit Study Case Editor, Standard page. 


Initial kV 
Enter the magnitude of the bus voltage in kV. The %V is calculated if the Nominal kV has already been 
entered. This value is used the same as %V, as explained above. 


Angle 

Enter the phase angle of the bus voltage in degrees. For non-swing buses (buses which do not have any 
utility or Generator in Swing Mode connected to them), voltage angles are calculated during load flow 
analysis using the values entered here as a first guess. This value is ignored for swing type buses. The 
voltage Angle default is 0.0. 


Operating Voltage %V/kV/ Angle 


After you run load flow studies, the operating voltage magnitude in %, kV and phase angle of the bus are 
displayed here. 


Connection 

The phase connection for the bus can be defined by selecting 3 Phase, 1 Phase 2W, or 1 Phase 3W. The 
default connection is 3 Phase. You can change the default connection from the Defaults menu or from the 
System Manager. 


The phase connection must be specified before connecting the bus to any device. Once the bus is 
connected to a device, the phase connection selections will be grayed-out. To change the connection 
type, you need to disconnect the bus from all devices. 


3 Phase 

Select to define the bus as a three-phase bus. Three-phase and single-phase loads can be connected to this 
bus. Single-phase branches must be connected through a phase adapter before connecting to a three- 
phase bus. 


1 Phase 2W 


Select this to define the bus as single-phase, two-wire bus; 2W indicates Hot-Hot or Hot-Neutral wires, as 
per the North American definitions. Only single-phase devices can be connected to this bus. 
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1 Phase 3W 
Select this to define the bus as single-phase, three-wire bus; 3W indicates Hot-Neutral-Hot for center 
tapped connections. Only single-phase devices can be connected to this bus. 


Load Diversity Factor 


Minimum and Maximum 

The minimum and maximum diversity factors (loading limits) of each individual bus can be specified as a 
percentage of the bus loading. These values are used when the Minimum or Maximum Loading option is 
selected from the Study Case Editor for load flow, motor starting, Harmonic Analysis, Transient Stability, 
and Optimal Power Flow Studies. When the Minimum or Maximum Loading option is used for a study, 
all motors and static loads directly connected to each bus will be multiplied by their diversity factors. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Classification 


Zone 
Enter the zone where the bus is located, or click the counter arrows to change the values. 


Area 
Enter the area where the bus is located, or click the counter arrows to change the values. 


Region 
Enter the region where the bus is located, or click the counter arrows to change the values. 


ETAP 11-6 ETAP 19.0 User Guide 


AC Elements 


11.1.2 Phase V Page 


Bus Editor - Main Bus 


A 99.997 19.918 


B 99.998 19.918 


C 100.005 19.92 


Operating Voltage 
Line+o-Neutral 


“V kV Angle 
A 99.997 19.918 0 


B 99.998 19.918 -120 
c [100.005 19.92 120 


% LVUR % PVUR 


Voltage Unbalance [0.012 [0.005 


ES (24) (2) (0K |[corce | 


Initial Voltage 


Line-to-Neutral %V 


% VUF2 


0.012 


% VUFO 


[0007 


Bus 


Enter the magnitude of the bus voltage in a percentage of Phase A to ground, B to ground or C to ground 


kV. 


Note: The kV is calculated if the Nominal kV in the Bus Info page has already been entered. 
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This value is used as the initial bus voltage for unbalanced load flow study. For unregulated buses which 
do not have any utility or generator connected to them, the operating voltage is calculated during load 
flow analysis using the value entered here as a first guess or initial value. 


For regulated buses, which have a utility or generator (in swing or voltage control mode) the internal 
voltage per phase is calculated and used to maintain the voltages at that level. 


If you select the Update Initial Bus Voltage option from the Unbalanced Load Flow Study Case Editor, 
this value will reflect the operating voltage of the bus after you run a load flow study. 


Line-to-Neutral kV 
Enter the magnitude of the bus voltage in kV. Notice that the %V is calculated if the Nominal kV in the 
info page has already being entered. This value is used same as %V, as explained above. 


Line-to-Neutral Angle 

Enter the phase angle of the bus voltage in degrees. For non-swing buses (buses which do not have any 
utility or Generator in Swing Mode connected to them), voltage angles are calculated during unbalanced 
load flow analysis by using the values entered here as a first guess; unless, the angle difference between 
the calculated value based on phase-shift is larger than the specified MaxIniAngDiff, in which case the 
program would use the calculated value. 


The MaxIniAngDiff is defaulted to 10. To modify this default, consult the ETAPS.INI Section. 


Line-to-Line %V, kV, Angle 
These values are the calculated line-to-line (Phase A to B, B to C, and C to A) voltages based on the 
defined Line-to-Neutral voltage magnitudes and angle. 


Operating Voltage (Line-to-Neutral and Line-to-Line) 


After you run unbalanced load flow studies, the operating voltage magnitude in %, kV, and angle line-to- 
neutral and line-to-line of the bus are displayed here. 


Voltage Unbalance 
%LVUR 


Line Voltage Unbalance Rate. This is the maximum voltage deviation from the average line voltage in 
percent. 


%PVUR 


Phase Voltage Unbalance Rate. This is the maximum voltage deviation from the average phase voltage in 
percent. 


%VUF 


Voltage Unbalance Factor. This is a negative sequence to positive sequence voltage ratio in percent. 
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11.1.3 Load Page 


The Load page is used to display the total Constant kVA, Constant Z, Constant I and Generic loads 
directly connected to a bus for each loading category. The displayed kW and kvar (or MW and Mvar) 
indicate the algebraic sum of the operating load of all loads that are either directly connected to the bus or 
connected through composite networks, composite motors, or power panels. These values are obtained 
from the actual loads connected to the bus. 


Bus Editor - Main Bus 7 = dl 


Directly Connected Load 
Constant kVA 


Load Cat.. MW Mvar MW 


ES|c: | (2H (72) (0 )|{coneet 


Click the individual rows to view the total per phase load directly connected to the bus. ETAP updates 
the fields at the bottom of the editor MW, Mvar, %PF, Amp (according to the loading category per phases 
A, B, C) and provides a total. 
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11.1.4 Motor/Gen Page 
The Motor/Generator page displays each individual induction motor, synchronous motor, and generator 
that is directly connected to the bus you are editing. The motors displayed on this page can be located 
inside a composite motor that is directly connected to the bus. 


Bus Editor - Sub2B 


Bus 


13.8kV 1600 Amps Asymmetrical 0 kA 


Motor ID 
Mtr2 


Type Qty 


Ind 


1 


HPAW 
2500 


kV 
13.2 


kVA Status 
2060 Oper. 


ES (24 (72) (0 |{coneet 
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11.1.5 Rating Page 


Refer to Chapter 18 - Arc Flash Analysis section 18.1.2 Rating Page for more information related to arc 
flash calculations. 


The Rating page contains information about equipment type (i.e. open air, switchgear, MCC, etc). It also 
contains typical data for approach boundaries and equipment gap between conductors based on IEEE 
1584 2002. The user also may enter custom data according to equipment manufacturer specifications. 


Bus Editor - Sub 3 |_ 2% ) 


Harmonic Reliability Remarks 
Info Phase V Motor/Gen Rating Arc Flash Protection 


| 4.16 kV 600 Amps Asymmetrical 0 kA 


Standard Type 

@ANSI| @IEC [Z) Main PD Is Isolated 
Continuous Bracing 

600 + Amp Asymm.rms 0 vy kA 


Arc Flash Parameters 
Gap Between Conductors / Buses 102. 9s mm Distance X Factor 0.973 


Shock Protection 
© Limited Approach Boundary ft Exp. Movable Conductor 
Print on Label 
@ Limited Approach Boundary ft Fixed Circuit Part 
Restricted Approach Boundary 
Prohibited Approach Boundary 
Insulating Glove Class 1 V-Rating 
Shock Hazard when covers removed 
|] Automatically Update Arc Flash and Shock Protection Data 


Be Wea =D) BP) x)= 
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Standard 


ANSI 
Select this option if the bus is rated under ANSI Standards. By selecting this option, the bus bracing will 
change to ANSI Standard fields. 


IEC 
Select this option if the bus is rated under IEC Standards. By selecting this option, the bus bracing will 
change to IEC Standard fields. 


Note: There is no IEC Arc Flash Standard, selecting IEC will change the short-circuit parameters for 
bracing to peak currents, but the arc flash results are unaffected by this option. This option only applies 
for short-circuit 60909-0 2001 device evaluation and not for AF at this point. 


Type 
The Type option allows you to select the different types of equipment that are supported for Arc Flash 
Analysis and Short-Circuit. The available equipment types are as follows: 


Other 

MCC 
Switchgear 
Switchboard 
Switchrack 
Panelboard 
Cable Bus 
Open Air 


Note: For arc flash related information and parameters please refer to section 18.1.2. 


Continuous 


Enter the continuous current rating of the selected bus in amps. If this value is exceeded during load flow 
calculations and the overload settings are set in the Load Flow Study Case, then ETAP will generate an 
alert. 


Bracing 


Symmetrical, Asymmetrical, Peak 

When a symmetrical value for low voltage buses is entered, ETAP calculates the asymmetrical value 
based on the type of bus and NEMA & UL test power factors. These are just preferred rating factors 
based on common standards and practices. If the actual asymmetrical value is available from the 
manufacturer, those numbers need to be entered and utilized. 


For low voltage buses, ETAP device duty ANSI fault analysis compares the calculated symmetrical and 
asymmetrical fault currents with the symmetrical and asymmetrical bus bracing entered in this page. 


For medium voltage buses, ETAP device duty ANSI fault analysis compares the calculated asymmetrical 
and peak fault currents with the asymmetrical and peak (Crest) bus bracing entered in this page. 
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Under IEC fault analysis, ETAP compares the calculated peak fault currents with the peak bus bracing 
entered in this field. 


11.1.6 Arc Flash Page 
Refer to Chapter 18 - Arc Flash Analysis section 18.1.3 Arc Flash Page for detailed information. 
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11.1.7 Protection Page 


The Protection page is used to display various curves associated with bus operation and protection when 
the bus is included in a Star View. 


13.8 kV 800 Amps Asymmetrical 60 kA 


Bus Ampacity / Loading 
\W| Plot Bus Continuous Ampacity 


Connected Transformer Inrush Current 
Plot Total Transformer Inrush 


@ Calculated 


© User-Defined 


ESC ofS (8 (2) (0K } cone 


Bus Ampacity / Loading 


Plot Bus Continuous Ampacity 
Check to display the bus continuous amp rating in the Star View containing the bus. The bus continuous 
rating is defined in the Rating page of the bus editor. 
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Reference kV 


Calculated kV 
This kV value is automatically updated with the calculated base kV when you Run/Update Short-Circuit 
kA from the Star-Protection Device Coordination mode with the bus faulted. This is a display only field. 


Connected Transformer Inrush Current 


When energizing a bus, the presence of any downstream transformers will cause the bus to experience a 
large inrush current. Using the following options, the inrush current experienced by the bus can be 
calculated or user-defined, and the results can be viewed in a Star View. 


Plot Transformer Inrush Current 
Check to display the calculated or user-defined downstream transformer inrush current curve in the Star 
View containing the bus. 


Calculated Transformer Inrush Current 

When selected and the Update button is pressed, ETAP looks into downstream (load side) connections to 
selected bus for total transformer inrush current calculation and for each connection walks from the bus to 
find the first transformer (All down-stream loads are ignored in the transformer inrush calculation). This 
procedure may involve moving down for multiple bus levels away and looking into radial connections to 
each bus to find the first transformer and consider its inrush current in calculation. Therefore the inrush 
current of all the first transformers which are connected in parallel will be considered in calculation and 
the other transformers connected in series with first transformer will be ignored. 


The Bus Total Transformer Inrush Current is calculated based on vector summation of inrush current for 
each phase at each time step and the largest of them is used and displayed in Protection page of Bus 
Editor. As such, if some of these parallel transformers are single-phase then the equivalent inrush current 
at the bus is calculated based on individual transformer phase connection for each time-current point on 
each phase and the largest of 3 phases will be used and displayed. 
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Bus 57 
Total Inrush Calculation for Bus 57 
Cable 4 
Bus 56 
Cable 56 
—_______ Bus55 
OA PA12 
eA ee 
| 
13 
T12 Cable 
25 kVA 0.24 MVA Cable 8 dein 100 £t 
| ft 
| 2-1/C 6 ead 
—" | ; 50 £t 
—— Bus32 | Bus57 iis 
—— 5 z= 
| a oaAl | 20 MVA 
Lump1 
Cable21 Fuse45 Fuse6 
10 £t 10 £t 10 A 20 A 


sd Cable20 
1-3/C 12 “a 18 


| | oa | 
Bus35 —L. Buss4 —__._Bus58 — 
OA | Oa a 
144 L CB10 , | 
_ cag ) 
0.1 c 
100 A | 60 A | S88 a 
& MOV1i & Static Load 1 
Mtr2 Mtr1 30 HP 20 KVA 
70 HP 


Note: Only downstream transformers are considered in this calculation. If no downstream transformers 
are found, then the table will be blank. 


Note: The inrush curve table cannot be edited with this option selected, and only calculated values are 
displayed in the Star View. 


Update 
Click this button to run the inrush current calculation and update the curve table with the values 


calculated. 


User-Defined Transformer Inrush Current 
When selected, the inrush curve table will become editable, and user-defined values can be entered. When 
plotting the bus in a Star View, the user-defined cumulative inrush curve is displayed for that bus. 


Inrush Curve Table 


The cumulative inrush curve is displayed / specified in this table. The table may contain calculated or 
user-defined values depending upon the selection above. 
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Insert 
Insert new points above the row selected. 


Add 


Insert new points to the bottom of the list. 


Delete 
Click on a number and delete the selected row. 
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11.1.8 Harmonic Page 


The Harmonic page is used to specify the harmonic limit information on a bus. 


Bus Editor - Sub 3 


Info Phase V 
Harmonic 


@ Global Compliance Rules (Study Case) 
O Local Compliance Rules 
O IEEE 519-1992 (VTHD/Max VIHD) 


3-Phase Fault - kA 
0 


Le] 


Ben ws: ) SB LEA cancel 
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Harmonic Limit 


Category 

Select the appropriate designation from the drop-down list. The available choices are General, Special, 
Designated, PCC, and Other. This list specifies the bus harmonic limit category per IEEE Standard. When 
Point of Common Coupling (PCC) category is selected then ETAP automatically updates the VTHD and 
VIHD limits based on bus nominal kV at PCC. These values are obtained from IEEE 519-1992 
Recommended Practices for Harmonic Control in Electric Power Systems (page 85). 


Global Compliance Rules (Study Case) 
When this option is selected, the voltage harmonic distortion alerts are based on the rulebook selection in 
the alert page of the harmonic analysis study case. 


Local Compliance Rules 

When this option is selected, the generated voltage harmonic distortion alerts are based on the local 
compliance rulebook selection. Please note that, in order to generate alerts based on local compliance 
rules, the option “Except if Local Rules Selected in Bus editor” should be checked in the alert page of the 
harmonic analysis study case. 


TEEE 519-1992 (VTHD/Max VIHD) 
VTHD Limit 


Choose a value from the drop-down list or enter a value from 0 to 999 here. This field specifies the bus 
voltage Total Harmonic Distortion limit. The specified value will be compared with the calculated 
VTHD from the Harmonic Load Flow calculation and any violation of this limit will result in a flag in the 
output report. 


VIHD Limit 
Choose a value from the drop-down list or enter a value from 0 to 999 here. This field specifies the bus 
voltage Individual Harmonic Distortion. The specified value will be compared with the calculated VIHD 


from the Harmonic Load Flow calculation and any violation of this limit will result in a flag in the output 
report. 


Short-Circuit Current 


Calculated 
The three phase rms short circuit current is calculated using the start short circuit module. The current 
value is used in evaluating current distortion limit alerts. 


User-Defined 
This option allows you to enter three phase rms short circuit current for limit evaulation. 
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11.1.9 Reliability Page 


2 Bus Editor - Sub 3 


4.16kV 600 Amps Asymmetrical 0kA 
Reliability Parameters 

Ny [0007 Foes 

11 [a0 Renae Te [100] 


FOR | 2.2831E-7 MTTR [2 | hr 
MR % 


Sen Ws: ZS) LR cancel” 
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Reliability Parameters 


ha 

This parameter is defined as the active failure rate in number of failures per year. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component. Therefore, this setting can cause the removal of other healthy components 
and branches from service. After the actively failed component is isolated, the protection breakers are 
recluse. This leads to service being restored to some or all of the load points. Note, however, that the 
failed component itself (and those components that are directly connected to this failed component) can 
be restored to service only after repair or replacement. 


py 


The Mean repair rate in number of repairs per year, calculated automatically based on MTTR 
(W = 8760/MTTR). 


MTTF 
The Mean Time To Failure in years calculated automatically based on A, (MTTF = 1.0/ Aa). 


FOR 
Forced Outage Rate (ie, unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/A,). 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected 


Type 
This displays the type name of the library data selected 


Class 
This displays the class of the library data selected. 
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11.1.10 Remarks Page 
Bus Editor - Sub 3 [eee Som 


Info | PhaseV | Load | Motor/Gen | Rating | ArcAlash | Protection | 
Harmonic Relabilty | = Remarks =| Comment 
| 4.16kV 600 Amps Asymmetrical 0kA 


User Defined Info Drawing / Diagram 
Eq. Ref. 0 (numeric) 


One-Line 
Last Maint. 


Net Maint = —ss— Reference 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 


Be0 02 7 BR Gala] 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.1.11 Comment Page 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this 
field, you need to change the entries in the ETAPS.INI file. 


tstsior-sib2 NNN 


increase the size of this field, refer to the entries in the ETAPS INI file. 


Se0 037) BB a|cx) 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.2 Bus Duct 


Bus Duct is used for the effective and efficient supply of electricity in mostly industrial locations. Copper 
or aluminum is used for the conductor of the bus duct that can be insulated and enclosed for protection 
against mechanical damage and dust accumulation. Bus duct system is a popular way of distributing 
power to switchgears from generators and to connected loads. 


You can enter the properties associated with AC Bus Duct of the electrical distribution system in this 
Data Editor. 


The ETAP Bus Duct Editor allows you to model different types of bus ducts in an electrical system. The 
data entered in the Bus Editor is used when running all types of system studies. 


A Bus Duct is defined as an element that connects two other devices without the need to insert additional 
nodes. The minimum amount of data required to define a bus duct is the bus duct ID which can be 
entered in the Info page of the bus duct editor. Once entered, this value is defined as a unique bus duct in 
the system model, which can be connected to other buses/nodes directly or automatically inserted 
between nodes similar to protective devices. 


The Bus Duct Editor includes the following pages of properties: 


Info Remarks 
Rating Comment 
Reliability 


ETAP 11-26 ETAP 19.0 User Guide 


AC Elements Bus Duct 


11.2.1 Info Page 


You use the Info page to specify the bus duct ID, Service & State, FDR Tag, Data Type and Equipment 
Name and Description. 


worm SCO 


@ 3 Phase 
1 Phase 


(OR [cones] 


Info 


ID 

A unique ID name having up to 25 alphanumeric characters. ETAP automatically assigns a unique ID to 
each Bus Duct. The assigned IDs consist of the default Bus Duct ID (BD) plus an integer, starting with 
the number one and increasing as the number of bus ducts increase. The default bus duct ID (BD) can be 
changed from the Defaults Menu in the menu bar or from the System Manager. 
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From 

Element ID of the connected device. The connected element for the bus duct can be a bus / node, branch, 
load or source. Note that Bus duct cannot be connected directly between two buses. Include a switching 
device or branch in series with the bus duct in order to connect a bus duct between two buses. 


To 
Element ID of the connected device. The connected element for the bus duct can be a bus / node, branch, 
load or source. 


Condition 


Service 

The operating condition of a bus duct can be set by clicking on the radio buttons for either In Service or 
Out of Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any system 
studies. When the continuity check is activated, an Out of Service element is automatically color coded 
with the deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
bus duct to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Connection 

The phase connection for the bus can be defined by selecting 3 Phase, 1 Phase 2W, or 1 Phase 3W. The 
default connection and only connection allowed currently is 3 Phase. You can change the default 
connection from the Defaults menu or from the System Manager. 


The phase connection must be specified before connecting the bus to any device. Once the bus is 
connected to a device, the phase connection selections will be grayed-out. To change the connection 
type, you need to disconnect the bus from all devices. 


3 Phase 

Select to define the bus as a three-phase bus. Three-phase and single-phase loads can be connected to this 
bus. Single-phase branches must be connected through a phase adapter before connecting to a three- 
phase bus. 


1 Phase 
Select this to define the bus as single-phase bus. Only single-phase devices can be connected to this bus. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as: Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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11.2.2 Rating Page 


The Rating page contains information about equipment type (i.e. isolated phase, segregated phase, etc). 


© ANSI © IEC 


Standard 


ANSI 
Select this option if the bus is rated under ANSI Standards. 


IEC 
Select this option if the bus is rated under IEC Standards. 
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Type 
The Type option allows you to select the different types of equipment types as follows. These options are 
for information / one-line display purposes only and currently not used in any calculations. 


e Isolated Phase Typically HV Applications 
e Non-Segregated Phase Typically HV Applications 
e Segregated Phase Typically HV Applications 
e Feeder Typically LV Applications 
e Plug-In Typically LV Applications 
e = Lighting Typically LV Applications 
e Trolley Typically LV Applications 
e Other General 


The Type option also allows the user to select different types of material for the bus duct as follows. 
These options are for information / one-line display purposes only and currently not used in any 
calculations. 


e CU -— Copper 
e AL - Aluminum 
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11.2.3 Reliability Page 


? Bus Duct Editor - BusDuct1 


Info —- Rating Reliability Remarks Comment 


————_ 


Reliability Parameters 


Ne Failure /yr 
Ap Failure/yr 
d Pep 
FOR| 1.3697E-4 


BGS Kas SPS]. | 2 a eed 


Reliability Parameters 


aA 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of other healthy components and 
branches from service. After the actively failed component is isolated, the protection breakers are 
reclosed. This leads to service being restored to some or all of the load points. It should be noted, 
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however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure rate is 
associated with the component failure mode that does not cause the operation of protection breakers and 
therefore does not have an impact on the remaining healthy components. Repairing or replacing the 
failed component will restore service. Examples of passive failures include opening circuits and 
inadvertent opening of breakers. 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 
(uw = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on A, and Ap 
(MTTF = 1.0/(Aat+Ap)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Axa and Ap 
(FOR = MTTR/((MTTR+8760/(Aa+Ap)). 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


MR 
This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 


11.2.4 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.2.5 Comment Page 

Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this 
field, you need to change the entries in the ETAPS.INI file. 


moan SO 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS INI file. 


(| [coree'] 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.3 Busway 


Busway is used for the effective and efficient supply of electricity in mostly industrial locations. Copper 
or aluminum is used for the conductor of the Busway that can be insulated and enclosed for protection 
against mechanical damage and dust accumulation. Busway system is a popular way of distributing power 
to switchgears from generators and to connected loads. 


You can enter the properties associated with AC Busway of the electrical distribution system in this Data 
Editor. Unlike bus ducts in ETAP, busways allow input of impedance data for use in system study 


calculations. 


The Busway Editor includes the following pages of properties: 


Info Remarks 
Rating Comment 
Reliability 
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11.3.1 Info Page 


You use the Info page to specify the busway ID, Service & State, FDR Tag, Data Type, Equipment 
Name, Description, Number of busways per phase, and length. 


? Busway Editor - BusWay1 


Rating Reliability Remarks Comment 


I 


¥/138kV Revision Data 


v| 13.8kV Bue 


Data Type | Estimate 


No. of Busway / Phase 


rd 
Tolerance{ 0 | % 


3) fa Lo) - >) BE) («| 


Info 


ID 

A unique ID name having up to 25 alphanumeric characters. ETAP automatically assigns a unique ID to 
each Busway. The assigned IDs consist of the default Busway ID (BusWay) plus an integer, starting with 
the number one and increasing as the number of busways increase. The default busway ID (BusWay) can 
be changed from the Defaults Menu in the menu bar or from the System Manager. 
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From 
Element ID of the connected bus or node. Only buses or nodes in the current diagram with the same phase 
type will be available for selection. 


To 
Element ID of the connected bus or node. Only buses or nodes in the current diagram with the same phase 
type will be available for selection. 


Condition 


Service 

The operating condition of a busway can be set by clicking on the radio buttons for either In Service or 
Out of Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any system 
studies. When the continuity check is activated, an Out of Service element is automatically color coded 
with the deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
busway to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Connection 

The phase connection for the bus can be defined by selecting 3 Phase, 1 Phase 2W, or 1 Phase 3W. The 
default connection and only connection allowed currently is 3 Phase. You can change the default 
connection from the Defaults menu or from the System Manager. 


The phase connection must be specified before connecting the bus to any device. Once the bus is 
connected to a device, the phase connection selections will be grayed-out. To change the connection 
type, you need to disconnect the bus from all devices. 


3 Phase 

Select to define the bus as a three-phase bus. Three-phase and single-phase loads can be connected to this 
bus. Single-phase branches must be connected through a phase adapter before connecting to a three- 
phase bus. 


1 Phase 
Select this to define the bus as single-phase bus. Only single-phase devices can be connected to this bus. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as: Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Length 


Length 
Enter the length of the busway and select the unit from the list box. The units of length available are: 
feet, miles, meters, and kilometers. 


Note: Every busway in the system can have a different unit. 
Tolerance 
Enter the percent of tolerance in busway length. The Adjustments page in the analysis modules can be 


used to consider +/- % tolerance in line length, effectively increasing or decreasing the impedance based 
on the type of study being performed. 


# Busway / Phase 


Enter the number of conductors per phase. 
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11.3.2 Rating Page 


The Rating page contains information about equipment type (i.e. isolated phase, segregated phase, etc). 


? Busway Editor - BusWay1 


Info “Rating Reliability Remarks Comment 


Impedance (per conductor) 
xX Zz 


R 
Pos. 0.00514 
Ze a0sia 


Busway Temperature 


cave Jc mL Je 


Positive Sequence Impedance (100 MVA Base) 
Calc. 0.026997 | % 


a3) fas) ~ |) BI ox | 


Standard 


ANSI 
Select this option if the busway is rated under ANSI Standards. 


IEC 
Select this option if the busway is rated under IEC Standards. 
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Type 
The Type option allows you to select the different types of equipment types as follows. These options are 
for information / one-line display purposes only and currently not used in any calculations. 


e Isolated Phase Typically HV Applications 
e Non-Segregated Phase Typically HV Applications 
e Segregated Phase Typically HV Applications 
e Feeder Typically LV Applications 
e =Plug-In Typically LV Applications 
e = Lighting Typically LV Applications 
e Trolley Typically LV Applications 
e Other General 


The Type option also allows the user to select different types of material for the bus duct as follows. 
These options are for information / one-line display purposes only and currently not used in any 
calculations. 


e CU-—Copper 
e AL— Aluminum 


Continuous Amp 


Select from drop down list or enter the continuous current rating for the Busway in amperes. 


Bracing 


Symmetrical, Asymmetrical, Peak 

When a symmetrical value for low voltage buses is entered, ETAP calculates the asymmetrical value 
based on the type of bus and NEMA & UL test power factors. These are just preferred rating factors 
based on common standards and practices. If the actual asymmetrical value is available from the 
manufacturer, those numbers need to be entered and utilized. 


For low voltage buses, ETAP device duty ANSI fault analysis compares the calculated symmetrical and 
asymmetrical fault currents with the symmetrical and asymmetrical bus bracing entered in this page. 


For medium voltage buses, ETAP device duty ANSI fault analysis compares the calculated asymmetrical 
and peak fault currents with the asymmetrical and peak (Crest) bus bracing entered in this page. 


Under IEC fault analysis, ETAP compares the calculated peak fault currents with the peak bus bracing 
entered in this field. 
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Typical Impedance 


This button is enabled when rated kV <=1. Typical data for kV > 1 is not available. Given the continuous 
amp rating, pressing this button will populate the impedance fields with typical data based on IEEE 
Redbook, Siemens, LSC, and EATON. 


Impedance (per conductor) 


Positive and Zero Sequence Resistances (R and Ro) 


Enter the positive and zero sequence resistances as a percentage of the circuit element on the 
specified base MVA or in ohms. The zero sequence resistance is used only for unbalanced fault 
current calculations. Note: When these values are specified, ETAP will use the nominal kVs of 
the connected buses as the base; however, this voltage value may be edited in the Impedance 
Editor. ETAP will, when needed, convert these values to coincide with the base voltages it has 
calculated internally. ETAP uses the transformer turn ratios for determining the base voltages in 
its load flow, short-circuit, harmonics, motor starting, and transient stability analyses. 


Positive and Zero Sequence Reactances (X and Xo) 


Enter the positive and zero sequence reactances as a percentage of the circuit element on the 
specified base MVA. The zero sequence reactance is used only for unbalanced fault current 
calculations. Note: When these values are specified, ETAP will use the nominal kVs of the 
connected buses as the base, however, this voltage value may be edited in the Impedance Editor. 
ETAP will, when needed, convert these values to coincide with the base voltages it has 
calculated internally. ETAP uses the transformer turns ratios to determine the base voltages in its 
load flow, short-circuit, harmonics, motor starting, and transient stability analyses. 


Note that ETAP automatically doubles the Impedance R & X values for single phase calculations 
to represent both the forward and return conductors. 


Positive and Zero Sequence Susceptance (Y and Y») 


Enter the positive and zero sequence charging (capacitive) susceptances as a percentage of the 
circuit element on the specified base MVA. The zero sequence reactance is used only for 
unbalanced fault current calculations. If Y>0, the circuit element is treated as a pi equivalent, 
with one-half of the charging susceptance connected to neutral at the end of the circuit. If Y=0, 
the circuit element is treated as a simple impedance. These susceptances must be entered at the 
system operating frequency, which is specified for this data file. 
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11.3.3 Reliability Page 


2 BusWay Editor - BusWay1 


Info —- Rating Reliability Remarks Comment 


HS 


Reliability Parameters 


Na [OTT |For 
de [OTT |For 
18 [ESDEBE | Renate 


FOR| 1.2E-3 
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Reliability Parameters 


AA 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of other healthy components and 
branches from service. After the actively failed component is isolated, the protection breakers are 
reclosed. This leads to service being restored to some or all of the load points. It should be noted, 
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however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure rate is 
associated with the component failure mode that does not cause the operation of protection breakers and 
therefore does not have an impact on the remaining healthy components. Repairing or replacing the 
failed component will restore service. Examples of passive failures include opening circuits and 
inadvertent opening of breakers. 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 
(uw = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on A, and Ap 
(MTTF = 1.0/(Aa+Ap)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Axa and Ap 
(FOR = MTTR/((MTTR+8760/(Aa+Ap)). 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


MR 
This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 


11.3.4 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.3.5 Comment Page 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this 
field, you need to change the entries in the ETAPS.INI file. 


moan SO 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS INI file. 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.4 Transformer, 2-Winding 


The properties associated with 2-winding transformers of the electrical distribution system can be entered 
in 2-Winding Transformer Editor. 


In addition to information regarding the use of fixed taps and load tap changers (LTC), this editor 
includes the following pages of properties: 


Info Protection 
Rating Harmonic 
Impedance Reliability 
Tap Remarks 
Grounding Comment 
Sizing 
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11.4.1 Info Page 


Within the Info page, specify the 2-winding transformer ID, whether the transformer is in or out of 
service, primary and secondary buses, the connection, FDR tag, name, and manufacturer’s data. 


x 
2windngronomertato7@ 


@ 3-Phase 


1-Phase 


[_] Secondary CenterTap 


aes ge) 


Info 


ID 
Enter a unique ID having up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of transformers increase. The 
default transformer ID (T) can be changed from the Defaults menu or from the System Manager. 


Prim. and Sec. 

Bus IDs for the connecting buses of a 2-winding transformer are designated as primary and secondary 
buses. If the primary or secondary terminal of a transformer is not connected to any bus, a blank entry 
will be shown for the bus ID. To connect or reconnect a transformer to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection, after you click OK. 


For 3-phase and (3) 1-Phase transformers, only 3-phase buses will be displayed in the drop-down lists. 
For 1-phase transformers, only 1-phase buses will be displayed. For the Prim. field, only 1-phase 2W will 
be displayed. For the Sec. field, if the transformer has Secondary Center Tap selected in the Connection 
group, only 1-phase 3W will be displayed in the drop-down list. Otherwise, only 1-phase 2W will be 
displayed. 


Note: You can only connect to buses that reside in the same view where the transformer resides, that is, 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a transformer is connected to a bus through a number of protective devices, reconnection of the 
transformer to a new bus from the editor will reconnect the last existing protective device to the new bus 
(as shown in the figure below, where T1 is reconnected from Bus10 to Bus4). 


Busl10 Bus4 Buslo Bus4 
cTl Rl CTl Rl 
CBlL CcBl 

Fusel Fusel 
TL Tl 


ETAP displays the nominal kV of the buses next to the primary and secondary bus IDs. 


Single-phase transformers can also be connected to phase adapters. If the transformer is connected to a 
phase adapter, then the phase adapter ID will show in the Prim. or Sec. field. 
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Mccl 0.48 kV 


Info 
‘ SPFdrl1 ID 
ay Ww Prim. | SPFdr1 ~v) O48 kv 
mvyvy 0.5 MVA 
Sec. | Bush v| 0.24kV¥ 
Bus6 0.24 kV 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Revision Data 
The current revision name will be displayed. 


Connection 


The phase connections for a 2-winding transformer are defined by selecting 3-Phase or 1—Phase, with or 
without Secondary Center Tap. The default connection is 3-Phase and can be changed from the Defaults 
menu or from the System Manager. 


The phase connection must be specified before connecting the 2-winding transformer to any bus or phase 
adapter. Once the transformer is connected, the phase connection selections will become unavailable. 
You need to disconnect the transformer to change the connector type. 


When the 3-Phase is selected, the (3) 1-Phase check box will become available. The (3) 1-Phase check 
box can be checked or unchecked whether this transformer is connected to any bus or not. 


3 Phase 


Select this to define the transformer as three-phase. This transformer can only be connected to three- 
phase buses. 
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1 Phase 

Select this to define the transformer as single-phase. This transformer can only be connected to single- 
phase buses and phase adapter. In the adjacent field, it will display the input connection type. The 
primary side of the Transformer is always 1 Phase 2 Wire. 


Secondary Center Tap 

Check this box to define the Secondary side of the transformer as single-phase 3 wire. By checking this 
field, the transformer secondary winding will be grounded at the center. Only 1 Phase 3 Wire buses can 
be connected to the secondary winding. Select construction type to be shell or core of the secondary 
center tap transformer in the dropdown list. 


Single Phase Transformers 
P s Pp s 
1 Phase 2W 1 Phase 3W 1 Phase 2W 1 Phase 2W 
Secondary Center Tab No Secondary Center Tab 


(3) 1-Phase 

Check this box to define the transformer as made by 3 single-phase transformers. By checking this field, 
the Per XFMR buttons on the transformer editor rating and impedance pages will become available for 
individual entering the properties of the 3 single-phase transformers. 


Standard 


You can select either ANSI or IEC. The class selections will change based on the standard selected. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 
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Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


11.4.2 Rating Page 


On the Rating page, specify the 2-winding transformer voltage and power ratings, type/class, operating 
cooling, installation, and alert data. 


2-Winding Transformer Editor - T2 — ™»*| |S 


10 MVA ANSI Liquid-Fill OA/FOA/FOA 55/65 C 345 13.8kV 


Voltage Rating Z Base 
kV 


Prim. 


=) Fan / = Fan / 
mo 7) pump 


%Derting [0 «=O 


MFR 


— 
Temp. Rise 


Sub Type 
en [MinerelOi Gaia 55/65 | 
aes de>) ale 
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Voltage Rating 


Prim and Sec kV 
Enter primary and secondary voltage ratings of the 2-winding transformer in kilovolts. 


For the (3) 1-phase transformer, the two fields of the equivalent 3-phase transformer voltage ratings are 
display only. The primary and secondary voltage ratings are the average voltages across the terminals of 
the three single-phase transformers. If the three single-phase transformers are connected in Delta, the 
equivalent 3-phase voltage rating is the average of the three single-phase transformers’ voltage ratings. If 
the three single-phase transformers are connected in Wye, the equivalent 3-phase voltage rating is 1.732 
times the average of the three single-phase transformers’ voltage ratings. 


Note: When a transformer is connected to a bus, the kV of the winding (if it is equal to zero) is set equal 
to the bus nominal kV. ETAP uses the voltage at the lowest-numbered swing system as the base voltage 
and calculates the other base voltages using the transformer ratios. ETAP will display an error message 
when it detects inconsistent voltage bases in parallel or looped systems during system analysis. 


If there are parallel transformers in a system that has different voltage ratios, change the voltage ratio of 
one of the transformers to make their voltage ratios equal. At the same time, a fictitious tap setting is 
required, using the new voltage ratio to correct its turn ratio. A logical choice would be the transformer 
winding with the less common kV rating in the system. 


Note: Circulating currents are expected in this condition. 

As an example, consider the two parallel transformers in the following diagram. To model the 
transformers in ETAP, set the tap of the second transformer in such a way that the resulting turn ratio is 
equal to the other transformer. If one transformer is rated 13.8-4.16 kV and the second transformer is 
rated 13.2-4.16 kV, then both transformer data should be entered as 13.8-4.16 kV (same turn ratios). To 


correct for the second transformer turn ratio, specify a tap setting which is equal to the actual kV rating 
divided by the new kV rating as shown below. 


% Tap = [(13.2/13.8) - 1.0] * 100 = -4.35 % 


This transformer should be modeled with a negative tap setting of 4.35% on the primary side. 
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13.6 k¥ base 


13.8 - 4.16 k¥ 13.2 - 4.16 kV 


u 


% Tap Setting = -4.35% 


13.8 - 4.16 k¥ 13.8 - 4.16 kV 


Remember that a positive tap setting tends to lower the operating voltage of the secondary bus, while a 
negative tap raises it. In this case, the transformer turns ratio modeled in ETAP is larger than the actual 
turn ratio, without the introduced tap setting. Because the secondary bus would operate at a voltage, use a 
negative tap to raise the voltage at the secondary bus. Use this rule to determine whether the tap 
correction should be positive or negative. 


Note: If this transformer has an actual tap setting of 2.5%, this value should be added to the off-nominal 
tap of -4.35%, ie., -4.35% + 2.5% = -1.85%. 


FLA 
This displays the primary winding and secondary winding full load amperes corresponding to the smallest 
and the largest power ratings. 


Bus kVnom 
This displays the bus nominal kV of the connected primary and secondary terminals. 


Power Rating 


Rated MVA 

Based on the type/class of the transformer, up to three MVA fields may be available. The corresponding 
class/temperature rise will be displayed below each rating field. Where available, Class! MVA < Class2 
MVA < Class3 MVA. 


1. When Per Standard is selected, only Class! MVA field is editable. Class2 and Class3 (where 
available) are calculated from Class1 MVA based on American National Standard C57.12.10 and are 
display only. This option also applies to (3) 1-Phase and other special 2-winding transformer. 

2. When User-Defined is selected, in addition to Class1 MVA, the user can specify Class2 and Class3 
ratings (where available). No calculation is enforced for user-defined option. This option also applies 
to (3) 1-Phase and other special 2-winding transformer. 


Per Transformer 


This button is only available when the 2-winding transformer connection is set to (3) 1-phase type. Select 
this button to enter the individual single-phase transformer ratings and impedances. 
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Power Rating 
MVvA, 
oa 7 Per Standard 
Rated - - ® User-Defined 
Other 55 Other 65 
Derated [10 [ 10 [Per Transformer 


Fan/Pump 
The required cooling equipment for the corresponding power rating. The field is checked to specify the 
availability of the equipment. 


Derated MVA 
This displays the derated MVA for each class/temperature rise. 


%Derating 

These fields display the percentage of power derating for each class/temperature rise due to the 
unavailability of the cooling equipment, installation altitude and ambient temperature. They are calculated 
by the formula of "(1 - Derated MVA / Rated MVA) * 100" for the corresponding power rating. 


Z Base 
This value is used as the base MVA for the transformer impedance and depends on the standard selection. 
ANSI: Base MVA = Class1 MVA. IEC: Base MVA = the largest available class MVA. 


Alert - Max 

This value, if non-zero, is used to calculate the overload percentage of the transformer. If the maximum 
MVA capability of the transformer is greater than zero, the branch will be flagged on the overload 
summary page of the load flow output report, i.e, ETAP will ignore this value if it is set to zero and this 
branch will not be included in the overload summary report. 


1. When Derated MVA is selected, the maximum MVA capability will be set to the largest derated 
value. 


2. When User-Defined is selected, the user can specify the maximum MVA capability. 


This value is also used as a base for the transformer flow constraint in the optimal power flow studies. 


Installation 


This is used to specify the base altitude and base temperature of the transformer. 


Type/Class 


Based on the standard selected, the fields below will provide different selection options. The tables 
below show those options: 


Type 


Select the transformer type from the Type list box. The following transformer types are available for 
ANSI Standard: 
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e Liquid-Fill — Previous C57.12 standard versions up to 1993 
e =Liquid-Fill C57.12 — Versions from 2000 to current C57.12 standard 
e Dry 


Select the transformer type from the Type list box. The following transformer types are available for IEC 
Standard: 


e = Liquid-Fill 
e Dry 


Sub Type 


Select the transformer sub type from the Sub Type list box. The following table shows the subtypes 
available based on the standard and type of transformer: 
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Standard Type Subtype Standard Type Subtype 
Mineral Oil Mineral Oil 
Flammable Liquid Synthetic Liquid <=300 
Liquid Less-Flammable Liquid Liquid Synthetic Liquid >300 
ics Non-Flammable Liquid oe ean 
Other Other 
RNS! Ventilated a Sealed 
Non-Ventilated Non-Enclosed 
Sealed Enclosed 
Dry Dry 
Other Totally Enclosed 
Vent-Dry 
Other 
Class 


Select the transformer class from the list box. The following transformer classes are available: 


ANSI, Liquid Fill transformers for all subtypes: 


OA OA/FA OA/FOA/FOA | Other 
OW OA/FA/FA FOA 
OW/A OA/FA/FOA FOW 


ANSI, Liquid Fill - C57.12 transformers: 


Subtype Class Subtype Class Subtype Class 


ONAN KNAN LNAN 


Mineral Oil 


Synthetic 
Liquid <=300 
Other 


ETAP 


ONWF/ONAN 

ONAN/ONAF 
ONAN/ONAF/ONAF 
ONAN/ONAF/OFAF | Synthetic 
ONAN/ODAF/ODAF | Liquid 


KNWE/KNAN 
KNAN/KNAF 
KNAN/KNAF/KNAF 
KNAN/KNAF/KFAF 
KNAN/KDAF/KDAF 
KFAF 

KFWF 

KDWF 

KDAF 

KNWE 


Liquid 


11-61 


Non-Flammable 
Synthetic 


LNWEF/LNAN 
LNAN/LNAF 
LNAN/LNAF/LNAF 
LNAN/LNAF/LFAF 
LNAN/LDAF/LDAF 
LFAF 

LFWF 

LDWF 

LDAF 

LNWEF 
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ANSI, Dry transformers: 


Subtype Class Subtype Class Subtype Class 


Non-Ventilated 


Ventilated 


IEC, Liquid Fill: 


Sealed 


Subtype Class Subtype Class Subtype Class 


Mineral Oil 
Synthetic 
Liquid <=300 
Other 


ONAN 

ONWN 
ONWN/ONAN 
ONAN/ONAF 
ONAN/ONAF/ONAF 
ONAN/ONAF/OFAF 
ONAN/OFAF/OFAF 
OFAF 

OFWF 

ODWF 
ONAN/OFAN/OFAF 
OFAN 

OFAN/OFAF 

ONWF 


IEC, Dry for all subtypes of transformers: 


KNAN 

KNWN 
KNWN/KNAN 
KNAN/KNAF 
KNAN/KNAF/KNAF 
KNAN/KNAF/KFAF 
KNAN/KFAF/KFAF 
KFAF 

KFWF 

KDWF 
KNAN/KFAN/KFAF 
KFAN 

KFAN/KFAF 

KNWEF 


Non-Flammable 
Synthetic 
Liquid 


AN GN GNAN_ | GNAN 
AF GF GNAF AN/AF* 
ANAN | GNAF_ | ANAF Other 


LNAN 

LNWN 
LNWN/LNAN 
LNAN/LNAF 
LNAN/LNAF/LNAF 
LNAN/LNAF/LFAF 
LNAN/LFAF/LFAF 
LFAF 

LFWF 

LDWF 
LNAN/LFAN/LFAF 
LFAN 

LFAN/LFAF 

LNWF 


* AN/AF corresponds to two stages of cooling, whereas ANAF has only one cooling stage with Fan 


always checked. 


Temp 


Select the transformer operating temperature (in degrees C) from the list box. The following transformer 
operating temperatures are available: 


ETAP 


Standard 


Liquid Fill 
C57.12 


All Classes 


Liquid Fill 


All Classes 


Dry 


All Classes 


80/100 


11-62 
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80/115 
80/150 


115/150 


Standard 


Liquid Fill All Classes 
AN 
AF 
ANAN 
GN 
GNAF 
GNAN/GN 
AF 
ANAF 
GNAN 


80/100 


100/125 


MFR 


Enter the 2-winding transformer manufacturer’s name. 


ETAP 11-63 ETAP 19.0 User Guide 


AC Elements Transformer, 2-Winding 


11.4.3 Impedance Page 


On the Impedance page, specify the 2-winding transformer impedance, variation, and tolerance data. 


4MVA ANSI Liquid-Fill Other 65C 13. 4kV 


Impedance 


WZ X/R R/K UX %R 
Positive 23 0.88 1.136 1.519 1.727 


23 0.88 1.136 1.519 1.727 


No Load Test Data (Used for Unbalanced Load Flow only) 


% FLA kW 
Positive 05 a 


are Dt Ving 


ESyC oe a8) (2) 


Positive and Zero Sequence Impedances 
These are the positive and zero sequence impedances at the nominal tap setting, in percent, with the 


transformer MVA and kV ratings as the base values. These values correspond to the nominal positive 
and zero impedance, which are subject to manufacturer tolerance limits and tap position. 
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For the (3) 1-phase transformer, the positive and zero sequence impedances are identical and calculated 
from the phase-by-phase admittance matrix of the (3) 1-phase transformer. 


ETAP models the transformers in the system using the positive and zero sequence impedances. ETAP 
takes the voltage of the swing bus (a bus with a connected swing machine) as the base voltage. It then 
calculates the system base voltages using the transformer turn ratio. If the transformer turn ratio matches 
the ratio of the base kVs of the buses between which it is connected, but the actual numbers are not the 
same (e.g., the primary bus base kV is 13.8 and the secondary bus is 4.349 kV, while the transformer kV 
ratings are 13.2-4.16 kV), ETAP adjusts the nameplate impedance to a new base with the following 
formula: 


Zi, new — Zt, rated * (Transformer Rated kV/Bus Base kV)* 


In some cases, when you have parallel transformers with different voltage ratings, introduce a fictitious 
tap setting so that the calculated base voltage at the load side of the transformers will be the same value 
(refer to 2-Winding Transformer kV rating). 


X/R and R/X Ratios 
Enter the transformer X/R or R/X ratio. These values are used in ETAP to calculate the transformer 
winding resistances and reactances from the given percent impedances. 


%X and %R 
These values are calculated from the given percent impedances using X/R or R/X ratios. These fields are 
editable and can also be used to calculate the percent impedance as well as resistance and reactance ratios. 


Typical Z and X/R and Typical X/R 

Click the appropriate button to obtain the typical 2-winding transformer impedance together with X/R 
ratio, or X/R ratio only. The typical impedance and X/R ratio data for ANSI 2-winding transformers are 
based on two sources: American National Standard C57.12.10 and Industrial Power System Handbook by 
Beeman. 


The Industrial Power System Handbook by Beeman (page 96) specifies typical data for transformers that 
has rating not larger than 500 kVA and primary voltage not higher than 12.47 kV. 


Typical Impedance for Transformer Less Than or Equal to 500 kVA: 


é Group 1* Group 2* 
Benue % Z XR % Z XR 
kVA <5 2.3 0.88 2.8 0.77 
5< kVA <25 2.3 1.13 2.3 1.00 
25< kVA <50 2.6 1.69 2.4 1.54 
50< kVA < 100 2.6 1.92 3.7 2.92 
100< kVA < 167 4.0 3.45 3.7 3.60 
167< kVA < 500 4.8 4.70 5.2 5.10 


* Group 1: Transformers with high voltage windings of less than or equal to 8.32 kV 
+ Group 2: Transformers with high voltages of greater than 8.32 kV and less than or equal to 12.47 kV 


American National Standard C57.12.10 specifies impedance values for transformers larger than 500 kVA. 
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Typical Impedance for Transformer More Than 500 kVA: 


: 2 Low Voltage Side Low Voltage Side > 2.4 kV 
EEL NOES <2.4 LV Without LTC With LTC 
kV < 13.8 5.75** 5. 5F* 
13.8<kV<23 6.75 6.5 7.0 
23 <kV < 34.5 7.25 7.0 7.5 
34.5 < kV < 46 7.75 7.5 8.0 
46 <kV < 69 8.0 8.5 
69 <kV<115 8.5 9.0 
115 <kV< 138 9.0 9.5 
138 <kV < 161 9.5 10.0 
161 < kV < (230) 10.0 10.5 


** Self-cooled transformers with greater than 5000 kVA values are the same as those for 23 kV high 
voltage. 


Typical X/R Ratios for Transformer More Than 500 kVA: 


Rating X/R Rating X/R 

MVA<1 5.790 8 < MVA < 10 15.50 
1<MVA <2 7.098 10 < MVA < 20 18.60 
2<MVAS3 10.67 20 < MVA < 30 23.70 
3<MVA <4 11.41 30 < MVA < 40 27.30 
4<MVA<5 12.14 40 < MVA <50 29.50 
5<MVA <6 12.85 50 < MVA < 100 34.10 
6<MVA<7 13.55 100 < MVA < 200 42.00 
7<MVA <8 14.23 200 < MVA < 1000 50.00 


The typical impedance and X/R ratio data for IEC 2-winding transformers are based on IEC 60076-5 
1994 and Areva Ch.5 “Equivalent Circuits and Parameters of Power System Plant” listed in the table 
below: 


Rating HL X/R 
MVA <0.63 4 1.5 

0.63 <MVA < 1.25 5 3.9 
1.25 < MVA < 3.15 6.25 6 
3.15 <MVA< 6.3 7.15 8.5 
6.3 <MVA < 12.5 8.35 13 
12.5<MVA< 25 10 20 
25 <MVA < 200 12.5 45 
200 < MVA 12.5 45 


Z Variation 


Use this field to enter transformer impedance variations with respect to the tap settings. If these values 
are not zero, then the final 2-winding transformer impedance will be calculated based on the nominal tap 
impedance values (entered for Positive and Zero Sequence Impedances, %Z fields), transformer primary 
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and secondary winding tap positions (from both the fixed tap and the LTC tap settings), and impedance 
variation at —5% tap and +5% tap. A linear interpolation is used to calculate the final transformer 
impedance. 


“3 0 +5 


% Tap Position 


% Variation @ -5% Tap 

Use this field to enter transformer impedance variation at -5% tap position, in percent of the transformer 
impedance at nominal tap position. This value is used to adjust the transformer impedance due to either 
the primary and secondary winding tap changes. 


Zt at -5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ —5% Tap)/100 


% Variation @ +5% Tap 

Use this field to enter transformer impedance variation at +5% tap position, in percent of the transformer 
impedance at nominal tap position. This value is used to adjust the transformer impedance due to either 
the primary and secondary winding tap changes. 


Zt at +5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ +5% Tap)/100 


%~L 

These fields are used to display the %Z at -5% Tap and +5% Tap calculated by % Variation @ -5% Tap 
and % Variation @ +5% Tap correspondingly. These fields are editable and can also be used to calculate 
% Variation @ -5% Tap and % Variation @ +5% Tap by the same formula that is used to calculate %Z 
based on % Variations. 


Z Tolerance 


Enter the transformer impedance tolerance as a percentage of the nominal value in this field. This value 
should be zero for an existing transformer with a known impedance value. For a new transformer with a 
designated impedance value this should be the impedance tolerance range specified by the manufacturer. 
The value of the tolerance must be entered as a positive value and ETAP will automatically use the 
positive or negative value, which will result in a conservative solution. 
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Tolerance 
Negative | Positive 

Load Flow Xx 
Short-Circuit Xx 
Motor Starting 4 
Transient Stability Xx 
Harmonics Xx 
Optimal Power Flow Xx 


For instance, if 7.5% tolerance is specified, ETAP will use +7.5% tolerance for load flow, motor starting, 
dynamic stability, and harmonic calculations, while using -7.5% for short-circuit calculations. 


No Load Test Data 


Enter the transformer impedance no load test data for positive sequence and zero sequence. If there is a 
buried delta winding, the test data of the zero sequence will be substituted by the test data of the zero 
sequence impedance between the windings. Please refer to Chapter 20.4 Calculation method - Modeling 
of Transformers section to see how the transformer is modeled for no load test data. 


%FLA 
Positive/zero sequence no load current in percentage of Full Load Ampere of the transformer. 


kW 


Positive/zero sequence no load power loss in kw. 


%G 
Positive/zero sequence shunt conductance in percentage. 


%B 
Positive/zero sequence shunt susceptance in percentage. 


Buried Delta Winding 


Enter buried delta winding data in the page. 
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fa 
Buried Delta Winding 


leo 


Rating 


Z (ohms) %Z 
Pp 0 0 
s 0 i) 
PS 0 0 


Zero Sequence Imperdance with Buried Delta Winding (Used for Unbalanced Load Flow only) 


XR 


0.88 


0.88 


0.88 


MVA Base 


4 


kV 
Buried delta winding rated voltage in kV. 


MVA 
Buried delta winding rating in MVA or KVA. 


Max. MVA 
Buried delta winding maximum rating in MVA. 


Z(ohms) - P 


Zero-sequence impedance from the primary winding to the buried delta winding. 


Z(ohms) - S 


Zero-sequence impedance from the secondary winding to the buried delta winding. 


Z(ohms) - PS 


Zero-sequence impedance from the primary winding to the secondary and the buried delta windings. 


%~L 


Zero-sequence impedance in percentage based on the MVA base and the rated voltage of the first 


winding. 


X/R 
Zero-sequence impedance from X over R ratio. 


MVA Base 
Zero-sequence impedance MVA base. 
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11.4.4 Single Phase Rating Page 


Individual single-phase transformer ratings and impedances can be entered in this page. When this page is 
available, the voltages and power ratings in the rating page and impedances in the impedance page of the 
equivalent 3-phase transformer are display only and calculated from the 3 single-phase transformer 
parameters. 


Co a 
Rating (3) Single-Phase ==) 
4MVA ANSI Other 65C 13 4kV 
Rating - T1 Impedance - T1 
FLA kv YZ IR RX band “A 
MA [176 7.506 23. 088 1136 1519 1.727 
1.333 “FLA kW 
Other 65 577.4 2.309 No Load a o 
Other 65 Base MVA, 1.333 Other 65 
Rating - T2 Impedance - T2 
FLA kV XZ xR RIX XR %R 
MWA 1776 7.506 23 || oes | 1.136 || 1.519 || 1.727 
1.333 “FLA kW 
Other 65 57.4 2.309 No Load QO a 
Other 65 
Base MVA, ood Other 65 
Rating - T3 Impedance - T3 
FLA kV YZ xR Rex pan xR 
MVA 776 7.506 23 1! 068 || 1.136 || 1.519 || 1.727 
1.333 “FLA kW 
Other 65 577.4 2.309 No Load 0 0 
Other 65 Base MVA 1.333 Other 65 
TypicalZ&x/R || Typical X/R_| 
2 


Rated MVA 

The power ratings of the equivalent 3-phase transformer are the smallest MVA among the 3 single-phase 
transformer multiplied by 3 for each class. The 1st and 2nd stage power ratings are display only or 
editable based on the selected option of Per Standard or User-Defined in the 3-phase transformer rating 


page. 
FLA 


This displays the primary winding and secondary winding full load amperes corresponding to the smallest 
and the largest power ratings for each single-phase transformer. 


kV 
Enter primary and secondary line-to-neutral voltage ratings of each single-phase transformer in kilovolts. 
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Impedance 

Enter the positive sequence impedances at the nominal tap setting, in percent, with the transformer MVA 
and kV ratings as the base values. Click the appropriate button to obtain the typical single phase 2- 
winding transformer impedance together with X/R ratio, or X/R ratio only. 


The impedance and X/R ratio of the equivalent 3-phase transformer are calculated from the 3 single-phase 
transformer impedances and X/R ratios. 


%FLA 
No load current in percentage of Full Load Ampere of the transformer. 


kW 
No load power loss in kW. 
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11.4.5 Tap Page 


Within the Tap page, specify the transformer tap data for both fixed taps and LTC taps. Transformer 
winding and grounding connections are also specified in this page. 


2-Winding Transformer Editor - T2 a. |e 


Reliability Remarks Comment 
Info | Rating | Impedance | Tap | Grounding | Sizing | Protection | Harmonic 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 34.5 13.8kV 


Fixed Tap LTC / Voltage Regulator 


Power Station 


7 nt Taromer or errr 


aes ge) 


Fixed Tap 


% Tap and kV Tap 
Enter the transformer tap setting as a percentage in these fields, while the button is set on % Tap, or click 
the Tap button for kV tap selection and enter the transformer tap setting in kV. 
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Note: In either case, ETAP calculates the equivalent value for the other tap setting entry format. 


You can click the up/down arrows next to the fields. By clicking on the arrows, you will be stepping to 
the available tap settings based on the entries on the Prim.../Sec... Fixed Tap Range Editors. You can 
access the editor by clicking on the Prim.../Sec... buttons on the left of the fields. 


ETAP allows modeling of an off-load tap (fixed tap) changer on either side or both sides of transformers. 
Standard off-load tap changer transformers typically have + 5.0% settings available, with two steps above 
and two steps below the nominal tap setting. For these transformers, the value of (n) may be set at -5.0, - 
2.5, 0, 2.5, or 5.0. 


The transformer is treated as a simple circuit impedance for transformers without voltage taps or where 
the tap is set at nominal value (n = 0). ETAP uses the following Pi circuit representation to model 
transformer tap settings: 


N:1 
Bus 1 3 : at Bus 2 
Bus 1 bth Bus 2 


where 
Yt = 1/Zt_ | Transformer admittance in per unit 
N = 1 +n/100 Turn ratio in per unit 
n = 100(N-1) Tap setting in percent 


Positive (+) tap setting on the primary side (P) decreases the voltage on the secondary side (Vs). 
Negative (-) tap setting on the primary side (P), increases the voltage on the secondary side (Vs). 


As this model indicates, placing +10% tap setting (n=+10%, or N=1.1) at the primary side is not 
equivalent to -10% tap at the secondary side. ETAP will correctly model a transformer with a tap setting, 
as long as the tap setting is indicated in the proper field (corresponding to the winding that has the tap 
changer). To increase the voltage at the other side of the transformer, use a negative tap value. 


Prim.../Sec... Buttons 
Click these buttons to access the Primary or Secondary Fixed Tap Range Editors and set the maximum 


and minimum tap positions as well as the tap step for the transformer fixed taps. 


Per Unit Turn Ratio 
Display the transformer turn ratio in per unit, using the fixed tap setting. 
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Per Unit Turn Ratio = 1.0 - %Tap/100 


The secondary parameters in this section are not applicable for secondary center tap transformers. 


LTC/Voltage Regulator 


You can have both fixed and LTC tap settings (off-load and manual on-load) on both transformer 
windings. However, you cannot have LTC automatic actions on both windings of the transformers. The 
parameters in this section are not applicable for secondary center tap transformers. 


AVR Prim. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the primary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


AVR Sec. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the secondary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


LTC Button 
When the associated checkbox is selected, the LTC button is enabled. Click this button to enter LTC 
data. 


Manual or Operating Tap 


Here you can enter the LTC tap positions for the LTC manual mode or as the initial position for the LTC 
automatic mode by clicking on the up or down arrows. 


The LTC tap positions get updated from load flow studies providing the option for Update Transformer 
LTCs is selected in the Load Flow Study Case Editor. 


Note: The tap settings entered here are added to the fixed tap setting for all studies. If LTC is in 
automatic mode, this calculated value (fixed tap + LTC Tap Position) is used as the initial value. 


Real Time Scanned 


When in On-Line monitoring mode, Real-Time will display the Scanned Tap Position value for this 
transformer in this field. 


Power Station 


Unit Transformer for Generator 


Check this box to define this transformer as a unit transformer. A drop-down field is displayed to assign 
this transformer to a generator. This check box is only applicable to 3-phase transformers. 


In addition, the Tap Optimization button is displayed. 
Tap Optimization... 
Clicking the Tap Optimization button will display the Transformer Tap Optimization Editor. In this 


editor, you can calculate the optimal tap position. See Transformer Optimization Chapter for more 
details. 
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11.4.6 Primary/Secondary Fixed Tap Range 


Clicking on the Prim.../Sec... button in the Fixed Tap group brings up the Fixed Tap Range dialog box to 
enter parameters 


Primary Fixed Tap Range | 2s Secondary Fixed Tap Range |p Soom 


Tap Settings Tap Settings 


Min. -5 32.775 Min. -5 13.11 


Max. 5 36.225 Max. 5 14.49 
Step} 25 0.863 Step} 25 0.345 


fHofTaps 5 J HofTaps 5 


Help OK Cancel | 


Tap Settings 


% Tap/kV 

Enter the transformer tap settings below in percent, while the button is set on % Tap, or click the Tap 
button for kV tap selection and enter the settings in kV. Note that in either case, ETAP calculates the 
equivalent value for the other tap setting entry format. 


Min. 
Enter the minimum tap setting for the transformer Prim/Sec winding. 


Max. 
Enter the maximum tap setting for the transformer Prim/Sec winding. 


Step 
Displays the step size in percent or kV based on the %Tap/kV. 


# of Taps 

Enter the number of Taps or click the up/down arrows to increase/decrease the number of taps of the 
transformer. Based on this entry and the Maximum and Minimum tap settings, the program calculates the 
step size and displays it on the Step field. 
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11.4.7 Load Tap Changer Dialog Box 


Transformer load tap changers (LTC) can be accessed through the editors of either the 2-winding or 3- 
winding transformers. To activate an LTC for any transformer winding, click the box on the left side of 
the LTC button. Then click the LTC button to access its editor and enter the LTC data. 


Load Tap Changer 


Regulated Bus 


Bus ID | Bust 7 | 


Voltage Control 
UpperBand 0.625 % 


Voltage 100 


we 


LowerBand 0.625 % 


Tap Time Delay 


27ap | kV Tap 7 
Initial 
Min. 10 31.05 15 


Max, = 10 37.95 # of Operating 


Taps 5 
Step 0.625 0.216 33 S 


(tot 


Regulated Bus 


Bus ID 
Select the bus ID of an existing bus for which the LTC will be regulating or controlling the voltage. The 
default bus is the secondary bus. 


Note: The load flow routine may not be able to regulate the voltages of the buses that are not affected by 
the LTC action. In such cases, the LTC may reach its limit before the desired voltage is reached for the 
controlled bus. Possible examples of this are when the regulated bus is not downstream of the 
transformer, or there is a voltage-controlled bus in between the two components. When this occurs, the 
LTC cannot control the voltage of the regulated bus. 


Voltage Control 


Voltage 

Enter the desired voltage of the regulated bus in percent of the bus nominal voltage, i.e., the regulated bus 
voltage. In the load flow type analysis; ETAP will adjust the LTC setting until the average voltage of the 
regulated bus is within the upper or lower bands of the desired voltage. 
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Upper Band 


Enter the upper band value above the desired voltage. ‘ Desired ¥ oltage 


Lower Band 
Enter the lower band value below the desired voltage. 


The upper band and lower band together define the dead band for the LTC. As shown in the diagram, 
when the voltage of the regulated bus falls within the dead band (green area), the LTC will not move; if 
the voltage of the regulated bus is higher than the (Desired Voltage + Upper Band) or less than (Desired 
Voltage — Lower Band), the LTC will make a step adjustment to control the bus voltage close to its 
desired value. 


In order for the LTC to work properly, ETAP forces the sum of the upper and lower bands to be larger 
than or equal to the LTC step. 


Tap 


% Tap/kV Tap 

Enter the transformer load tap changer (LTC) tap setting as a percentage while the button is set on % Tap; 
or click the Tap button for kV Tap selection and enter the transformer LTC tap setting in kV. In either 
case, ETAP calculates the equivalent value for the other tap setting entry format. 


Min 

Enter the lower limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter —10.0 for a + 10% range (-15 for +15% range). If the kV Tap is selected, enter the kV 
value of the lower range of the LTC setting. 


Max 

Enter the upper limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter 10.0 fora + 10% range (15 for + 15% range). If the kV Tap is selected, enter the kV value 
of the upper range of the LTC setting. 


Step 

Enter the LTC step size in kV or % of the winding kV rating. If the % Tap is selected, enter 0.625 for a 
+10% range with 33 steps (sixteen steps on each side plus the nominal setting). If the kV Tap is 
selected, enter the step size of the LTC in kV. 


kV Tap 
These three fields will display the corresponding kV values for LTC Min. tap, Max. Tap, and Step. 


# of Taps 
This value is automatically calculated and displayed according to the following formula: 


# of Taps = 1 + (%Max Tap - %Min Tap)/(%Step) 
You can adjust this value to change Step: 


%Step = (%Max Tap — %Min Tap)/(# of Taps — 1) 
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Time Delay 


Initial 

Enter the LTC initial time delay in seconds. This is the time duration from the moment when the 
regulated bus voltage goes outside and stays outside the voltage control band to the time when the LTC 
triggers the first step change. 


Operating 


Enter the LTC operating time delay in seconds. This is the time duration that the LTC takes to complete a 
step change. 
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11.4.8 Grounding Page 


2-Winding Transformer Editor - T2 [rove 


Reliability Remarks Comment 
Info Rating | Impedance Tap Grounding | Sizing Protection | Harmonic 


10 MVA IEC Liquid-Fill ONWF/ONAN 65C 34.5 13.8kV 


Phase Shift 
= (@ Vector Group 
¥| Font 


HV leads LV 
© Winding Connection 

| Symbols (Grounding Element) 

Primary 


Resistance to Ground/Earth 
Rg 0 Ohms 


aes ge) 


Phase Shift 


This group allows the user to specify the phase shift associated with the transformer and displays the 
grounding connection in vector group or winding connection on the one-line diagram. 


Font 
Display the connection using ETAP Font or IEC vector string. For Example: 
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Delta-Wye Resistor Grounded for Winding Connection 


Dyn11 = 


Delta-Wye Resistor Grounded for Vector Group 


Symbols 
Display grounding connection using one-line symbols. These elements, like any other one-line element 
can be sized, rotated, and changed depending on the standard. For Example: 


ie 


Delta-Wye Resistor Grounded 


The benefit in using symbols is that you can place ground CTs to connect protective devices such as 
relays. 


Vector Group 

Select this option to display the transformer connection in IEC vector strings, such as YNyn3, DdO, Yd1, 
Dyn1, etc. In the vector group designation, the upper case portion describes the winding connection and 
grounding type of the high voltage side while the lower case portion describes the winding connection 
and grounding type of the low voltage side. The number represents the angle shift, in clock position, of 
the high voltage side leading the load voltage side. Therefore, 1 and 3 indicate angle shifts of 30 and 90 
degrees respectively. For example, Dyn1 means that the high voltage side is Delta connection and the 
low voltage side is Y connection with solid ground, and the voltage angle on the high voltage side leads 
that on the low side by 30 degree. 


Winding Connection 
Select this option to display the transformer connection as DY, DD, YD or YY. 


Angle 

The phase shift angle can be selected or specified in the field. The phase shift angle determines the high 
voltage angle with respect to the low voltage angle. For example, a value of -30 indicates that the high 
voltage leads the low voltage by -30 degrees or, equivalently, the low voltage leads the high voltage by 30 
degrees. 
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Grounding Type 


For Wye-connected windings, choose from the four grounding types provided in the list box: 


Description 
Open Neutral is not connected to ground (ungrounded) 
Solid Solidly grounded, no intentional impedance in the neutral grounding path 
Resistor A resistor is used in the neutral grounding path 
Reactor A reactor is used in the neutral grounding path 


Xfmr-Reactor A Transformer is used in the neutral grounding path with a reactor in the secondary of 
the transformer. 

A Transformer is used in the neutral grounding path with a resistor in the secondary 
of the transformer. 


Xfmr-Resistor 


Resistor \ Reactor Grounding Ratings: 


Vin 
Line-to-neutral voltage calculated as the bus nominal voltage of the machine divided by 341/2 


Amp 
For resistor or reactor grounded generators, enter the resistor or reactor rating in amperes 
Amp Rating = (V In) / (Ohm) 


Ohm 
Resistor or Reactor impedance in ohms 


Transformer-Resistor \ Transformer Reactor Grounding Ratings 


Vin 


Line-to-neutral voltage calculated as the bus nominal voltage of the machine divided by 341/2 


kV1 


Transformer rated primary voltage in kV. 


Amp 
Amp Rating = (V In) / (Prim. Ohms) 
Prim Ohms 


Ohm value as seen from the primary side of the transformer 
kV2 


Transformer rated secondary voltage in kV. 
Amp2 


Secondary current in amps. This calculated based on the primary amps and the transformer turn ratio. 


Sec Ohms 
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Resistor / Reactor impedance in ohms. This is calculated based on the grounding transformer turn ratio 
and secondary current. If sec. Ohms are entered first, then the primary amps and ohms will be calculated 
automatically. 


Transformer kVA 
Grounding transformer kVA rating. 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 
Note that this field is applicable only for low voltage side. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Resistance to Ground/Earth 
Enter the resistance between the chassis and ground in Ohms. 


11.4.9 Sizing Page 


Refer to Chapter 31, Section 31.1 2-Winding Transformer MVA Sizing for information on this page for 
the 2-winding Transformer. 
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11.4.10 Protection Page 


This page contains options for plotting the transformer damage curve on an active Star View. Even 
though transformers are the simplest and most reliable devices in an electrical system, transformer 
failures can occur due to any number of internal or external conditions that make the device incapable of 
performing its proper function. 


Some of the common failures are: 


Winding failure 

Terminal and no-load tap changer failure 
Bushing failure 

Load tap changer failure 

Insulation breakdown 


Appropriate transformer protection should be used with the following objectives: 


e Protect the system in case of a transformer failure 
e Protect the transformer from system disturbances 


Overcurrent protective devices such as fuses and relays have well defined operating characteristics. The 


characteristic curves for such devices should be coordinated with transformer through-fault withstand 
capability curves or transformer damage curves. 
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c . 
2-Winding Transformer Editor - T2 [peso 


Reliability | Remarks | Comment 
Info Rating Impedance Tap |. Grounding ali Sizing Protection | Harmonic | 
10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 


Short-Circuit Contribution (1 / Zs + Zt) 


Zs Xs / Rs Zs+2 Xs / Rs#t 
@ Calculated Fault on Prim. 0.303 48.244 13.597 55.142 14.332 


© User-Defined Faulton Sec. 5.44 0.789 42.974 7.689 24.152 


FLA Display 
@ FLA- Other 55 
© FLA- Other 65 


Damage/Inrush Curve 
Display on TCC Plot 


Short-Time 


Thermal [@t =1250 


(A-A LL)O.87 «— |, Infrequent Fault 
(4A. LG)0.58 «—— al 


*, Mechanical 


Frequent Fault 


@ Inrush 


| S85 Se oo 


Short-Circuit 


Calculated 

Three phase short-circuit fault current (kA) is calculated / updated based on the through-fault current as 
seen by the transformer for a fault placed on the primary and/or secondary side of the transformer. System 
impedance is calculated based on 3-phase fault current. The 3-phase fault current is updated automatically 
when Run / Update Short-Circuit Clipping kA button is clicked on the Star (PD Coordination) toolbar in 
Star Mode. 


The primary / secondary fault kA is calculated based on prefault voltage of the faulted bus to the rated 
primary/ secondary kV of the transformer, respectively. 
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Fault on Prim. 
When Run / Update Short-Circuit Clipping kA is clicked from the Star toolbar for a fault placed on the 
primary side of the transformer, the primary through-fault current (kA) is calculated and updated. 


Fault on Sec. 

When the Run / Update Short-Circuit Clipping kA button is clicked on the Star (PD Coordination) toolbar 
for a fault placed on the secondary side of the transformer, the primary through-fault current (kA) is 
calculated and updated. 


The transformer damage curve can then be plotted on Star View and viewed based on fault placed on the 
primary or secondary side. 


Zs (Fault on Prim.) 
Calculates system impedance from short-circuit update. This is the system impedance in percent on the 
secondary side of the transformer as seen by the fault on the primary side. 


Zs (Fault on Sec.) 
Calculates system impedance from short-circuit update. This is the system impedance in percent on the 
primary side of the transformer as seen by the fault on the secondary side. 
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Xs/Rs (Fault on Prim.) 
Calculates system X/R ratio. This is the system X/R ratio on the secondary side of the transformer based 
on a fault on the primary side of the transformer. 


Xs/Rs (Fault on Sec.) 
Calculates system X/R ratio. This is the system X/R ratio on the primary side of the transformer based on 
a fault on the secondary side of the transformer. 


Zs+Zt (Fault on Prim.) 

Equivalent percent impedance (system + transformer rated) as seen from the primary side of the 
transformer. The Zs+Zt calculation contains the affect of transformer taps as well as impedance tolerance. 
Zs is the difference between total impedance (Zs+Zt) and Zt (rated transformer impedance). Hence Zs 
may include the affect of transformer tap and tolerance and may not represent true system impedance. 


Zs+Zt (Fault on Sec.) 

Equivalent percent impedance (system + transformer rated) as seen from the secondary side of the 
transformer. The Zs+Zt calculation contains the affect of transformer taps as well as impedance tolerance. 
Zs is the difference between total impedance (Zs+Zt) and Zt (rated transformer impedance). Hence Zs 
may include the affect of transformer tap and tolerance and may not represent true system impedance. 


Xs+t/Rs+t (Fault on Prim.) 
Equivalent X/R (system + transformer rated) as seen from the primary side of the transformer. 


Xs+t/Rs+t (Fault on Sec.) 
Equivalent X/R (system + transformer rated) as seen from the secondary side of the transformer. 


User-Defined 
If it is not possible to run short-circuit to update fault current for every transformer, user-defined values 
for short-circuit current, impedance, and X/R may be used. 


Note: Zs+Zt and Xs+t/Rs+t are displayed only for the user-defined option. 


The transformer damage curve can then be plotted on Star View and viewed based on the fault placed on 
the primary or secondary side depending on the selection in Plot Options. 


Location 


Unsupervised 
Select this option if the transformer is located in an area where no qualified persons monitor and service 
the transformer installation. See the National Electric Code for further details. 


Supervised 


Select this option if the transformer is located in an area where only qualified persons monitor and service 
the transformer installation. See the National Electric Code for further details. 
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FLA Display 

The available option(s) in this section displays the minimum or maximum stage of transformer FLA of 
Star View TCC when selected transformer on Rating page has more than one power rating. By default, 
the minimum FLA is selected for ANSI standard transformer and maximum FLA for IEC standard. 


Fault Frequency 


Fault frequency determines the shape of the transformer damage curve depending upon the application of 
the transformer in an electrical system. 


Note: The fault frequency option is not available (is grayed-out) if the IEC Transformer Standard is 
selected. 


Short-Time 
Thermal l#t =1250 


(A-A LL)O.87 «— |: Infrequent Fault 


(AA LG)0.58 «—— 
% Mechanical 


Frequent Fault 


e Inrush 


Frequent 

For applications in which faults occur frequently, the through-fault curve represents the fact that the 
transformer is subjected to both thermal and mechanical damage. An example of this is transformers with 
secondary side overhead lines. 


Infrequent 

For applications in which faults occur infrequently, the through-fault curve represents the fact that the 
transformer is subjected primarily to thermal damage. An example of this is transformers with secondary 
side conductors enclosed in a conduit. 


Both 

Both of Frequent and Infrequent fault damage curve is displayed in Star View TCC when this option is 
selected. Selection of this option also affects the evaluation of source and load side protective devices in 
Auto-Evaluation program meaning the frequent damage curve is used for protection by load side 
protective device(s) and infrequent damage curve is used for protection by source side device. 


Based on IEEE C57.109-1985 standard, the cumulative mechanical damage curve caused by frequent 
faults is not applicable to category I of liquid immersed transformers. Therefore same curve represents 


both thermal and mechanical damage. 


On the contrary, the cumulative mechanical damage curve is applicable to category IV transformers for 
both frequent and infrequent faults. 
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Other transformer categories (II and III) have cumulative mechanical damage curve only for frequent 
faults. 


The plot of cumulative mechanical damage curve for liquid immersed transformers is displayed in Star 
View (TCC) per below table: 


Liquid Immersed Transformer 
Mechanical Damage Curve for Frequent/Infrequent Faults 
ANSI/IEEE C57.109-1985 Standard 


Transformer Min kVA Cumulative Mechanical Damage Curve Plot 


Category Single Phase Frequent Faults Infrequent Faults 


Poon | 501-1667 501-5000 
| om | 1668-10 000 5001-30 000 
above 10 000 above 30 000 


Short-Time Short-Time 


Thermal |2t =1250 Thermal [#t =1 250 


Infrequent Fault (4-4 LL)0.87 «— | 
(4-1 LG)0.53 «—— 


Frequent Fault 


@ Inrush 


@ Inrush 


For category I frequent and infrequent fault curve is For category IV frequent and infrequent fault curve 
always same as infrequent fault curve: is always same as Frequent fault curve: 
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The plot of Mechanical damage curve for dry type transformers is displayed as per following table. 


Dry Type Transformer 
Mechanical Damage Curve for Frequent/Infrequent Faults 
ANSI/IEEE C57.12.59-2001 Standard 


Transformer Min kVA Cumulative Mechanical Damage Curve Plot 


Category Single Phase | 3Phase | Frequent Faults Infrequent Faults 


om | 1668-10 000 5001-30 000 Yes 
above 10 000 above 30 000 


1. Mechanical Damage Curve is available in ETAP similar to category II but not included in ANSI/IEEE 
C57.12.59-2001 standard. Category Ill and IV of dry type transformers are not commonly 
manufactured and infrequent/frequent damage curve depends on manufacturer’s recommendation. 


2. Category IV of dry type transformers are available in ETAP but not recognized in ANSI/IEEE 
C57.12.01-1998 standard. 


‘ie 
Short-Time 


Thermal [#t =1250 


Infrequent Fault 


@ Inrush 


For category I frequent and infrequent fault curves will be 
always same as infrequent fault curve: 
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Short-Circuit Update 


Pin (Disable Short-Circuit Update) 

Select this option to disable the auto update of the short-circuit current from 3-phase Short-Circuit 
Analysis. When this option is selected and Run / Update Short-circuit Clipping kA button is clicked, Fault 
on Prim. And Fault on Sec. values remains unchanged or pinned. 


Curve Shift 


Apply Curve Shift 

Select to apply 3-phase transformer damage curve shift. The curve shift is applied as a multiplier to the 
current (horizontal axis) components of the entire transformer damage curve. The applied curve shift 
factor is displayed on the Preferences tab of the Devices page in Star View Plot Options. The shift factor 
is dependent upon: 


e Transformer Connection specified on the Info page of the Transformer Editor. 

e Winding connections specified on the Grounding page of the Transformer Editor. 

e Source and Protection, and Fault side selections on the Preferences tab of the Devices page in the 
Star View Plot Options. 


The table below describes this relationship: 


Winding Connections 
Transformer Connection : Factor 
Source and Protection on Fault on 
Shell, Core 3-Limb, Core 4-Limb, Delta Delta 0.87 
Core 5-Limb, (3) 1-Phase Delta Wye Solid Grounded 0.58 
Core, 3 Limb Wye Open Wye Solid Grounded 0.67 


Source: IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS. VOL. IA-22, NO.4, JULY/ AUGUST 1986 


Magnetizing Inrush 


Inrush Curve Type 
Select the type of inrush curve to display: Points, Curve — Piecewise, or Curve — Equation. 


Multiplier 

Select current multiplier to plot the transformer inrush point on the Star View. Typical multiple values are 
6, 8, 10 and 12. These are multiples of FLA of the transformer. The FLA of the transformer is selected 
based on the Device - Adjustment setting in the Star Plot options. For example, if the FLA of the 
transformer is 1804 Amps based on the secondary winding and magnetizing inrush multiplier is 8, then 
the magnetizing current would be 8 times 1804 or 14.4 kA based on the secondary side. 


Duration/Time Constant 


When the inrush curve type is Point or Curve — Piecewise, the inrush duration is entered here in cycles. 
When the inrush curve type is Curve — Equation, the time constant is entered here in cycles. 
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Damage/Inrush Curve 


Display on TCC Plot 
Click to display the transformer damage/inrush curve on the Star View. Transformer damage curves are 


always shown on Star Views by default. 


If ANSI is selected as the standard (on the Info page) of the transformer, then the damage curve is based 
on the ANSI C57.109 Standard. 


ge M7Qang SL #Bxt & XK Bees 


Amps X 10 Main Bus (Nom. kV=34.5, Plot Ref. kV=34.5) 


5 1 3 5 10 xn 50 100 300 500 1K mK KK 10K — 
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spuosag 


5 1 3 5 10 s) 50 100 30S K “ x 10K 


Amps X 10 Main Bus (Nom. kV=34.5, Plot Ref. kV=34.5) 
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If IEC is selected as the standard (on the Info page) of the transformer, then the damage curve is based on 


the IEC 76-5 Standard. 


os . - = ——— 
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11.4.11 Harmonic Page 


Transformer saturation can be modeled by a current harmonic source. To include the saturation effect, a 
harmonic library needs to be defined here. 


2-Winding Transformer Editor - T2 ~~ »” |e 
Reliability Remarks Comment 
Info Rating Impedance Tap Grounding Sizing Protection | Harmonic 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 34.5 13.8kV 


Harmonic Library 
Type Manufacturer Model 
| Current Source | Typical1EEE | XFMR Magnet 
Wave Form Spectrum 


= 
4 
= 
a 
= 


| Total (%) 
100 


ESyC oe 8) (2) 


Harmonic Library 


Library 
Click the Library button to bring up the Library Quick Pick - Harmonic Editor. 
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Library Quick Pick - Harmonic Se 
Manufacturer Model Type Interharmonic gS 
A ACS600 6P Current Source 
ABB ACS600 12P Current Source No 
ABB 4CS1000 12P Current Source No EB 
ABB DCS500 6P Current Source No 
Rockwell 6 Pulse VFD Current Source No 
Rockwell 12 Pulse VFD Current Source No a 
Rockwell 18 Pulse YFD Current Source No 
Rockwell Pw Rect Current Source No 
Toshiba Pw ASD Current Source No 
Typical LCI Current Source No 
Typical Locomotive Current Source No 
Typical-IEEE 6 Pulse Current Source No 
Typical-IEEE 6 Pulse2 Current Source No 
Tunieal-IF FE 1? Pulsed Cirrent Source Nin 

[ None | Cancel 


Pick a manufacturer name and a model name from the Library Quick Pick - Harmonic Editor (typically a 
current source harmonic type). 


Type 
Displays the harmonic source type. 


Manufacturer 
Displays the selected manufacturer names from the harmonic library. 


Model 
Displays the selected model names for the selected manufacturer from the harmonic library. 


Wave Form 
Displays one cycle of the current waveform of the selected harmonic library in the time domain. 


Print (Wave Form) 
Prints the harmonic waveform. 


Spectrum 
Displays the harmonic spectrum of the selected harmonic library. 


Print (Spectrum) 
Prints the harmonic spectrum. 


K-Factor 


The transformer K-Factor defines the additional thermal capacity of the transformer to tolerate the heating 
affects of harmonic currents. 
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FLA 


Prim. 


Transformer full load amps as seen from the primary side. 


Sec. 


Transformer full load amps as seen from the secondary side. 


I Total (%) 
Transformer full load current in percent of rated FLA, including additional capacity for harmonic current. 


I Total 


Prim. 


Transformer full load amps including additional capacity for harmonic currents as seen from the primary 
side. 


Sec. 


Transformer full load amps including additional capacity for harmonic currents as seen from the 
secondary side. 
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11.4.12 Reliability Page 


2 2-Winding Transformer Editor - T2 x 


Info Rating Impedance Tap Grounding Sizing Protection Harmonic 
Reliability Remarks Comment 


10 MVA ANSI Liquid-Fill Other 55/65 C 34.5 13.8kV 


Reliability Parameters Library 


Aa | 0.0032 | Failure/yr 


Ap | 0.0032 | Failure/yr 


Source 


IEEE Std493-1990 


AL | 14.1748 


FOR 


Type 


MR LadFill 0.6-15kV 


Class 


[_] Replacement Available [ 751-2499kVA 


39.7 hr 


Reliability Parameters 


A 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service. When the actively failed component is isolated and the protection breakers are 
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reclosed, this leads to service being restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


he 

This is the passive failure rate in number of failures per year. The passive failure rate is associated with 
the component failure mode that does not cause the operation of protection breakers and therefore does 
not have an impact on the remaining healthy components. Repairing or replacing the failed component 
will restore service. Examples of passive failures include opening circuits and inadvertent opening of 
breakers. Enter the total forced failure rate in f/yr per unit length. The passive failure rate is associated 
with the component failure mode that does not cause the operation of protection breakers and therefore 
does not have an impact on the remaining healthy components. Repairing or replacing the failed 
component restores service. Examples are open circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


iu 
This is the Mean Repair Rate in number of repairs per year, calculated automatically based on MTTR (1 


= 8760/MTTR). 


MTTEF 
This is the Mean Time To Failure in years, calculated automatically based on Aq and Ap (MTTF = 1.0/( 
dat dp)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR = MTTR/ 
(MTTR+8760/( Aa + Ap)). 


MR 
This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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Library 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.4.13 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info 
Eq. Ref. 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Test . Full 
— Manufacturer 


UD Field A5 Equi 
Name Manufacturer 
UD Field A6 


Purchasi 
UD Field A7 Date, 21/02/00) 


>) @e 


User-Defined Info 
These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


ETAP 11-100 ETAP 19.0 User Guide 


AC Elements Transformer, 2-Winding 


11.4.14 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Comment 


| 4.16 kV 600 Amps Asymmetrical 0kA 


associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 0 70 BP Galo) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.5 Transformer, Open Delta 


The properties associated with Open Delta transformers of the electrical distribution system can be 
entered in Open Delta Transformer Editor. 


This editor includes the following pages of properties: 


Info Grounding 
Rating Reliability 
Impedance Remarks 
Tap Comment 
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11.5.1 Info Page 


Within the Info page, specify the Open Delta transformer ID, whether the transformer is in or out of 
service, primary and secondary buses, the connection, FDR tag, name, and manufacturer’s data. 


—— x 
Comoe ontomeresioT 


ne ig 


Pm, (if) 1247KV Reon Dat 


Wye Side Phase 


@ Open Delta 


) aa 


Info 


ID 
Enter a unique ID having up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of transformers increase. The 
default transformer ID (T) can be changed from the Defaults menu or from the System Manager. 


Prim. and Sec. 

Bus IDs for the connecting buses of an Open Delta transformer are designated as primary and secondary 
buses. If the primary or secondary terminal of a transformer is not connected to any bus, a blank entry 
will be shown for the bus ID. To connect or reconnect a transformer to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection, after you click OK. 


Note: You can only connect to buses that reside in the same view where the transformer resides, that is, 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a transformer is connected to a bus through a number of protective devices, reconnection of the 
transformer to a new bus from the editor will reconnect the last existing protective device to the new 
bus(as shown in the figure below, where T1 is reconnected from Bus10 to Bus4). 


Bus10 Bus4 Buslo Bus4 
CT1l Rl CTL Rl 
CBl CBl 
Fusel Fusel 
Tl Ti 
eo 5 ea ied lal 5 eA 


ETAP displays the nominal kV of the buses next to the primary and secondary bus IDs. 


The Wye side of the Open Delta transformer can also be connected to phase adapters. If the transformer 
is connected to a phase adapter, then the phase adapter ID will show in the Prim. or Sec. field. 


McCl 0.48 kV 


Info 
‘ SPFdrl ID 
ay Ww 97 Prim. | SPF ¥) 0.48 kV 
neyrvy 0.5 MVA 
Sec. | Bush vy} 024kV 
Bus6 0.24 kV 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the de- 
energized color (theme manager). The default color for a de-energized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Revision Data 
The current revision name will be displayed. 


Connection 

In the connection section, the connected phases at Open Delta transformer Wye side can be selected from 
the drop down list. For example, the Wye side is specified to be connected to the A and B phase when the 
phase type AB is selected. 


Both sides of the Open Delta transformer are allowed to be connected to a 3-phase bus. The Wye side of 
the Open Delta transformer will not energize the 3-phase bus. The 3-phase bus can be energized by other 
3-phase sources. 

When the Wye side of the Open Delta transformer is connected to an isolated bus, the Open Delta 


transformer will energize the bus and the phase type of the Open Delta transformer will be propagated to 
the bus as a single phase bus. 


> 2 MVA 
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Standard 


You can select either ANSI or IEC. The class selections will change based on the standard selected. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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11.5.2 Rating Page 


On the Rating page, specify the Open Delta transformer voltage and power ratings, type/class, operating 
cooling, installation, and alert data. 


open Gost eo 


2 MVA ANSI Liquid-Fill OA/FA 65C 1247 4.16kV 


Voltage Rating 
kV FLA Nominal Bus kV 


FLA 
Pim. | 1247 | [ 926 [ we5 = [12.47 
Sec. | 4.16 [276 | 3192 [416 


FA 65 


% Dering [0 « [0 


MFR 


Type / Class 
Temp. Rise 


Type Sub Type Class 
[J (2) (20)| [come | 


Voltage Rating 


Prim and Sec kV 

For the Open Delta transformer, these two fields are the equivalent transformer voltage ratings and are 
display only. The primary and secondary voltage ratings are the average voltages across the terminals of 
the two single-phase transformers from the Wye connected side. 
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For the single-phase transformers connected in Delta, the equivalent voltage rating is the average of the 
single-phase transformers’ voltage ratings. For the single-phase transformers connected in Wye, the 
equivalent voltage rating is 1.732 times the average of the single-phase transformers’ voltage ratings. 


FLA 
This displays the primary winding and secondary winding full load amperes corresponding to the smallest 
and the largest power ratings. 


Bus kVnom 
This displays the bus nominal kV of the connected primary and secondary terminals. 


Power Rating 


Rated MVA 

Based on the type/class of the transformer, up to three MVA fields may be available. The corresponding 
class/temperature rise will be displayed below each rating field. Where available, Class] MVA < Class2 
MVA < Class3 MVA. 


1. When Per Standard is selected, only Class1 MVA field is editable. Class2 and Class3 (where 
available) are calculated from Class! MVA based on American National Standard C57.12.10 and 
are display only. 

2. When User-Defined is selected, in addition to Classl1 MVA, the user can specify Class2 and 
Class3 ratings (where available). No calculation is enforced for user-defined option. 


Per Transformer 
Select this button to enter the individual single-phase transformer ratings and impedances. 


Power Rating 


MVA 
Per Standard 


® User-Defined 


Rated 10 10 
Other 55 Other 65 


Derated 10 10 | Per Transformer | 


Fan/Pump 
The required cooling equipment for the corresponding power rating. The field is checked to specify the 
availability of the equipment. 


Derated MVA 
This displays the derated MVA for each class/temperature rise. 


%Derating 

These fields display the percentage of power derating for each class/temperature rise due to the 
unavailability of the cooling equipment, installation altitude and ambient temperature. They are calculated 
by the formula of "(1 - Derated MVA / Rated MVA) * 100" for the corresponding power rating. 


Z Base 
This value is used as the base MVA for the transformer impedance and depends on the standard selection. 
ANSI: Base MVA = Class1 MVA. IEC: Base MVA = the largest available class MVA. 
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Alert - Max 

This value, if non-zero, is used to calculate the overload percentage of the transformer. If the maximum 
MVA capability of the transformer is greater than zero, the branch will be flagged on the overload 
summary page of the load flow output report, i.e, ETAP will ignore this value if it is set to zero and this 
branch will not be included in the overload summary report. 


1. When Derated MVA is selected, the maximum MVA capability will be set to the largest derated 
value. 
2. When User-Defined is selected, the user can specify the maximum MVA capability. 


This value is also used as a base for the transformer flow constraint in the optimal power flow studies. 


Installation 


This is used to specify the base altitude and base temperature of the transformer. 


Type/Class 


Based on the standard selected, the fields below will provide different selection options. The tables 
below show those options: 


Type 
Select the transformer type from the Type list box. The following transformer types are available for both 
ANSI and IEC Standards: 


e = Liquid-Fill 
e Dry 
e = Liquid-Fill (C57.12) — ANSI only 


Sub Type 
Select the transformer sub type from the Sub Type list box. The following table shows the subtypes 
available based on the standard and type of transformer: 


Standard Type Subtype Standard Type Subtype 
Mineral Oil Mineral Oil 
Flammable Liquid Synthetic Liquid <=300 
Liquid Less-Flammable Liquid Liquid Synthetic Liquid >300 
= Non-Flammable Liquid oe A eae 
Other Other 
oo) Ventilated a Sealed 
Non-Ventilated Non-Enclosed 
Sealed Enclosed 
Dry Dry 
Other Totally Enclosed 
Vent-Dry 
Other 
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Class 


Select the transformer class from the list box. The following transformer classes are available: 


ANSI, Liquid Fill transformers for all subtypes: 


OA OA/FA OA/FOA/FOA_ | Other 
OW OA/FA/FA FOA 
OW/A OA/FA/FOA FOW 


ANSI, Dry transformers: 


Subtype Class Subtype Class Subtype Class 


Non-Ventilated 


Ventilated 


IEC, Liquid Fill: 


Subtype Class Subtype Class Subtype Class 


Mineral Oil 


Synthetic 
Liquid <=300 
Other 


IEC, Dry for all 


ONAN 

ONWN 
ONWN/ONAN 
ONAN/ONAF 
ONAN/ONAF/ONAF 
ONAN/ONAF/OFAF 
ONAN/OFAF/OFAF 
OFAF 

OFWF 

ODWF 
ONAN/OFAN/OFAF 
OFAN 

OFAN/OFAF 

ONWF 


subtypes of transformers: 


KNAN 

KNWN 
KNWN/KNAN 
KNAN/KNAF 
KNAN/KNAF/KNAF 
KNAN/KNAF/KFAF 
KNAN/KFAF/KFAF 
KFAF 

KFWF 

KDWF 
KNAN/KFAN/KFAF 
KFAN 

KFAN/KFAF 

KNWE 


Non-Flammable 
Synthetic 
Liquid 


LNAN 

LNWN 
LNWN/LNAN 
LNAN/LNAF 
LNAN/LNAF/LNAF 
LNAN/LNAF/LFAF 
LNAN/LFAF/LFAF 
LFAF 

LFWF 

LDWF 
LNAN/LFAN/LFAF 
LFAN 

LFAN/LFAF 

LNWF 


AN GN GNAN | GNAN 
AF GF GNAF | AN/AF* 
ANAN | GNAF | ANAF | Other 


* AN/AF corresponds to two stages of cooling, whereas ANAF has only one cooling stage with Fan 
always checked. 
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Temp 
Select the transformer operating temperature (in degrees C) from the list box. The following transformer 
operating temperatures are available: 


Standard 


Liquid Fill 


80/100 
80/115 
80/150 


All Classes 


115/150 


Standard 


Liquid Fill 


GNAN/GN 
AF 
ANAF 
GNAN 


80/100 


100/125 


MFR 
Enter the Open Delta transformer manufacturer’s name. 
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11.5.3 Impedance Page 


On the Impedance page, specify the Open Delta transformer impedance, variation, and tolerance data. 


a 
Open Delta Transformer Elie =) 


Info| Rating | Impedance | Tap | Grounding | Reliability | Remarks | Comment 


2 MVA ANSI Liquid-Fill OA/FA 65C 1247 4.16kV 


Impedance Z Base 
R/X UX %R 


0.173 5.666 0.979 wih 


[2 


OA65 


No Load Test Data (Used for Unbalanced Load Flow only) 


% FLA kW 
0 0 


>) ae 


M 


Positive Sequence Impedance 
These are the positive sequence impedances at the nominal tap setting, in percent, with the transformer 


MVA and kV ratings as the base values. These values are subject to manufacturer tolerance limits and 
tap position. 


For the Open Delta transformer, the positive and zero sequence impedances are identical and calculated 
from the phase-by-phase admittance matrix of the single-phase transformers. 
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X/R and R/X Ratios 
The equivalent X/R and R/X ratios are calculated from the single-phase impendaces and displayed. 


%X and %R 
The equivalent %X and %R are calculated from the single-phase impendaces and displayed. 


Z Variation 


Use this field to enter transformer impedance variations with respect to the tap settings. If these values 
are not zero, then the final Open Delta transformer impedance will be calculated based on the nominal tap 
impedance values (entered for Positive Sequence Impedance, %Z fields), transformer primary and 
secondary winding tap positions (from both the fixed tap and the LTC tap settings), and impedance 
variation at —5% tap and +5% tap. A linear interpolation is used to calculate the final transformer 
impedance. 


“3 0 +5 


% Tap Position 


% Variation @ -5% Tap 

Use this field to enter transformer impedance variation at —5% tap position, in percent of the transformer 
impedance at nominal tap position. This value is used to adjust the transformer impedance due to either 
the primary and secondary winding tap changes. 


Zt at -5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ —5% Tap)/100 


% Variation @ +5% Tap 

Use this field to enter transformer impedance variation at +5% tap position; in percent of the transformer 
impedance at nominal tap position. This value is used to adjust the transformer impedance due to either 
the primary and secondary winding tap changes. 
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Zt at +5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ +5% Tap)/100 


%~L 

These fields are used to display the %Z at -5% Tap and +5% Tap calculated by % Variation @ -5% Tap 
and % Variation @ +5% Tap correspondingly. These fields are editable and can also be used to calculate 
% Variation @ -5% Tap and % Variation @ +5% Tap by the same formula that is used to calculate %Z 
based on % Variations. 


Z Tolerance 


Enter the transformer impedance tolerance as a percentage of the nominal value in this field. This value 
should be zero for an existing transformer with a known impedance value. For a new transformer with a 
designated impedance value this should be the impedance tolerance range specified by the manufacturer. 
The value of the tolerance must be entered as a positive value and ETAP will automatically use the 
positive or negative value, which will result in a conservative solution. 


Tolerance 
Negative | Positive 

Load Flow Xx 
Short-Circuit Xx 
Motor Starting XxX 
Transient Stability Xx 
Harmonics 4 
Optimal Power Flow Xx 


For instance, if 7.5% tolerance is specified, ETAP will use +7.5% tolerance for load flow, motor starting, 
dynamic stability, and harmonic calculations, while using -7.5% for short-circuit calculations. 
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11.5.4 Single Phase Rating Page 


The single phase transformer ratings and impedances can be entered by clicking the Per Transformer 
button on the open delta transformer editor rating or impedance page. 


Single-Phase XFMR ee] 
4MVA ANSI Liquid-Fill Other 55/65 C 12.47 4.16 kV 
Rating - T1 Impedance - T1 
FLA FLA kV YZ xIR RK LX “R 
MVA 160.4 796 © 12.47 55 4879 0173 542 0936 
2 2.24 
Other 55 Other 65 832.6 932.6 2.402 
Other55 Other 65 Base MVA 2 Other 55 
Rating - T2 Impedance - T2 
i FLA FLA, kV wZ XR RX xR 7A 
LMvA | GNlGre 160.4 1796 1247 55 579 0173 542 0.936 
2 2.24 
Other55 Other 65 932.6 9326 2.402 
Other 55 Other 65 Base MVA 2 Other 55 
Rating - T3 Impedance - T3 
TypicalZ&x/R | | Typical X/R_ | 


yes 


Rated MVA 

The single phase transformer T1 is the bank connected to the phase A at the Wye connected side. The 
single phase transformer T2 is the bank connected to the phase B at the Wye connected side. 

The single phase transformer T3 is the bank connected to the phase C at the Wye connected side. One of 
the 3 single-phase transformers will be hidden for the open delta transformer. 


The equivalent power ratings of the Open Delta transformer are 2 times of the smaller power ratings 
between the two available single phase transformers. Note that the equivalent power ratings are not the 
required de-rated power ratings for operating. The factor of 0.87 may be taken for a 3-phase load at the 
Delta connected side to avoid the overloading of the transformer. 


The Class 2 and Class 3 power ratings (when they are available) are calculated and displayed only when 
the Per Standard button is selected in the Open Delta transformer editor rating page. The User-Defined 
option must be selected in the Open Delta transformer editor rating page in order for them to be editable. 


Note: the equivalent power ratings and impedances of the Open Delta transformer are not used in the 
calculations. The phase-by-phase model is used for the Open Delta transformer instead. 


FLA 


This displays the primary winding and secondary winding full load amperes corresponding to the smallest 
and the largest power ratings for each single-phase transformer. 
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kV 


Enter primary and secondary line-to-neutral voltage ratings of each single-phase transformer in kilovolts. 


Impedance 

Enter the positive sequence impedances at the nominal tap setting, in percent, with the transformer MVA 
and kV ratings as the base values. Click the appropriate button to obtain the typical single-phase 
transformer impedance together with X/R ratio, or X/R ratio only. 


The impedance and X/R ratio of the equivalent Open Delta transformer are calculated from the 2 single- 
phase transformer impedances and X/R ratios. 


Typical Z and X/R and Typical X/R 


Click the appropriate button to obtain the typical single-phase transformer impedance together with X/R 
ratio, or X/R ratio only. The typical impedance and X/R ratio data for ANSI 2-winding transformers are 
based on two sources: American National Standard C57.12.10 and Industrial Power System Handbook by 
Beeman. 


The Industrial Power System Handbook by Beeman (page 96) specifies typical data for transformers that 
has rating no larger than 500 kVA and primary voltage no higher than 12.47 kV. 


Typical Impedance for Transformer Less Than or equal to 500 kVA: 


‘ Group 1* Group 2* 
ae % Z XR % Z XR 
kVA <5 2.3 0.88 2.8 0.77 

5< kVA < 25 2.3 1.13 2.3 1.00 
25< kVA <50 2.6 1.69 2.4 1.54 
50< kVA < 100 2.6 1.92 3.7 2.92 

100< kVA < 167 4.0 3.45 3.7 3.60 
167< kVA < 500 4.8 4.70 5.2 5.10 


* Group 1: Transformers with high voltage windings of less than or equal to 8.32 kV 
+ Group 2: Transformers with high voltages of greater than 8.32 kV and less than or equal to 12.47 kV 


American National Standard C57.12.10 specifies impedance values for transformers larger than 500 kVA. 


Typical Impedance for Transformer More Than 500 kVA: 


: ; Low Voltage Side Low Voltage Side > 2.4 kV 
He OMe Ice <2.4 i Without LTC : With LTC 
kV < 13.8 5.75%" 5.5** 
13.8 <kV < 23 6.75 6.5 7.0 
23 <kV < 34.5 7.25 7.0 7.5 
34.5 <kV <46 7.75 7.5 8.0 
46 <kV < 69 8.0 8.5 
69<kV<115 8.5 9.0 
115 <kV< 138 9.0 9.5 
138 <kV < 161 9.5 10.0 
161 <kV < (230) 10.0 10.5 
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** Self-cooled transformers with greater than 5000 kVA values are the same as those for 23 kV high 
voltage. 


Typical X/R Ratios for Transformer More Than 500 kVA: 


Rating X/R Rating X/R 

MVA <1 5.790 8 < MVA <10 15.50 
1<MVA <2 7.098 10 < MVA <20 18.60 
2<MVA S3 10.67 20 < MVA <30 23.70 
3 <MVA <4 11.41 30 < MVA < 40 27.30 
4<MVA<S5 12.14 40 <MVA <50 29.50 
5<MVA <6 12.85 50 < MVA < 100 34.10 
6<MVA<7 13.55 100 < MVA < 200 42.00 
7<MVA <8 14.23 200 < MVA < 1000 50.00 


The typical impedance and X/R ratio data for IEC 2-winding transformers are based on IEC 60076-5 
1994 and Areva Ch.5 “Equivalent Circuits and Parameters of Power System Plants” listed in the table 
below: 


Rating %L X/R 
MVA < 0.63 4 LS 

0.63 < MVA < 1.25 5 3. 
1.25 <MVA < 3.15 6.25 6 
3.15<MVA< 6.3 7.15 8.5 
6.3 <MVA < 12.5 8.35 13 
12.5<MVA< 25 10 20 
25 <MVA < 200 12.5 45 
200 <MVA 123 45 
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11.5.5 Tap Page 


Within the Tap page, specify the transformer tap data for both fixed taps and LTC taps. Transformer 
winding and grounding connections are also specified in this page. 


CpenDeaasomer tit 
2MVA ANSI Liquid-Fill OA/FA 65C 12.47 4.16kV 


Fixed Tap LTC / Voltage Regulator 


kV Tap Per Unit 
% Tap Tum Ratio 


Ges): er 
Gs ae 


a) a8) (2) 


Fixed Tap 
% Tap and kV Tap 


Enter the transformer tap setting as a percentage in these fields, while the button is set on % Tap, or click 
the Tap button for kV tap selection and enter the transformer tap setting in kV. 
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Note: In either case, ETAP calculates the equivalent value for the other tap setting entry format. 


You can click the up/down arrows next to the fields. By clicking on the arrows, you will be stepping to 
the available tap settings based on the entries on the Prim.../Sec... Fixed Tap Range Editors. You can 
access the editor by clicking on the Prim.../Sec... buttons on the left of the fields. 


ETAP allows modeling of an off-load tap (fixed tap) changer on either side or both sides of transformers. 
Standard off-load tap changer transformers typically have + 5.0% settings available, with two steps above 
and two steps below the nominal tap setting. For these transformers, the value of (n) may be set at -5.0, - 
2.5, 0, 2.5, or 5.0. 


The transformer is treated as a simple circuit impedance for transformers without voltage taps or where 
the tap is set at nominal value (n = 0). ETAP uses the following Pi circuit representation to model 
transformer tap settings: 


N:1 
Bus 1 3 : at Bus 2 
Bus 1 en Bus 2 


where 
Yt = 1/Zt | Transformer admittance in per unit 
N 7 1 +n/100 Turn ratio in per unit 
n = 100(N-1) Tap setting in percent 


Positive (+) tap setting on the primary side (P) decreases the voltage on the secondary side (Vs). 
Negative (-) tap setting on the primary side (P), increases the voltage on the secondary side (Vs). 


As this model indicates, placing +10% tap setting (n=+10%, or N=1.1) at the primary side is not 
equivalent to -10% tap at the secondary side. ETAP will correctly model a transformer with a tap setting, 
as long as the tap setting is indicated in the proper field (corresponding to the winding that has the tap 
changer). To increase the voltage at the other side of the transformer, use a negative tap value. 


Prim.../Sec... Buttons 
Click these buttons to access the Primary or Secondary Fixed Tap Range Editors and set the maximum 


and minimum tap positions as well as the tap step for the transformer fixed taps. 


Per Unit Turn Ratio 
Display the transformer turn ratio in per unit, using the fixed tap setting. 
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Per Unit Turn Ratio = 1.0 - %Tap/100 


LTC/Voltage Regulator 


You can have both fixed and LTC tap settings (off-load and manual on-load) on both transformer 
windings. However, you cannot have LTC automatic actions on both windings of the transformers. 


AVR Prim. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the primary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


AVR Sec. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the secondary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


LTC Button 
When the associated checkbox is selected, the LTC button is enabled. Click this button to enter LTC 
data. 


Manual or Operating Tap 


Here you can enter the LTC tap positions for the LTC manual mode or as the initial position for the LTC 
automatic mode by clicking on the up or down arrows. 


The LTC tap positions get updated from load flow studies providing the option for Update Transformer 
LTCs is selected in the Load Flow Study Case Editor. 


Note: The tap settings entered here are added to the fixed tap setting for all studies. If LTC is in 
automatic mode, this calculated value (fixed tap + LTC Tap Position) is used as the initial value. 


Real Time Scanned 


When in On-Line monitoring mode, Real-Time will display the Scanned Tap Position value for this 
transformer in this field. 


Power Station 


Unit Transformer for Generator 


Check this box to define this transformer as a unit transformer. A drop-down field is displayed to assign 
this transformer to a generator. 


In addition, the Tap Optimization button is displayed. 
Tap Optimization... 
Clicking the Tap Optimization button will display the Transformer Tap Optimization Editor. In this 


editor, you can calculate the optimal tap position. See the Transformer Optimization Chapter for more 
details. 


ETAP 11-120 ETAP 19.0 User Guide 


AC Elements Transformer, Open Delta 


11.5.6 Primary/Secondary Fixed Tap Range 


Clicking on the Prim.../Sec... button in the Fixed Tap group brings up the Fixed Tap Range dialog box to 
enter parameters. 


Primary Fixed Tap Range | 2s Secondary Fixed Tap Range |p Som 


Tap Settings Tap Settings 


Min. -5 32.775 Min. -5 13.11 


Max. 5 36.225 Max. 5 14.49 
Step} 25 0.863 Step} 25 0.345 


fHofTaps 5 J HofTaps 5 


Help OK Cancel | 


Tap Settings 


% Tap/kV 

Enter the transformer tap settings below in percent, while the button is set on % Tap, or click the Tap 
button for kV tap selection and enter the settings in kV. Note that in either case, ETAP calculates the 
equivalent value for the other tap setting entry format. 


Min. 
Enter the minimum tap setting for the transformer Prim/Sec winding. 


Max. 
Enter the maximum tap setting for the transformer Prim/Sec winding. 


Step 
Displays the step size in percent or kV based on the %Tap/kV. 


# of Taps 

Enter the number of Taps or click the up/down arrows to increase/decrease the number of taps of the 
transformer. Based on this entry and the Maximum and Minimum tap settings, the program calculates the 
step size and displays it on the Step field. 
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11.5.7 Load Tap Changer Dialog Box 


Transformer load tap changers (LTC) can be accessed through the editors of either the 2-winding or 3- 
winding transformers. To activate an LTC for any transformer winding, click the box on the left side of 
the LTC button. Then click the LTC button to access its editor and enter the LTC data. 


Load Tap Changer [mm 


Regulated Bus 


Bus ID | Bust 7 | 


Voltage Control 


UpperBand 0.625 % 
Voltage 100 


we 


LowerBand 0.625 % 


Tap Time Delay 


| 47aP | kV Tap - 
Initial 
Min -10 | 31.05 15 
Max = 10 of .do # of Operating 
Taps 5 
Step 0.625 0.216 33 x 


Cie 


Cancel 


Regulated Bus 


Bus ID 
Select the bus ID of an existing bus for which the LTC will be regulating or controlling the voltage. The 
default bus is the secondary bus. 


Note: The load flow routine may not be able to regulate the voltages of the buses that are not affected by 
the LTC action. In such cases, the LTC may reach its limit before the desired voltage is reached for the 
controlled bus. Possible examples of this are when the regulated bus is not downstream of the 
transformer, or there is a voltage-controlled bus in between the two components. When this occurs, the 
LTC cannot control the voltage of the regulated bus. 


Voltage Control 


Voltage 

Enter the desired voltage of the regulated bus in percent of the bus nominal voltage, i.e., the regulated bus 
voltage. In the load flow type analysis; ETAP will adjust the LTC setting until the average voltage of the 
regulated bus is within the upper or lower bands of the desired voltage. 


ETAP 11-122 ETAP 19.0 User Guide 


AC Elements Transformer, Open Delta 


Upper Band 


Enter the upper band value above the desired voltage. ‘ Desired ¥ oltage 


Lower Band 
Enter the lower band value below the desired voltage. 


The upper band and lower band together define the dead band for the LTC. As shown in the diagram, 
when the voltage of the regulated bus falls within the dead band (green area), the LTC will not move; if 
the voltage of the regulated bus is higher than the (Desired Voltage + Upper Band) or less than (Desired 
Voltage — Lower Band), the LTC will make a step adjustment to control the bus voltage close to its 
desired value. 


In order for the LTC to work properly, ETAP forces the sum of the upper and lower bands to be larger 
than or equal to the LTC step. 


Tap 


% Tap/kV Tap 

Enter the transformer load tap changer (LTC) tap setting as a percentage while the button is set on % Tap; 
or click the Tap button for kV Tap selection and enter the transformer LTC tap setting in kV. In either 
case, ETAP calculates the equivalent value for the other tap setting entry format. 


Min 

Enter the lower limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter —10.0 for a + 10% range (-15 for +15% range). If the kV Tap is selected, enter the kV 
value of the lower range of the LTC setting. 


Max 

Enter the upper limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter 10.0 fora + 10% range (15 for + 15% range). If the kV Tap is selected, enter the kV value 
of the upper range of the LTC setting. 


Step 

Enter the LTC step size in kV or % of the winding kV rating. If the % Tap is selected, enter 0.625 for a 
+10% range with 33 steps (sixteen steps on each side plus the nominal setting). If the kV Tap is 
selected, enter the step size of the LTC in kV. 


kV Tap 
These three fields will display the corresponding kV values for LTC Min. tap, Max. Tap, and Step. 


# of Taps 
This value is automatically calculated and displayed according to the following formula: 


# of Taps = 1 + (%Max Tap - %Min Tap)/(%Step) 
You can adjust this value to change Step: 


%Step = (%Max Tap — %Min Tap)/(# of Taps — 1) 
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Time Delay 


Initial 

Enter the LTC initial time delay in seconds. This is the time duration from the moment when the 
regulated bus voltage goes outside and stays outside the voltage control band to the time when the LTC 
triggers the first step change. 


Operating 


Enter the LTC operating time delay in seconds. This is the time duration that the LTC takes to complete a 
step change. 
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11.5.8 Grounding Page 


_ =< 
Open Det Transformer 7 — 


Phase Shift 
© Vect 
Font HV leads LV 
@ Winding Connection 
Symbols (Grounding Element) 
Primary 


o) (2 (2) (0K) [coneet] 


Phase Shift 


This group allows the user to specify the phase shift associated with the transformer and displays the 
grounding connection in vector group or winding connection on the one-line diagram. 


Font 
Display connection using ETAP Font or IEC vector string. For Example: 
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Delta-Wye Resistor Grounded for Winding Connection 


Dyn11 = 


Delta-Wye Resistor Grounded for Vector Group 


Symbols 
Display grounding connection using one-line symbols. These elements, like any other one-line element 
can be sized, rotated, and changed depending on the standard. For Example: 


TY 


Delta-Wye Resistor Grounded 


The benefit in using symbols is that you can place ground CTs to connect protective devices such as 
relays. 


Vector Group 
Select this option to display the transformer connection in IEC vector strings. 


Winding Connection 
Select this option to display the transformer connection. 


Angle 

Phase shift angle has to be either 30 or -30 degrees for the Open Delta transformer. The phase shift angle 
is determined by the connection of the Open Delta transformer. For example, when the Wye connected 
side is connected to the high voltage system, then the connections which are high voltage, lead the low 
voltage by +/-30 degrees are illustrated in the following diagrams. 
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H1 —— x1 

H2 x2 
n 

x3 


Wye side Leads Delta side by 30 degree 


H1 x4 
H2 K2 
n 
KS 


Wye side Leads Delta side by -30 degree 


Grounding Type 

Open Delta transformer has to be Wye connected at one side and Delta connected at the other side. The 
Delta connected terminal has to be connected to a 3-phase bus, while the Wye connected terminal can be 
connected to a 3-phase bus or a 2-phase bus. 


When the Wye connected terminal is connected to a 3-phase bus, the 3-phase bus must have a neutral 
return. When the Wye connected terminal is connected to a 2-phase bus, the 2-phase bus shall have the 
same phase type as the Open Delta transformer. For example, an Open Delta transformer of the phase 
type AB, which is specified from the Open Delta transformer editor Info page, must be connected to a 2- 
phase bus of the phase type AB. If not, the Open Delta transformer will be de-energized. 


When the Open Delta transformer is connected to a bus, either primary or secondary side, the buttons for 
the grounding type will be disabled. When the Open Delta transformer is not connected to a bus at both 
sides, the grounding type buttons will be enabled. 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 
Note that this field is applicable only for low voltage side. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Resistance to Ground/Earth 
Enter the resistance between the chassis and ground in Ohms. 
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11.5.9 Reliability Page 


Refer to Chapter 11, Section 11.2.12 2-Winding Transformer Reliability Page for information on this 
page for the Open Delta Transformer. 


11.5.10 Remarks Page 


Refer to Chapter 11, Section 11.2.13 2-Winding Transformer Remarks Page for information on this page 
for the Open Delta Transformer. 


11.5.11 Comment Page 


Refer to Chapter 11, Section 11.2.14 2-Winding Transformer Comment Page for information on this page 
for the Open Delta Transformer. 
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11.6 Transformer, 3-Winding 


The properties associated with 3-winding transformers of the electrical distribution system can be entered 
in this editor. 


In addition to information regarding the use of load tap changers (LTC), the 3-Winding Transformer 
Editor includes the following pages of properties: 


Info Tap Protection Remarks 
Rating LTC Harmonic Comment 
Impedance Grounding Reliability 
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11.6.1 Info Page 


Within the Info page, specify the 3-winding transformer ID, In/Out of Service, Primary, Secondary, and 
Tertiary Buses, Feeder Tag, Name, Description, and Manufacturer’s data.. 


Swing teniomersate Th 


3 el |S) a8) (2) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default 
transformer ID plus an integer, starting with the number one and increasing as the number of transformers 
increase. The default transformer ID (T) can be changed from the Defaults menu in the menu bar or from 
the System Manager. 


Primary, Secondary and Tertiary 

Bus IDs for the connecting buses of a 3-winding transformer are designated as Primary, Secondary, and 
Tertiary buses. If the primary, secondary, or tertiary terminal of a transformer is not connected to any 
bus, a blank entry will be shown for bus ID. To connect or reconnect a transformer to a bus, select a bus 
from the list box. The one-line diagram will be updated to show the new connection after you click OK. 


Note: you can only connect to buses that reside in the same view where the transformer resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a transformer is connected to a bus through a number of protective devices, reconnection of the 
transformer to a new bus from the editor will reconnect the last existing protective device to the new bus, 
as shown below where T2 is reconnected from Bus10 to Bus4. 


Busl10 Bus4 Busl10 Bus4 
CTl Rl cTl Rl 
CBl CBL 
Fusel Fusel 


T2 TZ 
15/1l0s5 Ma | | is/loyss MA 


Connection 


Displays the transformer phase connection type and core type. Currently 3-Winding Transformers are 3 
Phase only. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Type/Class 
MFR 
Enter the 3-winding transformer manufacturer name. 
Type 
Select the transformer type from the list box. The following transformer types are available: 
Cast-Coil Sealed-Dry 
Gas-Fill-Dry Vent-Dry 
Liquid-Fill Other 
Non-Vent-Dry (non-vented dry type) 
Class 
Select the transformer class from the list box. The following transformer classes are available: 
AA OA/FA/FOA NAN FWF ANAN 
AA/FA OA/FOA/FOA NWN DWF ANAF 
AFA OW NWN/NAN NAN/FAN/FAF — GN 
FOA OW/A NAN/NAF FAN GF 
FOW ANV NAN/NAF/NAF FAN/FAF GNAF 
OA GA NAN/NAF/FAF NWF GNAN/GNAF 
OA/FA Other NAN/FAF/NAF AN GNAN 
OA/FA/FA NAF FAF AF 


ETAP 11-132 ETAP 19.0 User Guide 


AC Elements Transformer, 3-Winding 


Temp 
Select the transformer operating temperature from the list box. The following transformer operating 
temperatures are available: 


55 115 
60 130 
65 150 
80 


Other temperatures can be typed directly into the temperature box. 


BIL 
Select the transformer basic impulse level (BIL) in kV from the list box. The following transformer basic 
impulse levels are available: 


10 95 250 900 2050 
20 110 350 1050 
30 125 550 1300 
45 150 650 1550 
60 200 750 1800 
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11.6.2 Rating Page 


Within the Rating page, specify the 3-winding transformer ratings. 


vc Taso 


15 10 5MVA 34.5 13.8 4.16kV 


Connected Bus 
Nom. kV 


ee oe 
Le 
ee 


a |S) a8) (2) 


Rating 


Prim - Sec - Ter kV Rating 
Enter primary, secondary, and tertiary voltage ratings of the 3-winding transformer in kilovolts. 


Note: When connecting a transformer to a bus, the kV of the winding (if it is equal to zero) is set equal to 
the bus nominal kV. ETAP uses the voltage at the lowest-numbered swing system as the base voltage and 
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calculates the other base voltages using the transformer ratios. ETAP gives an error message when it 
detects inconsistent voltage bases in parallel or looped systems during system analysis. 


Prim - Sec - Ter MVA Rating 

Enter primary, secondary, and tertiary MVA or kVA ratings of the 3-winding transformer. The MVA 
rating of the primary winding is used as the base MVA for all transformer impedances. For example, for 
a 20/15/5 MVA transformer with an OA 55(//FA 651) C rating, the nameplate transformer impedances 
should be entered in 20 MVA base (OA 55/1 C rating). 


Max MVA Capability 

These values, if non-zero, are used to calculate the percent overload of the transformer windings. If the 
maximum MVA capability of the transformer is greater than zero, the branch will be listed on the 
overload summary page of the load flow output report, i.e., ETAP will ignore this value if it is set to zero 
and this branch will not be included in the overload summary report. For a transformer with OA 55(//FA 
65() C ratings, the FA 65( C rating should be used as the maximum MVA capability if fans have been 
installed on the transformer. 


This value is also used as a base for the transformer flow constraint in the optimal power flow studies. 


FLA 
This displays the FLA of the primary, secondary, and tertiary windings in amperes. 


Connected Bus 
This displays the nominal kVs of the connected buses to the primary, secondary, and tertiary windings. 
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11.6.3 Impedance Page 


Within the Impedance page, specify the 3-winding transformer impedance and its variation, the tolerance, 
no load loss and buried delta winding data. 


>a Teor ato-TH 


15 10 5MVA 34.5 13.8 4.16kV 


Impedance Z Variation 
Positive ——— 


No Load Losses (Unbalanced Load Flow only) 


Zero Seq. Impedance 


a |S) a8) (2) 


Impedance 


Positive and Zero Sequence Impedances 


For 3-winding transformers, specify three impedance values in percents on the primary winding MVA 
base: 
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Zps 


Zpt 


Zst 


Leakage Z between the Primary and Secondary windings with the Tertiary winding open 
circuited. 
Rps + jXps = Rp+ Rs + j(Xp + Xs) % (base MVA=MVAp) 


Leakage Z between the Primary and Tertiary windings with the Secondary winding open 
circuited. 

Rpt + jXpt = Rp+ Rt + j( Xp + Xt) % (base MVA=MVAp) 

Leakage Z between the Secondary and Tertiary windings with the Primary winding open 


circuited. 
Rst + j Xst = Rs+ Rt + j( Xs + Xt) % (base MVA = MVAp) 


Rp af Xp 


Ry+jX, SS iX, 


If the nameplate given impedance for any pair of winding is not based on primary then ETAP requests 
such impedance to be converted into the primary winding rating. The following examples are provided to 
show how the impedance parameters of a three-winding transformer must be entered in ETAP. 


Example 1: Given nameplate impedance data is based on primary winding rating. 


P 


Ss T 
30/25/5 MVA 
230/13.8/4.16 kV 
MVAp = 30MVA kVp = 230 kV 


MVAs = 25MVA kVs = 13.8kV 
MVAt = S5MVA kVt = 4.16kV 


Zps = 9.5% MVAb = 30 MVA, X/Rps = 48.2 
Zpt = 94% MVAb = 30 MVA, X/Rpt = 46.9 
Zst = 18.1% MVAb = 30 MVA, X/Rst = 42.5 


Example 1 — Given Nameplate Data 


The input parameters in impedance page need to be entered as following: 


ETAP 
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Impedance 
Positive Zero 
ZZ X/R xz X/R MVA Base 
PS 95 48.2 95 48.2 30 
PT 94 46.9 9.4 46.9 30 
ST 18.1 425 18.1 42.5 30 


Example 1 — Impedance Data Entry 


Example 2: Given nameplate impedance data is not based on primary winding rating. 


MVAp = 30MVA kVp = 230 kV 
MVAs = 25MVA kVs = 13.8kV 
MVAt = 5MVA kVt = 4.16kV 


Zps = 9.5% MVAbps = 30 MVA,_X/Rps = 48.2 
Zpt = 144% MVAbpt=30MVA, X/Rpt = 46.9 
Zst = 2.1% MVAbst=5MVA,  X/Rst = 42.5 


Example 2 — Given Nameplate Data 
The given Zst is not based on primary winding rating (30MVA) so it needs to be converted as follows: 
Z’ps = Zps * (MVAp/ MVAbps ) = 9.5 % * (30/30 ) = 9.5 % 
Z’pt = Zpt * (MVAp / MVAbpt ) = 14.4 % * (30/30) =14.4% 
Z’st = Zpt * (MVAp / MVAbst ) = 2.1 % * (30/5 ) = 12.6 % 


The input parameters in impedance page need to be entered as following: 
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Impedance 
Positive Zero 
%Z X/R %Z X/R MVA Base 
Ps| 95 || 482 95 48.2 30 
PT (144 469 || 144 || 469 30 
ST| 126 42.5 126 || 425 | 30 


Example 2 — Impedance Data Entry 
ETAP models the transformers in the system using the positive and zero sequence impedances. 


In some cases, parallel transformers with different voltage ratings are present. If this happens, a fictitious 
tap setting is required. In order to calculate this setting, refer to 2-Winding Transformer kV rating. 


X/R Ratio 
Enter the transformer X/R ratios. For 3-winding transformers, three X/R values are needed, 
corresponding to the 3-winding impedances Zps, Zpt, and Zst. 


X/R ps = Xps/Rps 
X/R pt = Xpt/Rpt 
X/R st = Xst/Rst 


These ratios are used in ETAP to calculate the transformer winding resistances and reactances from given 
percent impedances. 


Z Variation 


Enter transformer impedance variations with respect to the tap settings. If these values are not zero, then 
the final transformer impedance will be calculated based on the nominal tap impedance values (entered 
for Positive and Zero Sequence Impedances, %Z fields), transformer primary, secondary, and tertiary 
winding tap positions (from both the fixed tap and the LTC tap settings), and impedance variation at —5% 
tap and +5% tap. A linear interpolation is used to calculate the final transformer impedance. 
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“3 0 +5 


% Tap Position 


% Variation @ -5% Tap 

Enter transformer impedance variation at —-5% tap position, in percent of the transformer impedance at 
nominal tap position. This value is used to adjust the transformer impedance due to either the primary , 
secondary, or tertiary winding tap changes. 


Zt at -5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ —5% Tap)/100 


% Variation @ +5% Tap 

Enter transformer impedance variation at +5% tap position in percent of the transformer impedance at 
nominal tap position. This value is used to adjust the transformer impedance due to either the primary , 
secondary, or tertiary winding tap changes. 


Zt at +5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ +5% Tap)/100 
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Z Tolerance 


Enter the transformer impedance tolerance as a percentage of the nominal value. This value should be 
zero for an existing transformer with a known impedance value. For a new transformer with a designated 
impedance value this should be the impedance tolerance range specified by the manufacturer. The value 
of the tolerance must be entered as a positive value and ETAP will automatically use the positive or 
negative value for all the impedance Zps, Zpt and Zst, which will result in a conservative solution. 


Tolerance 
Negative Positive 

[Load Flow xX 
Short-Circuit Xx 

Motor Starting Xx 
f[ransient Stability Xx 
[Harmonics Xx 
Optimal Power Flow Xx 


For instance, if 7.5% tolerance is specified, ETAP will use +7.5% tolerance for load flow, motor starting, 
dynamic stability, and harmonic calculations, while using -7.5% for short-circuit calculations. 


Depending on loading conditions, more conservatism can be achieved by applying the positive or 
negative tolerances to the impedance Zps, Zpt and Zst independently. For instance, if the transformer 
primary side is connected to a source while the secondary and tertiary sides are both connected to 
induction motors, then when the positive tolerances are applied to Zps and Zpt and negative tolerance is 
applied to Zst, the voltage will drop more across the transformer for load flow type studies. Therefore, 
when the tolerances can be applied to the impedance Zps, Zpt and Zst independently, ETAP recommends 
that the tolerances become incoporated into the impedance Zps, Zpt and Zst manually based on user's 
discretion while the tolerance is entered as 0. 


No Load Test Data 


Enter the transformer impedance no load test data for positive sequence and zero sequence. If there is a 
buried delta winding, the test data of the zero sequence will be substituted by the test data of the zero 
sequence impedance between the windings. Please refer to Chapter 20.4 Calculation method - Modeling 
of Transformers section to see how the transformer is modeled for no load test data. 


%FLA 
Positive/zero sequence no load current in percentage of Full Load Ampere of the transformer. 


kW 


Positive/zero sequence no load power loss in kw. 


%G 
Positive/zero sequence shunt conductance in percentage. 


%B 
Positive/zero sequence shunt susceptance in percentage. 


ETAP 11-141 ETAP 19.0 User Guide 


AC Elements Transformer, 3-Winding 


Buried Delta Winding 


Enter buried delta winding data in the page. 


" = 
Buried Delta Winding =x) 


Zero Sequence Impedance with Buried Delta Winding (Used for Unbalanced Load Flow only) 


Z (ohms) Xm MVA Base 


0 39 15 


15 


15 


XL 


kV 
Buried delta winding rated voltage in kV. 


MVA 
Buried delta winding rating in MVA or KVA. 
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Max. MVA 
Buried delta winding maximum rating in MVA. 


Z(ohms) - P 
Zero-sequence impedance from the primary winding to the buried delta winding. 


Z(ohms) - S 
Zero-sequence impedance from the secondary winding to the buried delta winding. 


Z(ohms) - T 
Zero-sequence impedance from the tertiary winding to the buried delta winding. 


Z(ohms) - PS 
Zero-sequence impedance from the primary winding to the secondary and the buried delta windings. 


Z(ohms) - PT 
Zero-sequence impedance from the primary winding to the tertiary and the buried delta windings. 


Z(ohms) - ST 
Zero-sequence impedance from the secondary winding to the tertiary and the buried delta windings. 


Z(ohms) - PST 
Zero-sequence impedance from the primary winding to the secondary, the tertiary and the buried delta 
windings. 


%~L 
Zero-sequence impedance in percentage based on the MVA base and the rated voltage of the first 
winding. 


X/R 
Zero-sequence impedance from X over R ratio. 


MVA Base 
Zero-sequence impedance MVA base. 
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11.6.4 Tap Page 


You can specify the 3-winding transformer tap data for both fixed tap and LTC tap within the Tap page. 
Transformer winding and grounding connections are also specified in this page. 


3-Winding Transformer Editor - T1 = |eSome) 


[info | Rating Tap [Grounding | Protection | Harmonic | Reliability | Remarks | Comment | 
[15 10 5MVA 345 138 416kV 


Fixed Tap LTC / Voltage Regulator 


Per Unit 


kV Tap Tum Ratio 
Pim. -25 [33.638 [ 0.975 Prim. 


Sec. [14.076 [ 1.02 
fae [a 


@ Std Positive Seq. 
©) Std Negative Seq. 
© User Defined 
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Fixed Taps 


% Tap/kV Tap 

Enter the transformer tap setting in percent while the button is set on % Tap, or click the Tap button for 
kV tap selection and enter the transformer tap setting in percent or kV. In either case, ETAP calculates 
the equivalent value for the other tap setting entry format. 
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ETAP allows modeling a tap off-load (fixed tap) changer on all three sides of the transformer. Standard 
off-load tap changer transformers typically have 5.0% settings available, with two steps above and two 
steps below the nominal tap setting. For these transformers, the value of (n) may be set at -5.0, -2.5, 0, 
2.5, or 5.0. 


The transformer is treated as a simple circuit impedance for transformers without voltage taps or where 
the tap is set at a nominal value (n = 0). 


Placing a +10% tap setting (n=+10% or N=1.1) at the primary side is not equivalent to -10% tap at the 
secondary side. ETAP will correctly model a transformer with a tap setting as long as the tap setting is 
indicated in the proper field (corresponding to the winding that has the tap changer). To increase the 
voltage at the other side of the transformer, use a negative tap value. 


Per Unit Turn Ratio 
Display the transformer turn ratio in per unit, using the fixed tap setting. 


Per Unit Turn Ratio = 1.0 - %Tap/100 


Connection 


These entries specify the transformer connection, type, and rating of the grounding device in amperes. 
Grounding can be placed on any transformer winding. 


Prim./Sec./Ter. Buttons 
The transformer grounding connection can be selected by clicking on the connection buttons until the 
desired connection is displayed. The available connections are Wye and Delta. 


Auto LTC (Load Tap Changer) 


You can have both fixed and LTC tap settings (off-load and manual on-load) on all transformer windings. 
However, you cannot have LTC automatic actions on more than 2-windings of the 3-winding 
transformers. 


Prim. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the primary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


Sec. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the secondary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


Ter. 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for the tertiary 
winding. i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode. 


LTC Button 


When the associated checkbox is selected, the LTC button is enabled. Click this button to enter LTC 
data. 
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LTC Tap Position 


Operating 
You can enter the LTC tap positions for the LTC manual mode or as the initial position for the LTC 
automatic mode here. 


The LTC tap positions get updated from load flow studies, which provide the option to Update 
Transformer LTCs by selecting them in the Load Flow Study Case Editor. 


Note: The tap settings entered here are added to the fixed tap setting for all studies. If LTC is in 
automatic mode, this calculated value (fixed tap + LTC Tap Position) is used as the initial value. 


OnLine Scanned 
If in the On-Line Monitoring mode, Real-Time will display the scanned Tap Position in this field. 


Phase Shift 


This group allows the user to specify phase-shift associated with the transformer. Phase-shift for a 3- 
winding transformer can be uniquely defined by two values. ETAP uses Sec. and Ter. to describe phase- 
shift of a 3-winding transformer. The value displayed in the Sec. field is the secondary voltage angle with 
respect to primary voltage angle and the value displayed in the Ter. field is the tertiary voltage angle with 
respect to primary voltage angle. For example, a value of —30 in the Ter. field indicates that the tertiary 
voltage leads the primary voltage by —30 degree, or equivalently it actually lags the primary voltage by 30 
degrees. The phase-shift between the secondary and the tertiary windings can be calculated from the 
values in the Sec. and Ter. fields. 


Std Pos. Seq. 

Select this option to specify positive sequence phase-shift, which means that when the primary and 
secondary windings have different connection types (Delta-Y or Y-Delta), the high voltage side leads the 
low voltage side by 30 degrees. If the primary side has a higher rated voltage, the Sec field displays —30 
degrees; otherwise, the Sec field shows 30 degrees. When the primary and the secondary have the same 
connection type, the phase-shift is zero. The same rules apply to the primary and tertiary windings and 
the phase-shift value is displayed in the Ter field. 


Std Neg. Seq. 

Select this option to specify negative sequence phase-shift, which is the opposite of the previous case. 
When the primary and secondary windings have different connection types (Delta-Y or Y-Delta), the high 
voltage side lags the low voltage side by 30 degrees. If the primary side has higher rated voltage, the Sec. 
field displays 30 degrees; otherwise, the Sec. field shows -30 degrees. When the primary and the 
secondary have the same connection type, the phase-shift is zero. The same rules apply to the primary 
and tertiary windings and the phase-shift value is displayed in the Ter. field. 


Special 
When this option is selected, the Sec. and Ter. fields become enabled and you can specify the phase-shift 
in these two edit boxes. 


Sec. 

This field is for display only when one of the first two options is selected. It shows the angle of the 
secondary winding with respect to the primary winding. When the third option is selected, you can enter 
the phase-shift in the field. 
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Ter. 

When one of the first two options is selected, this field is for display only, and it shows the angle at which 
the tertiary winding is with respect to the primary winding. When the third option is selected, you can 
enter the phase-shift in the field. 


11.6.5 Grounding Page 
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Tertiary 
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Display 
The button options Font and Symbols allow you to determine how the grounding connection is displayed 
on the one-line diagram. 


Font 
Display connection using ETAP Font. For Example: 
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AM% ee eee 


ae C(vyyvy ' “a ev 
Delta-Wye Resistor-Wye Solid Grounded 


Symbols 
Display grounding connection using one-line symbols. These elements, like any other one-line element 
can be sized, rotated, deleted, and changed depending on the grounding connection type. For Example: 


AN 


VLAAAAAS 


Delta-Wye Resistor-Wye Solid Grounded 


The main purpose of using symbols is to show ground CTs on the one-line and connect them to devices 
such as relays. 


Primary / Secondary/ Tertiary 


These entries specify the transformer connection, type, and rating of the grounding device in amperes. 
Grounding can be placed on any transformer winding. 


Type 
For Wye-connected windings, choose from the four grounding types provided in the list box: 


Description 
Open Neutral is not connected to ground (ungrounded) 
Solid Solidly grounded, no intentional impedance in the neutral grounding path 
Resistor A resistor is used in the neutral grounding path 


Reactor A reactor is used in the neutral grounding path 
Xfmr-Reactor A Transformer is used in the neutral grounding path with a reactor in the secondary of 
the transformer. 


Xfmr-Resistor | A Transformer is used in the neutral grounding path with a resistor in the secondary 
of the transformer. 


Resistor \ Reactor Grounding Ratings: 


Vin 
Line-to-neutral voltage calculated as the bus nominal voltage of the machine divided by 341/2 
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Amp 
Enter the resistor or reactor rating in amperes for a resistor or reactor grounded generators. 


Amp Rating = (V In) / (Ohm) 


Ohm 
This is the resistor or Reactor impedance in ohms. 


Transformer-Resistor \ Transformer Reactor Grounding Ratings: 


Vin 
The line-to-neutral voltage is calculated as the bus nominal voltage of the machine divided by 341/2 


kV1 


This is the transformer rated primary voltage in kV. 


Amp 
Amp Rating = (V In) / (Prim. Ohms) 


Prim Ohms 
This is the Ohm value as seen from the primary side of the transformer. 


kV2 


This is the transformer rated secondary voltage in kV. 


Amp2 
This is the secondary current in amps. This is calculated based on the primary amps and the transformer 
turn ratio. 


Sec Ohms 

This is the Resistor / Reactor impedance in ohms. This is calculated based on the grounding transformer 
turn ratio and secondary current. If sec. Ohms are entered first, then the primary amps and ohms will be 
calculated automatically. 


Transformer kVA 
This is the grounding transformer kVA rating. Enter the resistance between the chassis and ground in 
Ohms. 


Rg 

This field is for the inclusion of the element’s grounding in electric shock protection calculation. This 
field reflects both the elements grounding grid (if the transformer is big enough) and the soil resistance 
between the grounding grid and the load grounding electrode. The Rg result from ETAP’s ground grid 
module can assist in determining this value. 
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11.6.6 Load Tap Changer Dialog Box 


Load Tap Changer 


Regulated Bus 


Bus ID | Sub24, 


Voltage Control 


UpperBand 0.625 % 
Voltage 100 
LowerBand 0625 % 


Tap Time Delay 


47ap | kV Tap 
10 06 | 31.05 30 


Max, 10 37.95 # of Operating 


Initial 


Taps 
Step 0.625 0.216 aE = 


— 


5 


Regulated Bus 


Bus ID 
Select the bus ID of an existing bus for which the LTC will be regulating or controlling the voltage. The 
default bus is the secondary bus. 


Note: The load flow routine may not be able to regulate the voltages of the buses that are not affected by 
the LTC action. In such cases, the LTC may reach its limit before the desired voltage is reached for the 
controlled bus. Possible examples of this are when the regulated bus is not downstream of the 
transformer, or there is a voltage-controlled bus in between the two components. When this occurs, the 
LTC cannot control the voltage of the regulated bus. 


Voltage Control 


Voltage 

Enter the desired voltage of the regulated bus in percent of the bus nominal voltage, i.e., the regulated bus 
voltage. In the load flow type analysis; ETAP will adjust the LTC setting until the average voltage of the 
regulated bus is within the upper or lower bands of the desired voltage. 


Upper Band 
Enter the upper band value above the desired voltage. 
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Lower Band 
Enter the lower band value below the desired voltage. 


The upper band and lower band together define the dead band for the LTC. As shown in the diagram 
below, when the voltage of the regulated bus falls within the dead band (gray area), the LTC will not 
move; otherwise, if the voltage of the regulated bus is higher than the (Desired Voltage + Upper Band) or 
less than (Desired Voltage — Lower Band), the LTC will make a step adjustment to control the bus 
voltage close to its desired value 


5 Desired ¥ oltage 


Tap 


% Tap/kV Tap 

Enter the transformer LTC tap setting in percent while the button is set on % Tap, or click the Tap button 
for kV Tap selection and enter the transformer LTC tap setting in kV. Note: In either case ETAP 
calculates the equivalent value for the other tap setting entry format. 


Min 
Enter the lower limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 


selected, enter -10.0 for a + 10% range (-15 for +15% range). If the kV Tap is selected, enter the kV 
value of the lower range of the LTC setting. 


Max 

Enter the upper limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter 10.0 fora + 10% range (15 for + 15% range). If the kV Tap is selected, enter the kV value 
of the upper range of the LTC setting. 


Step 

Enter the LTC step size in kV or % of the winding kV rating. If the % Tap is selected, enter 0.625 for a 
+10% range with 33 steps (sixteen steps on each side plus the nominal setting). If the kV Tap is 
selected, enter the step size of the LTC in kV. 


kV Tap 
These three fields will display the corresponding kV values for LTC Min. tap, Max. tap, and Step. 


# of Taps 
This value is automatically calculated and displayed according to the following formula: 


# of Taps = 1 + ( %Max Tap - %Min Tap)/(%Step) 
You can adjust this value to change Step: 


%Step = (%Max Tap — %Min Tap)/(# of Taps — 1) 
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Time Delay 


Initial 
Enter the LTC initial time delay in seconds. 


Operating 
Enter the LTC operating time delay in seconds. 
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11.6.7 Protection Page 


This page provides options that allow you to plot the transformer damage curve on an active Star View. 
Even though transformers are the simplest and most reliable devices in an electrical system, transformer 
failures can occur due to any number of internal or external conditions that make the device incapable of 
performing its proper function. 


Some of the common failures are: 


Winding failure 

Terminal and no-load tap changer failure 
Bushing failure 

Load tap changer failure 

Insulation breakdown 


Appropriate transformer protection should be employed with the following objectives: 


e Protect the system in case of a transformer failure 
e Protect the transformer from system disturbances 


Overcurrent protective devices such as fuses and relays have well defined operating characteristics. The 


characteristic curves for such devices should be coordinated with the transformer through-fault withstand 
capability curve or transformer damage curve. 
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Reliability 
Info | Rating | Impedance | Tap | Grounding 


15 10 5MVA 345 13.8 4.16kV 


Short-Circuit Contribution (1/Zt+Zs) 
Fault on Prim. Fault on Sec. Fault on Ter. 
1.13 7.54 2489 kA 


@ Calculated 
© User-Defined 


Location Damage Curve 
@ Unsupervised 


Display on TCC Plot 


Fault Frequency 


© Frequent © Infrequent 
7 : Short-Time 


Short-Circuit Update 
Pin (Disable Short-Circuit Update) 


Thermal [@t =1250 


C Shif (A-A LL)O.87 «— |, Infrequent Fault 
’ (4-4 LG}0.58 «—— a 


(4 Apply Curve Shift | “, Mechanical 
Frequent Fault * 


Magnetizing Inrush 
Point e Inrush 


Multiplier 8 


alas wn >) allel 


XM 


Short-Circuit 


Calculated 

Three phase short-circuit fault current (kA) is calculated / updated based on the through-fault current as 
seen by the transformer for a fault placed on primary and/or secondary and/or tertiary sides of the 
transformer. System impedance is calculated based on 3-phase fault current. The 3-phase fault current is 
updated automatically when the Run / Update Short-Circuit Clipping kA button is clicked in Star 
Mode. 


The primary / secondary / tertiary fault kA is calculated based on the prefault voltage of the faulted bus to 
the rated primary/ secondary kV of the transformer, respectively. 
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Fault on Prim. 
When Run / Update Short-Circuit Clipping kA is clicked from the Star toolbar, the primary through- 
fault current (kA) is calculated and updated for a fault placed on the primary side of the transformer. 


Fault on Sec. 


When Run / Update Short-Circuit Clipping kA is clicked from the Star toolbar, the primary through- 
fault current (kA) is calculated and updated for a fault placed on the secondary side of the transformer. 


Fault on Ter. 
When Run / Update Short-Circuit Clipping kA is clicked from the Star toolbar, the primary through- 
fault current (kA) is calculated and updated for a fault placed on the tertiary side of the transformer. 


The transformer damage curve can then be plotted on Star View and viewed based on the Protection and 
Fault selected from Plot Options. 


Pin (Disable Short-circuit Update) 

Select this option to disable auto update of short-circuit current from 3-phase short-circuit analysis. When 
this option is selected and Run / Update Short-Circuit Clipping kA button is clicked, Fault on Prim., 
Fault on Sec. and Fault on Ter. values remain unchanged or pinned. 
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Fault Frequency 


Fault frequency determines the shape of the transformer damage curve depending upon the application of 
the transformer in an electrical system. 


Note: For ANSI Category I and IV, frequent and infrequent curves are considered identical. Curves are 
drawn based on transformer Type selected on the Info page. A Liquid-Fill selection is treated as Liquid- 


Fill Type transformer. All other Type selections are treated as Dry Type transformer. 


FLA 


Short-Time 
Thermal |#t =1250 


(A-A LL)O.8? «— | Infrequent Fault 
(A-f LG)0.53 «—— 
7 Mechanical 


Frequent Fault 


@ Inrush 


Frequent 

For applications in which faults occur frequently, the through-fault curve shows how the transformer is 
subjected to both thermal and mechanical damage (for example, transformers with secondary or tertiary 
side overhead lines). 


Infrequent 

For applications in which faults occur infrequently, the through-fault curve shows how the transformer is 
subjected primarily to thermal damage (for example, transformers with secondary or tertiary side 
conductors enclosed in a conduit). 


Both 

Both of Frequent and Infrequent fault damage curve is displayed in Star View TCC when this option is 
selected. Selection of this option also affects the evaluation of source and load side protective devices in 
Auto-Evaluation program meaning the frequent damage curve is used for protection by load side 
protective device(s) and infrequent damage curve is used for protection by source side device. 


Curve Shift 


Apply Curve Shift 

Select to apply the transformer curve shift. The curve shift is applied as a multiplier to the current 
(horizontal axis) components of the entire transformer damage curve. The applied curve shift factor is 
displayed on the Preferences tab of the Devices page in the Star View Plot Options. The shift factor is 
dependent upon: 


e Winding connections specified on the Grounding page of the Transformer Editor. 
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e Source and Protection, and Fault side selections on the Preferences tab of the Devices page in the 
Star View Plot Options. 


The table below describes this relationship: 


Winding Connections Factor 
Source and Protection on Fault on 3™4 Winding 
Delta Delta Any 0.87 
Delta Wye Solid Grounded Any 0.58 
Wye Solid Grounded Wye Solid Grounded Delta 0.67 
Wye Open Wye Solid Grounded Delta 0.67 


Source: IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS. VOL. IA-22, NO.4, JULY/ AUGUST 1986 


Magnetizing Inrush 


Inrush Curve Type 
Select the type of inrush curve to display: Points, Curve — Piecewise, or Curve — Equation. 


Multiplier 

Select current multiplier to plot the transformer inrush point on the Star View. Typical multiple values are 
6, 8, 10 and 12. These are multiples of FLA of the transformer. The FLA of the transformer is selected 
based on Device - Adjustment setting in the Star Plot options. For example, if the FLA of the transformer 
is 1804 Amps based on the secondary winding and the magnetizing inrush multiplier is 8, then the 
magnetizing current would be 8 times 1804 or 14.4 kA based on the secondary side. Typical inrush 
multipliers for 3-winding transformers are given below. 


kVA Multiplier 
0 — 1000 9.5 —12 
1000 — 10000 5.9 — 11.4 
10000-100000 3.6—7.5 
> 100000 2.5-4.8 


Source: Siemens Power Engineering Guide, Transmission and Distribution, 4" Edition 


Duration\Time Constant 
When the inrush curve type is Point or Curve — Piecewise, the inrush duration is entered here in cycles. 
When the inrush curve type is Curve — Equation, the time constant is entered here in cycles. 


Damage Curve 

Show on TCC 

Check the box to display the transformer damage curve on the Star View. Transformer damage curves are 
shown on Star Views by default. 
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11.6.8 Harmonic Page 


Transformer saturation can be modeled by a current harmonic source. To include the saturation effect, a 
harmonic library needs to be defined on this page. 


3-Winding Transformer Editor - T1 : 7 |p| 


| Info| Rating | Tap | Grounding | Protection | Harmonic | Reliability | Remarks | Comment | 
[ 15 10 5MVA 345 138 4.16kV 


Harmonic Library 


januf. 


Type Manufacturer Model 
| Current Source Typical-IEEE XFMR Magnet 


Wave Form Spectrum 
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Harmonic Library 


Library 
Click the Library button to bring up the Harmonic Library Quick Pick Editor. 
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fa = _— 
Library Quick Pick - Harmonic 
Manufacturer I Model | Type Interharmonic = 
ACS 600 6P Current Source 
ABB ACS600 12P Current Source No 
ABB 4CS1000 12P Current Source No = 
ABB DCS500 6P Current Source No 
Rockwell 6 Pulse ¥VFD Current Source No 
Rockwell 12 Pulse YFD Current Source No @ 
Rockwell 18 Pulse YFD Current Source No 
Rockwell Pw Rect Current Source No 
Toshiba Pw ASD Current Source No 
Typical LCI Current Source No 
Typical Locomotive Current Source No 
Typical-lEEE 6 Pulsel Current Source No 
Typical- EEE 6 Pulse2 Current Source = 
Tunieal-IF EF 1? Prileet Current Sauree a 
Cox | None Cancel 


From the Harmonic Library Quick Pick Editor, pick a manufacturer name and a model name (typically a 
current source harmonic type). 


Type 
This displays the harmonic source type. 


Manufacturer 
This displays the selected manufacturer names from the harmonic library. 


Model 
This displays the selected model names for the selected manufacturer from the harmonic library. 


Wave Form 
This displays one cycle of the current waveform of the selected harmonic library in time domain. 


Print (Wave Form) 
This prints the harmonic waveform. 


Spectrum 
This displays the harmonic spectrum of the selected harmonic library. 


Print (Spectrum) 
This prints the harmonic spectrum. 
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11.6.9 Reliability Page 


2 3-Winding Transformer Editor - T1 


Info Rating Impedance Tap Grounding Protection Harmonic 
Reliability Remarks Comment 


15 10 5MVA Other 34.5 13.8 4.16kV 


Reliability Parameters Library 


ha] 0.015 


Ap 0.015 


M. 


FOR 


MR 


Replacement Available 


lp 2 hr 


Reliability Parameters 


A 

This is the active failure rate in number of failures per year. The active failure rate is associated with the 
component failure mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of the other healthy components and branches from 
service. When the actively failed component is isolated and the protection breakers are reclosed, this 
leads to service being restored to some or all of the load points. It should be noted, however, that the 
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failed component itself (and those components that are directly connected to this failed component) could 
be restored to service only after repair or replacement. 


he 

This is the passive failure rate in number of failures per year. The passive failure rate is associated with 
the component failure mode that does not cause the operation of protection breakers and therefore does 
not have an impact on the remaining healthy components. Repairing or replacing the failed component 
will restore service. Examples of passive failures include opening circuits and inadvertent opening of 
breakers. 


Enter the total forced failure rate in f/yr per unit length. The passive failure rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component 
restores service. Examples are open circuits and inadvertent opening of breakers. 


p 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR (pi = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aq and Ap (MTTF = 1.0/( 
dat Ap)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Ag and Ap (FOR = 
MTTR/(MTTR+8760/(Aa+ Ap)). 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 
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Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 
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11.6.10 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info 
Eq. Ref. 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Test . Full 
— Manufacturer 


UD Field A5 Equi 
Name Manufacturer 
UD Field A6 


Purchasi 
UD Field A7 Date, 21/02/00) 


>) @e 


User-Defined Info 
These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


ETAP 11-164 ETAP 19.0 User Guide 


AC Elements Transformer, 3-Winding 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


ETAP 11-165 ETAP 19.0 User Guide 


AC Elements Transformer, 3-Winding 


11.6.11 Comment Page 


Comment 


| 4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Be0 02. 0 BR Gala) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.7 Voltage Regulator 


Voltage regulators on utility distribution systems deliver dependable voltage levels, to meet customer 
demands for improved voltage control. 


A voltage regulator holds line voltage within predetermined limits and assures the proper operation of 
lights, appliances, HVAC, motors, etc. Voltage regulators may include Line Drop Compensation (LDC) 
allowing for a constant voltage to be maintained at a load center remote from the regulator. A resistive 
and reactive element in the sensing circuit of the control us set to simulate the resistance and reactance of 
the line from the regulator to the load center. Sample of the load current and regulated system voltage is 
applied to these elements. A voltage drop is created across these elements that is proportional to the load 
on the actual system. The additional drop in the LDC circuit reduces the voltage sensed causing the 
controller to raise the voltage. 


The circuit determines the type of regulator. The circuit voltage and kVA ratings and required voltage 
correction determine the regulator size. To regulate a 3 Phase 3 Wire circuit with a system voltage of 13.8 
kV and connected load of 1.5 MVA that requires 10% voltage correction: 


(kVA x 1000) 
(kVi2V3) 


Range in kV = 0.1 x 13.8 = L38 kV 


Rated Load = =628A 


Regulator kVA = load amps X range in kV = 62.8 x 1.38 = 120 kVA 


The properties associated with Voltage Regulator of the electrical distribution system can be entered in 
Voltage Regulator Editor. 


This editor includes the following pages of properties: 


Info Regulator 
Rating Reliability 
Impedance Remarks 
Tap Comment 
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11.7.1 Info Page 


Within the Info page, specify the Voltage Regulator ID, whether the regulator is in or out of service, 
directly connected bus is a Load or Source, the connection, grounding, standard, type, FDR tag number, 
name, and manufacturer’s data. 


Voltage Regulator - VoltReg2 


Info Rating Impedance Tap Regulator Reliability Remarks Comment 


j O MVA IEC O.65kV 


Info 

ID VoltReg2 %) 
| Source | we | usS Revision Data 

[ Base 
Standard Type Condition 
@in 
Servi 

OANsI @ Type A °° Oout 

@IEC O Type B State | As-Built v 
Equipment Connection 


Tag # 3-Phase 
1-Phase | 
Name 


Description @3Reg. 
A 
O 2Reg. Gaaniie 


O 1 Reg. Lag bd 


(33) (0) (5) (K)\votResz 


() A) [0K | {corce 


Info 


ID 


Enter a unique ID having up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each Voltage Regulator. The assigned IDs consist of the 
default ID plus an integer, starting with the number one and increasing as the number of regulators 
increase. The default regulator ID (T) can be changed from the Defaults menu or from the System 
Manager. 
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Source/Load 

The Bus ID of the first connected bus to the terminal of the regulator is displayed. This bus can be 
designated to be a Source or Load through the use of the toggle button. If the terminal of the regulator is 
not connected to any bus, a blank entry will be shown. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the de- 
energized color (theme manager). The default color for a de-energized element is grey. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Revision Data 
The current revision name will be displayed. 


Connection 


The phase connections for a regulator are defined by selecting 3-Phase or 1—Phase. The default 
connection is 3-Phase and can be changed from the Defaults menu or from the System Manager. 


Once the voltage regulator is connected, the phase connection selections will become unavailable. You 
need to disconnect the regulator to change the connector type. 


When the 3-Phase is selected, the 3-Reg., 2-Reg., and 1-Reg. options will become available and the 
default is 3-Reg.. When 1-Phase is selected, editor will default to 1-Reg. option and the rest will become 
unavailable. 


If 3-Reg. option is selected, then Delta Lag, Delta Lead or Y solid Grounded can be selected. If 2-Reg. 
option is selected, then Y Open A, Y Open B, Y Open C, Delta Open AB, Delta Open BC, and Delta 
Open CA grounding options are available. If 1-Reg. is selected then A, B, C, AB, BC, and CA options 


3 Phase 
Select this to define the Voltage Regulator as three-phase. This regulator can only be connected to three- 
phase buses, branches and protective devices. 


1 Phase 
Select this to define the Voltage Regulator as single-phase. This regulator can only be connected to 
single-phase buses and branches and protective devices. 


Standard 
You can select either ANSI or IEC. 
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Type 
You can select either Type A or Type B. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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11.7.2 Rating Page 


On the Rating page, specify the Voltage Regulator’s voltage, power rating, and alert data. 


Voltage Regulator - VoltReg1 


Info Rating Impedance Tap Regulator Reliability Remarks Comment 


| 250kVA ANSI 13.8kV 
Voltage Rating Alert - Max 
kV FLA Bus kVnom Amp 
[18.12 13.8 [ 2 | 
Power Rating 


Rated [250 _| 


SH W\vetresi SD) ALB) [0K || {cancel 


Voltage Rating 


kV 


Enter voltage rating of the Voltage Regulator in kilovolts. The rating is per regulator. 


FLA 
This displays the regulator’s full load amperes. 


Bus kVnom 
This displays the bus nominal kV. 
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Power Rating 


Rated MVA 
Enter the MVA rating per regulator. 


Alert - Max 

This value is used to calculate the overload percentage of the regulator. The Load Flow and Unbalance 
load flow modules will generate a Voltage Regulator Alert if the Critical or Marginal percent limit of 
Maximum current capability of the regulator is exceeded. The Critical and Marginal percent limits can be 
specified in the Loading section in the Alert page of the Load Flow and Unbalanced Load Flow study 
case editors under Cable/Busway or Line. 
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11.7.3 Impedance Page 


On the Impedance page, specify the Voltage Regulator impedance and variation data. 


Voltage Regulator - VoltReg6 


Info = Rating Impedance Tap Regulator Reliability Remarks Comment 


| 200kVA ANSI 15kV 


M] Include Impedance in Calculation 


Impedance 


WL X/R R/X UX %R 
[7 | [308] [ose | [_6es_] [2155 | 


Typical Z & X/R 


3) a) |) 
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Impedance 


This is the impedance per regulator in percent, with the regulator’s MVA and kV ratings as the base 
values. These values correspond to the nominal impedance, which are subject to manufacturer tolerance 
limits. 


Include Impedance in Calculation 

Check this option to include the Voltage Regulator’s impedance in Load Flow and Short Circuit based 
calculations. By default, this option is unckecked and related impedance fields are hidden. The default 
can be changed from the Defaults menu or from the System Manager. Once the option is checked, related 
impedance fields become active and data can be entered. 


X/R and R/X Ratios 
Enter the Voltage Regulator X/R or R/X ratio. These values are used in ETAP to calculate the Voltage 
Regulator winding resistances and reactances from the given percent impedances. 


%X and %R 
These values are calculated from the given percent impedances using X/R or R/X ratios. These fields are 
editable and can also be used to calculate the percent impedance as well as resistance and reactance ratios. 


Typical Z and X/R 

Voltage Regulator uses the same typical impedance and X/R ratio values as the 2-winding transformer. 
Click on the button to obtain the typical impedance and X/R ratio. The typical impedance and X/R ratio 
data for ANSI 2-winding transformers are based on two sources: American National Standard C57.12.10 
and Industrial Power System Handbook by Beeman. 


The Industrial Power System Handbook by Beeman (page 96) specifies typical data for transformers that 
has rating not larger than 500 kVA and primary voltage not higher than 12.47 kV. 


Typical Impedance for Transformer Less Than or Equal to 500 kVA: 


: Group 1* Group 2° 
peene %Z X/R %Z X/R 
kVA <5 2.3 0.88 2.8 O77 
SS kVA = 25 23 1.13 253 1.00 
25< kVA < 50 2.6 1.69 2.4 1.54 
50< kVA < 100 2.6 1:92 3.7 2.92 
100< kVA < 167 4.0 3.45 O57 3.60 
167< kVA < 500 4.8 4.70 oe a LO 


* Group 1: Transformers with high voltage windings of less than or equal to 8.32 kV 
+ Group 2: Transformers with high voltages of greater than 8.32 kV and less than or equal to 12.47 kV 


American National Standard C57.12.10 specifies impedance values for transformers larger than 500 kVA. 


The typical impedance and X/R ratio data for IEC 2-winding transformers are based on IEC 60076-5 
1994 and Areva Ch.5 “Equivalent Circuits and Parameters of Power System Plant” listed in the table 
below: 
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Rating ML X/R 
MVA < 0.63 4 LS 
0.63 < MVA < 1.25 > cH, 
1,25 <MVA= 3.15 6.25 6 
3.15<MVA< 6.3 Vielbs: 8.5 
6.3 <MVA< 12.5 8.35 13 
12.5<MVA< 25 10 20 
25<MVA< 200 125 45 
200 < MVA 12,5 45 


Z Variation 


Use this field to enter voltage regulator impedance variations with respect to the tap settings. If these 
values are not zero, then the final voltage regulator impedance will be calculated based on the nominal tap 
impedance values, voltage regulator impedance variation at —-5% tap and +5% tap. A linear interpolation 
is used to calculate the final transformer impedance. 


+— Zt at Nominal Tap 


“5 0 +5 


% Tap Position 


% Variation @ -5% Tap 

Use this field to enter voltage regulator impedance variation at —5% tap position, in percent of the 
regulator’s impedance at nominal tap position. This value is used to adjust the regulator’s impedance due 
to winding tap changes. 


Zt at -5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ —5% Tap)/100 


% Variation @ +5% Tap 

Use this field to enter voltage regulator impedance variation at +5% tap position, in percent of the voltage 
regulator’s impedance at nominal tap position. This value is used to adjust the voltage regulator 
impedance due to winding tap changes. 
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Zt at +5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ +5% Tap)/100 


%~L 

These fields are used to display the %Z at -5% Tap and +5% Tap calculated by % Variation @ -5% Tap 
and % Variation @ +5% Tap correspondingly. These fields are editable and can also be used to calculate 
% Variation @ -5% Tap and % Variation @ +5% Tap by the same formula that is used to calculate %Z 
based on % Variations. 
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11.7.4 Tap Page 


Within the Tap page, specify the transformer tap data for both fixed taps and LTC taps. Transformer 
winding and grounding connections are also specified in this page. 


Voltage Regulator - VoltReg6 


Info Rating Impedance Tap Regulator Reliability Remarks Comment 
200kVA ANSI 13.8kV 


Potential Transformer Current Transformer 


pinay [Ta |v Pinay [100 JA 


Ratio Ratio 


Secondary [_120 |v [_115:1 |  Seconday [5 JA [20:1 | 


@ Independent Phase Control 
O Gang Operated Based on Measurements 


BES Ciara 
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Potential Transformer 
Parameters related to the potential transformer ratings can be specified in this section. 


Primary 


The Primary Rating of the potential transformer is entered here. The entered primary voltage needs to be 
entered in kV and it represents the voltage rating of the potential transformer’s primary winding. The 
default value of the primary rating is the same as the voltage regulator’s voltage rating. 


Secondary 


The Secondary Rating of the potential transformer is entered here. The entered secondary voltage needs to 
be entered in Volts and it represents the voltage rating of the potential transformer’s secondary winding. 
The default value of the secondary rating is 120 Volts. 


Ratio 

The Ratio field displays the actual turn ratio of the potential transformer based on the primary and 
secondary voltage rating and its independent of the connection type. Phase angle shift between primary 
and secondary of potential Transformer, if any, it is not considered in the calculation. 


Current Transformer 
Parameters related to the current transformer ratings can be specified in this section.. 


Primary 


Enter the current rating in Amps of the primary winding of the Potential Transformer. The default value 
of the primary rating is set to 100 Amps. 


Secondary 


Enter the current rating in Amps of the secondary winding of the Potential Transformer. The default 
value of the secondary rating is set to 5 Amps. 


Ratio 
The Ratio field displays the actual turn ratio of the current transformer based on the primary and 
secondary current rating. 


Independent Phase Control 

If this option is selected, then the user is allowed to modify the data for VR1, VR2 and VR3 
independently, provided that connection is 3-Phase and 3-Reg are selected. Note that VR1, VR2, and 
VR3 options are dependent on the Phase Connection, Number of Regulators and Grounding type 
specified in the info page of the voltage regulator editor. Depending on the defined parameters, VR1, 
VR2 or VR3 may not be displayed. 


Gang Operated Based on Measurements 


If this option is selected the user can select the measurement of VR1, VR2, VR3, or Average to be used to 
control the tap settings for all three phases provided that connection is 3-Phase and 3-Reg are selected. 
Note that VR1, VR2, and VR3 and Average selectable options are dependent on the Phase Connection, 


ETAP 11-178 ETAP 19.0 User Guide 


AC Elements Voltage Regulator 


Number of Regulators and Grounding type specified in the info page of the voltage regulator editor. 
Depending on the defined parameters VR1, VR2, VR3 or Average may not be displayed. 


Tap 


Parameters related to Voltage regulator’s LTC tap settings can be specified in this section. 


Auto or Operating % Tap 

Here you can specify the LTC tap positions for the LTC manual mode or to specify the initial position for 
the LTC automatic mode by clicking on the up or down arrows or by directly entering the value. By 
clicking on the arrows, you will be stepping to the available tap settings based on the specified entries on 
Tap Step section. 


The LTC tap positions get updated from load flow studies provided that the “Update Transformer LTCs” 
option is selected in the Load Flow Study Case Editor. 


VR1 Auto 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for Voltage Regulator 
1 (i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode). 


VR2 Auto 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for Voltage Regulator 
2 (i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode). 


VR3 Auto 
Check this box to activate automatic control action of the Load Tap Changer (LTC) for Voltage Regulator 
3 (i.e., if selected, LTC is in automatic mode, otherwise it is in manual mode). 


%Tap and kV Tap display 
These three fields will display the corresponding kV or % Tap values for the LTC tap positions for VR1, 
VR2, and VR3. 


Real Time Scanned 
In these fields, Real-Time will display the Scanned Tap Position value for corresponding regulators when 
in On-Line monitoring mode. 


Tap Step 


In this section you can enter parameters related to Voltage regulator’s Tap Step settings. 


% Tap /kV Tap 

Enter the Voltage Regulator’s load tap changer (LTC) tap setting as a percentage while the button is set 
on % Tap; or click the button to switch to kV Tap selection. When the kV Tap selection is set, enter the 
Voltage Regulator’s LTC tap setting in kV. In either case, ETAP calculates the equivalent value for the 
other tap setting entry format. 


%Tap and kV Tap display 


These three fields will display the corresponding kV or % Tap values for LTC Min. Tap, Max. Tap, and 
Step. 


ETAP 11-179 ETAP 19.0 User Guide 


AC Elements Voltage Regulator 


Min 

Enter the lower limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter —10.0 for a +10% range (-15 for +15% range). If the kV Tap is selected, enter the kV value 
of the lower range of the LTC setting. 


Max 

Enter the upper limit (range) of the LTC tap setting in kV or % of the winding kV rating. If the % Tap is 
selected, enter 10.0 for a +10% range (15 for +15% range). If the kV Tap is selected, enter the kV value 
of the upper range of the LTC setting. 


Step 

Enter the LTC step size in kV or % of the winding kV rating. If the % Tap is selected, enter 0.625 for a 
+10% range with 33 steps (sixteen steps on each side plus the nominal setting). If the kV Tap is selected, 
enter the step size of the LTC in kV. Based on this entry, as well as the Maximum and Minimum tap 
settings defined, the program automatically calculates the # of Taps and displays it on the # of Taps field. 
This value is calculated according to the following formula: 


%Step = (%Max Tap — %Min Tap)/(# of Taps — 1) 


# of Taps 

Enter the number of Taps or click the up/down arrows to increase/decrease the number of taps of the 
regulator. Based on this entry, as well as the Maximum and Minimum tap settings defined, the program 
automatically calculates the step size and displays it on the Step field. This value is calculated and 
displayed according to the following formula: 


# of Taps = 1 + (%Max Tap - %Min Tap)/(%Step) 
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11.7.5 Regulator Page 


Within the Regulator page, specify the voltage Regulator’s regulation settings. Such as the Control type, 
Forward and Reverse control settings, Forward and Reverse Line Drop compensation settings, and 


Forward and Reverse Time Delay information. 


Voltage Regulator - VoltReg6 


Info = Rating Impedance Tap Regulator Reliability Remarks Comment 
[ 200kVAANS)  — ——s—s—“Ss~s~™s™SOSOO—COCOCisisSsSS aK 
Control Forward 
@ Bus SBA 7 
Bi-directional v O Line / Cable / Section 
Reverse 
Obs Cable 12 v 
@ Line / Cable / Section 
Voltage Control (Forward) Voltage Control (Reverse) 

% Vv % Vv 
band Cert pandcenter [700 | 
Lover Band Uber Bad 
Lower Band Lower Band [0.313 | 

Line Drop Compensation (Forward) Line Drop Compensation (Reverse) 
ohms Vv 
R [32] 
x [2] 
Time Delay (Forward) Time Delay (Reverse) 
vos [BH] Se ves [HW] see 
Operating [_30 |% Sec. Operating [_30 | Sec. 
BES Kw 1) OR) [E (eoee 
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Control 


In this section, through the dropdown list, you can select the voltage regulator’s type of control from the 
following available options: 


Forward 
Reverse 
Bi-directional 
Neutral Idle 


Selecting Forward Control will only enable fields associated with Forward Control. Selecting Reverse 
Control will only enable fields associated with Reverse Control. Bi-directional will enable fields 
pertaining to both, Forward and Reverse Control. Neutral Idle will de-activate all associated fields. 


Forward 


In this section you can select the Bus or Line / Cable which the regulator will be controlling in the 
Forward direction. 


Bus 

Select this radio button to select a bus from a list of existing available buses for which the regulator will 
be controlling the voltage. Selecting this option will cause fields in the Line Drop Compensation to not be 
displayed as these are not applicable. 


Note: The load flow routine may not be able to regulate the voltages of the buses, cables or lines that are 
not affected by the LTC action. In such cases, the LTC may reach its limit before the desired voltage is 
reached for the controlled element. Possible examples of this are when the regulated element is not 
downstream of the voltage regulator, or there is a voltage-controlled bus in between the two components. 
When this occurs, the LTC cannot control the voltage of the regulated element. 


Line / Cable / Section 

Select this radio button to select a line or cable from a list of existing available lines and cables for which 
the regulator will be performing line drop compensation. Selecting this option will cause fields in the Line 
Drop Compensation to be enabled. 


Voltage Control (Forward) 


In this section you can specify the Voltage Control settings such as the Band Center, Upper Band, and 
Lower Band voltage values for the Forward direction. 


Band Center % / V 
Enter the regulated voltage value in percent or volts of the regulated Secondary Voltage winding of the of 
the Potential Transformer. 


Upper Band % /V 
Enter the upper band limit value above the desired Band Center Voltage in percent or in volts. 


Lower Band % / V 
Enter the lower band limit value below the desired Band Center Voltage in percent or in volts. 
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Line Drop Compensation (Forward) 


In this section you can define the resistance settings for the line drop compensation such as the resistance 
and reactance value for the Forward direction. 


R 
Enter the voltage regulator resistance setting in volts for line drop compensation. 


xX 
Enter the voltage regulator reactance setting in volts for line drop compensation. 


Time Delay (Forward) 


In this section you can define the time delay settings of the regulator for the Forward direction. 


Initial 

Enter the regulator’s initial time delay in seconds or click on the up/down arrows to increase/decrease the 
value. This is the time duration from the moment when the regulated bus voltage goes outside and stays 
outside the voltage control band to the time when the regulator triggers the first step change. 


Operating 
Enter the regulator’s operating time delay in seconds or click on the up/down arrows to increase/decrease 
the value. This is the time duration that the regulator takes to complete a step change. 


Reverse 


In this section you can select the Bus or Line / Cable which the regulator will be controlling in the 
Reverse direction. 


Bus 

Select this radio button to select a bus from a list of existing available buses for which the regulator will 
be controlling the voltage. Selecting this option will cause fields in the Line Drop Compensation to not be 
displayed as these are not applicable. 


Note: The load flow routine may not be able to regulate the voltages of the buses, cables or lines that are 
not affected by the LTC action. In such cases, the LTC may reach its limit before the desired voltage is 
reached for the controlled element. Possible examples of this are when the regulated element is not 
downstream of the voltage regulator, or there is a voltage-controlled bus in between the two components. 
When this occurs, the LTC cannot control the voltage of the regulated element. 


Line / Cable / Section 

Select this radio button to select a line or cable from a list of existing available lines and cables for which 
the regulator will be performing line drop compensation. Selecting this option will cause fields in the Line 
Drop Compensation to be enabled. 


Voltage Control (Reverse) 


In this section you can specify the Voltage Control settings such as the Band Center, Upper Band, and 
Lower Band voltage values for the Reverse direction. 
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Band Center % / V 
Enter the regulated voltage value in percent or volts of the regulated Secondary Voltage winding of the of 
the Potential Transformer. 


Upper Band % / V 
Enter the upper band limit value above the desired Band Center Voltage in percent or in volts. 


Lower Band % / V 
Enter the lower band limit value below the desired Band Center Voltage in percent or in volts. 


Line Drop Compensation (Forward) 


In this section you can define the resistance settings for the line drop compensation such as the resistance 
and reactance value for the Reverse direction. 


R 
Enter the voltage regulator resistance setting in volts for line drop compensation. 


xX 
Enter the voltage regulator reactance setting in volts for line drop compensation. 


Time Delay (Reverse) 


In this section you can define the time delay settings of the regulator for the Reverse direction. 


Initial 

Enter the regulator’s initial time delay in seconds or click on the up/down arrows to increase/decrease the 
value. This is the time duration from the moment when the regulated bus voltage goes outside and stays 
outside the voltage control band to the time when the regulator triggers the first step change. 


Operating 


Enter the regulator’s operating time delay in seconds or click on the up/down arrows to increase/decrease 
the value. This is the time duration that the regulator takes to complete a step change. 
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11.7.6 Reliability Page 


? Voltage Regulator - VoltReg6 

Info Rating Impedance Tap Regulator Reliability Remarks Comment 

[ 20kVAANS) — s—“—i‘“—“‘“‘“‘“‘;! BBR! 
Library 


De [0003] aires 
du [238 Renae 
FOR) 1.3697E-4 

Type 
we [ex wre [200 Je | Pp 


Class 


-———— 


MTTF| 166.7 | 9 


[_] Replacement Available Altemative Supply 
Switching Time 


'p 10 hr [200 _ | = 


>) A) ok) (conc 


ESy oe 
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Reliability Parameters 


ha 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service. When the actively failed component is isolated and the protection breakers are 
reclosed, this leads to service being restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


hp 

This is the passive failure rate in number of failures per year. The passive failure rate is associated with 
the component failure mode that does not cause the operation of protection breakers and therefore does 
not have an impact on the remaining healthy components. Repairing or replacing the failed component 
will restore service. Examples of passive failures include opening circuits and inadvertent opening of 
breakers. Enter the total forced failure rate in f/yr per unit length. The passive failure rate is associated 
with the component failure mode that does not cause the operation of protection breakers and therefore 
does not have an impact on the remaining healthy components. Repairing or replacing the failed 
component restores service. Examples are open circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


This is the Mean Repair Rate in number of repairs per year, calculated automatically based on MTTR (1 
= 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years, calculated automatically based on Aq and Ap (MTTF = 1.0/( 
dat Ap)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR = MTTR/ 
(MTTR+8760/( Aa + Ap)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp 
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rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.7.7 Remarks Page 


2 Voltage Regulator - VoltReg6 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.7.8 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 
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Voltage Regulator - VoltReg6 


Info Rating Impedance Tap Regulator Reliability Remarks Comment 


200kVA ANSI 13.8kV 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this 
field, refer to the entries in the ETAPS.INI file. 


< 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.8 Zigzag Grounding Transformer 


Zigzag grounding transformer provides the zero-sequence impedance for the system. Zigzag grounding 
transformer shall act like a normal transformer with YgD grounding connection; while the Delta side bus 
is open (not connected to any other element). 


The properties associated with Zigzag grounding transformer of the electrical distribution system can be 
entered in Zigzag Grounding Transformer Editor. 


In addition, this editor includes the following pages of properties: 


Info 
Rating 
Reliability 
Remarks 
Comments 
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11.8.1 Info Page 


Within the Info page, specify the Zigzag Grounding Transformer ID, whether the transformer is in or out 
of service, bus it is connected to, FDR tag, name, and manufacturer’s data. 


Zigzag Grounding Transformer - ZT1 


Info ‘Rating Reliability Remarks Comment 


sen wa 1) @B 


Info 


ID 
Enter a unique ID having up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of transformers increase. The 
default transformer ID (ZT) can be changed from the Defaults menu or from the System Manager. 


Bus 

Bus ID is shown for the connecting bus of a zigzag grounding transformer. If the terminal of a 
transformer is not connected to any bus, a blank entry will be shown for the Bus. To connect or reconnect 
a transformer to a bus, select a bus from the list box. The one-line diagram will be updated to show the 
new connection, after you click OK. 
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Note: You can only connect to bus that reside in the same view where the zigzag grounding transformer 
resides, that is, you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a transformer is connected to a bus through a number of protective devices, reconnection of the 
transformer to a new bus from the editor will reconnect the last existing protective device to the new bus 
(as shown in the figure below, where ZT2 is reconnected from Bus3 to Bus8). 


ak Bus8 Bus3 Bus8 


CB29 4 


ZT2 


ETAP displays the nominal kV of the buses next to the bus ID. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the de- 
energized color (theme manager). The default color for a de-energized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Revision Data 
The current revision name will be displayed. 
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Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


11.8.2 Rating Page 


On the Rating page, specify the zigzag grounding transformer’s voltage and current ratings, impedance 
and grounding type. 
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Zigzag Grounding Transformer - ZT1 


Info Rating Reliability Remarks Comment 
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Rating 


Rating kV 
Enter voltage rating of the zigzag grounding transformer in kilovolts. It defaults to the connected bus 
nominal kV. 


Continuous Amp 
Enter the continuous phase current rating in Amperes. 


Fault Amp 
Enter the short time phase fault current rating in Amperes. Make sure that Fault Amps should always be 
greater or equal to Continuous Amps. 


Duration 
Enter the rated time duration under fault conditions in seconds. 
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Impedance 


Ohm 


Enter grounding resistor or reactor in ohms. 


X/R 


Enter the grounding transformer X/R ratio. 


Grounding 


Type 


Choose from the three grounding types provided in the list box: 


Solid Solidly grounded, no intentional impedance in the neutral grounding path 


Resistor A resistor is used in the neutral grounding path 
Reactor A reactor is used in the neutral grounding path 


Resistor \ Reactor Grounding Ratings: 


Amp 
For resistor or reactor grounded transformer, enter the resistor or reactor rating in amperes. 


Ohm 


Resistor or Reactor impedance in ohms. 


Bus kVnom 


Displays the nominal kV rating of the connected bus. 
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11.8.3 Reliability Page 


Zigzag Grounding Transformer - ZT1 


Info —- Rating Reliability Remarks Comment 
23kV 
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Reliability Parameters 


ha 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service. When the actively failed component is isolated and the protection breakers are 
reclosed, this leads to service being restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 
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This is the Mean Repair Rate in number of repairs per year, calculated automatically based on MTTR (1 
= 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years, calculated automatically based on Aq and Ap (MTTF = 1.0/( 
dat dp)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR = MTTR/ 
(MTTR+8760/( Xa + Ap)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.8.4 Remarks Page 


Zigzag Grounding Transformer - ZT1 


Info ——- Rating Reliability Remarks Comment 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 


This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.8.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Zigzag Grounding Transformer - ZT1 


Info Rating Reliability Remarks Comment 
23 kV 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.9 Cable 


The properties associated with cables of the electrical distribution system one-line diagram can be entered 
in this Data Editor. 


ETAP allows you to place cables in the one-line diagram to connect two elements (two buses, a motor to 
a bus, or a static load to a bus) and place the same cable in a cable raceway. However, you can add cables 
to the one-line diagram without placing them in a cable raceway, or add cables to the raceway without 
adding them to the one-line diagram. To explain this further, here are the definitions of the four types of 
cables in ETAP. 


1. One-Line Cable appears as a graphical element on the one-line diagram. 
This is a cable that you add to the one-line diagram to connect buses, but = ==-= * "* 
has not been previously routed through any cable raceway, i.e., does not Pye 
exist in any raceway. 
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2. Equipment Cable can be attached to equipment such as motors and STIS 
static loads, but do not appear graphically as a separate element on the —— 
one-line diagram. This is a cable that you add to equipment from the enetany 
Equipment Editor, and has not been placed in any raceway. 
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3. Raceway Cable is used exclusively within the cable raceway system ‘imi Ss 
only. This is a cable, which is routed through a raceway such as an 
underground cable system, but does not exist in the one-line diagram 
or as an equipment cable. 


4. Compound Cable represents a cable that is included in the cable 
raceway system as well as the one-line diagram (either as a one- 
line or equipment cable). This cable is added to the one-line 
diagram as a one-line or equipment cable, and then is placed 
inside a raceway (graphically or from Cable or Raceway 
Editors). Or, conversely, the cable is added as a raceway cable, ak : 
and then is placed in the one-line diagram as a one-line cable. Neiaeeeenininenine 
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Compound Cables 


The following paragraphs describe three different methods of changing a one-line or equipment cable to a 
compound cable (routing an existing cable through a raceway): 


From the underground raceway presentation, click the Existing Cable button on the Edit toolbar and place 
the cable in the desired location. Then select the desired one-line or equipment cable from the selection 
box provided. 


From the Cable Editor, Routing page, route the cable through any raceway that exists in the system. 
These cables are attached or associated with the raceways without being placed in a specific location 
inside the raceway. From the underground raceway system, you can then graphically move the cable to 
the desired location. 


To graphically place a one-line cable inside a cable raceway, select the cable from the one-line diagram 
and press <Ctrl><Shift>+Click (holding the mouse button down). The pointer will now have an X over it 
indicating that you can only drop it in an underground cable system. Hold the mouse button down until 
you have moved the pointer from the one-line view to the UGS view, place the pointer on top of a conduit 
or the desired location in a raceway, and then release the mouse button. Since an equipment cable is not 
displayed graphically in the one-line diagram, you can only use the first two methods explained above to 
route an equipment cable. 


Note: a raceway cable cannot be changed to an equipment cable. However, an equipment cable can be 
changed to a compound cable. 


You can add a raceway cable to the one-line diagram and make it a compound cable in two ways: 


1. First select the cable from the raceway and cut it to the Dumpster. Now you can add it back to the 
same raceway as an existing cable while a copy of it stays in the Dumpster. To add this cable to the 
one-line diagram, use the Move From Dumpster command. 

2. Select the cable from the raceway and then press <Ctrl><Shift>+Click (holding the mouse button 
down). The pointer will change to a cable shape with an X over it. Hold the mouse button down 
until you have moved the pointer from the UGS view to the desired location on the one-line view, and 
then release the mouse button. 


The Cable Editor includes the following pages of properties. 


Info Ampacity 
Impedance Sizing 
Physical Reliability 
Protection Remarks 
Routing Comment 
Loading 
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11.9.1 Info Page 


You can specify the cable ID, From and To bus ID, In/Out of Service, Length, Size, number of 
conductors per phase, and Library link from within the Info page of the Cable Editor. 


Cable Editor - Cable2 —_— [Somes 


1D = 


From |Sub 3 +| 4.16kV 
. 4.16kV 


Equipment 


No. of Conductors / Phase 
7 


Library Connection 
Length 222 Library... @ 3 Phase 


Tolerance 9 % [©] Link to Library 1 Phase 


a le iS) (aa (2) 


Cable Type 

This information is displayed on top of every page of the Cable Editor to reflect the cable type and size 
selected from the Cable Library. This is a partial list of the library header which includes the library 
source name (ICEA, NEC), rated voltage (0.6, 5, 15 kV), voltage class (100%, 133%), # of conductors 
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per cable (1/C, 3/C), conductor type (CU, AL), insulation type (Rubber, XLPE), installation type 
(Magnetic/Non-Mag.), and cable size (350 kcmil, 180 mm2). The unit for cable sizes will be in 
AWG/kcmil for English unit cables and mm2 for Metric unit cables. 


Note: ETAP provides list of all available cable sizes from the selected library for quick selection. 


If you change the cable size, all library data will be substituted from the cable library into the Cable 
Editor. If you modify any data that was extracted from the library, the color of Cable Type will change to 
a dark blue color to indicate that there is a conflict between the editor and library data. 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each cable. The assigned IDs consist of the default cable ID 
plus an integer, starting with the number one and increasing as the number of cables increase. The default 
cable ID (Cable) can be changed from the Defaults menu in the menu bar or from the System Manager. 


From and To 

Bus IDs for the connecting buses of a cable branch are designated as From and To buses. If a terminal of 
a branch (From or To) is not connected to any bus, a blank entry will be shown for the bus ID. To 
connect or reconnect a branch to a bus, select a bus from the list box. The one-line diagram will be 
updated to show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the branch resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


For 3 Phase Cables, only 3 Phase buses will be displayed in the drop-down lists. For Single Phase Cables 
only single phase buses will be displayed. 


If a branch is connected to a bus through a number of protective devices, reconnection of the branch to a 
new bus from the editor will reconnect the last existing protective device to the new bus, as shown here 
where Branch X is reconnected from Bus10 to Bus4. 


Busl10 Bus4 Busl10 Bus4 
CB4 CB4 
FuseZz FuseZz 
Branch X Branch X 
Bus3 Bus3 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your convenience. 
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Single Phase Cable can also be connected to Phase Adapters. If the Cable is connected as such, then the 
Phase Adapter ID will be shown in the Primary or Secondary field. 


MCC1 


—— Info 


{ SPFdr2 fem Cable19 


From |SPFar2 | 
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Bus? 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Connection 
Cables can be defined as 3 Phase or 1 Phase cable by selecting any of the following selections: 


3 Phase 
Defines the cable as a three-phase cable. This cable can be connected only to three-phase buses. 


1 Phase 
Defines the cable as a single-phase cable. 


Library 


Library Button 
To select cables from the Cable Library, click the Library button and the Cable Library Quick Pick will 
appear. From the Library Quick Pick select the Cable Library type and size at the same time. 


Note: After the selected Cable Library type, size, and parameters are transferred to the Cable Editor, the 
cable size can be changed directly from the Cable Editor and the cable parameters are refreshed from the 
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library. Therefore, the most important action is to select the correct Cable Library type from the Cable 
Library Quick Pick. When data is transferred from the Cable Library, ETAP automatically corrects the 
cable reactance for the system frequency. 


Link to Library 
A library link is also available to use Cable Library data instead of the stored cable impedance and 
dimension parameters that are displayed in the Cable Editor. 


Note: Link to Library is only used at the time of execution of studies. For example, when you run a load 
flow study, ETAP uses the cable library type and size as an identifier to extract data from the Cable 
Library. This option is provided so that you can globally update the cable parameters by changing the 
library data only. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Length 


Length 
Enter the length of the cable and select the unit from the list box. The units of length available are: feet, 
miles, meters, and kilometers. 


Note: Every cable in the system can have a different unit. 


Tolerance 

Enter the percent of tolerance in line length. The Adjustments page in the analysis modules can be used to 
consider +/- % tolerance in line length, effectively increasing or decreasing the impedance based on the 
type of study being performed. 


# Conductors / Phase 


Enter the number of conductors per phase, i.e. if 2-3/C cables or 6-1/C cables are used (6 conductors 
total), then the number of conductors per phase is equal to two (2). 
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11.9.2 Physical Page 
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Order of Layers 

This field displays the order of the layers of cables: Conductor, Insulation, Shield/Screen, Sheath, Armor, 
and Jacket, or Conductor, Insulation, Shield/Screen, Armor, Sheath, and Jacket. The order of the cable 
layers is based on cable library selection. 


Dimensions 


The physical properties of cables entered in this page are used for calculating engineering data needed for 
cable ampacity derating studies (U/G Raceway Systems), as well as for positive and zero sequence 
impedance calculations. 


Conductor Construction 
Conductor construction is used for determining ks and kp parameters, which are used for calculating the 
ac to dc ratio parameters. Several available choices of conductor construction are: 


ConRnd Concentric Round None Coated None Treated 
ConRnd-Coated Concentric Round Coated None Treated 
ConRnd-Treated Concentric Round None Coated Treated 
CmpRnd-Treated Compact RoundNone Coated Treated 
CmpSgm Compact Segmental None Coated None Treated 
CmpSgm-Coated Compact Segmental §_ Coated None Treated 
CmpSgm-Treated Compact Segmental None Coated Treated 
CmpSct-Treated Compact SectorNone Coated Treated 


The coating is tin or alloy. The term Treated implies a completed conductor, which has been subjected to 
a drying and impregnating process similar to that employed on paper power cables. 


Diameter 
This is the physical outside diameter (OD) of the conductor in inches or centimeters. 


Insulation 
Conductor insulation type. 


Thickness 
This is the thickness of the conductor insulation in mils or mm. 


Max Stress 
This is the calculated maximum voltage stress of the conductor insulation in V/mil or V/mm. 


Shield/Screen 
Choose shielded/screened or not shielded/screened. 


Thickness 
This is the thickness of the shield/screen in mils or mm. 


Shield/Screen Grounding 


Choose either the open or grounded option. Grounded option implies that the shield is grounded at more 
than one location. 


ETAP 11-210 ETAP 19.0 User Guide 


AC Elements 


Armor 


Select armor type among: 


Cable 


None St Armor/45dg/25w St Armor/45dg/80w Steel Armor 
St Armor/30dg/15w St Armor/45dg/30w St Armor/45dg/90w Aluminum Armor 
St Armor/30dg/20w St Armor/45dg/40w St Armor/45dg/100w Cu Concentric Wire 
St Armor/30dg/25w St Armor/45dg/50w St Armor/45dg/9999w Al Concentric Wire 
St Armor/45dg/15w St Armor/45dg/60w Copper Armor 
St Armor/45dg/20w St Armor/45dg/70w 
Examples of Armor type definitions: 

Type Definition 
St Armor/30dg/15w Steel Armor with 30 Degree deviation from cable axis; 15 wires 
St Armor/45dg/50w Steel Armor with 45 Degree deviation from cable axis; 50 wires 


Note: Copper Armor, Steel Armor, Aluminum Armor, Copper Concentric Wire, and Aluminum 
Concentric Wire are all assumed to have 15 wires inclined at 30 degrees (30dg/15w). 


Note: Copper and Aluminum Concentric Wires are usually used for grounding and have different thermal 
properties than regular wires that are taken into account in the UnderGround raceway System (UGS) 
calculations. 


Diameter 
Armor diameter in mm or mils. 


Sheath 
Select sheath type among: 


None 

Lead Sheath 
Aluminum Sheath 
Copper Sheath 


Thickness 
Thickness of the sheath in mm or mils. 


Armor / Sheath Grounding 
Select armor/sheath connection type between open or grounded. 


Max Induced 

This is the maximum induced voltage gradient on the sheath or/and armor in V/ft or V/m. This value is 
calculated for 3 phase single core cables. It is based on the Layout (Triplex or Flat) specified in the 
Configuration page. The loading current is based on the average Operating Load/Current specified in the 
Loading page. If Phase Max Operating Current is selected for phase conductor sizing, the maximum 
phase operating current will be used for this calculation. 


Jacket 
Select jacket type among: 
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None NeoPrene RHH THW THWN2 
Paper PVC RHW THWN USE2 
PE FEP SA TW XHHW2 
XLPE FEPB SIS UF ZW 
EPR MI TA USE ZW2 
SBR MTW TBS V XHH 
Rubber PFA TFE XHHW Z 
Rubber1 PFAH THHN RHW2 

Rubber2 RH THHW THW2 


For further details please refer to “Article 300 General Requirements for Wiring Methods and Materials” 
of the National Electric Code (NEC). 


Thickness 
Thickness of the sheath in mm or mils. 


Cable 


Source name (manufacturer or technical standard). 
Diameter 

Cable outside diameter (OD) in inches or cm. 

DC Resistance 


Rdc 
This is the DC resistance of the cable in micro ohm per foot/meter at 25 degrees C. 


Cable Pulling 


Weight 
This is the weight of the cable in lbs/1000ft or kg/km. 


Max. Tension 
This is the maximum tension that the cable can withstand without damage in lbs/kcmil or kg/mm’. 


Max. SW 
This is the maximum Side Wall pressure in lbs/ft or kg/m. 
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11.9.3 Impedance Page 


Cable Editor-Cableo§ x 


0.0379 0.0001005 0.06696 


0.09323 0.0002473 0.1973 


Conduit Type Steel 


R x L z XR RX Y 
Pos. [0.05371] [0.03569] | 0.0000947| |0.06448| | 0.664] | 1505] | 0.00004 | 


Zero 0.05806] [0.60537] | 0.0016058 | [0.60815] | 10.427] | 0.096 | [| 0.000215 | 


Cable Temperature 
Base 75 vw Min. 75 ‘C Ma. 75 TC 


Impedance Calculation: DC resistance from the Physical page has been used. 
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Option 
User can select between library (Lib) values or calculated (Calc) values for the Positive and/or Zero 
sequence impedances. Unused fields will be grayed-out. 


Units 


Select impedance units as ohms per unit length or ohms. With the selection of ohms per unit length, a 
length should also be designated, including a unit from the list box. Units available are: feet, miles, 
meters, and kilometers. 


Project frequency 


This field shows the frequency selected for the project 


Library Impedance 

If in the Option field the button Lib is selected for either or both Positive and Zero sequence impedance, 
red arrows will point at ETAP library values for the following parameters: R, X, L, Z, X/R, R/X, Y, Ro, 
Xo, Lo, Zo, Xo/Ro, Ro/Xo, Yo; library values are editable and if modified the header will turn blue. 


In particular: 


Positive and Zero Sequence Resistances (R and Ro) 

Positive and zero sequence resistances at the base temperature, in ohms, or ohms per unit length, per 
conductor. This is for each conductor, not the total resistance per phase. ETAP corrects these resistances 
for different studies based on the specified temperature limits, as well as on the number of conductors per 
phase. The zero sequence resistance is used only for unbalanced fault current calculations. 


Positive and Zero Sequence Reactance (X and Xo) 

Positive and zero sequence reactance levels, in ohms or ohms per unit length, per conductor. This is for 
each conductor, not the total reactance per phase. When cable data is recalled from English (60 Hz) or 
Metric (50 Hz) libraries, ETAP automatically corrects for the current project operating frequency. Users 
may enter different values for the reactances, but at the system operating frequency specified for the data 
file. After the reactances are entered,ETAP will not make any further adjustment. The zero sequence 
reactance is used only for unbalanced fault current calculations. 


Positive and Zero sequence inductances (L and Lo) 

Positive and zero sequence library inductances in Henries, or Henries per unit length, are based on the 
library values X and Xo, given at the selected library frequency (50 or 60 Hz). Users can manually change 
the values of X and/or Xo, and updated values for L and Lo will accordingly be shown. Users can also 
change L and/or Lo, and updated values for X and/or X, based on project frequency will be shown. 


Positive and Zero sequence impedances (Z) 
Positive and zero sequence library impedances in Ohm, or Ohm per unit length, are based on the library 
values of the cable R, X, Ro and Xo. 


Positive and Zero “X over R” ratios (X/R and Xo/Ro) 


Positive and zero sequence library X over R ratios are based on the library values of the cable R, X, Ro 
and Xo. 
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Positive and Zero “R over X” ratios (R/X and Ro/Xo) 
Positive and zero sequence library R over X ratios are based on the library values of the cable R, X, Ro 
and Xo. 


Note that ETAP automatically doubles the cable R & X values for single phase calculations to represent 
both the forward and return conductors. 


Positive and Zero Sequence Susceptances (Y and Yo) 

Positive and zero sequence susceptance values from library in Siemens, or Siemens per unit length, for 
each conductor. If the value of Y is greater than zero, the circuit element is treated as a pi equivalent, with 
one-half of the charging susceptance connected to neutral at each end of the circuit. If Y=0, the cable is 
treated as a simple impedance. Susceptances can be changed, but must be entered at the system operating 
frequency specified for the data file. When data is recalled from English (60 Hz) or Metric (50 Hz) 
libraries, ETAP automatically corrects for the system operating frequency. After the susceptances are 
entered, ETAP will not make any further adjustment to their values. Only the zero sequence susceptance 
is used for unbalanced fault current calculations if specified in the Standard page of Short Circuit Study 
Case editor. 


Calculated Impedance 


If in the Option field the button Calc is selected for either or both Positive and Zero sequence impedance, 
red arrows will point at the calculated values for the following parameters: R, X, L, Z, X/R, R/X, Y, Ro, 
Xo, Lo, Zo, Xo/Ro, Ro/Xo, Yo, whose symbols have the same meanings as the same above; calculated 
values, based on the equations of IEC 60909-3, IEC60287-1-1 and ICEA P-34-359, are not editable. 

In particular: 


« If Calc is selected for either or both Pos. and Zero sequence impedances, the values of Y; and/or Yo 
are also calculated. 

" If Calc is selected for either or both Pos. and Zero sequence impedances, the value of L; and Lo will 
be determined from the calculated values of X; and/or Xo, obtained at the project frequency. 

« If Calc is selected for either or both Pos. and Zero sequence impedances, the results are displayed 
according to the user choice in the Units box; by changing the units, values in the Calc fields will 
accordingly change. It is important to note that Library values, although not recalculated, will also 
have the same unit. 

« If the project frequency is changed for an existing project, the following warning message will be 
displayed: 


es Se =< 


Warning: The existing data in this project is based on the frequency of 
400 Hz. Cable/transmission line impedances and rotating machine 
RPMs will be updated based on the new project frequency of 50 Hz 


The rest of the equipment data will not be updated based on the new 
project frequency. Output results may be invalid. 
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After OK is pressed, ETAP will use the new project frequency to recalculate X; and Xo based on the 
original calculated values. The new project frequency will also be used to recalculate Y; and Yo based on 
the original values. Besides cables, the rest of the equipment parameters are not changed with the 
frequency. 


Cable Temperature 


Base Temperature 
Enter the conductor base temperature (in degrees Celsius) at which the cable resistances are entered. 


Minimum and Maximum Temperature 

Two conductor temperature limits (in degrees Celsius) may be entered for adjusting positive and zero 
sequence resistances (R and Ro) for different studies. The first limit is the minimum operating 
temperature; the second limit is the maximum operating temperature. ETAP will use the most 
conservative temperature limit for each study type. For example: 


Temperature Limit 


Min Max 
Load Flow xX 
Short-Circuit xX 
Motor Starting Xx 
Transient Stability Xx 


If this correction is not wanted, set both minimum and maximum temperature limits equal to the base 
temperature. ETAP uses the following equations for temperature corrections: 


R’ =R (234.5 + Tc /( 234.5 + Tb ) Copper Conductors 
> =R(228.1+ Tc )/(228.1+ Tb) Aluminum Conductors 


where: 
R = Resistance at base temperature Tb 
R’ = Resistance at operating temperature Tc 
Tb = Conductor base temperature in degrees C 
Tc = Conductor temperature limit in degrees C 


When the conductor type is not known (no cable library is selected), ETAP defaults to copper as a 
conductor type. 
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11.9.4 Configuration Page 


The Configuration page is utilized to set up cable configuration that details the cable components which 
include Neutral and Protective conductors, Armor, Sheath and also Auxiliary Components (outside of 
cable) which include Neutral, Protective and Structure Conductors. 


Note: The conductors in this page are not considered in Load Flow or Short Circuit based modules and 
are only utilized in STAR module, Shock Protection, and protective conductor sizing features for this 
release. For more information about shock protection calculation and protective conductor sizing, refer to 
chapter 46. For more information about plotting the conductors in STAR, refer to the cable protection 
page and Chapter 17 in STAR. 
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The fields in configuration page are grouped inside and outside a table. The fields inside the table are 
located below the following columns: 


Cable 

Conductor 

No. of Conductors 
Size 

Type 

R 

xX 

Insulation 


The checkboxes and buttons outside the table are located below the following columns: 
e Auxiliary Cable Bunched check box 
e =Aux Library button 
e Typical R, X button 


Cable 


The Neutral and Protective conductors can be part of the main cable that are the same size as the Phase 
conductor or smaller. 


Separate auxiliary conductors (neutral and protective) that are external to the main cable or structures can 
also be selected. 


The structure is only available when the cable is connected to a TT or IT earthing type system. 


Main 
The Main cable set contains the Phase, Neutral, Protective conductors, Armor and Sheath. 


The Neutral and Protective rows grays out if one of the following conditions occur: 


1. A cable is not selected from the library 
2. The cable selected from the library does not have extra conductors for Neutral or Protective and there is 
no Ground/Neutral conductor available. 


Aux 

The Auxiliary section allows users to specify Neutral and Protective conductors that are external to the 
main cable. If the cable is connected to a TT or IT earthing type system, users can also specify the 
structure impedance. 


Conductor 


Phase 

The values of the Phase conductor are associated with the information shown in the header at the top of 
the editor. The conductor’s parameters can be loaded from the library by selecting the library button in 
the info page or their impedance can be manually entered in the impedance page. 
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Main Neutral 

This row is only visible for three phase cables and reflects the Neutral conductor of the main cable. If the 
conductor is the same size as the Phase conductor, then it will share all its characteristics; otherwise, its R 
and X values are loaded from the R (G/N) and X (G/N) from the impedance page of the cable library. 
Multiple Neutral conductors can be selected under the “No. of Cond.” Column; for more information, 
refer to the “No. of cond.” Section. 


Main Protective 

This reflects Protective conductor of the main cable. If the conductor is the same size as the Phase 
conductor, then it will share all its characteristics; otherwise, its R and X values are loaded from the R 
(G/N) and X (G/N) from the impedance page of the cable library. Multiple Protective conductors can be 
selected under the “No. of Cond.” Column; for more information, refer to the “No. of cond.” Section. 


Main Armor 

This reflects the armor of the main cable which can be utilized as a return path for the Electric Shock 
calculation. Its R and X values can be populated manually or by using the “Typical Armor Z” button. The 
typical Armor Z button will be displayed once the row is selected. In order to activate the “Typical Armor 
Z” button, refer to the “Typical Armor Z” section. Refer to Chapter 46, for how to perform the thermal 
checking of armor of cables. 


Main Sheath 

This reflects the Sheath of the main cable which can be utilized as a return path for the Electric Shock 
calculation. Its R and X values can be populated manually or by using the “Typical Sheath Z” button. The 
typical Sheath Z button will be displayed once the row is selected. In order to activate the “Typical Sheath 
Z” button, refer to the “Typical Sheath Z” section. On how to perform the thermal checking of the sheath 
of cables, refer to Chapter 46. 


Auxiliary (Aux) Neutral 
This row is only visible for three phase cables and reflects the external Neutral conductors outside of the 
main cable. 


The auxiliary neutral cable parameters (Size, Type, R, and X) can be selected by clicking on either the 
library button or the “Typical R, X” button at the bottom of the page. Multiple Neutral conductors can be 
selected under the “No. of Cond.” Column; for more information, refer to the “No. of cond.” Section. 


Auxiliary (Aux) Protective 

This reflects the external Protective conductor. The protective conductors parameters (Size, Type, R, and 
X) can be selected by clicking on either the library button or the “Typical R, X” button at the bottom of 
the page. Multiple Protective conductors can be selected under the “No. of Cond.” Column; for more 
information, refer to the “No. of cond.” Section. 


Auxiliary Structure 
This can reflect the installation structure which can be used distribute fault current to ground. This field is 


only visible when TT or IT earthing type is set by the source connected to the cable. 


No. of Conductors 


Phase 
The number of conductors for the Phase conductor is calculated based on: 
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Phase configuration (e.g. 3-phase, 1-phase 2 Wire, 1-phase 3 Wire) 
Number of conductors per cable displayed in the cable editor header (e.g. 1/C, 3/C) 
Number of conductors per phase entered in the info page (e.g. 4 conductors/phase) 


The calculation assumes that if: 


The number of conductors in the cable (shown in cable editor header) is equal to or greater (e.g. 
5/C) than the number of phases and wires (e.g. 1 phase 2 Wire which equates to 2 conductors), 
then there will be excess conductors (i.e. 3 conductors) that can be utilized as Neutral or 
Protective conductors inside of the main cable. 

The number of conductors per cable (e.g. 1/C) is less than the number of Phases and wires (e.g. 1 
phase 2 Wire); then there will not be enough excess conductors that can be utilized for phase as 
well as Neutral or Protective conductors inside of the main cable. The calculation will assume the 
existence of multiple cables in order to fulfill the phase configuration (two cables will be 
assumed); however, the main Neutral and Protective conductor rows will be grayed-out due to 
lack of excess conductors. 

The number of conductors per cable (e.g. 2/C) is less than the number of phases and wires (e.g. 3 
phase); then there will not be enough excess conductors that can be utilized for Phase as well as 
Neutral or Protective conductors inside of the main cable. The calculation will assume multiple 
cables in order to fulfill the phase configuration (three cables with two cores each will be 
assumed). The three phases will be distributed between the three cables and the remaining three 
cores can be used as either Neutral or Protective conductors. 


Main Neutral 
The available number of conductors for the main Neutral conductor will be the excess conductors after 
the distribution of Phase conductors. Refer to the Phase section for more information. 


If the cable library provides dedicated Ground/Neutral (Protective Earth for IEC cables) conductors that 
are of different size from the phase conductors, the main Neutral conductor row can utilize the conductors 
that are loaded from the library. 


a Cable Library: Edit Properties | =n Sl 


BS5467 WC CU XLPE 1.0kV 100 Non-Mag. 50Hz Ohms/1000m RHO 120°C.cm/W 


Ampacity | impedance | Physical | Cable Pulling 


Phase | Protective Earth Duct Bank Buried Free Air | Conduit Air 


Avail. 


Code Size | # Size 25°C 90°C | 25°C 90°C 


70 295 


Main Protective 
The available number of conductors for the main Protective conductor will be the excess conductors after 
the distribution of Phase conductors. Refer to the Phase section for more information. 


If the cable library provides dedicated Ground/Neutral conductors that are of different sizes from the 
phase conductors, the main Protective conductor row can utilize the conductors that are loaded from the 


library. 


Aux Neutral 
Select up to 10 auxiliary Neutral conductors. 


ETAP 
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Aux Protective 
Select up to 10 auxiliary Protective conductors. 


Size 


Phase 
The size reflects the size chosen from the library in the info page. 


Main Neutral 

The main neutral size is either selectable or display only. It is selectable if there is a dedicated 
Ground/Neutral (Protective Earth) conductor with a different size loaded from the library. It becomes 
display only when there are no dedicated Ground/Neutral conductors that are of a different size that can 
be loaded from the library. 


Main Protective 

The main protective size is either selectable or display only. It is selectable if there is a dedicated 
Ground/Neutral conductor with a different size loaded from the library. It becomes display only when 
there are no dedicated Ground/Neutral conductors that are of a different size that can be loaded from the 
library. 


Aux Neutral 

The auxiliary neutral conductor can have its size chosen manually from the size dropdown box, loaded 
from the library using the library button available at the bottom of the page, or loaded using the Typical 
R, X button at the bottom of the page. If the parameters are loaded from the library, then the phase 
conductors of the library will be utilized as the Neutral conductors. 


Aux Protective 

The auxiliary protective conductor can have its size chosen manually from the size dropdown box, loaded 
from the library using the library button available at the bottom of the page, or loaded using the Typical 
R, X button at the bottom of the page. If the parameters are loaded from the library, then the phase 
conductors of the library will be utilized as the Protective conductors. 


Type 


Phase 
The type reflects the conductor type chosen from the library in the info page. 


Main Neutral 
The type reflects the conductor type chosen from the library in the info page. 


Main Protective 
The type reflects the conductor type chosen from the library in the info page. 


Aux Neutral 

The auxiliary neutral conductor can have its type chosen manually from the type dropdown list, loaded 
from the library using the library button available at the bottom of the page, or loaded using the Typical 
R, X button at the bottom of the page. 
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If users manually choose a different type when the insulation displays as “Library”, then the R&X value 
will be reset to 0. 


Aux Protective 

The auxiliary protective conductor can have its type chosen manually from the type dropdown list, loaded 
from the library using the library button available at the bottom of the page, or loaded using the Typical 
R, X button at the bottom of the page. 


If users manually choose a different type when the insulation displays as “Library”, then the R&X value 
will be reset to 0. 


R, X 


Phase 
The R and X fields reflect the impedance values loaded using the library button in the info page and 
displayed in the impedance page. 


Main Neutral 

The R and X fields reflect the impedance values loaded using the library button in the info page. These 
values can be edited if the main neutral size is different from the size of the Phase conductor or can be 
edited from the impedance page if the size is the same as the phase conductor. 


Main Protective 

The R and X fields reflect the impedance values loaded using the library button in the info page. These 
values can be edited if the main protective size is different from the size of the phase conductor or can be 
edited from the impedance page if the size is the same as the Phase conductor. 


Armor 

The Armor R and X may be entered manually in ohms, or ohms per unit length. Once one of those fields 
is selected and the cable editor header voltage is 3.3 kV or less, the “Typical Armor Z” button will be 
activated and typical low voltage cable Armor resistance may be loaded. 


Sheath 

The Sheath R and X may be entered manually in ohms, or ohms per unit length. Once one of those fields 
is selected and the cable editor header voltage is 3.3 kV or less, the “Typical Sheath Z” button will be 
activated and typical low voltage cable Sheath resistance may be loaded. 


Aux Neutral 

The auxiliary Neutral conductor can have the R and X values entered manually, loaded from the library 
using the library button available at the bottom of the page, or loaded using the Typical R, X button at the 
bottom of the page. 


Aux Protective 

The auxiliary Protective conductor can have the R and X values entered manually, loaded from the library 
using the library button available at the bottom of the page, or loaded using the Typical R, X button at the 
bottom of the page. 


Structure 


The Structure R and X can be entered manually in ohms or ohms per unit length. This field is only 
displayed when the selected source earthing type is a TT or IT type. 
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Insulation 


Phase 
This is insulation type, also shown in the header that is loaded from the library. 


Main Neutral 
This is insulation type, also shown in the header that is loaded from the library. 


Main Protective 
This is insulation type, also shown in the header that is loaded from the library. 


Aux Neutral 
The choices shown in the insulation dropdown list will be utilized in a future release of ETAP. The 
Library insulation will be displayed if the cable parameters are loaded from the library. 


Aux Protective 
The choices shown in the insulation dropdown list are utilized for protective conductor thermal sizing. 
The Library insulation will be displayed if the cable parameters are loaded from the library. 


Aux Cable Bunched 

This check box is visible only if the Tables method for the Factor k calculation is selected in the Sizing- 
GND/PE page and the proper Aux Protective conductor type of insulation is selected in the 
Capacity/Ampacity page based on table A54.4 from the IEC standard and table 54.3 from BS7671 
standard. 


Typical R, X 
If the Auxiliary Neutral, or Auxiliary Protective rows are selected, then the “Typical R, X” button will be 
activated and the Typical Cable Data window will be ready to be launched. 


Typical Armor Z / Typical Sheath Z 

If the Armor and/or Sheath rows are selected and the main cable, loaded from library, is 3.3 kV or less, 
then the “Typical Armor/ Typical Sheath Z” button will appear and typical armor data or typical sheath 
data will populate the armor/sheath R and X fields. If the selected cable is above 3.3 kV, the Typical 
Armor Z and the Typical Sheath Z buttons will not be displayed. 


Units 


Impedance 
The impedance units reflects the impedance unit selected in the cable impedance page. 


Size 
The Size units reflect the wire size unit selected in the cable editor Info page, which is also displayed in 


the cable editor header. 


No. of Conductors/Phase 
This reflects how many conductors are assigned per phase and is selected from the cable editor Info page. 
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Aux Library 

If the Auxiliary Neutral or the Auxiliary Protective rows are selected, then the “Aux Library” button will 
be activated and the quick pick window will be ready to be launched. The data selected from the quick 
pick will only apply to the auxiliary row selected. 

This button will not be activated for the Main Neutral, Main Protective, Armor, Sheath and Structure 
rows. 


Layout for Ampacity and Impedance calc 
This section is only available if single-core cables are selected. 


Trefoil 
Single-core cables are arranged in a trefoil formation (cables are bound together, thus and their center-to- 
center distance is constant along their run). 


Flat 
Single-core cables are arranged in a flat formation; C-C spacing indicates the center-to-center distance 
between phase conductors, which is supposed to be constant along the entire run of cables. 


Random Lay 


Single-core cables are not bound together and lie loosely in one conduit, so that their spacing may be 
unequal, perhaps caused by thermal flexing. 


Soil 


Resistivity 
The soil resistivity is expressed in Ohm-m. Default value is 100 Ohm-m. 


Conduit for impedance Calc 


Types and sizes of conduits are taken into account for sequence impedance calculations. 


Type 
Select conduit type among: Aluminum, PVC and Steel. 


Size 
Select the conduit size in inches or millimeters among the following standard sizes: 
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Conduit for Impedance Calc 


Type 
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11.9.5 Loading Page 


The Loading page provides information regarding cable loading (amp) and other parameters, which are 
used in cable ampacity derating (Underground Raceway System) and cable sizing calculations. 


ETAP 


10kv =. CU AWG /kcmil 


Growth Factor (GF) 
100 % 


UnderGround Raceway System (UGS) 


LoadFactor 100 % 
Sheath/Amor Current 0 % 
Optimization Opti 

[7] Fxed Current 
[-] Fixed Size 


ES I) (2) (0K) (com) 


Cable 
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Operating Load / Current 


The operating load is specified in amps. This value is used for the steady-state temperature calculation or 
as the initial value of the cable load profile for the transient temperature calculation. The operating Avg. 
Phase A, Phase B, and Phase C can be updated with the results from the Load Flow Studies. You can do 
this by checking the Update Cable Load Amp option in the Info Page of the Load Flow and Unbalanced 
Load Flow Study Cases. 


%PF is updated with operating current updating from load flow studies. %PF is used in Vd calculation in 
phase conductor sizing. 


Growth Factor (GF) 

The Projection Multiplying Factor (MF) must be specified in percent. This value is used to indicate 
future load projection (load reduction or growth). You can select the option to use this Projection 
Multiplying Factor for cable temperature calculations from the Cable Ampacity Derating Study Case. 


Loading Current for Sizing 


Operating Current 
The operating load current specified for this cable in the Loading page will be used if this option is 
selected. 


Full Load Amps of Element 

The continuous current rating (rated current or FLA) of the selected element will be used for sizing 
requirements. The motor ID is displayed here for motor equipment cables and the FLA of the motor is 
used. 


User-Defined 
Use this option to enter any value for the cable current and %PF. 


NEC 430.6 
The ampacity of the equipment cables is based on the motor ratings as determined by section 430.6 of 
NEC Code. The current, in Amps, is derived based on the following: 


Motor Type Motor Nameplate HP Motor Rated kV Motor Connection NEC Table 

(or equivalent in kW) Number 
DC Motor 1/4 to 200 0.090 to 0.550 430.247 
AC Induction 1/6 to 10 0.115 to 0.23 Phase-to-Ground 430.248 
AC Synchronous 1/6 to 10 0.115 to 0.23 Phase-to-Ground 430.248 
AC Induction 1/2 to 200 0.115 to 2.3 Phase-to-Phase 430.249 
AC Synchronous 1/2 to 200 0.115 to 2.3 Phase-to-Phase 430.249 
AC Induction 1/2 to 500 0.115 to 2.3 3-Phase 430.250 
AC Synchronous 25 to 200 0.23 to 2.3 3-Phase 430.250 
Harmonic 


Zero Seq./Triple 
Enter the zero sequence/triple harmonic content in percent of the cable fundamental current. 
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Cf (Other Orders) 


This field displays the Cf factor for other harmonic orders (excluding multiples of 3" order harmonics). 
The harmonic order factor is entered or automatically calculated based on the Harmonic Spectrum 
defined in the Harmonic section of the Loading page. Note: ETAP uses Cf to represent the Other 
Harmonic Orders factor Ch as used by BS-7671. 


The formula provided in BS-7671 Standard is used in the determination of the Cf factor. 
Spectrum 


Clicking on this button brings up the Harmonic Spectrum dialog for the user to enter the harmonics 
spectrum % Magnitude vs. Order. The harmonic magnitude is in percent of cable fundamental current. 


Report Name Report Date 


Add/Delete 
By clicking Add or Delete, user can add or delete harmonic orders to define the spectrum. 


Library 
The user has the choice to select the harmonic spectrum from ETAP Harmonic Library by clicking on 
Library. 


Select 
If the user has previously run a harmonic load flow study, the associated harmonic spectrum can be 
selected to be used by clicking on the Select button. 


Help 
This option will guide the user to the appropriate Help File section. 


OK/Cancel 
These options will accept or cancel the user-entered data in this window. 
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UnderGround Raceway (UGS) 


Load Factor 
The load factor is the ratio of the average load to peak load in percent. Use the following equation to 
calculate the load factor: 


Load Factor 100 ( kWi x Ti )/( kWp x Tt ) % 


100 E/(kWixTt) % 


where 
= Interval of time when the load is non-zero 


| 


kWi = _Load at interval i 

Ti = Number of hours of interval i 

kWp- = Peak load 

Tt = Ton + Toff 

Ton = Total hours when the load is on 

Toff |= Total hours when the load is off 

E = Energy (kWh) consumed by load over the interval 


If the cable carries load (current) at every interval, then the equation can be simplified to the percentage 
of time that the cable will be carrying the current: 


Load Factor =100Ton/Tt % 
= 100 % (if it carries the load for 24 hours per day) 


IEC 287 Method ignores the load factor. It uses 100% Load factor for the calculation of the conductor 
temperature. 


Sheath/Armor Current 

The sheath/armor current can be specified as a percent of the cable load current. This value indicates the 
amount of neutral or ground current that is carried by sheath or armor, and is considered only by the 
Neher-McGrath Method. 


Transient Load Profile 


The load profile provides up to 20 time and current entry fields for specifying the loading patterns of the 
cable as a function of time. 


Current 


# Time Current 

1 0.0 230 

2 3.5 560 

3 7.3 400 

4 0.0 0.0 (all data from this point are 


ignored since time = 0.0) 


0.0 3.5 73 Time (hr) 


In this example, the cable loading is changed from the steady-state (initial value) to 230 amperes at time 
zero, to 560 amps at time 3.5 hours and finally to 400 amps after 7.3 hours. The steady-state or initial 
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value can either be 230 amps (value entered at the first time slot) or it can be set equal to the cable 
operating load. You can set the option for the initial/steady-state value from the Cable Derating Study 
Case Editor. 


Time Unit 
Select the time units for the load profile. 


Optimization Options 


These options are for ampacity and sizing calculations for the U/G raceway systems. 


Fixed Current 
If this box is selected, the cable current will remain unchanged for the ampacity calculations (Uniform 
Temperature and Uniform Ampacity). Use this flag for cables that do not require ampacity optimization. 


Fixed Size 
If this box is selected, the cable size will remain fixed for the cable sizing calculations. 


11.9.6 Ampacity/Capacity Page 


Refer to Chapter 45 — Cable Ampacity and Sizing for detailed information. 
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11.9.7 Protection Page (3 phase) 


The Protection page provides options related to cable protection. It includes options for plotting the cable 
thermal capability (It) curve on a Star View, updating short-circuit current, and entering cable protection 
information. Cables do not have unlimited power handling capabilities and need protection to prevent 
operation beyond that capability in the event of short-circuit conditions. The main cause of reduced cable 
lifetime is high temperature generated by continuous overloading or uncoordinated fault protection. Cable 
protection is required to protect personnel and equipment. 


, a ; 
Cable Editor - Cable7 i [peo 


Non-Mag. 50 Hz 
100 % 1.0kV 


Initial Temp Final Temp Thermal | 


ceAPz2a_ ns) _ oe 


Phase 


Plot Thermal Curve for (1, x] Conductors/Phase 


@ Calculated 


© User-Defined 


Disable 
(al Update 


Protective Device 


Overoed (None sss] 
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Thermal Damage Curve 

The maximum current that a cable can carry for a given time period is defined by an I’t characteristic 
curve. There are four standards which define this I*t characteristic: ICEA P-32-382, IEC 60949 / 60364-5- 
54, BS 7430/7454/7671, and GOST R 50571.10-96. 


Initial Temperature 
The initial temperature is the maximum allowable operating temperature of the conductor in the cable. It 
represents the initial temperature of the cable before a fault or overload condition. The selections are: 


e Base Temp 
e Operating Temp 


These values are defined in the Ampacity page of the cable editor. The Base temperature is read from the 
cable library, and the Operating temperature is a user-definable value. The selected temperature is 
displayed in the damage curve plot table in the Initial °C column. 


Final Temperature 

The final temperature is the maximum short-circuit temperature the insulation is capable of handling. This 
value is dependent on the standard. Therefore, by selecting this value, the standard used to plot the 
damage curve is also defined. The selections are: 


ICEA P-32-382 

IEC 60949 / 60364-5-54 
BS 7430/7454/7671 
GOST R 50571.10-96 
User-Defined 


The insulation type of the cable defines the maximum short-circuit temperature. The selected temperature 
is displayed in the damage curve plot table in the Final °C column. If the User-Defined option is selected, 
the temperature value can be defined in the Final °C column. 


Damage Curve Plot Table 
The damage curve plot table displays the cables which have been defined, and the temperatures to use 
when plotting each cable curve. The option to plot or not plot a damage curve is also set here. 


Thermal Curve 
The types of cables defined are listed here. Neutral and Protective Earth cables, if present, must first be 
properly defined in the Configuration page of the cable editor in order for them to appear in this table. 


Plot 12t 
Check this to display the damage curve for the respective cable when it is plotted in a Star View. 


Initial Conductor Temperature 
The initial conductor temperature, as selected, is displayed here. This value will represent the maximum 
conductor temperature when plotting the damage curve. 


Final Conductor Temperature 
The final conductor temperature, as selected, is displayed here. This value will represent the maximum 


short-circuit temperature of the cable insulation when plotting the damage curve. 
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Number of Conductors to Plot 

Select the number of conductors to plot the damage curve based on the selections which are: 1, n-1, and n, 
where n is the defined number of conductors per phase in the Info page of the cable editor. Typically the 
damage curve is used to represent a fault on a single conductor of the cable. (EEE Std. 242-2001) 
Therefore, this value, by default, is set to 1. 


S [__ Sizing -GND/PE Reliability [sate — Comment_| | flé° : 
| Physical_| Impedance | Configuration | Loading | Capacity | Protection a 
Mag. 50 He Code : 300 Ee) 


100% 33kV 3c CU (300 Zs 


Final Temp 
Base Temp | [ICEAP-32.382 


Plat Thermal Curve for (7, _ ] Conductors/Phase 


Short-Circuit Current 


: Fault T MaxkA 
© Calculated bd 7 
@ User-Defined | Line -to - Ground 0 


Distie (Une tote 
Update | Line -to - Line -to - Ground 


Protective Device 


Overload 


spuosag 


Amps X 100 Utility Bus (Nom. kV=33, Plot Ref. kV=33) 


Reference kV 


Calculated Base kV 

This kV value is automatically updated with terminal bus base kV when you Run/Update Short-Circuit 
kA from the Star-Protection Device Coordination Mode and at least one cable terminal bus is faulted. 
This is a display only field. 


Short-Circuit Current (Sym. rms) 


This group allows specification of maximum and minimum short-circuit current when the terminal bus of 
the cable is faulted. These short-circuit currents are used for cable sizing as well as for determining the 
equivalent system impedance. The short-circuit currents can also be updated automatically by running 3 
Phase Run/Update Short-Circuit kA from the Star-Protection Device Coordination mode. 
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Short-Circuit Current 
Fault Type Max kA Min kA 
® Calculated 
User-Defined | Line -to - Ground 26.56 25.84 
: Line -to - Line 22.8 21.89 
Disable 
Update Line - to - Line -to - Ground 26.79 26.39 


Calculated 
Select Calculated to let ETAP update the: 
e 3 phase maximum fault kA 
3 phase minimum fault kA 
Line to ground/earth maximum fault kA 
Line to ground/earth minimum fault kA 
Line to line maximum fault kA 
Line to line minimum fault kA 
Line to line to ground/earth maximum fault kA 
Line to line to ground/earth minimum fault kA 


Max. Fault kA is updated with selection of 1% Cycle kA for standard ANSI and Max Short-Circuit Current 
for standard IEC. Min. Fault kA is updated with 30 Cycle kA for standard ANSI and Min. Short-Circuit 
Current for IEC. If both terminal buses of the cable are faulted; the fault kA from the bus that has bigger 
Max/ Fault kA will be used. 


Note: There is an Option of “Update from the bus with lower SC kA value” from the Tools|Options 
(Preferences) in the Cable Sizing section as shown below. This Option is applicable when both terminal 
buses of a cable are faulted. The Option is defaulted to False so that the short-circuit currents are updated 
based on the terminal bus that gives higher fault current. If this Option is set to be True, the short-circuit 
currents will be updated based on the bus that gives lower fault current. 
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- , 
Options (Preferences) =) 
2) |S a oo 


> Arc Flash a 
>» Battery Discharge / Sizing 
4 Cable Sizing 
Earthing Type determination for Grounding / PE Sizing False 

True ea 
>» Contingency Analysis 
>» Control System Diagram 
>» Database Compare 
> ETAP Application 
> ETAP Project 
> Geospatial View 
>» Ground Grid Systems = 


Update from the bus with lower SC kA value 

If this entry is set to True, then ETAP will update the "Short-Circuit Current” section in the Protection page of the cable 
editor from the bus with the lower calculated 3-phase fault short-circuit kA when running "Run/Update Short-Circuit kA” in 
STAR mode and with the lower calculated line fault short-circuit kA when running "Run/Update 1 Phase Short-Circuit kA” 
in STAR mode. Otherwise the "Short-Circuit Current” section will be updated from the bus with the higher calculated 3- 
phase (line) fault short-circuit kA. 


| Help | | Apply | Lok} (Cancel) 


W 


When running the 3 phase “Run / Update Short —Circuit kA” in STAR mode, ETAP will update both Line 
fault kA and ground fault kA. 


User-Defined 
Enter the maximum and minimum fault currents for the different fault types by selecting the User- 
Defined options. Once this option is selected, the different fault currents in this group become editable. 


3 Phase Maximum 

The 3 Phase maximum short-circuit current can be user defined or calculated in kA when cable terminal 
bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 1/2 cycle short 
circuit is run in STAR mode and a cable terminal bus is faulted. If both of the cable terminal buses are 
faulted for one run of short circuit study, the bigger value will be displayed. All other fault currents are 
based on this corresponding bus also. 


3 Phase Minimum 

The 3 Phase minimum short-circuit current can be user defined or calculated in kA when cable terminal 
bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 30 cycle short 
circuit is run in STAR mode and a cable terminal bus is faulted. 


Line to Ground/Earth Maximum 

The maximum Line to Ground short-circuit current can be user defined or calculated in kA when cable 
terminal bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 1/2 cycle 
short circuit is run in STAR mode and a cable terminal bus is faulted. 
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Line to Ground/Earth Minimum 

The minimum Line to Ground short-circuit current can be user defined or calculated in kA when cable 
terminal bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 30 cycle 
short circuit is run in STAR mode and a cable terminal bus is faulted. 


Line to Line Maximum 

The Line to Line maximum short-circuit current can be user defined or calculated in kA when cable 
terminal bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 1/2 cycle 
short circuit is run in STAR mode and a cable terminal bus is faulted. 


Line to Line Minimum 

The Line to Line minimum short-circuit current will be user defined or calculated in kA when cable 
terminal bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 30 cycle 
short circuit is run in STAR mode and a cable terminal bus is faulted. 


Line to Line to Ground/Earth Maximum 

The maximum Line to Line to Ground short-circuit current (3Io) user defined or calculated in kA when 
cable terminal bus is faulted. If "Calculated" is selected, ETAP updates this field automatically when 1/2 
cycle short circuit is run in STAR mode and a cable terminal bus is faulted. 


Line to Line to Ground/Earth Minimum 

The minimum Line to Line to Ground short-circuit current (3Io) user defined or calculated in kA when 
cable terminal bus is faulted. If "Calculated" is selected, ETAP will update the field automatically when 
30 cycle short circuit is run in STAR mode and a cable terminal bus is faulted. 


Pin (Disable Update) 
This checkbox is enabled only when the calculated option is selected. When this option is selected, the 
Fault kA fields does not update when “Run / Update Short —Circuit kA” in Star Mode is run. 


Electric Shock 


Display loop currents on TCC 
If this check box is selected, loop currents resulting from the Electric Shock calculations, will be 
displayed as fault arrows on TCC plots. 


Calculated 
Calculated loop current. 


Permissible 
Permissible loop current for shock protection as per applicable standards. 


Protective Device 


Overload 

This section is used only for BS — 7671 and IEC 60364 based cable sizing. The available selections are 
"None", "User-Defined" or "Device ID" options for overload protection. When the User-Defined option 
is selected, the In, I2 and BS 3036 fields is enabled. When Device ID is selected, the Overload ID/Type 
dropdown list becomes available Device ID selection. 
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In — Nominal current of overload protection device in amperes. 
[2 — Operating current of overload protection device in amperes. 


BS 3630 
Check BS 3036 if the overload protection is a Fuse to BS 3036. This field is applicable only when the BS 
7671 is selected as the installation standard in the Ampacity page. 


ID/Type 

The available overload protection devices (Fuse, Circuit Breaker, Recloser, Overload Heater and In-Line 
Overload Relay) for the cable are displayed in the dropdown list. If either side of the cable does not have 
a protective device, the collection is extended and will stop at a bus with more than two connectors, 
transformer, double throw switch, source, or a load. 


In and [2 

Enter or display the In and [2 values for the selected Overload protection. If User-Defined is selected in 
the Overload field, this field is editable and allows the user to enter the values. If a protective device is 
selected in the ID/Type dropdown list, these values are filled automatically. 


Overcurrent 
This overcurrent section is utilized for electric shock and touch voltage calculations, thermal protective 
conductor sizing, and phase conductor sizing. 


Select "None", "User-Defined", "Device ID", “BS 7671” for overcurrent protection. 


If User-Defined is selected, users can enter the Overcurrent Protection Time which is used in the “Sizing - 
Phase” and ”Sizing - GND/PE” pages. 


If Device ID is selected the Overcurrent ID/Type dropdown list becomes available for Device ID 
selection. 


If BS7671 is selected, the typical overcurrent protective devices from BS 7671 Appendix 3 becomes 
available for selection. This selection only is available when BS 7671 Installation Standard is selected in 
the Ampacity (Capacity) page. 


ID/Type 

Select a protection device ID from this dropdown list. The available overcurrent protection devices (Fuse, 
Circuit Breaker, and Recloser) for the cable will be automatically filled into this dropdown list. All the 
protective devices attached to this cable will be collected. If either side of the cable does not have a 
protective device the collection is extended and will stop at a bus with more than two connectors, a 
transformer, a double throw switch, a source or a load. 


Phase Current 

The fault current in the Short-Circuit Current section with the highest thermal energy will be selected to 
populate the Phase current field. ETAP will select from among the minimum and the maximum of the 3 
— phase, Line - to — ground, and Line- to — Line short-circuit current. 


Phase Time 


Displays the fault clearing time of the phase/line current in the Short-Circuit Current section with the 
highest thermal energy applicable to Phase/Line current. 
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Ground Current 

The fault current in the Short-Circuit Current section with the highest thermal energy will be selected to 
populate the ground current field. ETAP will select from among the minimum and the maximum of the 
Line - to — Ground, and Line- to — Line — to ground short-circuit current. 


Ground Time 
Displays the fault clearing time of the current in the Short-Circuit Current section with the highest 
thermal energy applicable to Ground current. 


BS 7671 

Select an applicable BS7671 protective device for the clearing time. The clearing time will be based on 
the curve points given in Appendix 3 of the standard. The protective device is assumed to be in the same 
area as cable and not have crossed a transformer with a non 1-1 ratio. 


Rating (A) 
Select the applicable BS7671 protective device size. The clearing time will be displayed in the time 
fields. 


GFCI/RCD 

This GFCI/RCD section is utilized for electric shock calculations in this release and not for modules such 
as STAR. 

Select "None", "User-Defined", "Device ID", “BS 7671” for GFCI/RCD protection. 


If User-Defined is selected, user can enter the GFCI/RCD Protection Time. 


If Device ID is selected the GFCI/RCD ID/Type dropdown list becomes available for selecting a Device 
ID. 


If BS7671 is selected, the typical RCDs from BS 7671 Appendix 3 becomes available for selection. This 
selection is only available when BS 7671 Installation Standard is selected in the Ampacity page. The 
protective device is assumed to be in the same area as cable and not have crossed a transformer with a non 
1-1 ratio. 


ID/Type 
Select a protection device ID from the dropdown list. 


Trip 
The trip setting will be displayed for the selected device or applicable BS7671 GFCI/RCD. 


Time 
The maximum clearing time will be listed for the selected GFCI/RCD device. 
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11.9.8 Protection Page (1 phase) 


The Protection page provides options related to cable protection. It includes options for plotting the cable 
thermal capability (It) curve on a Star View, updating short-circuit current, and entering cable protection 
information. Cables do not have unlimited power handling capability and need protection to prevent 
operation beyond that capability in the event of short-circuit conditions. The main cause of reduced cable 
lifetime is high temperature generated by continuous overloading or uncoordinated fault protection. Cable 
protection is required to protect personnel and equipment. 
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Thermal Damage Curve 

The maximum current that a cable can carry for a given time period is defined by an I’t characteristic 
curve. There are four standards which define this I*t characteristic: ICEA P-32-382, IEC 60949 / 60364-5- 
54, BS 7430/7454/7671, and GOST R 50571.10-96. 


Initial Temperature 
The initial temperature is the maximum allowable operating temperature of the conductor in the cable. It 
represents the initial temperature of the cable before a fault or overload condition. The selections are 


e Base Temp 
e Operating Temp 


These values are defined in the Ampacity page of the cable editor. The Base temperature is read from the 
cable library, and the Operating temperature is a user-definable value. The selected temperature is 
displayed in the damage curve plot table in the Initial °C column. 


Final Temperature 

The final temperature is the maximum short-circuit temperature the insulation is capable of handling. This 
value is dependent on the standard. Therefore, by selecting this value, the standard used to plot the 
damage curve is also defined. The selections are: 


ICEA P-32-382 

TEC 60949 / 60364-5-54 
BS 7430/7454/7671 
GOST R 50571.10-96 


The insulation type of the cable defines the maximum short-circuit temperature. The selected temperature 
is displayed in the damage curve plot table in the Final °C column. 


Damage Curve Plot Table 
The damage curve plot table displays the cables which have been defined, and the temperatures to use 
when plotting each cable curve. The option to plot or not plot a damage curve is also set here. 


Thermal Curve 
The types of cables defined are listed here. Neutral and Protective Earth cables, if present, must first be 
properly defined in the Configuration page of the cable editor in order for them to appear in this table. 


Plot 12t 
Check this to display the damage curve for the respective cable when it is plotted in a Star View. 


Initial Conductor Temperature 
The initial conductor temperature, as selected, is displayed here. This value will represent the maximum 
conductor temperature when plotting the damage curve. 


Final Conductor Temperature 
The final conductor temperature, as selected, is displayed here. This value will represent the maximum 
short-circuit temperature of the cable insulation when plotting the damage curve. 
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Number of Conductors to Plot 

Select the number of conductors to plot the damage curve based on. The selections are 1, n-1, and n, 
where n is the defined number of conductors per phase in the Info page of the cable editor. Typically the 
damage curve is used to represent a fault on a single conductor of the cable. (EEE Std. 242-2001) 
Therefore, this value, by default, is set to 1. 


tar TCO) feileiis 


Sa-Fome[_Se-cune_{ fetoty | Rose —femata Comment 
Info| Physical_| impedance | Configuration | Loading | Capacity | Protection 


BS6622 Mag. 50 Hz Code : 300 


XLPE 100% 33kV 3c CU (300 Zs 


Final Temp 


Plat Thermal Curve for (7, _ ] Conductors/Phase 


Short-Circuit Current 
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Distie (Une tote 
Update | Line -to - Line -to - Ground 


colo 


Protective Device 


Overload | User-Defined zs 0 A Oo A 


spuosag 


Amps X 100 Utility Bus (Nom. kV=33, Plot Ref. kV=33) 


Reference kV 


Calculated Base kV 

This kV value is automatically updated with terminal bus base kV when you Run/Update Short-Circuit 
kA from the Star-Protection Device Coordination Mode and at least one cable terminal bus is faulted. 
This is a display only field. 


Short-Circuit Current (Sym. rms) 


This group allows you to specify Line (lint to line fault) and Ground (line to ground fault) short-circuit 
currents when the terminal bus of the cable is faulted. The short-circuit currents can be updated 
automatically by running Run/Update 1 phase Short-Circuit kA from the Star-Protection Device 
Coordination mode. Note that only Line current will be updated for this ETAP release. 
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Short-Circuit Current 
Calculated Line 0.566 kA 
@) User-Defined Ground 0.235 «=kA 
Disable 
Update 


Calculated 

When running the “Run / Update 1 phase Short —Circuit kA” in STAR mode, ETAP will only update the 
Line fault kA. If this option is selected, the “Ground” field is hidden and the short-circuit calculated value 
will only be displayed and used in the Sizing - GND/PE calculations. For more information regarding 
PE/Grounding Conductor Thermal Sizing, refer to section 46.1 of Chapter 46. 


User Defined 

You may enter the fault currents for the different fault types by selecting the User-Defined option. Once 
this option is selected, both, the “Line” and “Ground” fault currents in this group are displayed and 
become editable The user entered Line value is then used for Sizing-Phase calculation and the user 
entered Ground value is then used for Sizing - GND/PE calculations. For more information regarding 
Phase Conductor Sizing, refer to section 45.4 of Chapter 45 and for more information regarding 
PE/Grounding Conductor Thermal Sizing, refer to section 46.1 of Chapter 46. 


e Line maximum fault inkA 
e Ground maximum fault kA 


Line 

If "Calculated" is selected, ETAP will update this field automatically for all cables when STAR “Run 
Update 1 phase short-circuit kA” is run in STAR mode. Since both of the cable terminal buses are 
automatically faulted in the short circuit study, the value that will be displayed will depend on the 
selection in the Tools | Options (Preferences) | Cable Sizing | “Update from the bus with lower SC kA 
value”. 


Ground 

The Ground short-circuit current can be entered in the user-defined Ground field in the “Short-Circuit 
Current” section. Automatic updating from short-circuit calculation will be available in a future release of 
ETAP. 


Pin (Disable Update) 


This checkbox is enabled only when the calculated option is selected. When this option is selected, the 
Fault kA fields does not update when “Run / Update Short —Circuit kA” in Star Mode is run. 


Electric Shock 


Display loop currents on TCC 
If this check box is selected, loop currents resulting from the Electric Shock calculations, will be 
displayed as fault arrows on TCC plots. 
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Calculated 
Calculated loop current. 


Permissible 
Permissible loop current for shock protection as per applicable standards. 


Protective Device 


Overload 

This section is used only for BS — 7671 and IEC 60364 based cable sizing. The available selections are 
"None", "User-Defined" or "Device ID" option for overload protection. When the User-Defined option is 
selected, the In, I2 and BS 3036 fields are enabled. When Device ID is selected, the Overload ID/Type 
dropdown list becomes available Device ID selection. 


In — Nominal current of overload protection device in amperes. 
[2 — Operating current of overload protection device in amperes. 


BS 3630 
Check BS 3036 if the overload protection is a Fuse to BS 3036. This field is applicable only when the BS 
7671 is selected as the installation standard in the Ampacity page. 


ID/Type 

The available overload protection devices (Fuse, Circuit Breaker, Recloser, Overload Heater and In-Line 
Overload Relay) for the cable are displayed in the dropdown list. If either side of the cable does not have 
a protective device, the collection is extended and will stop at a bus with more than two connectors, 
transformer, double throw switch, source, or a load. 


In and [2 

Enter or display the In and [2 values for the selected Overload protection. If User-Defined is selected in 
the Overload field, this field is editable and allows user to enter the values. If a protective device is 
selected in the ID/Type dropdown list, these values are filled automatically. 


Overcurrent 
This overcurrent section is utilized for electric shock and touch voltage calculations, thermal protective 
conductor sizing, and phase conductor sizing. 


Select "None", "User-Defined", "Device ID", “BS 7671” for overcurrent protection. 


If User-Defined is selected, users can enter the Overcurrent Protection Time which is used in the “Sizing - 
Phase” and ”Sizing - GND/PE” pages. 


If Device ID is selected the Overcurrent ID/Type dropdown list becomes available for Device ID 
selection. 


If BS7671 is selected, the typical overcurrent protective devices from BS 7671 Appendix 3 becomes 


available for selection. This selection only is available when BS 7671 Installation Standard is selected in 
the Ampacity (Capacity) page. 
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ID/Type 

Select a protection device ID from this dropdown list. The available overcurrent protection devices (Fuse, 
Circuit Breaker, and Recloser) for the cable will be automatically filled into this dropdown list. All the 
protective devices attached to this cable will be collected. If either side of the cable does not have a 
protective device the collection is extended and will stop at a bus with more than two connectors, a 
transformer, a double throw switch, a source or a load. 


Line Current 
The fault current in the Short-Circuit Current section will be selected to populate the Line current field. 


Line Time 
Displays the fault clearing time of the line current in the Short-Circuit Current section. 


Ground Current 
The fault current in the Short-Circuit Current section will populate the ground/Earth current field. 


Ground Time 
Displays the fault clearing time of the current in the Short-Circuit Current section. 


BS 7671 

Select an applicable BS7671 protective device for the clearing time. The clearing time will be based on 
the curve points given in Appendix 3 of the standard. The protective device is assumed to be in the same 
area as cable and not have crossed a transformer with a non 1-1 ratio. 


Rating (A) 

Select the applicable BS7671 protective device size. The clearing time will be displayed in the time 
fields. 

GFCI/RCD 

This GFCI/RCD section is utilized for electric shock calculations in this release and not for modules such 
as STAR. 

Select "None", "User-Defined", "Device ID", “BS 7671” for GFCI/RCD protection. 

If User-Defined is selected, user can enter the GFCI/RCD Protection Time. 


If Device ID is selected the GFCI/RCD ID/Type dropdown list becomes available for selecting a Device 
ID. 


If BS7671 is selected, the typical RCDs from BS 7671 Appendix 3 becomes available for selection. This 
selection is only available when BS 7671 Installation Standard is selected in the Ampacity page. 


The protective device is assumed to be in the same area as cable and not have crossed a transformer with 
anon 1-1 ratio. 


ID/Type 
Select a protection device ID from the dropdown list. 


Trip 
The trip setting will be displayed for the selected device or applicable BS7671 GFCI/RCD. 
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Time 
The maximum clearing time will be listed for the selected GFCI/RCD device. 


11.9.9 Sizing — Phase Page 


Refer to Chapter 45 — Cable Ampacity and Sizing for detailed information. 
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11.9.10 Sizing - GND/PE Page 


Note: This page is for Protective Equipment (PE) conductor thermal sizing and Electric Shock 
calculations. Load Flow and Short Circuit based modules do not utilize the parameters or results of this 
page in this release. 


Thermal Sizing 


The input data required to perform PE sizing is in the “Thermal Constraints” section. 


: ee 
Cable Editor-FDRLOCA x 


Non-Mag. 50 Hz 
100% 1.0kV 


Constraints 
Seconds 


Ground Fault | 1.25 0.010 


11.8 
136.8 


Penmissible Touch Voltage is not dictated by the selected Permissible Vi standard. 


aan a2 
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Ground Fault (kA) 

This read only field is a value that is either calculated or user defined in the Short Circuit section of the 
protection page for 3 phase cables. For a 1 phase Line to Line or Line to Ground cable connection, the 
cable is either user defined in the Short Circuit section in the Protection page or calculated in the Electric 
Shock tab. 


Ground Fault (s) 
This read only field value is either user defined in the Overcurrent section of the protection page or 
returned by ETAP when the Ground Fault value is entered is described in the Ground Fault (kA) section. 


Leakage Current 

Enter the leakage current, if it is known, in order to increase the minimum size of protective conductors, 
as per applicable BS or IEC standards. Armor and sheath used as protective conductors are not considered 
in establishing a minimum size in the presence of leakage currents. 


Temperature 
The temperature fields are display only and are used for thermal sizing calculation. 


Main Cable 


The Main Cable describes the Main PE, or the earthing conductor, of the cable and does not include the 
phase conductors, Armors, etc. 


The initial temperature value for the Main Protective Equipment conductor (PE) can be set by the 
selection of either the Table or Formula methods in the Factor K section. 


If Table or Formula method is used for the Main PE, then the initial temperature value is acquired from 
the “Thermal Damage curve” section from the Protection page. 


The final temperature value for the Main Cable can be set by the selection of either the Table or Formula 
method. 


If either the Table or Formula method is used for the Main PE, then the final temperature value is 
acquired from the “Thermal Damage curve” section from the Protection page. 


Aux Cable 


The Aux Cable describes the auxiliary PE (external to the phase conductor carrying cable), or the earthing 
conductor. 


If the Table method is used for the determination of the factor k for the Aux PE, then the initial 
temperature value is acquired from the applicable standard, based on checking the check box Aux Cable 
Bunched in the Configuration page. 


The Aux Cable Bunched check box will only be visible if in addition to choosing the Table method, the 
Aux Protective conductor type of insulation is selected based on table A54.4 from the IEC standard and 


table 54.3 from BS7671 standard in configuration page. 


If the Formula method is used for the Aux PE, then the initial temperature value is acquired from the 
“Thermal Damage curve” section from the Protection page. 
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The final temperature value for the Aux Cable can be set by the selection of either the Table or Formula 
method. 


If Table method is used for the Aux PE, then the final temperature value is acquired from the applicable 
standard. 


If Formula method is used for the Aux PE, then the final temperature value is acquired from the “Thermal 
Damage curve” section from the Protection page. 


Armor / Sheath 


Values for the initial temperature of armor and sheath is 10°C lower than the maximum operating 
temperature of phase conductors, as per applicable standard. 


Values for the final temperature of armor and sheath are always 200°C as per applicable standard.. 


Factor k 
Select the method for calculating the Factor k for Main or Aux Cable. 


If Formula is selected, then the Factor k is based on the Factor K formula given in the applicable standard. 


If Tables is selected, then the tables in the applicable standard will be looked up to find the appropriate 
Factor k. 


For Aux Cable, if Formula radio button is missing, then the data in the Aux cable row in the 


Configuration page is not loaded from the library. Once the Aux cable in the Configuration page is 
selected from library, then the Formula radio button in the Aux Cable section will be selected. 


Thermal Required Size 


Result 


K?S? Size (mm*) 


Protective 
Conductor(PE) As) Existing | Required 


Update Aux Size 
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Protective Conductor (PE) 
This header indicates the protective conductors in the Main Cable, Auxiliary, or as an Armor and /or 
sheath, as set in the Configuration page. 


Existing 
For the selected row, Main or Auxiliary cable, the existing size is the size user has selected in the 
configuration page. 


Required 

For the selected row, the required size is the minimum cross-sectional area of protective conductors 
and/or armor and/or sheath, calculated by ETAP based on thermal constraints using the selected standard 
in the Ampacity page. 

Regarding Armor and Sheath, ETAP establishes if either the armor or the sheath, if simultaneously 
present in the cable, can be safely employed as the sole return path to the source for ground-fault currents. 
For more details on the thermal checking of armors and sheaths refer to Chapter 46. 


Size 
Check the size check box in either the Main or Aux cable row for which to determine the minimum 
required protective conductor size. 


KS? 

This read only field is the calculated allowed thermal let through energy value of the cable in units of 
kA’s. This value is to be compared to either the protective device manufacturers or standards let through 
energy value for protective device disconnection times less than 0.1 seconds. 


Update Size 
After the required thermal size in the auxiliary row is calculated, this button will be activated. Once 
clicked, the protective cable size in the auxiliary row of configuration page will be updated. 


Electric Shock Constraints 


| Thermal Sizing | Blectric Shock | 


Constraints 
Earthing Type 


TT - Individual Undistributed 


Load Type | Final Circuit <= 32.A >| 


Additional Ground/Earth 


Local 
Resistance 0.1 10 Ohms 
Permissible Vt | IEC 60364 z | 
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Earthing Type 
This read-only field reflects the system earthing type determined by the source elements. 


Distributed/Undistributed 
This read-only field, available for AC cables only, indicates if the ungrounded neutral wire is distributed 
or not. 


Local Resistance 


Additional 

This is the additional resistance, if present (e.g. due to an extension cord) is to be considered in series to 
both the protective conductor (which may be in parallel to armor and sheath, if present), as well as to the 
impedance of the line conductor. 


Ground/Earth 
This is the combined resistances for all of the bus bar grounding electrodes, their bonding, and other 
forms of resistance until the earth surface. 


Load Type 
These are the various load types mentioned in BS7671 and IEC standards 


Exclude Second Earth Fault for IT System 
Checking this box will only include first fault touch voltage calculation for IT systems 


Permissible Vt 
The table below shows the conditions in which the permissible touch voltages are shown. 


Standard Earthing Type Permissible 
voltage 
Displayed? 


BS7671 [TN | 
EN 50122: 2011 [== TN 
EN 50122: 1997 IN 


IEC 


j= — Wor —__] 
a ae 
a a 
ps, No= —— 
ae Callecive | No 
| EN 50122: 2011 | IT-Collective | Yes 
| EN 50122: 1997 | IT-Collective | Yes 
pee rcaive 8a 


Groups _ 
Da 
Grou DS 
_Groups_ 
|S Groups| 
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Electric Shock Results 
This section contains the table of calculated Actual compared with Allowed results for the following 
parameters: 

e First Fault Touch Voltage (IT systems) 


e Second Fault Touch Voltage (IT systems) 
e Touch Voltage (TN/TT systems) 

e Disconnection Time 

e Loop Impedance 

e Loop Current 


This entire section is read only and is calculated automatically once all required parameters have been 
entered. 


Note: If the Actual value exceeds the Permissible, the value is displayed in magenta color. 


Results 
Calculated Permissible 
ist Fault Vt 650 60 V 
2nd Fault Vt 268 Vv 
Disconnect Time 0.070 § 
Loop Current 0.027 kA 


Loop Z Ohms 


Exclude Second Earth Fault for IT System 


Permissible Touch Voltage (V) 
The permissible touch voltage as per the selected standard. 


Calculated Touch Voltage (V) 
The calculated touch voltage of this circuit in Volts. 


Permissible Disconnection Time (s) 
The permissible disconnection time, in seconds, as per the BS7671 or IEC standard. 


Calculated Disconnection Time (s) 

The calculated disconnection time, in seconds, of protective devices designed to de-energize the circuit. If 
the protective device is a low voltage circuit breaker tripped by an over current relay, the clearing time 
will be the total of relay and breaker operating times. 
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Permissible Loop Current (Amps) 

The minimum line to ground loop current allowed for this circuit based on the disconnection time of the 
selected load type. If the protective device is a low voltage circuit breaker tripped by an over current 
relay, the clearing time will be the total of relay and breaker operating times. 


Calculated Loop Current (Amps) 
The calculated loop current in Amps. 


Permissible Loop Impedance (ohms) 
The loop impedance allowed for this circuit based on the Permissible Loop Current. 


Calculated Loop Impedance (ohms) 
The calculated Loop Impedance of this circuit. 


Report 


Report Manager 

Click on the report button to enter a report name and generate a report that will include Thermal Sizing 
and Electric Shock Protection results for this cable. The default report name will be the same as the cable 
ID. 


Model Forms 
Click this button to view and generate Model forms based on Appendix 3 of BS7671 standard. 


_)) MS Word 2003 

wy Electrical Installation Certificate.doc 

wi} Minor Electrical Installation Works Certificate.doc 

wh} Periodic Inspection Report for an Electrical Installation.doc 


Report 


Prone 7) (3) GeesiFome 


Note: The MS Word2003 files are for MS Word 2003 users. 
Standard 


This read only field displays the standard selected from the Ampacity page. The standard displayed is 
utilized in both Thermal and Electric Shock calculations. 
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11.9.11 Reliability Page 


2 Cable Editor - Cable2 


Info Physical Impedance Configuration Loading Ampacity Protection 
Reliability Routing Remarks Comment 


Sizing - Phase Sizing -GND/PE 


NEC Mag. 
EPR 


Reliability Parameters 
al 0.1613 | Failure/yr 
Ap Failure/yr 
a Repair 


FoR 720636 


(_] Replacement Available 


tp| 198 | br 


60 Hz 
5.0kV 


Altemative Supply 


[198 | 


19.8 


Code : 750 
3c «6CU «C750 


Source 


IEEE Std493-1990 


wre [at] 


MTTR 


hr 


0.601 - 15kV 


9} [J catte2 


-|(>) aw ial 


ETAP 


11-253 


Cable 


x 
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Reliability Parameters 


ha 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service, after the actively failed component is isolated, and the protection breakers are 
reclosed. This leads to service being restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


Ap 

This is the passive failure rate in number of failures per year f/yr per unit length. The passive failure rate 
is associated with the component failure mode that does not cause the operation of protection breakers 
and therefore does not have an impact on the remaining healthy components. Repairing or replacing the 
failed component will restore service. Examples of passive failures include opening circuits and 
inadvertent opening of breakers. 


per 
Select the length unit for failure rate length unit from the list box. The units of length available are: feet, 
miles, meters, and kilometers. 


MTTR 
Use this field to enter the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


p 


Calculate and display the mean repair rate in number of repairs per year, calculated automatically based 
on MTTR (p = 8760/MTTR) in Repair/yr. 


MTTE 
Calculate and display the Mean Time To Failure in years calculated automatically based on A, and Ap of 
(MTTF = 1.0/( A+ Ap) in yr for unit length automatically). 


FOR 
Calculate and display the Forced Outage Rate (i.e., unavailability), calculated based on MTTR, Aa and Ap 
(FOR = MTTR/(MTTR+8760/( Aa+ Ap)) for unit length automatically. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 
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rp 
This is the replacement time in hours by for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


11.9.12 Routing Page 


The Routing page provides lists of routed raceways and available raceways. The Cable ID and raceway 
type are shown for both the routed and available raceways. 
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celeste 


5OkKV CCU [250] AWG/ccmil 


Direct buries 


a) li aa) (2) 


This is a list of raceways through which this cable is routed. When you add a raceway to this list (by 
using the insert or add buttons), the cable is placed in a container attached to the raceway without being 
placed in any specific conduit or location. 
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Ce ad 


- 

~ 
- 

~ 
- 


- 
~ 

- 
~ 

- 


Se SS Ee A aes 


A ; \, Unassigned 
\ ) Cable 
ee Container 


Cables 


When you bring up the Graphical Editor for the underground systems, you will see the cables in a 
container of cables that are assigned to this raceway but not assigned to a specific conduit. This container 
is attached to the raceway and will disappear when it is empty. You must select and graphically move the 
cable from the unassigned cable container to the desired location. 


Available Raceways 


This is a list of all existing available raceways in this project, i.e., raceways that this cable can be routed 
through. 


Note: Since you cannot route a cable twice through a raceway, this list does not include the raceways 
listed under Routed Raceways. 


Insert: Route this cable through the selected raceway from the available raceway list, 
i.e., insert the selected raceway to the list of routed raceways. 


Add: Route this cable through the selected raceway from the available raceway list, 
i.e., add the selected raceway to the list of routed raceways. 


cae 


Cut: Un-route this cable from the selected raceway. 


ETAP 11-257 ETAP 19.0 User Guide 


AC Elements Cable 


11.9.13 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 


Eq. Ref. 12345 (numeric) ; 
One-Li Drawing ABC-123 


Last Maint. 


i Reference Sub OLV ABC-456 


Tests Req. 


UD Field A5 


UD Field AG | 


UD Field AT 


aes i _+))) aia 


User-Defined Info 
These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.9.14 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


| Comment 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


yen (24 (72) CO) |{ Corea 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information 
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11.10 Transmission Line 


The properties associated with transmission lines of the electrical system can be entered in this editor. 
You can perform the following functions within this editor: 


Calculate electrical parameters of lines 
Calculate conductor ampacity and temperature 
Calculate Sag and Tension 

Conductor transposition 

Series Compensation 


The Transmission Line Editor includes the following pages of properties: 


Info 
Parameter 
Configuration 
Grouping 
Earth 
Impedance 
Protection 
Sag and Tension 
Ampacity 
Compensation 
Reliability 
Remarks 
Comment 
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11.10.1 Info Page 


You can use the Info page to specify the transmission line ID, From and To bus ID and kV, In/Out of 
Service, Feeder Tag, Name, Description, and Length. 


Transmission Line Editor - Line4 _— Sa dl 


@ 3 Phase 
Tag # Enter the tag number 1 Phase Zz 


Name Enter the name — 
Length 50 


Description Enter the description aes 


Tolerance 4% 


seu a2 


Line Type 


The Transmission Line Editor type displays information from the transmission line header of the library 
selected. It is arranged as follows: 
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Base 
Temp. 1 for R 
Source. J TD Book i ae Code Size(AWG/kcmil- 4/0 <i. Size 

Conductor pe acse 60 Hz T2 SOGc 4/0 YY  Strands- 6 & Cond. # 

Type A A ay ae Strands 

Frequency Base Code 
Temp. 2 for R 

Source 


Displays the source of the transmission line data for the selected line. 


Conductor Type 
Displays the conductor material. The current types available are listed in the following table: 

Type Description 

AAAC All Aluminum Alloy Conductor 

AAC All Aluminum Conductor 

AAC/TW All Aluminum Conductor / Trapwire 

AACSR Aluminum Alloy Conductor Steel Reinforced 

ACAR Aluminum Conductor Alloy Reinforced 

ACCC Aluminum Conductor Composite Core 

ACCR Aluminum Conductor Composite Reinforced 

ACSR Aluminum Conductor Steel Reinforced 

ACSR/AW Single Layer Aluminum Conductor Aluminum Clad Steel 
Reinforced 

ACSR/COMP Compact round Aluminum Conductor Steel Reinforced 

ACSR/TW Aluminum Conductor Steel Reinforced / Trapwire 

ACSS Aluminum Conductor Steel Supported 

ACSS/AW Aluminum Conductor Aluminum Clad Steel Supported 

ACSS/TW Shaped Wire Concentric Lay Compact Aluminum 
Conductor Aluminum Steel Supported 

AHC Anaconda Hollow Copper 

AW Aluminum-Clad Steel Conductor 

CU Copper 

CW Copper Weld 

CWC Copper Weld Copper 

GTACSR Gas Type Thermal Resistant ACSR 

TACIR Thermal Resistant Aluminum Conductor Invar Reinforced 

TACSR Aluminum-Zirconium Alloy Conductor, Steel Reinforced 

VR Wind Induced — Motion Resistant Conductor 


ETAP 
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Base Temp.1 for R 
Shows the Base Rated Temperature 1 for the Resistance value in degrees Celsius. This temperature plus 
the rated temperature 2 are used to calculate the resistance variation for the line at various temperatures. 


Base Temp.1 for R 
Shows the Base Rated Temperature 2 for the Resistance value in degrees Celsius. This temperature plus 
the rated temperature 1 are used to calculate the resistance variation for the line at various temperatures. 


Frequency 

Line rated frequency in Hz. This value indicates the frequency at which reactance, GMR, and other 
parameters are specified by the manufacturer or standard. If the frequency of the system is different, 
ETAP will automatically adjust these parameters to the system frequency. 


Code 

Shows the code name given to a transmission line by the data source. For most available lines, their code 
(for example, bird, flower, city, or sport) has been entered in this field. In the case of the T&D book, since 
they do not use the bird names, size-strands has been used for the code. 


Size 
Shows the line size in AWG, kcmil, or mm’. 


Con. # of Strands 
The number of strands the main conductor has. 


Info 


ID 

Enter a unique ID with up to 25 alphanumeric characters. ETAP automatically assigns a unique ID to 
each transmission line. The assigned IDs consist of the default line ID plus an integer, starting with the 
number one and increasing as the number of lines increase. The default line ID (Line) can be changed 
from the Defaults menu in the menu bar or from the System Manager. 


From and To 

Bus IDs for the connecting buses of a transmission line are designated as From and To buses. If a 
terminal of a branch, From or To, is not connected to any bus, a blank entry will be shown for bus ID. To 
connect or reconnect a branch to a bus, select a bus from the list box. The one-line diagram will be 
updated to show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the branch resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


For 3 Phase Transmission Lines, only 3 Phase buses will be displayed in the drop-down lists. For Single 
Transmission Lines only single-phase buses will be displayed. 


If a branch is connected to a bus through a number of protective devices, reconnection of the branch to a 


new bus from the editors will reconnect the last existing protective device to the new bus, as shown below 
where Branch X is reconnected from Bus10 to Bus4. 
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Busl0 Bus4 Busld Bus4¢ 
CB4 CB4 
cTz cTz 
Relayz RelayZ 
Fusez Fusez 
Branch X Branch X 
Bus3 Bus? 


Single Phase Transmission lines can also be connected to Phase Adapters. If the Cable is connected as 
such, then the Phase Adapter ID will show in the Primary or Secondary field. 


MCC1 


SPFdr2 lem |Cablel9 


From [SPFar2 | 


Cabier> To [Bus? +] o2kV 


Bus? 


Next to the From and To bus IDs, ETAP displays the nominal kV of the buses for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Connection 


Transmission Lines can be defined as 3 Phase or 1 Phase lines by selecting any of the following 
selections: 
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3 Phase 
Define the line as a three-phase line. This line can be connected only to three-phase buses. 


1 Phase 
Define the line as a single-phase line. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Units 


Length 
Enter the length of the transmission line, in the units specified in the Unit field. 


Unit 
Select the unit from the list box. The units of length available are feet, miles, meters, and kilometers. 


Tolerance 

Enter the percent tolerance in line length. The Adjustments page in the analysis modules can be used to 
consider +/- % tolerance in line length, effectively increasing or decreasing the impedance based on the 
type of study being performed. 
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11.10.2 Parameter Page 


Transmission Line 


On the Parameter page you can select the phase and ground conductors from the library or enter the 


conductor properties. 


Transmission Line Editor - Line4 _— ia 


2 7 (MIO) 


R-T1(20°C) = R-T2(75 °C) Xa 
1.41 1.65 0.642 


Xa" 


0.1276  megohms per 1 km 


Ti 2 Code 


T2 75°C |7No.10 x 


Conductor Type 9  R-11(20°C) R-T2(75 °C) 


3.88 473 


GMR 
in 0.00166 ft 


seu a2 


ohms per 1 km 


19 Strands 


72.7 kemil 
7 Strands 


Phase Conductor 


Conductor Type 
Select the main conductor material (Copper or Aluminum). 
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RT1 
This is the phase conductor rated resistance at the rated temperature T1 in ohms per mile or ohms per 
kilometer. 


RT2 
This is the phase conductor rated resistance at the rated temperature T2 in ohms per mile or ohms per 
kilometer. 


Xa 
Enter the conductor inductive reactance in ohms per mile at 1ft spacing. 


Outside Diameter 


Specify the conductor outside diameter in inches or cm. ETAP calculates the equivalent diameter of the 
bundled conductors (d’) by using the following formulas: 


Two bundled conductors: d'=ad*S 


S 


Three bundled conductors: d'=Vd*S*S 
$ 


e 


Four bundled conductors: d’= ld pea V2 © 


Where d is a single conductor diameter in inches and S is the separation between conductors in inches or 
cm. 


GMR 
Specify the conductor geometric mean radius (GMR) in feet or meters. GMR must be less than or equal to 
the conductor radius. When Xa is entered and GMR has not been entered, the program will calculate 


GMR using the following formula: 
650 
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GMR GMR* S 


Two bundled conductors: 


O 
S 


Three bundled conductors: GMR' = VGMR*S * S 


@ oF 


Four bundled conductors: GMR' = {/GMR sa a V2 *S 


Where GMR is for a single conductor and S is the separation between bundled conductors in inches or 
cm. 


Xa’ 
Enter the conductor shunt capacitive reactance in megohms per mile or kilometer. 


Conductor Lib 
Click the Conductor Lib button to access the Library Quick Pick — Transmission Line (Phase Conductor) 
dialog box, which allows you to select line data from the library. 


Ground Wire 


Conductor Type 
Select the main conductor material (Aluminum, Copper, or Steel). 


RT1 
Enter the conductor rated resistance at the rated temperature T1 in ohms per mile or ohms per kilometer. 


RT2 
Enter the conductor rated resistance at the rated temperature T2 in ohms per mile or ohms per kilometer. 


Xa 
Enter the conductor inductive reactance in ohms per mile at 1ft spacing. 
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Outside Diameter 


Specify the conductor outside diameter in inches or cm. For bundled conductors, ETAP calculates the 
equivalent diameter of the bundled conductors (d’) using the following formulas: 


Two bundled conductors: d'=Jd*S 


S 


Three bundled conductors: d'=Vd*S*S 


e 


Four bundled conductors: d’= ld yea V2 *S 


Where d is a single conductor diameter in inches and S is the separation between conductors in inches or 
cm. 


GMR 


Specify the conductor geometric mean radius (GMR) in feet or meters. GMR must be less than or equal to 
the conductor radius. When Xa is entered and GMR has not been entered, the program will calculate 


using the following formulas: 
650 


Two bundled conductors: GMR' = ~RMR*S 
tg 
© 
S 
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Three bundled conductors: GMR' = VGMR* S * S 


e oe 


Four bundled conductors: GMR' = {/GMR *S*S* V2 *S 


Where GMR is for a single conductor and S is the separation between bundled conductors in inches or 
cm. 


Xa’ 
Conductor shunt capacitive reactance in megohms per mile or kilometer. 


Ground Wire Lib 


Click the Ground Wire Lib button to access the Library Quick Pick — Transmission Line (Ground Wire) 
dialog box, which allows you to select line data from the library. 
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11.10.3 Configuration Page 


Transmission Line Editor - Line4 _— se |e Semen 


ae a8) (2) 


Configuration Type 


Several types of physical configurations are available for transmission lines to accommodate most setups. 
Available options for transmission line placement are: 


Horizontal Parallel Vertical 
Vertical Parallel Horizontal 
Triangular General* 


ETAP 11-272 ETAP 19.0 User Guide 


AC Elements Transmission Line 


The general configuration allows you to specify the physical location of the conductors with respect to a 
reference point. The reference point is located at the same level as the base of the tower or pole. This 
defines the height of the lines with respect to the soil level. For example: 


For this configuration, the following parameters would be 
used: 


Phase 
x Y Spacing 
A{ 5 || 23 |AB ‘ft 
B{ o || 2 |ec itt 
c{| 5 |f 2 |ca ft 


The spacing is calculated automatically by ETAP. The ground wires are also entered with respect to the 
reference point. 


GMD 


The geometric mean diameter (GMD) is calculated based on the spacing and configuration type. The 
value is in feet or meters. 


Phase 


Height 
Enter the height (in feet or meters) of the transmission line from the earth to the highest conductor in the 
system. 


Spacing 

Specify the distance between the phase conductors as three pairs of conductors (AB, BC, and CA) in feet 
or meters. This provides the ability to configure the wires to almost any shape. For parallel circuits, you 
need to specify the distance between the two circuits. ETAP treats the triangular and parallel 
configurations symmetrically (that is, AB = BC and CA<(AB+BC)). 


Configuration Type GMD Layout 
‘Horizontal ¥| | 4932 | ft 
Phase 
Height Spacing 
[ 2 |e ssf 3 |r 
BC 5 ft 
CA 8 ft 
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This field is dimmed when General is selected for the Configuration Type. In this case, the fields are 
calculated based on the X,Y coordinates of the conductors. 


Layout 


Layout is a graphical representation of the location of the conductors and ground wires. The image is not 
to scale and it does not update with changes in spacing. 


diz 


This is the distance between the closest conductors from each parallel circuit. It is used to define the 
separation between the two circuits as indicated in the image below. 


Configuration Type GMD 
Parallel Horizontal ’ 5.04 ft 
Phase 
Height Spacing 
60 ft ABO4ORkt 
BC 4 ft 
12 
4 ft CA 8 ft 


Ground Wires 


GG 
The distance between ground wires in feet or meters. This field is active if you have more than one 
ground wire. 


CG 
The distance between the ground wires and a phase conductor closest to the ground wire in feet or meters. 
The value of CG can be negative if ground wires are located under the phase conductors. 


G1 and G2 


These fields are available only when you have selected General under the Configuration Type. Check G1 
if you have at least one ground wire in the system. Then specify the X, Y coordinate of this wire with 
respect to the reference. Check G2 if you have two ground wires in the system. 


Conductors 


Transposed 
Select his option if the 3-phase transmission line is fully transposed. This option affects the calculation of 
transmission line impedance values. 
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Separation 
Enter the separation between the adjacent bundled conductors of the same phase in inches or centimeters. 


Conductors/phase 
You can specify up to four bundled conductors. 


11.10.4 Grouping Page 


The Grouping page of the Transmission Line Editor allows you to take the effect of mutual coupling into 


account. 
Transmission Line Editor - Lined _— = [emweSommn| 


| Stat Bus | | End Bus 
=r 


Ba) (8) (9) aa) (2) 
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Group 


The Group section allows the user to specify a coupling group that a line is involved in. You can also 
specify other related parameters such as relative location of this line with respect to the common reference 
point of the coupling group. 


The parameters in this section are not applicable if the User-Defined option is selected in the Impedance 
page of the editor. This means that, if the impedance values for the line are defined by the user, the 
coupling effect of this line with other lines will not be considered. 


Name 

This is the mutual coupling group name. Click in this field to select a coupling group from the drop-down 
list. If you have not created a coupling group, you can create one by clicking on the Mutual Coupling 
Group button located below the Tower area. 


Length (M) 
This is the length of the section in which the lines in the group are coupled. This value is defined in the 
Mutual Coupling Group Editor. 


X (ft) 

Enter the horizontal distance between the reference point of this line and the reference point of the 
coupling group. You can set the X value for one of the lines to make it the reference point. Then set the 
X value for the rest of the lines with reference to the first line. 


Y (ft) 

Enter the vertical distance between the reference point of this line and the reference point of the coupling 
group. You can take the line that has its pole or tower at the lowest elevation and set the Y of the line 
equal to 0. Then for each of the rest of the lines, set Y equal to the difference in elevation between the 
line and the first line. 


Set ¥Y = AY 


Set ¥=0 


Click this button to switch the start bus and end bus values. This indicates the starting and ending side of 
all lines in the coupling group. 


Start Bus 

This is the bus on the side where the line coupling starts. The starting and ending buses of a line are used 
to determine the terminal buses that are on the same side for all the coupled lines in the group. The start 
bus affects the calculation of the voltage drops of coupled lines. 


End Bus 
This is the bus on the side where the line coupling ends. 
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‘Tower 


Ground Resistance 
Specify the value of the grounding resistance through the tower in ohms. 


Segmented Earth Wires 
Select this option to make the earth wires segmented. 


Average Distance 
Specify the average distance between each tower in the unit specified in the Unit field. 


Unit 
Select the units in which the average distance is specified. 


Mutual Coupling Group Button 


Use this button to access the Mutual Coupling Group Editor. You can define the coupling groups here 
and then select it on the group name filed above. 


Note: You can also access the Mutual Coupling Group Editor from the Project Menu. 
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11.10.5 Earth Page 


This page allows you to model the earth layers. This information is used to calculate the grounding 
resistance of the line. 


Transmission Line Editor - Line4 dl 


Be0 We =D) BP (26) [comme] 


Earth Layers 
This group allows you to specify up to 3 layers of ground and the properties of each layer. 


Number of Earth Layers 


Select the number of earth layers you want to model. ETAP will display a row to enter properties for 
each layer. 
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P (ohms-m) 
Enter the earth resistivity for each layer in ohm-meters (ohms-m). 


e 


Enter the earth permittivity of each layer. 


J 


Enter the earth permeability of each layer. 


Depth 


Enter the depth of each layer in feet/meters. 
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11.10.6 Impedance Page 


Transmission Line Editor - Line4 | eoere Som 


> ae 


Impedance (per phase) 


Pos., Neg., and Zero Sequence Resistances (R-T1,R-T2) 

ETAP automatically calculates the Pos. (positive) and Zero sequence resistances in ohms or ohms per unit 
length, per phase, and at base temperature T1 and T2, according to the specified configuration and 
grounding information of a transmission line. ETAP corrects these resistances for different studies based 
on the specified temperature limits in the Operating Temperatures group. You can also specify positive 
and zero sequence resistances in ohms or ohms per unit length, per phase, and at base temperatures T1 
and T2 specified for this data file. 
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Pos., Neg., and Zero Sequence Reactances (X) 

ETAP automatically calculates the Pos. (positive) and Zero sequence reactances in ohms or ohms per unit 
length, per phase, according to the specified configuration, grounding, and grouping information of a 
transmission line. When data is recalled from English (60 Hz) or Metric (50 Hz) libraries, ETAP corrects 
these reactances for the system operating frequency. The user can also specify positive and zero sequence 
reactances in ohms or ohms per unit length, per phase, at the system operating frequency specified for this 
data file. The zero sequence reactance is used only for unbalanced fault current calculations. 


Pos., Neg., and Zero Sequence Susceptances (Y) 

ETAP automatically calculates the Pos. (positive) and Zero sequence susceptances in microsiemens or 
microsiemens per unit length, per phase, according to the specified configuration and grounding 
information of a transmission line. If the value is Y>O, the transmission line is treated as a model, with 
one half (1/2) of the charging susceptance connected to neutral at each end of the line. If Y=0, the 
transmission line is treated as an external impedance. When data is recalled from English (60 Hz) or 
Metric (50 Hz) libraries, ETAP corrects these susceptances for the system operating frequency. The user 
can also specify positive and zero sequence susceptances in microsiemens or microsiemens per unit 
length, per phase, at the system operating frequency specified for this data file. The zero sequence 
susceptance is used only for unbalanced fault current calculations. 


When the Calculated option is selected for line impedance, the impedance values displayed in this section 
is calculated for the line itself, even if the line is involved in a coupling group with other lines. The 
impedance matrices considering coupling effect are displayed when the R, X, and Y buttons are clicked. 


Note that ETAP automatically doubles the Transmission Line R & X values for single phase system 
calculations to represent both the forward and return conductors. 


Calculated 


Select the Calculated option if you want ETAP to calculate the impedance of the line according to the 
parameters, configuration, grounding, and grouping. 


User Defined 


Select the User-Defined option if you want to enter the impedance values. When this option is selected, 
the parameters in the Group section of the Group page do not apply and the coupling effect of this line 
with other lines will not be considered. 


Unit 


Select impedance units as ohms per unit length or ohms. Select a unit for unit length from the list box. 
Units available are: feet, miles, meters, and kilometers. If you select ohms, the impedances calculated or 
entered represent the total impedance of the line. ETAP uses ohms per mile as the unit of impedance 
calculation. 


R, X, Y Matrices 


Select Phase Domain or Sequence Domain and click the buttons under this group to display the 
Resistance (R), Reactance (X), or the Susceptance (Y) sequence matrixes. 
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Library Temperatures 


Base T1 and Base T2 

If you have selected the phase conductors from the library, ETAP displays the temperatures (in degrees 
Celsius) at which the resistance values where entered in the library. These temperatures allow ETAP to 
determine the impedance variation versus temperature. 


If you have selected to specify the impedance, then select or enter the temperatures (in degrees Celsius) at 
which you have entered the resistances upstream in the Impedance (per phase) group. 


Operating Temperatures 


Minimum and Maximum 

Two conductor temperature limits (in degrees Celsius) may be entered for adjusting positive and zero 
sequence resistances (R and RO) for different studies. The first limit is the minimum operating 
temperature and the second limit is the maximum operating temperature. ETAP will use the most 
conservative temperature limit for each study type. 


For example: 
Temperature Limit Used by Some Modules 


Min. Max. 
Load Flow Xx 
Short-Circuit Xx 
Motor Starting Xx 
Dynamic Stability Xx 


If this correction is not wanted, set both minimum and maximum temperature limits equal to the base 
temperature. ETAP uses the Base T1 and Base T2 temperatures to calculate the impedance variation of 
the line. 


If R-T1 and R-T2 entered on the Parameters page are equal, it indicates that the line resistance does not 
vary as conductor temperature fluctuates. In this case, the calculation will use a constant resistance at the 
base temperature. 
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11.10.7 Protection Page 


This page contains options to plot the transmission line thermal capability curve on a Star View. 


Transmission Line Editor - Line4 Za dl 


Thermal Capability 
[¥] Plot Phase Conductor |?t on TCC 
(¥] Plot Ground Wire It on TCC 


880 Ge) WB) C8) [co | 


Thermal Capability 


Transmission line capability curve is an I*t characteristic curve, which depends on the following 
parameters: 


e Conductor area 
e Number of conductors/phase 


The thermal capability curve is always drawn between t = 1 to t = 10 seconds. 
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Plot Phase Conductor I*t on TCC 

Click to plot conductor I*t on Star View. This option will plot or hide the phase conductor thermal 
capability curve from the Star View. This checkbox is only active when a phase conductor is selected 
from the library. 


fi . 
] Star5 (Star TCC) - ETAP 14.0.0 o/S/ 8 | 
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Click to activate the help file 


Plot Ground Wire I*t on TCC 
Click to plot wire I’t on Star View. This option will plot or hide ground wire thermal capability curve 
from the Star View. This checkbox is only active when a ground conductor is selected from the library. 
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11.10.8 Sag and Tension Page 


It is important to perform a sag and tension calculation for a transmission line to ensure an adequate 
operating condition for the line. If the tension applied on the line is beyond its tension limit, the line 
conductor will be damaged, which will in turn reduce line capacity and decrease the life span of the line. 
If the sag is too great, this may cause a short-circuit between the line and objects below it or a short- 
circuit between lines in extremely windy conditions. 


ETAP calculates the sag and tension of the line with a series of suspension spans based on the Ruling 
Span Method on this page. It gives line sag and tension for the specified operating conditions, including 
temperature, wind speed, and ice on the line and is based on the sag and tension under initial conditions 
(called Known Conditions in the editor). The initial conditions may be at no load conditions or some 
other operating conditions at which line sag or tension can be measured. The sag and tension to be 
calculated should be for the worst operating conditions, such as in strong wind conditions and lines 
covered with thick ice, etc. 


The Ruling Span Method represents a series of suspension spans between two dead-end structures by a 
level dead-end span. The level dead-end span, called ruling span, gives the same change in tension from 
loading, temperature, and other operating conditions as that of the actual line. The method calculates sags 
for each suspended section of the line. But it assumes that the tension of all the suspended sections is the 
same as that of the ruling span. 
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Loaded Conditions 
Weight 0.107  \bAt 


k Factor 02 


Steel 275 x 10°psi 


02 bAt Honz Tension © 2093 |b 


0 So@® 2 ft 


a) (i) (S) a8) (2) 


Line Section 


You can specify the operating temperature and line sections of suspended spans in this group. ETAP 
calculates the length of the ruling span, tension of the ruling span, and sags for each suspended section. 


Same Tower Height 

Select this option if the towers are at the same level. This option will allow you to calculate the Sag at the 
Spans entered in the table below. If this option is not checked, ETAP will calculate the Sag and Tension 
as seen from each tower. 
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Line Section Line Section 
(¥) Same Tower Height |] Same Tower Height 
[Op Temp. m5 °C [) Op Temp. 5m °C 
Horiz Tension 2584 |b Horiz Tension 2584 |b 
Ruling Span 4163.22 ft Span 1163.22 ft 


Sag ft) Height Diff o f 


Low Tower High Tower 


Tension 2634 2634 |b 
Sag 57.009 57009 R 


Op Temp. 

Enter the operating temperature in degrees Celsius or check to use and display the operating temperature. 
The operating temperature is calculated on the Ampacity page corresponding to the operating current. To 
obtain more conservative tension and sag results, a lower operating temperature should be used. 


Horiz. Tension 
The calculated line horizontal tension is displayed in this field in lbs/kN. 


Ruling Span 
The calculated length of the ruling span in ft./m is displayed in this field. This filed is displayed when 
Same Tower Height has been selected. 


Span 
Enter the individual span of suspended sections of the line in ft. or meters. 


Height Diff 
Enter the height difference between towers in feet or meters. 
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Span Vs Sag Table 


Span (Ft) 
Enter the individual span of suspended sections of the line in ft. or meters in this column. 


Sag 
This field displays the calculated sag in ft. or meters for each suspended section of the line in this column. 


Low Tower and High Tower Tension and Sag 
These fields display the Sag and Tension seen from the Lower Tower and from the High Tower, when the 
Same Tower Height option is not selected. 


Loaded Conditions 


This group includes operating parameters under loaded conditions that affect the line tension and sag 
calculation. The parameters should be entered to yield more conservative results, such as higher wind 
pressure and thicker ice on the line, etc. 


Weight 
Enter the conductor weight in lb/ft. or N/m. If you have selected the conductor from the library, the 
information from the library automatically updates this field. 


k Factor 
Enter the constant to be added from NESC table 251-1 under the loaded conditions in lb/ft. or N/m. 


Ice 
Enter the ice thickness under the loaded conditions in cm/in. 


Wind 


Enter the NESC horizontal wind force requirement in lb/sq. ft. or N/sq. m under the loaded conditions in 
cm/in. 
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Elongation Coefficient 
Enter the coefficient of conductor elongation in 10°/degrees C. Refer to the table below for nominal or 
minimum properties of conductor wire materials. This table can be found in the Overhead Conductor 


Manual 2™ Edition page 1.4. 


Property Intl. Commercial | Standard Standard | Standard | Galvanized | Aluminum 
Annealed | Hard-Drawn | 1350-H19 | 1350-0 6201-T81 | Steel Core | Clad Steel 
Copper Copper Aluminum | Aluminum | Aluminum | Wire Core Wire 
Standard | Wire Wire Wire Wire 

Elongation 

Coefficient 

10° per °C 16.9 16.9 23.0 23.0 23.0 11.5 13.0 

Al/Cu Strands 


Enter the number and diameter of the conductor (Copper or Aluminum) strands. Diameter is specified in 
inches or centimeters. If you have selected the conductor from the library, the information from the 
library automatically updates this field. 


Steel Strands 


Enter the number and diameter of the reinforcement (steel or composite) strands. The Diameter is 
specified in inches or centimeters. If you have selected the ground wire from the library, the information 
from the library automatically updates this field. 


Modulus of Elasticity 


Enter the modulus of elasticity for Aluminum / Copper or Steel in 10° psi if using English units or Mpa in 
metric units. Refer to the table below for nominal or minimum properties of conductor wire materials. 
This table can be found in the Overhead Conductor Manual 2" Edition page 1.4. 


Property Intl. Commercial | Standard | Standard Standard | Galvanized | Aluminum 
Annealed | Hard-Drawn | 1350-H19 | 1350-0 6201-T81 | Steel Core | Clad Steel 
Copper Copper Aluminum | Aluminum | Aluminum | Wire Core Wire 
Standard _| Wire Wire Wire Wire 

Modulus 

of 

Elasticity 

10° psi Ws 17 10 10 10 29 23.5 

10° Pascal 117,000 117,000 69,000 69,000 69,000 200,000 162,000 


Known Conditions 


In this group you can enter the initial conditions under which line tension or sag value can be provided by 
measurement or previous knowledge. 


Ice 
Enter the ice thickness on the line under the known conditions in cm or inches. 


Wind 
Enter the known NESC horizontal wind force requirement under the known conditions in lb/sq. ft. or 
N/sq. m. 
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k Factor 
Enter the known constant to be added from NESC table 251-1 under the known conditions in lb/ft. or 
N/m. 


Temperature 
Enter the known operating temperature in degrees Celsius. 


Tension or Sag 


Select to enter the known tension or sag. ETAP will calculate and display the other parameter. These 
two values are based on the ruling span of the line. 
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11.10.9 Ampacity Page 
ETAP determines the current-temperature relationship for transmission lines in this page. The calculation 


is based on IEEE Standard 738-1993, “IEEE Standard for Calculating the Current-Temperature 
Relationship of Bare Overhead Conductors.” Conductor surface temperatures are a function of: 


Conductor material 
Conductor OD 

Conductor surface conditions 
Ambient weather conditions 
Conductor electrical current 


Based on the steady-state heat balance equation of a bear overhead conductor, the conductor current and 
temperature relationship can be given as the following equation: 


de +4, — 4s 
R(T.) 


Where I is the conductor current, qc is the convected heat loss, qr, is the radiated heat loss, qs is the heat 
gain from the sun, and R is the conductor AC resistance at conductor temperature T.. 


For a bare stranded conductor, if the conductor temperature (Tc) and the steady state weather parameters 
are known, the heat losses due to convection and radiation, solar heat gain, and conductor resistance can 
be calculated. While the calculation given in IEEE Std 738-1993 can be performed for any conductor 
temperature and any weather condition, a maximum allowable conductor temperature and conservative 
weather conditions are often used to calculate the steady state thermal rating for the conductor. 


ETAP calculates the operating temperature corresponding to the user entered operation current for the 
specified installation and environment conditions, so that you can determine the maximum operating 
temperature for given transmission line loading conditions. It also calculates the derated ampacity for the 
conductor temperature limit you enter, so that you can determine the maximum loading current for your 
transmission lines. 
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Transmission Line Editor - Line4 [aero 


Sun Time 


Condition 
 (Geonsus} [Noon] 


North Latitude Solar Absomptivity Emissivity 
99 Deg 30 Deg 05 05 


Cj[ures oD) aa) 


Wind 


Speed 

Speed is wind velocity in ft./s. Conservative wind velocity is considered around 2 ft./s. Most wind speeds 
obtained from the weather bureau records are often inaccurate, since most of the data has been recorded 
by standard cup-type anemometer that has significant starting inertia. Therefore, readings at low wind 
speeds are questionable. 


Direction 


Direction is defined as the direction of the movement of air relative to the line axis. The wind direction 
and the line axis are assumed to be in a plane parallel to the earth. 
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Atmosphere 


Ta 
This shows the ambient temperature around the conductor in degrees Celsius. 


Condition 
Select the condition of the atmosphere. The two options are Clear and Industrial. The atmosphere 
condition affects the solar heat gain. 


Sun Time 
Local sun time used to calculate total solar heat gain. At different values of local sun time, the altitude 
and azimuth of the sun will be different and yield a different solar heat gain. 


Installation 
In this group, you enter parameters for the installation of the transmission line. 


Elevation 

Elevation of the conductor above sea level is in ft./meter. This value is used to determine air density for 
calculating convection heat loss. Furthermore, the height of conductors above the ground is significant in 
terms of wind shielding. High voltage lines normally have greater ground clearance and may be less 
shielded by trees and terrain than low voltage lines. Select the highest altitude that is applicable at the 
location of the line, because this will give the most conservative results. 


Azimuth 
This represents Azimuth of the line in degrees, measured clockwise from the Northern direction to the 
line axis. 


North Latitude 
This represents the North latitude of the line location in degrees. 


Solar Absorptivity 

Solar absorptivity is typically 0.23 to 0.91, depending on the age of the line. The exact rate of increase 
depends on the level of atmospheric pollution and the line’s operating voltage. Absorptivity is usually 
higher than emissivity. 


Emissivity 
Emissivity is typically 0.23 to 0.91, depending on the age of the line. The exact rate of increase depends 
on the level of atmospheric pollution and the line’s operating voltage. Emissivity is usually lower than 
absorptivity. 


Ampacity 


This group displays conductor ampacity and temperature calculation results, as well as ampacity and 
temperature values from the transmission line conductor library. 


Lib Ta 
This field displays the ambient temperature in degrees Celsius from the conductor library. 
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Base Ampacity 
This field displays the conductor base ampacity in amperes from the conductor library. This ampacity 
value is corresponding to the ambient and conductor temperature values from the conductor library. 


Operating Ampacity 
Enter the conductor operating current in amperes and ETAP will calculate the corresponding conductor 
temperature, which is displayed in the Operating Conductor Temp. field. 


Derated Ampacity 
For the user entered Tc value, ETAP calculates the corresponding conductor ampacity and displays the 
result in this field. 


Note: For Parallel Vertical and Parallel Horizontal configurations the calculated ampacity is the total 
ampacity of the two parallel circuits. If the Conductors/phase in the Configuration page is more than one, 
the calculated ampacity is for the total of the multiple conductors. 


Lib Conductor Temp. 
This field displays the conductor temperature limit in degrees Celsius from the conductor library. 


Top Conductor Temp. 
This field displays the calculated operating temperature in degrees Celsius. 


Tc Conductor Temp. 
Enter the maximum allowable conductor temperature in degrees Celsius. ETAP calculates the derated 
conductor ampacity and displays the result in the Derated Ampacity field. 


Allowable Ampacity 


This is the maximum allowable ampacity of the line. It is used in the load flow output reports to indicate 
the percent of line overloading. This value is also used as a base for the line flow constraint in the 
optimal power flow studies. 


ETAP provides options for selecting the maximum allowable current: 


Select this option to make the derated ampacity 


Derated : leat 
the maximum allowable current for this line. 


Select this option to enter the maximum 


User-Defined allowable current for this line 


Note: The conductor Temperature Tc is calculated given the allowable ampacity. 
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11.10.10 Compensation Page 


Transmission Line Editor - Line2 


Info Parameter Configuration Grouping Earth Impedance 
Sag &Tension § Ampacity Compensation Reliability Remarks 


T1 20 Code mm? 
T2 75°C |PLUTO Strands 


M Fixed Series Capacitor 


kV Amps  Xc (ohms) microfarad 
4.16 03 660 0.23 11555 


Max. kV 


MOV Protection 
Protective Level Current 


| 1320_| Amps 


Protection Mode is considered only in StarZ fault studies. 


SD) M2) [2 | cones 


Fixed Series Capacitor 


Check this box to add a series or fixed capacitor to the 3-phase transmission line. 


kV 
Enter rated kV of the series capacitor. 


Mvar/kvar button 
Toggle between Mvar and kvar for capacitor size value. 
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Amps 
Enter the rated amps of the series capacitor bank. 


Xc (ohms) 
Enter the capacitor reactance value in ohms at system frequency. 


Xe = 1/(2*2* fsys*0.000001*microfarad) 


Where, fsys is the system frequency. 


Microfarad 
Enter capacitor size in microfarad. 


Max. kV 
This is the maximum kv rating value of the capacitor bank. 


Fixed Capacitor Location 


Transmission Line 


Specifies the location of the fixed series capacitor on the line (From end or To end of the line) 


Degree of Compensation 


This is the percentage of Xc compensation that will be applied to the transmission line. 


Bypass Switch (On/OFF) 


Select to bypass the fixed series capacitor compensation for the line. 


Protection Mode 


MOV Protection 
Selects the protection mode of the series capacitor. 


Protective Level Current 
Enter the capacitor protective level current. (Ipr) 
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11.10.11 Reliability Page 


2 Transmission Line Editor - Line4 x 


T2 75°C |PLUTO 


Source 


IEEE Std493-1997 


[_] Replacement Available 


hr 


Reliability Parameters 

A 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service, after the actively failed component is isolated, and the protection breakers are 
reclosed. This leads to service being restored to some or all of the load points. It should be noted, 
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however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


he 

This is the passive failure rate in number of failures per year per unit length. The passive failure rate is 
associated with the component failure mode that does not cause the operation of protection breakers and 
therefore does not have an impact on the remaining healthy components. Repairing or replacing the 
failed component will restore service. Examples of passive failures include opening circuits and 
inadvertent opening of breakers. 


Per 
Select a length unit from the list box for the failure rate. The units of length available are: feet, miles, 
meters, and kilometers. 


Calculate and display the mean repair rate in number of repairs per year. It is calculated automatically 
based on MTTR (yp = 8760/MTTR) in repair/yr automatically. 


MTTF 
Calculate and display the Mean Time To Failure in years. It is calculated automatically based on A, and 
Ap Of MTTF = 1.0/(Aa+ Ap) in yr for unit length automatically. 


FOR 
Calculate and display the forced outage rate (unavailability). It is automatically calculated based on 
MTTR, Ag and Ap (FOR = MTTR/(MTTR+8760/( A+ Ap)) for unit length. 


MTTR 
The MTTR (Mean Time To Repair) in hours is the expected time for a crew to repair a component outage 
and/or restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours by for replacing a failed element by a spare one. 
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Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 


11.10.12 Remarks Page 
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10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 


Eq. Ref. 12345 = (numeric) : 
One-line Dwing ABC-123 


Last Maint. 01/01/02 


RP ar Reference Sub OLV ABC-456 


Tests Reg. Manuf 


UD Field A5 Equi 
Name Manufacturer 
UD Field A6 


Purchasi 
UD Field A7 Date 01/02/00 


>) @e 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any extra data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


11.10.13 Comments Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 
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Transmission Line 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


ESC] (8 (2) [0K)|| cence | 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.11 Reactor 


The properties associated with current-limiting reactors of the electrical distribution systems can be 
entered in this editor. 


The Reactor Editor contains the following pages of properties: 


Info Remarks 
Rating Comment 
Reliability 
11.11.1 Info Page 
Reactor Editor - X1 {S| 


|Rating | Reliability | Remarks | Comment 


—_  —_ 


; 


From | Sub2B ¥| 13.8kV Revision Data 
To | Sub2A y| 13.8kV Base 


Equipment 


Tag # Enter the tag number 


Name Enter the equipment name 


Description Enter the description of this equipment @ 3 Phase 
1 Phase 


Se5 8h.) BE) alc) 


Info 


ID 
This allows the user to enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each current-limiting reactor. The assigned IDs consist of the 
default reactor ID plus an integer, starting with the number one and increasing as the number of reactors 
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increase. The default reactor ID (X) can be changed from the Defaults menu in the menu bar or from the 
System Manager. 


From and To 

Bus IDs for the connecting buses of a reactor branch are designated as From and To buses. If a terminal 
of a branch (From or To) is not connected to any bus, a blank entry will be shown for bus ID. To connect 
or reconnect a branch to a bus, select a bus from the list box. The one-line diagram will be updated to 
show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the branch resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a branch is connected to a bus through a number of protective devices, reconnection of the branch to a 
new bus from the editor will reconnect the last existing protective device to the new bus, as shown below 


where Branch X is reconnected from Bus10 to Bus4. 


For 3 Phase Reactors, only 3 Phase buses will be displayed in the drop-down lists. For single-phase 
Reactors only single-phase buses will be displayed. 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your convenience. 


Bus10 Bus4 Busl10 Bus4 
CB4 CB4 
FuseZz FuseZz 
Branch X Branch X 
Bus3 Bus3 


A single-phase reactor can also be connected to Phase Adapters. If the Reactor is connected as such, then 
the Phase Adapter ID is displayed in the Primary or Secondary field. 


MCC1 


Info 


SPFdr2 ID [x1 


From [SPFar2 | 
To [Bus? | 0.2kV¥ 


Bus? 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Connection 
Reactors can be defined as 3 Phase or 1 Phase by selecting any of the following selections: 


3 Phase 
Click the button to define the reactor as a 3 Phase. This reactor can be connected only to 3 phase buses. 


1 Phase 
Click the button to define the reactor as single-phase. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 
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Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked 


11.11.2 Rating Page 
Reactor Editor - X1 |e S| 


Be wx =) (68) (2) (OK) | cance | 


Rating 


Amps 
Enter the continuous current rating of the current-limiting reactor in amperes. 


This value is also used as a base for the reactor flow constraint in the optimal power flow studies. 


kV 
Enter the rated voltage of the current-limiting reactor in kV. 
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Impedance 


Positive and Zero Sequence Impedance (Z and Zo) 

Enter the positive and zero sequence impedance in ohms. The zero sequence impedance is used only for 
unbalanced fault current calculations. ETAP will make no adjustments to this value other than tolerance 
correction. 


Positive and Zero Sequence X/R 
Enter the positive and zero sequence X/R of the reactor. This value is used for calculating the resistance 
and reactance of the current-limiting reactor. 


Typical X/R Button 
Use typical X/R. 


Note that ETAP automatically doubles the Reactor Z value for single phase calculations to represent both 
the forward and return conductors. 


Tolerance 

This is the tolerance of the nominal value of the positive and zero sequence reactance, in percent. This 
value should be zero for an existing reactor with a known reactance. For a new reactor with a design 
impedance value, this should be the tolerance range for the reactance specified by the manufacturer. 
ETAP will automatically select the positive or negative tolerance value, which will result in the most 
conservative solution. A negative value is used for short-circuit studies and a positive value for all other 
studies. 
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11.11.3 Reliability Page 


2 Reactor Editor - X1 x 


Info —- Rating Reliability Remarks Comment 


= 


Reliability Parameters Library 
AA 0.003 Failure/yr 
Ap 0.003 Failure/yr 
—EEE Source 
dd 43.8 Repair/yr ee 
FOR | 1.3697E-4 MTTF 166.7 |yr 
Type 


MR 80 % MTTR 200 = {hr 


Class 
[_] Replacement Available Altemative Supply 
: Switching Time 
fyi _____iiy 200 | br 


(5) (@) 9) |X) x1 ~ | (D>) (Ba) (DJ | OK |} Cancer 


Reliability Parameters 


ha 

This is the active failure rate in number of failures per year per unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and can therefore cause the removal of the other healthy components and 
branches from service, after the actively failed component is isolated and the protection breakers are 
reclosed. This leads to service being restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to this failed 
component) could be restored to service only after repair or replacement. 


hp 

This is the passive failure rate in number of failures per year. The passive failure rate is associated with 
the component failure mode that does not cause the operation of protection breakers and therefore does 
not have an impact on the remaining healthy components. Repairing or replacing the failed component 
will restore service. Examples of passive failures include opening circuits and inadvertent opening of 
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breakers. Enter the total forced failure rate in f/yr per unit length. The passive failure rate is associated 
with the component failure mode that does not cause the operation of protection breakers and therefore 
does not have an impact on the remaining healthy components. Repairing or replacing the failed 
component restores service. Examples are open circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


iu 
This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR (pH = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aq and Ap (MTTF = 1.0/( 
Aart dp)). 


FOR 

It is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR = 
MTTR/(MTTR+8760/( Aa+ Ap)). 

MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 
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e 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 


11.11.4 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Li Drawing ABC-123 


Last Maint. 


ore Reference Sub OLV ABC-456 


Tests Req. 


UD Field A5 


UD Field A6 


UD Field A7 


SES Qo BP) Cal (co) 
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User-Defined Info 


These fields allow you to keep track of any additional data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu 
bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.11.5 Comments Page 

Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 03) BP Bac) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.12 Impedance 


You can enter the properties associated with impedances of your electrical distribution system in this 
editor. Impedance branches are used to specify circuit elements in per unit values. Impedance branches 
can be used to represent lines and current-limiting reactors. 


The Impedance Editor contains the following pages of properties: 


Info Comment 
Rating Remarks 
Reliability 
11.12.1 Info Page 
Impedance Editor - Z1 “= |S) 


Info [Rating | Reliabity | Remarks | Comment | 


| Base:0kV 100 MVA Balanced 


_) 


From | Bus1 | 048kV Revision Data 
To | Main Bus ~|345kv | Base 


Equipment Condition 


Tag # Enter the tag number 


Name Enter the name of this equipment 


Description Enter a description for this equipment| 


(@) 3 Phase 
(©) 1 Phase 


senka. aa 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters in this field. 
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ETAP automatically assigns a unique ID to each impedance branch. The assigned IDs consist of the 
default impedance ID plus an integer, starting with the number one and increasing as the number of 
impedances increase. The default impedance ID (Z) can be changed from the Defaults menu in the menu 
bar or from the System Manager. 


From and To 

Bus IDs for the connecting buses of an impedance branch are designated as From and To buses. If a 
terminal of a branch, From or To, is not connected to any bus, a blank entry will be shown for bus ID. To 
connect or reconnect a branch to a bus, select a bus from the list box. The one-line diagram will be 
updated to show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the branch resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a branch is connected to a bus through a number of protective devices, reconnection of the branch to a 
new bus from the editor will reconnect the last existing protective device to the new bus, as shown here 
where Branch X is reconnected from Bus10 to Bus4. 


Busl0 Bus4 Busld Bus4 
CB4 CB4 
FuseZz Fusez 
Branch X Branch X 
Bus9 Bus3 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your convenience. 


Connection 
Select the connection type of the impedance. 


3 Phase 
Select to setup impedance as three-phase. 


1 Phase 
Select to setup impedance as single-phase. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
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continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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11.12.2 Rating Page 


Impedance Editor - Z1 [reSrom| 
[info | Rating | Reliability | Remarks | Comment | 
Base:0.48 kV 100 MVA Balanced 
Mode! Rating 
®@ Balanced kV Amps MVA 
») Unbalanced 0 0 0 
TET Balanced Model 
. : If Balanced is selected in the Model 
Pos. 0.01 0.01 0.005 group, the Impedance and Units 
groups are displayed. 
Zero 0.01 0.01 0.005 
Units 
Base kV 
© Percent 0.48 
5) Ohms Base MVA 
100 i 
See we J) BL) (06) |[cxree'] 


Impedance Editor - Z1 [pre-e 
[Info | Rating | Reliability | Remarks [ Comment 
Base:0.48kV 100 MVA Unbalanced Phase Domain 
Model Data Format 
© Balanced @ Phase Domain 
Unbalanced Model © Unbalanced > Sequence Domain 
If Unbalanced is selected in the Model R x 
G . A B Cc A B c 
group, the editor displays the R, X, Y, a ele Ma ya ; 3 
and Units groups. 
B 0.002 0.01 0.015 B 2 1 2 
Cc 0.015 0.002 0.01 Cc 12 15 1 
¥ Units 
A B G 
Al 0.005 01 0.003 Baoky 
© Percent 0.48 
B 01 0.005 0.005 
>) Ohms Base MVA 
Cc 0.003 0 0.005 100 aa 
Bee we =D) 2) Kc | 
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Model 


Balanced 
Select this option to model the impedance as balanced; in other words, the impedance will be equal for all 
three phases. 


Unbalanced 

Select this option to model the impedance as unbalanced; in other words, the impedance at each phase is 
different. Selecting this option allows you to express the impedance of the branch in either phase or 
sequence domain. These options are available in the Data Format group. 


Balanced Model 


Impedance 


Positive and Zero Sequence Resistances (R and Ro) 

Enter the positive and zero sequence resistances as a percentage of the circuit element on the specified 
base MVA or in ohms. The zero sequence resistance is used only for unbalanced fault current 
calculations. Note: When these values are specified, ETAP will use the nominal kVs of the connected 
buses as the base; however, this voltage value may be edited in the Impedance Editor. ETAP will, when 
needed, convert these values to coincide with the base voltages it has calculated internally. ETAP uses 
the transformer turn ratios for determining the base voltages in its load flow, short-circuit, harmonics, 
motor starting, and transient stability analyses. 


Positive and Zero Sequence Reactances (X and Xo) 

Enter the positive and zero sequence reactances as a percentage of the circuit element on the specified 
base MVA. The zero sequence reactance is used only for unbalanced fault current calculations. Note: 
When these values are specified, ETAP will use the nominal kVs of the connected buses as the base, 
however, this voltage value may be edited in the Impedance Editor. ETAP will, when needed, convert 
these values to coincide with the base voltages it has calculated internally. ETAP uses the transformer 
turns ratios to determine the base voltages in its load flow, short-circuit, harmonics, motor starting, and 
transient stability analyses. 


Note that ETAP automatically doubles the Impedance R & X values for single phase calculations to 
represent both the forward and return conductors. 


Positive and Zero Sequence Susceptance (Y and Yo) 

Enter the positive and zero sequence charging (capacitive) susceptances as a percentage of the circuit 
element on the specified base MVA. The zero sequence reactance is used only for unbalanced fault 
current calculations. If Y>0, the circuit element is treated as a pi equivalent, with one-half of the charging 
susceptance connected to neutral at the end of the circuit. If Y=0, the circuit element is treated as a 
simple impedance. These susceptances must be entered at the system operating frequency, which is 
specified for this data file. 
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Units 


Percent/Ohms and Bank kV/MVA 

This function toggles between percent and ohmic units for impedance values. Upon selection of the 
percent unit, the impedance values must be entered in a percent value with the base kV and MVA as 
specified in this editor. If an ohmic unit is selected; resistance, reactance, and susceptance must be 
entered in actual ohms for the impedance branch. 


Unbalanced Model 


Data Format 


Use this area of the rating page to enter the resistance, reactance, and susceptance data in the phase 
domain or sequence domain. Depending on your selection, the R, X, and Y groups are updated so you 
can enter the values in either domain. 


Note: If you have already specified the R, X, and Y values in either domain, switching the option will 
recalculate the impedances entered to the domain specified. 


The following equations are used to convert from phase to sequence domain: 


RXo = Ab RXapeA You=Al Yap A 

Where: 
111 111 

Azli 2a At eli a a a=1.2120 
laa ia 


And the following equations are used to convert from sequence to phase domain: 
RXage = ARXpA? You=AYasc A? 


Where: A, Al anda are defined above. 


R, X, and Y 


Enter the phase or sequence matrix R (resistance), X (reactance), and Y (susceptance) values. ETAP 
Unbalanced Load Flow and Short-Circuit Modules will use these values for calculations. 


Units 


Percent/Ohms and Base kV/MVA 

This function toggles between percent and ohmic units for impedance values. Upon selection of the 
percent unit, the impedance values must be entered in a percent value with the base kV and MVA as 
specified in this editor. If an ohmic unit is selected; resistance, reactance, and susceptance matrix values 
must be entered in actual ohms for the impedance branch. 
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11.12.3 Reliability Page 


2 Impedance Editor - Z1 


Info —- Rating Reliability Remarks Comment 


Base:0kV 100 MVA 


Reliability Parameters 


ha] OED | Failure 


Ap 0.003 Failure/yr 


A ! Repair/yr 


FOR 


MR 


[_] Replacement Available Altemative Supply 


Switching Time 
200 hr 


10 hr 


(Ba) (68) (9) [<) 21 |) A) Lea cores 


Reliability Parameters 


ha 

This is the active failure rate in number of failures per year. The active failure rate is associated with the 
component failure mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of the other healthy components and branches from 
service. After the actively failed component is isolated, the protection breakers are reclosed. This leads 
to service being restored to some or all of the load points. It should be noted, however, that the failed 
component itself (and those components that are directly connected to this failed component) could be 
restored to service only after repair or replacement. 


hp 
This is the passive failure rate in number of failures per year. 
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MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


p 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR (yt = 
8760/MTTR). 


MTTEF 
This is the Mean Time To Failure in years calculated automatically based on Aq and Ap (MTTF = 1.0/( 
Mat dp)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR = 
MTTR/(MTTR+8760/(Aat Ap)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 
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11.12.4 Remarks Page 
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10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 


Eq. Ref. 12345 = (numeric) : 
One-line Dwing ABC-123 


Last Maint. 01/01/02 


RP ar Reference Sub OLV ABC-456 


Tests Reg. Manuf 


UD Field A5 Equi 
Name Manufacturer 
UD Field A6 


Purchasi 
UD Field A7 Date 01/02/00 


>) @e 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.12.5 Comments Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 03) BP Bac) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.13 Power Grid 


Enter properties associated with power grids (utility systems) in this editor. A power grid is represented 
with its Thevenin equivalent, a constant voltage source behind a short-circuit impedance. The default 
mode of operating for a power grid is swing type. 


The Power Grid Editor includes the following pages of properties: 


Info Harmonic Remarks 
Rating Reliability Comment 
Short Circuit Energy Price 


11.13.1 Info Page 


The Info page allows you to specify the utility ID, connected Bus ID, In/Out of Service, Equipment Name 
and Description, and the power grid Type. 


Power Grid Editor - Utility |S 


Info| Rating | Short Circuit | Harmonic | Reliability | Energy Price | Remarks | Comment | 


| 34.5kV Swing 


" ~ @ 


Revision Data 
ID 


Bus | Main Bus vy} 34.5kV 


1 Phase 


@ Swing 

© Voltage Control 
© Mvar Control 

») PF Control 


3e50 kee Dee Gale=| 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each power grid. The assigned IDs consist of the default 
power grid ID plus an integer, starting with the number one and increasing as the number of power grids 
increase. The default power grid ID (U) can be changed from the Defaults menu in the menu bar or from 
the System Manager. 


Bus 

This is the ID of the connecting bus for the power grid. If the terminal is not connected to any bus, a 
blank entry will be shown for the bus ID. To connect or reconnect a power grid to a bus, select a bus 
from the list box. The one-line diagram will be updated to show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the power grid resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a power grid is connected to a bus through a number of protective devices, reconnection of the power 
grid to a new bus from the editor will reconnect the last existing protective device to the new bus, as 
shown below where Gent is reconnected from Bus10 to Bus4. 


UL Ul 
1i00 Ml&sc 1200 MWAsc 
cTz R2 cTz R2 
cTl Rl CTl Rl 
cB4 cB4 
Buslo Busd Busl0o Busd 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 


Connection 
The phase connection for the power grid can be defined by selecting 3 Phase or 1 Phase (AN). The default 
connection is 3 Phase. 


The phase connection must be specified before connecting the power grid to any device. Once the power 
grid is connected to a device, the phase connection selections will be grayed-out. To change the 


connection type, you need to disconnect the power grid from all devices. 


3 Phase 
Select to define the power grid as a three-phase source. 
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1 Phase 
Select this to define the power grid as single-phase source. Only single-phase devices can be connected 
to this source. Note that the connection available is Phase A. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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Mode 


The power grid mode of operation and its ratings are displayed on the top of the editor for your reference. 


Swing 
For load flow studies, a swing power grid will take up the slack of the power flows in the system, i.e., the 
voltage magnitude and angle of the power grid terminals will remain at the specified operating values. 


For motor acceleration and transient stability studies, an initial load flow study is conducted to determine 
initial conditions. For the initial load flow, a swing power grid is represented as an infinite source. At 
time 0+, the power grid is modeled as a voltage source behind its short-circuit impedance. 


For transient stability studies, one of the swing machines (power grids or generators) is selected as the 
reference machine for the entire system. 


There must be at least one swing machine (power grid or synchronous generator) connected to any 
isolated subsystem in the one-line diagram. You can have multiple swing machines connected to any bus 
in the system. 


Any element that is connected to a swing machine is displayed as an energized element in the one-line 
diagram and will be included in for studies. Also, the rated voltage (kV) of a swing machine is used as 
the base kV of the connected bus. The base kVs of the rest of the system are then calculated using 
transformer turn ratios. For transient stability studies, a swing power grid becomes the reference machine 
for the system, i.e., the angle of the internal voltage source of the power grid is set to zero, and the voltage 
angle of all of the synchronous machines in the system will be relative to this reference machine. 


Voltage Control 

A power grid can be selected as a voltage control (regulated) system, which means that the power grid 
will adjust its Mvar output to control the voltage. Therefore, the terminal voltage magnitude, operating 
real power (MW), and minimum and maximum allowable reactive power supply (Max Q and Min Q) 
must be entered for voltage control power grids. A voltage control power grid means that the power grid 
is base loaded (fixed MW) with an Automatic Voltage Regulator (AVR) controlling the terminal voltage 
to a constant value. During load flow studies, if the calculated Mvar falls outside the Mvar capability 
limits (Max Q or Min Q limit), the value of the Mvar will be set equal to the limit and the power grid 
mode is changed to Mvar control. 


Mvar Control 

Using this option you can specify the amount of fixed MW and Mvar generation in the Rating page of the 
Power Grid Editor. An Mvar control power grid means that the power grid is base loaded (fixed MW) 
with a fixed Mvar generation (no AVR action). 


PF Control 


Setting the power grid in Power Factor (PF) Control allows you to specify the MW output as a fixed value 
on the Rating page. The Power Factor is also specified, ETAP calculates the out Mvar of the grid into the 
system. 
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11.13.2 Rating Page 
Power Grid Editor - Utility |S 
[info Rating | Short Grout | Harmonic | Reliability | Energy Price | Remarks | Comment | 


| 34.5kV Swing 


@ Balanced 


5e5 ke eR) Gales) 


Rated kV 


Enter the rated voltage of the power grid in kilovolts (kV). This entry is used by ETAP to convert the 
utility short-circuit MVA to percent short-circuit. This value is also used as the power grid base kV. 
Base voltages are calculated by ETAP beginning with the swing systems (swing power grids and/or swing 
generators) and continuing for the rest of the system, using the rated kV of the transformer windings. 


Generation Categories 


This group is used to assign the different power settings to each of the ten generation categories for this 
power grid.. Each grid can be set to have a different operating power level for each generation category. 
Depending on the operation mode, some of the values become editable as follows: 


Swing Mode: %V and angle 
Voltage Control Mode: %V and MW 
Mvar Control: MW and Mvar 

Power Factor Control: MW and PF 
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Note: You can select any of the generation categories from the load flow settings in the Study Cases such 
as load flow, motor starting, transient stability, and others. 


Gen. Cat. 

This shows the names of the generation categories. To modify these names, from the Project menu, point 
at Settings and then select Generation Categories. Modify the names in the Generation Category dialog 
box. 


% V (Voltage Magnitude) 

Enter the magnitude of the power grid voltage as a percentage of the power grid nominal kV. This % 
operating voltage is used as the control (regulated) value for swing and voltage control modes. This value 
is used as an initial operating voltage for Mvar control power grids. 


Vangle (Voltage Angle) 
Enter the angle of the power grid voltage in degrees. This value is used as a reference angle for power 
grids in swing mode. This value is used as an initial operating voltage angle for Mvar control power grids. 


MW/kw 
Enter the megawatt/kilowatt generation (real power supply) from the power grid. This field is provided 
for voltage controlled and Mvar controlled power grids. This value will be held fixed for load flow 
solutions. 


Mvar/kvar 
Enter the megavar generation (reactive power supply) from the power grid. This field is provided for 
Mvar controlled power grid types only. This value will be held fixed for load flow solutions. 


%PF 
This is the power factor setting of the power grid. This column is editable for PF controlled grid types 
only. This value will be held fixed for load flow solutions. 


QMax and QMin 

These entries specify the maximum and minimum limits for reactive power generation in Mvar/kvar. 
These limits are required for voltage regulated power grid types only and should be obtained from the 
capability curve (Mvar vs. MW), i.e., the Max and Min Mvar limits should correspond to the specified 
MW generation. If the value of the calculated Mvar falls outside this range, the value is fixed at the limit 
and the power grid type is changed to Mvar control. 


Operating 

Based on the latest load flow run, the operating voltage magnitude, voltage angle, MW and Mvar are 
displayed here; or, you may enter the operating voltage magnitude, voltage angle, MW and Mvar. ETAP 
will utilize these fields depending on the Operating Mode of the Power Grid. See Mode under the Power 
Grid - Info page. 
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11.13.3 Short Circuit Page 


The Short Circuit page provides the information to model the power grid as a source for studies such as 
Short Circuit, Motor Starting, Transient Stability, Electric Shock, etc. 


~ = = x 
rowenta tows’ 


SC Impedance (100 MVAb) 


“%R %X 
Pos. 9904.91 99053 


Neg. 9904.91 99053 
1-Phase 0.0802 0.0267 k 


sqrt(3)VIl If Vn fF Zero 17413 174131 


Earth/Ground Fault Loop Impedance 


Ohms X/R 
Ze 0.8 10 


SE SS Pose DI) Ca) [come 


Short-Circuit Page of Three-Phase Power Grid 
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pow outtao towed 


SC Rating (Line to Line) SC Impedance (Line to Line) 
R Xx Zz 
0.119404 1.19404 12 Ohms 


0.833 


1194.05 11940 %(100 MVA Base) 


SC Rating (Line to Earth/Ground) Earth/Ground Fault Loop Impedance 


X/R Asc a ~ = 
125 10 125 0.079603 0.796029 08 Ohms 


796.03 7960.3 %(100 MVA Base) 
Typical Ze & X/R 


SG SS) Pose DP) CS) [core 


Short-Circuit Page of Single-Phase Power Grid 


Grounding 


Connection 

The connection of the power grid can be selected by clicking on the connection buttons until the desired 
connection is displayed. The available connections are Wye and Delta. Note that this option is available 
only for 3 phase power grids. 


Note: In unbalanced load flow studies this connection is ignored and the utility is considered grounded if 
“Unbalanced” is selected in the rating page. 
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Grounded 
This checkbox is available only for 1 phase power grids. Check this box if the power grid is grounded. 


Earthing Type 
The earthing type menu is available when the Power Grid voltage is 1 kV or less. The available earthing 
types are dependent on the Grounding selection and they reflect the source’s earthing method. 


Distributed Neutral 

This option is available only when the Grounded option is not checked in 1 phase Power Grid or if 
Grounding selection is ungrounded in 3 phase Power Grid. Check this box if the neutral is distributed for 
the IT arthing type. This field is only utilized when running the Electric Shock feature from within the 
Cable Editor/Manager. It is not utilized for modules such as Short Circuit, Load Flow, Arc Flash, and etc. 


Rg 
This field will only be visible if the Power Grid is 1 kV or less and TT earthing type is selected. It is for 
the inclusion of the Power Grid earthing in Electric Shock calculation only. This field reflects both the 
source’s Ground Grid (Earthing Mat) and the soil resistance between this Power Grid and the load service 
entry point. The Rg result from ETAP’s Ground Grid module can assist in determining this value. This 
field can be left as zero if the Ze field in the Earth/Ground Fault Loop Impedance is populated. 


SC Rating 


The section is enabled only for 3 phase power grids. 
MVAsc 
Specify the short-circuit MVA for three-phase and single-phase (line-to-ground) faults. As you enter or 


modify MVAsc or X/R, ETAP recalculates the corresponding short-circuit impedance values. 


The short-circuit MVA for three-phase and single-phase (line-to-ground) fault currents are calculated 
from the following equations: 


MVAszp = 1.732 * kV * Isp 


sqrt(3) VIL If: MVAip = 1.732 * kV * lip 


Vin If: MV App = (kV / 1.732) * Lp 
SC Rating 
GiVAsc} = MVAsc X/R kAsc 
3Phase 0.833 10 0.481 
1-Phase 0.933 0.278 10 0.481 


sqrt(3)VIl If Vin If 


Where I3p and lip are three-phase and single-phase short-circuit currents (kAsc). These values are 
calculated and displayed. Also, the MV Asc for 1-phase calculations based on VIn If is displayed as well. 


kAsc 
Enter the short-circuit contribution from the power grid. This value is updated if the MVAsc and X/R are 
specified. 
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X/R 
Enter the following X/R ratios for the positive and zero sequence impedances: 


3-Phase X/R: X/R ratio for positive sequence impedance of the power grid. 


1-Phase X/R: X/R ratio for zero sequence impedance of the power grid. 


SC Imp (100 MVA base 


Specify short-circuit impedance (resistance and reactance) in percent on a 100 MVA base. Short-circuit 
impedance values include positive, negative, and zero sequences. As you enter or modify short-circuit 
impedance values, ETAP recalculates the corresponding MVAsc and X/R for three-phase and single- 
phase faults. The section is enabled only for 3 phase power grids. 


Earth/Ground Fault Loop Impedance 
Specify equivalent Earth/Ground Fault Loop Impedance (Ze) in Ohms and X/R of the of the Power Grid. 


This section is only visible when a 3 phase power grid is 1 kV or less and the Earthing Type is any 
earthing type except NEC. These fields are only used in the Electric Shock calculation. 
Typical Ze & X/R 


The enabling of this button, the fields to fill, and the values of the fields are based on the table below. 


Earthing Type | Button Enabled | Ze Value* | X/R Value* 
TN-C No N/A N/A 
TN-S Yes 0.8 10 
TN-C-S Yes 0.35 10 

TT Yes 21 10 
NEC Hidden N/A N/A 

All IT types No N/A N/A 


*The Ze and X/R are only typical values and actual values from the local power supplier should be 
acquired. 


SC Rating (Line to Line) 


The section is enabled only for 1-Phase power grids. 

MVAsc 

Specify the short-circuit MVA for line to line faults. As you enter or modify MVAsc or X/R, ETAP 
recalculates the corresponding short-circuit impedance values. 

The short-circuit MVA for line-to-line fault currents are calculated from the following equations: 

MVALL = kV * Itt 


where Irz is the line to line short-circuit current (kAsc). 


X/R 
Enter the X/R ratio for power grid impedance of a line to line fault. 
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kAsc 
Enter the short-circuit contribution from the power grid. This value is updated if the MVAsc and X/R are 
specified. 


SC Impedance (Line to Line) 


Specify line to line short-circuit impedance (resistance and reactance) in percent on a 100 MVA base (or 
in Ohms). As you enter or modify short-circuit impedance values, ETAP recalculates the corresponding 
MVAsc and X/R for the line to line fault in the Line to Line SC Rating section and for the Ohms fields 
(or in 100 MVA Base). The Z value is calculated from any of the fields in this section or the SC Rating 
(Line to Line) section. This section is enabled only for 1-Phase power grids. 


SC Rating (Line to Earth/Ground) 


The section is enabled only for 1-Phase power grids. 


MVAsc 

Specify the short-circuit MVA for line to ground faults. As you enter or modify MVAsc or X/R, ETAP 
recalculates the corresponding short-circuit impedance values. For current ETAP release, these fields are 
used in the electric shock calculation only. 


The short-circuit MVA for line-to-ground fault currents are calculated from the following equations: 
MVAtrc = kV sy Inc 
where Ipc is the line to ground short-circuit current (kAsc). 


X/R 
Enter the X/R ratio for the power grid impedance of a line to ground fault. 


kAsc 
Enter the short-circuit contribution from the power grid. This value is updated if the MVAsc and X/R are 
specified. 


Ze: Earth/Ground Loop Impedance 


Specify line to Earth/Ground short-circuit impedance (resistance and reactance) in percent on a 100 MVA 
base (or in Ohms). As you enter or modify short-circuit impedance values, ETAP recalculates the 
corresponding MVAsc and X/R for the line to Earth/Ground fault in the Earth/Ground Fault Loop 
Impedance section and for the Ohms fields (or in 100 MVA Base). The Z value is calculated from any of 
the fields in this section or the SC Rating (Line to Earth/Ground) section. This section is enabled only for 
1-Phase power grids. 


For current ETAP release, these fields are used in the Electric Shock calculation. This section is enabled 
only for 1-Phase power grids. 
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Typical Ze & X/R 


Power Grid 


The enabling of this button and the fields to fill, including the values, are based on the table below. 


Earthing Type | Button Enabled | Ze Value* | X/R Value* 
TN-C No N/A N/A 
TN-S Yes 0.8 10 
TN-C-S Yes 0.35 10 

TT Yes 21 10 
NEC Hidden N/A N/A 

All IT types No N/A N/A 


*The Ze and X/R are only typical values and actual values from the local power supplier should be 


acquired. 
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11.13.4 Time Domain Page 


The Time Domain page allows you to specify the data type of the power grid used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, and External Data. 


Power Grid Editor - Utility x 


Info —- Rating Short Circutt Time Domain Harmonic Reliability Energy Price Remarks Comment 


34.5kV Swing 

Data Type 
@ Fixed Category / Constant 
O Sector 


O Extemal Data 


Bes Wim IT ied ac 


Fix Category/Constant 
This is a default option for a device, which means generation category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 


Sector 

This option specify a sector profile for utility to use in load flow calculation. Sector was set selected in 
Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile 
Library and Section 58.8.2 — Sector Library. 
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Power Grid Editor - Utility x 


Info — Rating Short Circuit Time Domain Harmonic Reliability Energy Price Remarks Comment 


34.5kV Swing 
Data Type 
O Fixed Category / Constant 
@ Sector v 
O Extemal Data an — 
Wind Supp) 


Multi-Year Forecasting 


Energize Monday . January 01,2018 ~ 
Out of Service Friday . January 01, 2038 v 
Sea Wiiw az OK cae 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecasting 


e Energize: when did/will this utility be in service. 
e Out of Service: when did/will this utility be out of service. 


The default Energize date is set to the first date of the current year, while the default Out of Service date 
is set to 20 years after energize date. 


External Data 

This option allows user to use an External Data file as data entry for the power grid. When External Data 
type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the 
study case will be used in calculation. 


For examples of external data format and usage of external data for generation, refer to Section 58.8.3 - 
External Data. 
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Power Grid Editor - Utility 


Info = Rating Short Circuit Time Domain Harmonic Reliability Energy Price Remarks Comment 


| 34.5kV Swing 
Data Type 
O Fixed Category / Constant 
O Sector 
@ Extemal Data 


Multi-Year Forecasting 
Energize Monday , January 01,2018 v 


Out of Service Friday . January 01, 2038 v 


Data Gap Options 
© Maintain and use last value 


O Switch to study case loading category 


(2a) (Bf) () ity 


Data Gap Options 


Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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11.13.5 Harmonic Page 
The Harmonic page provides the information to model the power grid as a harmonic source in harmonic 
studies. 


Power Grid Editor - Utility |e Sem) 
| Info | Rating | Short Circuit | Harmonic | Reliability | Energy Price | Remarks | Comment | 


| 34.5kV Swing 


Harmonic Library 


januf. 


Type Manufacturer Model 
Current Source Typical-IEEE 18 Pulse VT 
Wave Form Spectrum 


we Sal 


Yo Magn tude 
we 


3e5 hee Dee Gale) 


The Power Grid (Utility) can be modeled as a voltage harmonic source if it contains significant voltage 
harmonic distortion. To model a Power Grid as a voltage harmonic source, a harmonic library needs to 


be defined here. 


Harmonic Library 


Library 
Click on the Library button to bring up Harmonic Library Quick Pick Editor. 
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Library Quick Pick - Harmonic 


Manufacturer 


Typical-lEEE 
Typical-lEEE 
Typical-lEEE 
Typical-lEEE 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 


Model 


Fluorecent 
Large ASD 
SPC 

>FMR Magnet 
Are Furnace 
G2/3P-FL_LL 
G2/3P-FL_LN 
G2/3P-NL_LL 
G2/3P-NL_LN 
G5/6P-FL_LL 
G5/6P-FL_LN 
G5/6P-NL_LL 
G5/6P-NL_LN 


Type 

Current Source 
Current Source 
Current Source 
Current Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 


Interharmonic 


No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 


WwW 


| None | | Cancel | 


From the Harmonic Library Quick Pick Editor, select a manufacturer name and a model name (typically a 


voltage source harmonic type). 


Type 


This displays the harmonic source type. 


Manufacturer 


This displays Manufacturer name of the selected harmonic library. 


Model 


This displays the model name of the selected harmonic library. 


Wave Form 


This displays one cycle of the voltage or current waveform of the selected harmonic library in time 


domain. 


Print (Wave Form) 


This prints the harmonic waveform. 


Spectrum 


This displays the harmonic spectrum of the selected harmonic library. 


Print (Spectrum) 


This prints the harmonic spectrum. 


ETAP 
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11.13.6 Reliability Page 


2 Power Grid Editor - Utility 


Info = Rating Short Circuit Time Domain Harmonic Reliability Energy Price Remarks Comment 
34.5kV Swing 


Reliability Parameters 


Nw | 0.119 | FailureAyr 


M. 


IEEE Std493-1990 


FOR 


Type 


Class 
[J Replacement Available Altemative Supply [Loss AllCircuit = 
Switching Time 
200 | be 200 | hr 


(2a) (68) (29) [unity 


Reliability Parameters 


A 

This is the active failure rate in number of failures per year. The active failure rate is associated with the 
component failure mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of the other healthy components and branches from 
service, after the actively failed component is isolated, and the protection breakers are reclosed. This 
leads to service being restored to some or all of the load points. It should be noted, however, that the 
failed component itself (and those components that are directly connected to this failed component) could 
be restored to service only after repair or replacement. 
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MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


y 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR (pt = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 1.0/Aq). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/ Xa). 


MR 
This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the type name of the library data selected. 


Class 
This displays the class of the library data selected. 
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11.13.7 Energy Price Page 


The Energy Price page contains the information on energy price (electricity price) from power grid, which 
is used in optimal power flow, and the energy cost related calculation. 


Power Grid Editor - Utility |= Some) 
| Info | Rating | Short Circuit | Harmonic | Reliability | Energy Price | Remarks | Comment | 
[ 34.5kV Swing 


Model Type 


& 


c 


a 
7 
3 
z 


Add Insert Delete 


35 hee De 2ale=| 


Model Type 


Model for power grid energy price curve. Since most utilities bill customers in a fixed price, for 
segments of electricity usage, a Piecewise model is provided. 


Min MW 
Enter the minimum MW imported from the power grid. 


Note: This number can be negative, in which case, the system is exporting power into the power grid. 


Max MW 
Enter the maximum MW imported from the power grid. 
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Model Parameter 


Enter and change points in the list to specify an energy price curve. The data points are specified in pairs: 
a MW value and the price of energy in Dollars/MWhr up to the MW value specified. For the example 
shown in the graph, from 0 MW up to 1,000 MW, the price is $50 per MW. 


Add 
Click this button to add a blank new data point pair at the end of the list. 


Insert 
Click this button to insert a blank new point pair before the highlighted data point pair. 


Delete 
Click this button to delete the highlighted data point pair. 


Price Curve 
This displays the curve from the data points entered. 


Print 
Click this button to print a hard copy of the price curve. 
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11.13.8 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 


Eq. Ref. 12345 (numeric) 
One-Li Drawing ABC-123 


Last Maint. 01/01/02 


OO er Reference Sub OLV ABC-456 


Tests Req. 


UD Field A5 


UD Field A6 


UD Field A7 


aes i _+))) aia 


User-Defined Info 
These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is anumber field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


ETAP 11-347 ETAP 19.0 User Guide 


AC Elements Power Grid 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.13.9 Comments Page 

Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 03) BP Bac) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.14 Synchronous Generator 


The properties associated with synchronous generators of the electrical distribution system can be entered 
in this editor. Synchronous generator kV rating, MW rating, and Operating Mode are displayed on top of 
each page for your information. 


The Synchronous Generator Editor includes the following pages of properties: 


Info Inertia Harmonic 
Rating Exciter Reliability 
Capability Governor Fuel Cost 
Imp/Model Protection Remarks 
Grounding PSS Comment 
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11.14.1 Info Page 


Within the Info page, specify the synchronous generator ID, connected Bus ID, In/Out of Service, 
Equipment Name and Description, and synchronous generator type. 


Synchronous Generator Editor - Gen1 Ga |p Soom 


[ras 7.5MW Voltage Control 


info | 


Revision Data 


Tag # Enter the tag number 


Name Enter the equipment number 


(@) Voltage Control 
Description Enter the description of this equipment © Mvar Control 
© PF Control 


BES Mei =) BE Cal[o) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each synchronous generator. The assigned generator IDs 
consist of the default generator ID plus an integer, starting with the number one and increasing as the 
number of generators increase. The default generator ID (Bus) can be changed from the Defaults menu in 
the menu bar or from the System Manager. 
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Bus 

This is the ID of the connecting bus for the synchronous generator. If the terminal is not connected to any 
bus, a blank entry will be shown for the bus ID. To connect or reconnect a synchronous generator to a 
bus, select a bus from the list box. The one-line diagram will be updated to show the new connection 
after you click OK. Note that you can only connect to buses that reside in the same view where the 
synchronous generator resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another 
composite network. 


If a synchronous generator is connected to a bus through a number of protective devices, reconnection of 
the synchronous generator to a new bus from the editor, will reconnect the last existing protective device 
to the new bus, as shown below, where Gen1 is reconnected from Bus10 to Bus4. 


Genl Genl 
10 10 
cT2 RZ cT2 Rz2 
cTl Rl cTl Rl 
CE4 cE4 
Busl0 Bus4 Bus10 Bus4 


Next to the bus ID, ETAP displays the nominal kV of the bus for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 
State is used to describe the service status of an element. Certain states have flexible service status like 


As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Others are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Configuration 


In ETAP, the Operation Mode of the synchronous generator is dependent on the configuration. This 
provides the flexibility of using multiple configurations to take into account different modes of operation. 
See the Status Configuration Section in the Overview Chapter for information about creating new 
configurations. 


Operation Mode 
The Generator Mode of operation and its ratings are displayed on the top of the editor. 


Swing 
For load flow studies, a swing generator will take up the slack of the power flows in the system, i.e., the 
voltage magnitude and angle of the generator terminals will remain at the specified operating values. 


For motor acceleration studies, an initial load flow study is conducted to determine initial conditions. For 
the initial load flow, a swing generator is represented as an infinite source. At time 0+, the generator is 
modeled as a voltage source behind its direct-axis transient impedance. 


All generators are modeled dynamically from time 0+ for transient stability studies. One of the swing 
machines (power grids or generators) is selected as the reference machine for the entire system. 


There must be at least one swing machine (power grid or synchronous generator) connected to any 
isolated subsystem in the one-line diagram. You can have multiple swing machines connected to any bus 
in the system. 


Any element that is connected to a swing machine is displayed as an energized element in the one-line 
diagram and will be included in studies. Also, the rated voltage (kV) of a swing generator is used as the 
base kV of the bus that the generator is connected to. The base kVs of the rest of the system are then 
calculated using transformer turn ratios. For transient stability studies, a swing generator becomes the 
reference machine for the system, i.e., the angle of the internal voltage source of the generator is set to 
zero, and the voltage angle of all of the synchronous machines in the system will be relative to this 
reference machine. 


Voltage Control 

A generator can be selected as a voltage control (regulated) system, which means that the generator will 
adjust its var output to control the voltage. Therefore, the generator’s terminal voltage magnitude, 
operating real power (MW), and minimum and maximum allowable reactive power supply (Max Q and 
Min Q) must be entered for voltage control generators. A voltage control generator means that the 
generator is base loaded (droop mode with fixed MW) with an Automatic Voltage Regulator (AVR) 
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controlling the field excitation for a constant voltage operation. During load flow studies, if the 
calculated generator Mvar falls outside the generator Mvar capability limits (Max Q or Min Q limit), the 
value of the Mvar will be set equal to the limit and the Generator Mode is changed to Mvar control. 


Mvar Control 

Using this option you can specify the amount of fixed MW and Mvar generation in the Rating page of the 
Synchronous Generator Editor. An Mvar control generator means that the generator is base loaded (droop 
mode with fixed MW) with a fixed field excitation (no AVR action). 


PF Control 

In this mode, the governor is operating in Droop Mode, based loaded; therefore, the MW output is fixed 
to the MW setting. On the other hand, the exciter AVR adjusts to the Power Factor Setting. The 
generator’s MW and %PF settings must be entered on the Rating page for the generation category 
selected when modeled in this mode. 
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11.14.2 Rating Page 


Synchronous Generator Editor - Genl —_— ii. |e 


ES ES) (28 2) (0K [coms 


Rating 


kW/MW 
Enter the rated real power of the synchronous generator in MW or kW. Choose from these two options 
by clicking on the MW/kW button. 


kV 

Enter the rated voltage of the synchronous generator in kV. This entry is used by ETAP to convert the 
ohmic values of the circuit elements to per unit values for calculations. This value is also used to convert 
the final synchronous generator voltage to the actual values for output reports. Base voltages are 


ETAP 11-355 ETAP 19.0 User Guide 


AC Elements Synchronous Generator 


calculated by ETAP, beginning with the swing systems (swing power grids and/or swing generators) and 
continuing for the rest of the system using the rated kV of the transformer windings. 


% PF 
Enter the rated power factor of the synchronous generator in percent. 


KVA/MVA 
Enter the rated power of the synchronous generator in kVA or MVA. 


% Eff 
Enter the rated efficiency of the synchronous generator in percent. 


Poles 
Enter the number of poles for the synchronous generator. 


% of Bus kVnom 
This displays the Rated kV as a percent of the nominal kV of the terminal bus. 


FLA 
The generator full load current is calculated and displayed here in amperes. 


RPM 
ETAP displays the rated RPM (synchronous speed) of the synchronous generator based on the system 
frequency and the number of poles entered (Ws=120 freq/pole). 


Generation Categories 


This group is used to assign the different generation settings to each of the ten generation categories for 
this machine. Each machine can be set to have a different operating generation level for each generation 
category. Depending on the operation mode, some of the values are editable as follows: 


Swing Mode: %V and angle 
Voltage Control Mode: %V and MW 
Mvar Control: MW and Mvar 

Power Factor Control: MW and PF 


Note: You can select any of the generation categories from the load flow settings in the Study Cases such 
as load flow, motor starting, transient stability and others. 


Gen. Cat. 
This displays the names of the generation categories. To modify these names, from the Project Menu, 
point at Settings and then select Generation Categories. Modify the names in the Generation Category 
dialog box. 


% V (Voltage Magnitude) 

Enter the voltage magnitude setting of the regulated bus at the synchronous generator terminal as a 
percentage of the bus nominal kV. This % operating voltage is used as the control (regulated) value for 
swing and voltage control modes. This value is used as an initial operating voltage for Mvar controlled 
power grids. 
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Vangle (Voltage Angle) 

Enter the voltage angle setting for the swing bus at the synchronous generator terminal in degrees. This 
value is used as a reference angle for generators in swing mode. This value is used as an initial operating 
voltage angle for Mvar control generators. 


MW 

Enter the operating megawatt generation (real power supply) of the synchronous generator. This field is 
provided for voltage controlled and Mvar controlled synchronous generator types. This value will be held 
fixed for load flow solutions. 


Mvar 

Enter the megavar generation (reactive power supply) of the synchronous generator. This field is 
provided for Mvar controlled synchronous generator types only. This value will be held fixed for load 
flow solutions. 


%PF 
Power factor setting of the synchronous generator. This column is editable for PF Controlled 
synchronous generator type only. This value is fixed for load flow solutions. 


Min and Max Q (Minimum and Maximum Mvar/kvar) 

These entries specify the minimum and maximum limits for reactive power generation. These limits are 
required for voltage controlled synchronous generator types only and should be obtained from the 
generator capability curve (Mvar vs. MW), i.e., the Max and Min Mvar limits should correspond to the 
specified MW generation. If the value of the calculated Mvar falls outside this range, the value is fixed at 
the limit and the generator type is changed to Mvar control. 


Mvar Limits 


Enter the Peak Mvar or kvar rating of the Generator. This limit may be User-Defined or obtained from 
the Capability Curve. These parameters are used for alerts in the Motor Acceleration Program. 


PrimeMover Rating 


Enter the Continuous and Peak Horse Power, MW, or kW rating of the Generator Engine (Prime Mover) 
in this group. These parameters are used for alerts in the Motor Acceleration program. 


Operating 


The results of the latest load flow run are displayed here; or, you may enter the operating voltage 
magnitude, voltage angle, MW and Mvar. ETAP will utilize these fields depending on the Operating 
Mode of the Power Grid. See Mode under the Generator - Info page. 
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11.14.3 Capability Page 
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You can specify the steady-state operating capability region of the generator from the Capability page of 
the Synchronous Generator Editor. This region is used to determine the maximum and minimum reactive 
power (Qmax and Qmin) that a generator can provide for a given reactive power output. When the 
generator is operating in Swing Mode or when operating generation values are applied in calculation, 
these limits will be used for alert checking. 


The steady-state operating capability region is enclosed by four curves: the stator MVA limit curve, the 
excitation limit curve, the steady-state stability curve, and the minimum real power output curve. In 
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ETAP, you define the steady-state operating region by specifying four values: Qa, Qc, Qd, and Pmin, 
along with the rated reactive power output, Qb, which is specified on the Rating page. 


Parameters 


Qa 

This is the maximum possible reactive power output (point a) limited by generator excitation and the 
generator MVA rating. Point a is at the intersection of the excitation limit curve and the vertical axis. 
You can let ETAP calculate the value or enter it yourself. If you select the Calculate Qa option, ETAP 
will compute the value, based on generator rated reactive power output (Qb), rated output voltage, and 
synchronous reactance (Xd). When Xd is equal to zero, Qa will be set to Qb. 


Qb 
This is the rated reactive power output (point b) specified on the Rating page. Point b is the rated 
operating point of the generator. 


Qc 
Qc is the reactive power output at point c. Point c is at the intersection of the stator MVA limit curve and 
the steady-state stability curve. 


Qd 

Qd is the reactive power output at point d. Point d is at the intersection of the steady-state stability curve 
and the vertical axis. Because it is difficult for you to obtain detailed data to calculate exact steady-state 
stability curve, ETAP uses a straight line between points c and d to represent the steady-state limit curve, 
which gives a conservative result. 


Pmin 


This is the minimum real power output that must be delivered by a generator, such as one with a steam 
turbine engine. 
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11.14.4 Imp/Model Page 
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Impedance 


Xd” 
This is the direct-axis subtransient reactance in percent (saturated value, machine base) 


Xd’’/Ra 
This is the armature X/R ratio (Xd”/Ra). For ANSI Short-Circuit Studies, this value is used for both % 
cycle and 114-4 cycle networks. 
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Ra (%) 
This is the armature resistance in percent (machine base). 


Ra (Ohm) 
This is the armature resistance in ohms. 


X2 
This is the negative sequence reactance in percent (machine base). This value is used for Harmonic 
Analysis, short-circuit, and unbalanced Load Flow Studies. 


X2/R2 
This is the negative sequence X/R ratio. 


R2 (%) 
This is the negative sequence resistance in percent (machine base). 


R2 (Ohm) 
This is the negative sequence resistance in ohms. 


Xo 
This is the zero sequence reactance in percent (machine base). This value is used for unbalanced faults 
under ANSI Short-Circuit Studies. 


X0/RO 
This is the zero sequence X/R ratio. 


RO (%) 
This is the zero sequence resistance in percent (machine base). 


RO (Ohm) 
This is the zero sequence resistance in ohms. 


Rdc (%) 
This is the stator winding DC resistance in percent (machine base), used for GOST short-circuit 
calculations. 


Rdc (Ohm) 
This is the stator winding DC resistance in ohms, used for GOST short-circuit calculations. 


X/R 
This is the armature X/R ratio (X”/Ra). For ANSI Short-Circuit Studies, this value is used for both % 
cycle and 114-4 cycle networks. 


Xd” Tolerance 


This is the direct-axis subtransient reactance tolerance in percent. This value is used to adjust the 
reactance values during short-circuit calculations. The Short-Circuit analysis module uses the negative 
tolerance value. 
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H 


This displays the machine total inertia from the Inertia page. 


Machine Type 
This is the short-circuit designation of the generator is used for ANSI/IEEE and JEC Standard 
requirements. 


Gen. Type 
The generator type is used only for determining the generator reactance for ANSI/IEEE short-circuit 
calculations as shown in the following table. 


Gen. Type % Cycle 144-4 Cycle 30 Cycle 
Xsc Xsc Xsc 
Turbo x" x" x’ 
Hydro x" x" x’ 
Hydro without Damper Winding 0.75 X’ 0.75 X’ x’ 


Rotor Type 
Round-Rotor: For machines that are made of round-rotor. 
Salient-Pole: | For machines that are made of salient-pole. 


IEC Exciter Type 

Depending on the Rotor type, the IEC Exciter Type is used for determining the Amax factor for generators 
in the calculation of steady-state short-circuit currents per IEC Standard 909. Amax is proportional to [fmax, 
which takes different values based on exciter types as shown in the following table. 


Rotor Type IEC Exciter Type Ltmax 
Round Rotor Turbine 130% 1.3 
Round Rotor Turbine 160% 1.6 


Round Rotor Terminal Feed, Cylindrical 130% N/A 
Round Rotor Terminal Feed, Cylindrical 160% N/A 
Salient Pole Salient-pole 160% 1.6 
Salient Pole Salient-pole 200% 2.0 
Salient Pole Terminal Feed, Salient Pole 160% N/A 
Salient Pole Terminal Feed, Salient Pole 200% N/A 


There is no generator contribution to the steady-state short-circuit current for generator exciter types 
specified as terminal fed. 
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Compound Excitation 

Generator exciter fields are designed with instantaneous and short-term overload capabilities. This is 
important so that the field can be overexcited (forced) for short periods of time to provide high levels of 
var output to support the power system during disturbances that cause voltage to decay. Field forcing can 
help the power system to ride through such disturbances. 


IkP 
Enter the steady state short-circuit current for a 3-phase terminal short-circuit in percent of FLA. 


PG 
Enter or select the generator’s voltage regulation in percent. This filed is used for IEC Short-Circuit 
calculations when the generator is specified as a unit generator. 


Adjust KG based on PG 

Enable this option to consider operating generator terminal voltage to be different than the rated voltage. 
This option will be used for IEC Short Circuit calculations and applied individually to generators to adjust 
the rated voltage based on PG for the impedance correction factor (K.c), when the generator is not 
modeled as a power station unit. 


GOST Exciter Type 


This selection list contains machine excitation types that are used for GOST Short-Circuit Studies. The 
list has four options: 

e Thyristor Independent Excitation 

e =©Thyristor Self-Excitation 

e Diode Independent Excitation 

e Diode Brushless Excitation 
Note that this is currently not used in ETAP GOST calculations. 


Dynamic Model 


Select equivalent, transient, or subtransient model type for the synchronous generator. All of the 
parameters listed under Dynamic Model are used only for Transient Stability Studies. Full descriptions of 
these variables are found in Chapter 24, Dynamic Models. 


Model Type Description 


Equivalent A model that uses an internal voltage source behind the armature resistance and 
quadrature-axis reactance. 


Transient A more comprehensive model than the Equivalent model, including the 
machine’s saliency. 


Subtransient A comprehensive representation of general type synchronous machine, including 
both transient and subtransient parameters. 


Xd 
This is the direct-axis synchronous reactance in percent (saturated value, machine base). 


Xdu 
This is the direct-axis synchronous reactance in percent (machine base, unsaturated value). 
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Xd’ 

This is the direct-axis transient synchronous reactance in percent (machine base, saturated value). This is 
used for both motor starting and Transient Stability Studies and it is used for 30-cycle fault analysis and 
Motor Starting Studies. 


XL 
This is the armature leakage reactance in percent (machine base). 


Xq 
This is the quadrature-axis synchronous reactance in percent (saturated value, machine base). 


Xqu 
This is the quadrature-axis synchronous reactance in percent (machine base, unsaturated value). 


Xq’ 
This is the quadrature-axis transient synchronous reactance in percent (saturated value, machine base). 


Xq” 
This is the quadrature-axis subtransient synchronous reactance in percent (saturated value, machine base). 


Tdo’ 
This is the direct-axis transient open-circuit time constant in seconds. 


Tdo” 
This is the direct-axis subtransient open circuit-time constant in seconds. 


Note: The Tdo” time constant from displayed values in Dynamic Model - Subtransient option is used for 
plotting of the generator decrement curve even when it is hidden due to selection of Transient or 
Equivalent options. 


Tqo’ 
This is the quadrature-axis transient open-circuit time constant in seconds. 


Tqo” 
This is the quadrature-axis subtransient open-circuit time constant in seconds. 


Sbreak 
This is the per unit of terminal voltage at which the generator saturation curve skews from the air-gap 
line. 


S100 
This is the saturation factor at 100% terminal voltage. 


S120 
This is the saturation factor at 120% terminal voltage. 


Saturation factors $100 and $120 are calculated from the following equations: 


$100 = It100/I¢ 
5120 = Ip20/1.21¢ 
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where: 


I; = Field current corresponding to 100% terminal voltage on the air gap line (no saturation). 
Field current corresponding to 100% terminal voltage on the open circuit saturation curve. 


It100 = 
In20 = Field current corresponding to 120% terminal voltage on the open circuit saturation curve. 
airgap line 
open-circuit 
| 120% ——— saturation 
z, | 100 % 2 
z a 
s 
Ig Inoo Inz20 
Field Current 
Damping 


This is the shaft mechanical damping term in percent MW change due to 1 Hz deviation in speed (% 
MW/Hz). Typical values range from 2% (short shaft) to 10% (long shaft). 
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11.14.5 Grounding Page 
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Display 


The Font and Symbols options determine how the grounding connection is displayed on the one-line 
diagram. 


Font 
Click on this button to display the grounding connection using the ETAP font. For Example: 
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AY) WY 
T 
Delta -Resistor Grounded 


Symbols 
Display the grounding connection using one-line symbols. These elements, like any other one-line 
element, can be sized, rotated, and changed depending on the standard. For Example: 


eo 


Transformer Grounded ResistoriReactor Grounded 


Connection 


These entries specify the synchronous generator grounding connections, type, and rating. The generator 
grounding connection can be selected by clicking on the connection button until the desired connection is 
displayed. The available connections are Wye and Delta. 


Type 
For Wye-connected windings, choose from the following grounding types provided in the list box: 


Grounding Type Description 


Open Neutral is not connected to ground (ungrounded). 

Solid Solidly grounded, no intentional impedance in the neutral grounding path. 
Resistor A resistor is used in the neutral grounding path. 

Reactor A reactor is used in the neutral grounding path. 

Xfmr-Reactor A transformer is used in the neutral grounding path with a reactor in the 


secondary of the transformer. 


Xfmr-Resistor A transformer is used in the neutral grounding path with a resistor in the 
secondary of the transformer. 


Resistor and Reactor 
The Resistor and Reactor connection types have the following grounding ratings: 


Vin 
Line-to-neutral voltage calculated as the bus nominal voltage of the machine divided by 341/2. 


Amp 
For resistor or reactor grounded generators, enter the resistor or reactor rating in amperes, where 
Amp Rating = (V In) / (Ohms). 


Ohms 
This displays the Resistor or reactor impedance in ohms. 
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Xfmr-Resistor and Xfmr-Reactor 
The Xfmr (transformer) Resistor and Reactor connection types have the following grounding ratings: 


Vin 
Line-to-neutral voltage calculated as the bus nominal voltage of the machine divided by 341/2. 


kV1 


Transformer rated primary voltage in kV. 


Amp 
Amp Rating = (V In) / (Prim. Ohms). 


Prim. Ohms 
This displays the Ohm value as seen from the primary side of the transformer. 


kV2 


Transformer rated secondary voltage in kV. 


Amp2 
This displays the Secondary current in amps. This calculation is based on the primary amps and the 
transformer turn ratio. 


Sec. Ohms 

This displays the Resistor and reactor impedance in ohms. This calculation is based on the grounding 
transformer turn ratio and secondary current. If Sec. Ohms are entered first, primary amps and ohms will 
be calculated automatically. 


Transformer kVA 
This displays the Grounding transformer kVA rating. 


Rg 

This field is for the inclusion of the element’s grounding in electric shock protection calculation. This 
field reflects both the element’s grounding grid and the soil resistance between the grounding grid and the 
load grounding electrode. The Rg result from ETAP’s ground grid module can assist in determining this 
value. 


ETAP 11-368 ETAP 19.0 User Guide 


AC Elements Synchronous Generator 


11.14.6 Inertia Page 
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Inertia Calculator 


PrimeMover, Coupling, and Generator RPM, WR’, and H 

Enter the rated speed in revolutions per minute (RPM) and WR? in lb-ft.? or H in MW-sec/MVA for the 
PrimeMover, Coupling, and Generator. ETAP calculates WR’ or H when one of them is known and RPM 
has been entered based on the following equation: 


H = 2.31 * 10° * WR? * RPM?/ MVA (for WR? = Moment of inertia in lb-ft’) 
H = 5.48 * 10° * WR? * RPM*/MVA (for WR? = Moment of inertia in kg-m?’) 
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Total RPM 
The total RPM is equal to the Generator RPM. 


Total WR2 
The total WR? is calculated based on the Total RPM and Total H using the equation above. 


Total H 
This displays the arithmetic sum of the PrimeMover, Coupling, and Generator H in MW-sec/MVA. 


Shaft Torsion 


Include Torsion Effect 
Select this option to consider torsion effect between turbine, coupling gear, and generator during transient 
stability calculation. 


D1 
This is the damping constant between turbine and coupling gear. 


D2 
This is the damping constant between coupling gear and generator. 


K1 
This is the spring coefficient between mass of turbine and coupling gear. 


K2 
This is the spring coefficient between mass of coupling gear and generator. 
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11.14.7 Exciter Page 


This Section allows you to define the representation of the excitation systems and automatic voltage 
regulators (AVR) for synchronous generators. 


Synchronous Generator Editor - Gen1 |prereSomm| 
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The excitation and AVR systems for synchronous generators can be very sophisticated. Complete 
modeling of these systems is usually necessary for Transient Stability Studies. The equivalent transfer 
functions used for the excitation and AVR systems and their variable/parameter names are either provided 


by exciter manufactures or in accordance with the IEEE recommended types as found from the following 
references: 


IEEE Working Group Report, "Computer Representation of Excitation Systems", IEEE 
Transaction on Power Apparatus and Systems, Vol. PAS-87, No. 6, June 1968, pp.1460/1464. 
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e JEEE Committee Report, "Excitation System Models for Power System Stability Studies", IEEE 
Transactions on Power Apparatus and Systems, Vol. PAS-100, No. 2, February 1981, 
pp.494/509. 


e JEEE Std 421.5-1992, “IEEE Recommended Practice for Excitation System Models for Power 
System Stability Studies”, IEEE Power Engineering Society, 1992. 


In general, exciter manufacturers should be contacted to determine the applicability of the IEEE-type 
representations to their excitation systems. 


Type 


You can specify the excitation/AVR type by selecting one of the following models from the list box. 
Refer to the Chapter on Dynamic Models for additional details. 


Type Description 
1 Continuously acting regulator with rotating exciter system 
2 Rotating rectifier exciter with static regulator system 
3 Static system with terminal potential and current supplies 
1S Controlled rectifier system with terminal voltage 
DC1 DC commutator exciter with continuous voltage regulation 
DC2 DC commutator exciter with continuous voltage regulation and supplies from terminal 
voltage 
DC3 DC commutator exciter with non-continuous voltage regulation 
ST1 Potential-source controlled-rectifier exciter 
ST2 Static system with terminal potential and current supplies 
ST3 Compound source-controlled rectifier exciter 
ACI Alternator-rectifier exciter system with non-controlled rectifiers and field current 
feedback 
AC2 High-initial-response alternator-rectifier exciter system with non-controlled rectifiers 
and field current feedback 
AC3 Field-controlled alternator-rectifier exciter 
AC4 High-initial-response alternator-supplied controlled rectifier exciter 
ACSA Simplified rotating rectifier exciter 
AC8B IEEE type AC8B 
SR8F Basler SR8F and SR125A exciter 
HPC HPC 840 AVR/exciter model 
JEUM Jeumont Industrie excitation/AVR system 
ST1D Static system with terminal potential and current supplies 
ACI1A IEEE type AC1A 
ST4B IEEE type ST4B 
Fixed Constant excitation (that is, no regulator action). This can be used for generators with 
constant excitation or when the machine voltage regulator is operating under PF or 
Mvar control. 
UDM User defined dynamic model 


ETAP 
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Some exciter types require that you select a control bus from the dropdown list that appears when they are 
specified. 


Sample Data 


The Sample Data button can be used for each type of exciter to provide a set of sample data for the 
selected exciter and AVR type. 


Excitation System Symbols 

The following table contains common symbols used to define the parameters of the various excitation 
systems. For other exciter parameters not listed, refer to the Help Line for such parameters in the 
particular exciter parameter. In most cases, constants and gains are in per-unit and time constants are in 
seconds. The base voltage for the excitation system is defined so that one per unit exciter voltage will 
produce rated generator voltage on the generator air-gap line. 


Term Description 
Efdmax Maximum exciter output voltage (applied to generator field) 

FEX Rectifier loading factor 
Ifd Generator field current 
IN Normalized exciter load current 
KA Regulator gain 
KB Second stage regulator gain 
KC Rectifier loading factor related to commutating reactance 
KD Demagnetizing factor, function of exciter alternator reactances 
KE Exciter constant related to self-excited field 

KF,KN Regulator stabilizing circuit gains 

KG Inner loop feedback constant 
KH Exciter field current feedback gain 
KI Current circuit gain coefficient 
KL Gain of exciter field current limit 

KLV Gain of exciter low voltage limit signal 
KP Potential circuit gain coefficient 
KR Constant associated with regulator and alternator field power supply 
KV Fast raise/lower contact setting 
SE Exciter saturation function 


TA, TB, TC Regulator amplifier time constants 


TE Exciter time constant 
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Term Description 
TF Regulator stabilizing circuit time constant 
TF1,TF2 Regulator stabilizing circuit time constants (rotating rectifier system) 
TR Regulator input filter time constant 
TRH Travel time of rheostat drive motor 
VA Regulator internal voltage 
VERR Voltage error signal 
VG Inner loop voltage feedback 
VI Internal signal within voltage regulator 
VLR Exciter field current limit reference 
VLV Exciter low voltage limit reference 
VN Rate feedback input variable 
VR Regulator output voltage 
VR max Maximum value of VR 
VR min Minimum value of VR 
Vref Regulator reference voltage setting 
VRH Field rheostat setting 
Vt Generator terminal voltage 
Vthev Voltage obtained by vector sum of potential and current signals, Type 3 system 
XL Reactance associated with potential source 
HV Gate High value gate: If A > B, C= A; if A< B, C =B, where A & B are inputs and C is 
output 
LV Gate Low value gate: If A< B, C= A; if A > B, C = B, where A & B are inputs and C is 
output 
UDM Model 


ETAP gives you the ability to model your own Exciter through UDM (user defined models). When the 
UDM model option is selected, you can select any of the predefined UDM models form the Type list. 


Clicking on the UDM Model button brings up the UDM Graphic Logic View, where you can create, 
modify, and compilea UDM model. ETAP will use the selected Exciter model for its calculations. 


See the chapter on User-Defined Dynamic Models for more information. 
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11.14.8 Governor Page 


This Section describes the representation of speed governing and engine control systems for synchronous 
generators. The majority of models provided here are consistent with the IEEE committee report for 
governors and turbines, "Dynamic Models for Steam and Hydro Turbines in Power System Studies," 
IEEE Transaction on Power Apparatus and System, Vol PAS-92, July/Dec 1973, pp.1904-1915. Other 
models are vendor specific. 


Governor/Turbine Type 


You can specify the governor/turbine type by selecting one of the following models from the drop-down 
list. Refer to the chapter on Dynamic Models for more information. 
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Type Description 
ST = Steam-Turbine Governor System 
ST1 = Single-Reheat Steam Turbine 


ST2 


Tandem-Compound, Single-Reheat Steam Turbine 
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ST3 = Tandem-Compound, Double-Reheat Steam Turbine 
STM = IEEE General Steam-Turbine Representation 

GT = Gas-Turbine Governor System 

GTF = Gas Turbine including Fuel System 

GP = General Purpose Governor-Turbine System 

DT = Diesel Engine Governor 

505 = Woodward 505E PID Governor for Extraction Steam Turbine 
UG8 = Woodward Governor 

2301 = Woodward 2301A Governor for Diesel Unit 

GTH = GE Heavy Duty Gas Turbine Model 

GTS = GE Simplified Single Shaft Gas Turbine Model 
MARS = Solar Turbine MARS Governor Set 

GHH = GHH Borsig Steam Turbine Governor 

DDEC = Detroit Diesel DDEC Governor Turbine 

HYDR = Woodward Hydraulic Governor and Turbine 

SGT = IEEE Gas-Turbine 

PL-A = Power Logic Governor and Turbine Model A 

ST60 = Solar Taurus 60 Solonox Gas Fuel Turbine-Governor 
ST70 = Solar Taurus 70 Solonox Gas Fuel Turbine-Governor 
GT-2 = Gas-Turbine Governor System 

GT-3 = Gas-Turbine Governor System (Non wind-up limit) 
CT251 = Combustion Turbine Governor Model 

GGOV3 = GE Mark V and Mark VI Turbine Controllers 
SGOVIL = Solar Turbine Governor Model 

WGOV1L = Westinghouse Turbine Governor Model 

LM2500 = GE Gas Turbine Governor Model 

LM6000 = GE Gas Turbine Governor Model 

None = No Governor action, i.e., the mechanical power (Pm) is kept constant throughout 


the time simulation studies. 


Mode 
Droop or Isoch Mode of operation. 


LS GP# 
From the dropdown list 


Sample Data 


The Sample Data button can be used for each type of exciter to provide a set of sample data for the 
selected governor/turbine type. 


Compile UDM 
ETAP allows you to model your own Governor through UDM (user defined models). When the UDM 
model option is selected, you can select any of the predefined UDM models form the Type list. 


Clicking on the UDM Model button brings up the UDM Graphic Logic View, where you can create, 
modify, and compilea UDM model. ETAP will use the selected Governor model for its calculations. 


See the chapter on User Defined Dynamic Models for more information. 
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11.14.9 Protection Page 


This page provides options to plot the generator (I2)* t curve and short-circuit decrement curve for a 
generator on a Star View. 
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|_Harmonic | Protection | Reliability | Fuel Cost | Time Domain | O&M | Remarks | Comment | 
[138kV 75MW VotageConol = = 
Thermal Capability Reference kV 


(¥] Plot 12 2t 20 ©) Calculated 
() User-Defined 


kV 
13.8 


Plot Stator Damage Curve Points 


Short-Circuit Decrement 
Plot Decrement Initial Loading Condition 


¥| Total (@ No-Load Condition 


AC Only © Full-Load Condition 


Be0t a8) 


Thermal Capability 


This section provides the options to plot the generator (I2)*t and stator damage curves. 


Plot (Ip)’t 

Check this box to plot (I2)* t characteristic curve of the generator on a Star View. Generator thermal 
capability curve (I2)*t is calculated based on the negative sequence current, where the negative sequence 
current is expressed in multiples of machine rated stator current or FLA. 
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(I2)* t Factor 


For synchronous generators with a rotor type defined as round rotor, this factor is typically equal to 30, 
whereas for salient pole, this factor is typically equal to 40. 


The table below lists some of the other common generator types and their (I2)’ t factors. 
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Model Type Type of Generator (1.)t product (K) 

N/A Turbine Generator 30 

N/A Synchronous Condenser 30 

N/A Frequency-changer 30 

N/A Hydraulic Turbines 40 

N/A Engine-Driven Generators 40 
Round-Rotor Indirectly Cooled 30 
Round-Rotor Directly Cooled 0-800 MVA 10 

Directly Cooled 801- 10 — (0.00625*(MVA-800)) 

Bounce Rotoe 1600MVA Range ~ 5 to 10 
Salient-Pole with damper Salen pols 40 
winding 

Salient-Pole without damper Salant pole 40 


winding 


Plot Stator Damage Curve 
Check this box to plot the stator damage curve of generator in Star View based on the user defined points 
in editor. 


Stator Damage Curve Points 
Press Points... button to open stator damage curve point’s editor. 


= 
Stator Curve Points 


Stator Damage Curve 


| Multiples of FLA 


Stator Damage Curve ID 
Name ID is editable. 


ETAP 11-379 ETAP 19.0 User Guide 


AC Elements Synchronous Generator 


Current Units 
Select the units for current from following options in drop-down menu. 


Multiple of FLA - current value in table will be multiplied by FLA of the generator when plotting. 


Ampere - current will be plotted as defined in table. 


Points Table 
Time Multiples 
120 1.15 
60 1.27 
30 1.5 
10 2.18 


Reference: IEEE C50.13-2005 section 4.2.1 or IEC 60034-3:2005 section 4.15 


Insert 
Insert new points above the row selected. 


Add 


Insert new points to the bottom of the list. 


Delete 
Click on a number and delete the selected row. 


Short-Circuit Decrement 


Short-Circuit Plot Decrement Total 
Use this selection to draw the generator decrement curve (Sum of AC and DC components) on all Star 
View’s containing the selected generator. 


Plot Decrement AC Only 
Use this selection to draw the generator decrement curve (AC component only) on all Star View’s 
containing the selected generator. 


Initial Loading Condition — No Load Condition 
When No Load Condition is selected, ETAP will use load power factor angle = 0 degrees to calculate 
machine internal voltage. 


Initial Loading Condition — Full Load Condition 

When Full Load Condition is selected, ETAP will use power factor angle based on rated load to calculate 
machine internal voltage. The magnitude of the fault current will be higher for a generator in full load 
condition when compared to no load condition. 
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Compound Excitation 


When the Compound Excitation option is checked in the Imp/Model page of the generator editor the 
Current, Time, and I*t Limit fields are visible in the protection page, and excitation damage point will be 
plotted in the Star Views containing the generator. 


= 
Synchronous Generator Editor - Gen1 


‘Homone | Poin [Raby [Flo | Tine 


Thermal Capability 
¥| Plot 12 2t 30 


Plot Stator Damage Curve Points 


Short-Circuit Decrement 
Plot Decrement Initial Loading Condition 


¥| Total @ No-Load Condition 


¥} AC Only © Full-Load Condition 


Be0t a8 


Current 


Current % value is read from Imp/Model page. This value is used in calculation of excitation withstand 
capability limit or [’t. 
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The excitation withstand time is defined here in seconds. This value is used to calculate the excitation 
withstand capability or I’t. When the values in the I’t field is changed, this field is updated using below 
equation. 


_ at) 
Current)" 
100 / 


Time = 


T2t 
The excitation withstand capability limit is defined here. When the values in the Current field or Time 
field are changed, this field is updated using below equation. 


Current)? 
wy =( = ) * Time 
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11.14.10 PSS Page 


Power system stabilizer (PSS) is an auxiliary device installed on the synchronous generator and tuned to 
help with system stability. 


ETAP provides two standard IEEE type models: 


e IEEE Type 1 PSS (PSS1A) 
e IEEE Type 2 PSS (PSS2A) 


Synchronous Generator Editor - Gen1 |p Sm 


Pea | Copsey | ees Soe | vote | Se 
PSS Hammonic | Protection | Reliability | FuelCost | Remarks 


13.8kV 7.5 MW _ Voltage Control 


@ Builtin © UDM 


Type vsl 
PSS1A v Speed v 
KS VSTMax VSTMin  VTMin TDR 
3.15 09 09 0 02 


A2 
0 


T2 


SES We DP x) [core] 


Sample Data 
The Sample Data button can be used for each type of PSS to provide a set of sample data for the selected 
stabilizer type. 
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Compile UDM 


ETAP allows you to model your own PSS through UDM (user defined models). When the UDM model 
option is selected, you can select any of the predefined UDM models from the Type list. 


Clicking on the UDM Model button brings up the UDM Graphic Logic View, where you can create, 
modify, and compilea UDM model. ETAP will use the selected PSS model for its calculations. 


See the chapter on User Defined Dynamic Models for more information. 
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11.14.11 Harmonic Page 


The Harmonic page contains the information to model the synchronous generator as a harmonic source in 
Harmonic Studies. 


Synchronous Generator Editor - Gen1 |p| 


info | Rating | Capability | imp/Model | Grounding | Inertia | Exciter Severe 
PSS | Harmonic | Protection | Reliability | FuelCost | Remarks | Comment 
[138kV 75MW_ Voltage Control 


Harmonic Library 


januf. 


Type Manufacturer Model 
Voltage Source Typical Arc Fumace 


Wave Form Spectrum 


Be0 tie) We (ox) 


Harmonic Library 


A synchronous Generator can be modeled as a voltage harmonic source if it contains a significant voltage 
harmonic distortion. To model a Synchronous Generator as a voltage harmonic source, a harmonic 
library must be defined on this page. 


Library 
Click the Library button to bring up Harmonic Library Quick Pick Editor. 
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Library Quick Pick - Harmonic 


Manufacturer 


Typical-lEEE 
Typical-lEEE 
Typical-lEEE 
Typical-lEEE 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 
Typical 


Model 


Fluorecent 
Large ASD 
SPC 

>FMR Magnet 
Are Furnace 
G2/3P-FL_LL 
G2/3P-FL_LN 
G2/3P-NL_LL 
G2/3P-NL_LN 
G5/6P-FL_LL 
G5/6P-FL_LN 
G5/6P-NL_LL 
G5/6P-NL_LN 


Type 

Current Source 
Current Source 
Current Source 
Current Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 
Voltage Source 


Interharmonic 


No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 


WwW 


| None | | Cancel | 


From the Harmonic Library Quick Pick Editor, select a manufacturer name and a model name (typically a 


voltage source harmonic type). 


Type 


Displays the harmonic source type. 


Manufacturer 


Displays Manufacturer name of the selected harmonic library. 


Model 


Displays the model name of the selected harmonic library. 


Wave Form 


Displays one cycle of the voltage or current waveform of the selected harmonic library in time domain. 


Print (Wave Form) 


Prints the harmonic waveform. 


Spectrum 


Displays the harmonic spectrum of the selected harmonic library. 


Print (Spectrum) 


Prints the harmonic spectrum. 


ETAP 
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11.14.12 Reliability Page 


? Synchronous Generator Editor - Gen1 x 


Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 
Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 


13.8kV 7.5MW_ Voltage Control 


Reliability Parameters 


NA My} | FailureAyr 


A 4380 = =|Repair4r  MTTF 


2.2831E-7 


80 


(_] Replacement Available 


10 hr 


Reliability Parameters 


A 

This is the active failure rate in number of failures per year. The active failure rate is associated with the 
component failure mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of the other healthy components and branches from 
service, after the actively failed component is isolated, and the protection breakers are reclosed. This 
leads to service being restored to some or all of the load points. It should be noted, however, that the 
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failed component itself (and those components that are directly connected to this failed component) could 
be restored to service only after repair or replacement. 


MTTR 
Enter the Mean Time To Repair in hours. It is the expected time for a crew to repair a component outage 
and/or restore the system to its normal operating state. 


py 


This is the mean repair rate in number of repairs per year, calculated automatically based on MTTR (p = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 1.0/ Aa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aq (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 
This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 


Library 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.14.13 Fuel Cost Page 


The Fuel Cost page contains the information on generator fuel cost, which is used in optimal power flow 
and the energy cost related calculation. 


Synchronous Generator Editor - Gen1 | % | 


Info| Rating | Capability | imp/Model Inertia | Exciter | Govemor 
PSS | Harmonic | Protection | Reliability | FuelCost | Remarks | Comment 
[13.8kV 7.5MW_ Voltage Control 

Hote! Tipe (EROS) Ge oe (HeaRapa OARS) 


Profie [Fuel Cost dss] 


iB 


COA EDD eT 49uT 


$50000 40000 


seedsceeboowotoce 


seu (28) 2) (O)| [cores | 


Model Type 


Model for generator fuel cost curve. Three models are available: 


e Piecewise 


e Equation 
e V Curve 
ETAP 11-389 
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Profile 


Profile list is added to this page and can include up to 10 Fuel Costs ($/Mbtu) (Profile 1 — Profile 10). 
This is similar to the loading category in ETAP. 


The Fuel Cost Profile names are user-definable and can be changed from the Project Setting menu. 


Library Rules Defaults Tool 


ii vice TfL fe Omg ee 


pS eT ee | 


Information... 
Standards... 
Settings... 
Options... 


Relay Test-set Database... 


Mutual Coupling Group... 
Control Cable Schedule... 


Default Calendar 


Loading Categories... 


Avg Temp and Humidity... 


Duty Cycle Categories... 
Starting Categories... 
Load Priority... 

Data Type... 
User-Defined Fields... 


Cable Ampacity App. MF... 


Panel Code Factors... 
Rate Schedule 

Fuel Cost ian 
Emergency Handling... 
Generation Categories... 
Arc Flash 

Star View Reference kV... 


Avg Temp and Humidity... 


Area & Zone 


By selecting Fuel Cost Profile, you can customize the name of any of the 10 fuel/energy cost profiles 
provided by ETAP. You can change these names at any time when running the project. Each name may 
be up to 12 alphanumeric characters. 


ETAP 
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Fuel Cost Profile (ee Soon| 


Name 


Name 


et uel Cost 1 §  FuelCost 6 
2 Fuel Cost 2 7 Fuel Cost 7 


3 Fuel Cost 3 § FuelCost 8 


4 Fuel Cost 4 9g FuelCost 9 


5 Fuel Cost 5 10) Fuel Cost 10 


ee) S| Gea 


The 10 cost profiles will keep track of the Fuel Cost for each generator. That is there can be 10 fuel cost 
($/MMBtu) per generator (one for each profile). 


Optimal Power Flow Study Case includes a selection list for Fuel/Energy Cost profiles. For the selected 
cost profile of the generation and power grids, the Optimal Power Flow program will calculate the 
minimum fuel source and minimize fuel cost. 


Curve Type 


The following options are available for the Piecewise model: 


e Heat Rate vs. Output 


e Cost vs. Output 


The following options are available for the Equation model: 


e Input vs. Output 
e Cost vs. Output 


The following options are available for the V Curve model: 


e Cost vs. Output 


Depending on the above selection Model Parameter’s heading and data are changed to reflect the 
appropriate heading. The plot is also updated based on the curve type selection. 


Model Parameter 


Piecewise Model 


For this model, data points for series fuel cost ($/hr) and average incremental fuel cost ($/MWh) for 
generating the corresponding MW are specified. 


ETAP 
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Note: The initial cost such as Operation and Maintenance costs can be specified for 0 MW. 
The model parameter columns/headings for Cost vs. Output curve type are as follows for the Piecewise 
Model: 


MW Output MW (x axis) 
$/hr Input / Output (y axis) 
Incremental $/MWh Average Incremental Cost (y axis) 


The model parameter columns/headings for Heat Rate vs. Output curve type are as follows for Piecewise 
model: 


MW Output MW (x axis) 
1000 Btu/hr Input / Output Heat Rate (y axis) 
Incremental Btu/kWh = Average Incremental Heat Rate (y axis) 


Add 
Click this button to add a blank new data point pair at the end of the model parameter list. This feature is 
available with the Piecewise models. 


Insert 
Click this button to insert a blank new point pair before the highlighted data point pair. This feature is 
available with the Piecewise models. 


Delete 
Click this button to delete the highlighted data point pair. This feature is available with the Piecewise 
models. 


Equation Model 


For an equation based model the incremental plot is the instantaneous value (dy/dx) and not the average 
incremental. The Cost curve y is defined as $/hr. The Input-Output Curve y is defined as 1000 Btu/hr 
and x = MW. 


Instantaneous Incremental Cost = dy / dx 
Where y = $/hr and x = MW 


Instantaneous Incremental Heat Rate = dy / dx 
Where y = 1000 Btu/hr, and x = MW 
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Synchronous Generator Editor - Gen1 ST. |e 


Noda Type (Enon 
Pete (Foden | 


Fuel Cost 0.01 $/MBtu 


Model Parameter 
y =CO+C1% +C2*%? + C3*exp(K*x) 
y=$/hr = : 
x=MW 


co 


C1 


CrU) 809 “49H 


C2 


aa) (68) (9) (28 (2) (0K [coms 


CO, C1, C2, C3, K 
Enter the coefficients for the equation based cost curve 


Y =CO+ Cl*x + C2*x? + C3*e®™ 
V-Curve Type 
For this model, a desired MW generation point MidPoint is entered in MW and the slope of fuel cost 
curve is entered in Weight. This model can be utilized to represent energy cost at various MW output 


levels based on pre-defined power generation rate schedules. 


For the V-Curve Model type, the Curve is set to Cost vs. Output and the list box is disabled (grayed-out). 
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Synchronous Generator Editor - Gen1 |e 


info | Rating | Capabilty | Imp/Model_| pet [Sa 
PSS | Harmonic | Protection | Reliability | FuelCost | Remarks 


[13.8kV 7.5MW_ Voltage Control 
Model Type [/M'Guve x} Cave Type [Cost vs. Output 


Use Generator Limits 
Min MW Max MW 


@ User-Defined 0 20 


MidPoint(MW) 15 


Weight ($/MW) 100 


Be8 We BB s|[ce) 


Fuel Cost 


Fuel cost is used for the conversion of Heat Rate values to Cost values. The fuel cost is given in $/MBtu. 
(Note MBtu = 10° Btu) The fuel cost field is displayed for Heat Rate vs. Output curve types only in the 
Model Parameter group. There can be up to 10 fuel costs for a given generator (10 profiles). 


$ / hr = 1000 Btu/hr * $/MBtu 


Min MW 


Enter the minimum MW imported from the generator. 


Max MW 


Enter the maximum MW imported from the generator. 
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Cost Curve 
Displays the curve from the data points entered. 


For Piecewise and Equation models: 
Curve Type = Cost vs. Output 


Y1 Axis: Cost ($) 
Y2 Axis: Incremental Cost ($/MWh) 
X Axis: Output (MW) 


Curve Type = Heat Rate vs. Output 


Y1 Axis: Input (1000 Btu/hr) 
Y2 Axis: Incremental Heat Rate (Btu/kWh) 
X Axis: Output (MW) 


For V-Curve model: 
Curve Type = Cost vs. Output 
Y1 Axis: Cost ($) 
X Axis: Output (MW) 


Print 
Click this button to print a hard copy of the cost curve. 
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11.14.14 Time Domain Page 


The Time Domain page allows you to specify the data type of the generator used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, and External Data. 


Synchronous Generator Editor - Gen1 x 


Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 
Harmonic Protection Reliability  FuelCost Time Domain QandM Remarks Comment 


[13.8kV 7.5MW Voltage Control 
Data Type 


@ Fixed Category / Constant 
O Sector 


O Extemal Data 


Seuu= 3) BW (0K || ores 


Fix Category/Constant 
This is a default option for a device, which means generation category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 


Sector 

This option specify a sector profile for the generator to use in load flow calculation. Sector was set 
selected in Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — 
Profile Library and Section 58.8.2 — Sector Library. 
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Synchronous Generator Editor - Gen1 x 


Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 
Harmonic Protection Reliability  FuelCost Time Domain QandM Remarks Comment 
13.8kV 7.5MW Voltage Control 

Data Type 

O Fixed Category / Constant 

@ Sector 


O Extemal Data 


Multi-Year Forecasting 


Energize |Wednesday, January 01,2014 wv 


Out of Service | Tuesday . January 01,2030 wv 


(23) (>) [M) cent |S ea ed 0 || coe 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecasting 


e Energize: when did/will this generator be in service. 
e Out of Service: when did/will this generator be out of service. 


The default Energize date is set to the first date of the current year, while the default Out of Service date 
is set to 20 years after energize date. 


External Data 

This option allows user to use an External Data file as data entry for the generator. When External Data 
type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the 
study case will be used in calculation. 


For examples of external data format and usage of external data for generation, refer to Section 58.8.3 - 
External Data. 
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Synchronous Generator Editor - Gen1 x 


Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 
Harmonic Protection Reliability FuelCost Time Domain QandM Remarks Comment 


[138kV 75MW VotageContol 
Data Type 
O Fixed Category / Constant 
O Sector 


@ Extemal Data 


Multi-Year Forecasting 
Energize |Wednesday, January 01,2014 wv 


Out of Service | Tuesday . January 01,2030 v 


Data Gap Options 
© Maintain and use last value 
O Switch to study case loading category 


(23) (G3) (9) [sem 


Data Gap Options 


Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 


e Maintain and use the last value. 
e Switch to study case loading category. 
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11.14.15 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info 
Eq. Ref. 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Test . Full 
— Manufacturer 


UD Field A5 Equi 
Name Manufacturer 
UD Field A6 


Purchasi 
UD Field A7 Date, 21/02/00) 


>) @e 


User-Defined Info 
These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is anumber field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.14.16 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Comment 


| 4.16kV 600 Amps Asymmetrical 0kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file | 


Ben he >) MR) Gale) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.15 Wind Turbine Generator - WTG 


You can enter the properties associated with wind turbine generators including wind aerodynamics of the 
electrical distribution system using Wind Turbine Generator (WTG) Editor. WTG converts mechanical 
energy to electrical energy. Wind turbine rotor supplies fluctuating mechanical power (torque) from wind 
to the connected generator. Wind generation is an important category of renewable energy, micro-grid, 
smart grid, etc. 


The Wind Turbine Generator Editor includes the following pages of properties that are variable 
depending upon the wind turbine technology type selected and whether the control types are based on 
WECC, generic or UDM models. 


Info Rating Imp/Model Turbine 
Wind Pitch Control Controls Inertia 
Reliability Remarks Comment 


The following abbreviations are used for the wind turbine generator user guide. 


Abbreviation Definition 

WTG Wind Turbine Generator 
WECC Western Electric Coordination Council 
UDM User Defined Dynamic Model 
FDR Feeder 

MFR Manufacturer 

SC Short-circuit 

MF Multiplying Factor 

Cp Power Coefficient 

RPM Revolution Per Minute 

EFF Efficiency 

FLA Full Load Ampere 

FOR Forced Outage Rate 

MTTR Mean Time To Repair 

MTTF Mean Time To Failure 


ETAP 11-402 ETAP 19.0 User Guide 


AC Elements Wind Turbine Generator 


11.15.1 Wind Turbine Technologies 


With high wind penetration levels being planned globally, the need for grid operators to quickly assess 
the impacts of wind generation on system stability has become critical. In the planning phase, this 
assessment is normally done with positive sequence time-domain analysis, which allows for the 
simulation of the dynamic response of a power system to major disturbances (e.g., short circuits). The 
lack of suitable dynamic models for the wide variety of wind turbines available in the marketplace has 
been an obstacle in performing accurate analyses of this type, though efforts led by the Western 
Electricity Coordinating Council (WECC) to develop industry-standard wind turbine models are 
addressing this issue. 


WECC Modeling & Validation Working Group initiated an effort to develop and validate a series of 
generic dynamic models for wind turbine generators (WTG). The objectives of this effort were to: 


1) Allow the performance of transient stability studies in the early stages of the interconnection 
process when WTG manufacturer/model may be undetermined. 


2) Reduce WTG manufacturer confidentiality concerns with respect to proprietary aspects of 
dynamic models. 


3) Improve the quality and usability of models, consistent with the level of accuracy expected in an 
initial system impact evaluation. 


ETAP includes reduced-order, simplified wind turbine models developed by the WECC Modeling & 
Validation Working Group. These models were developed for analyzing the stability impact of large 
arrays of wind turbines with a single point of network interconnection. Dynamic simulations have been 
performed with these models, and comparisons have been made with the results derived from higher- 
order models used in manufacturer-specific representations of aero conversion and drivetrain dynamics. 


Generic WECC models were developed for four major WTG topologies. The first topology, referred to 
as a Type 1 WTG. This machine is pitch-regulated, and drives a squirrel cage induction generator which is 
directly coupled to the grid. 


Type 1 


Type 2 WTG is a variation on the Type 1, operating with variable slip. It utilizes a wound rotor induction 
generator whose rotor winding is brought out via slip rings and brushes. An external rotor resistance is 
electronically modulated to effect dynamic changes in the machine’s torque-speed characteristics. 
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| PF control 


The doubly fed induction generator (DFIG), or partial conversion, topology is designated as WECC Type 
3. The turbine is pitch-regulated and features a wound rotor induction generator with an AC/DC/AC 
power converter connected between the rotor terminals and grid. The generator stator winding is directly 
coupled to the grid. The power converter in the rotor circuit allows for independent control of generator 
torque and flux, providing fast active and reactive power control over a wide range of generator speeds. 


as heat loss —> 


Type 3 


al 
Vv 


patial power 


Finally, the full conversion topology is designated as WECC Type 4. The turbine is pitch-regulated and 
features an AC/DC/AC power converter through which the entire power of the generator is processed. 
The generator may be either induction or synchronous type. As with the Type 3 WTG, the power 
converter allows for independent control of quadrature and direct axis output currents at the grid interface, 
providing fast active and reactive power control over a wide range of generator speeds. 


The above information has been extracted from NREL Development and Validation of WECC Variable 
Speed Wind Turbine Dynamic Models for Grid Integration Studies. 
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11.15.2 Info Page 


You can specify the wind turbine generator (WTG) ID, connected Bus, In/Out of Service, Equipment 
FDR (feeder) Tag #, Name, Description, Data Type, Priority, Generator MFR (manufacturer), Type, 
Control, Configuration, Operation Mode, WTG Library, and Connection Quantity within the fields of the 
Info page. 


‘Wind Turbine Generator ym 


Gl 


Info| Rating | Imp/Model | Turbine | Wind | Pitch Control | Inertia | Reliability | Remarks | Comment 


Generc O6kV 15MW Induction Generator 


A wl 


Revision Data 


Dae Te (aime) ew Ges 


WTG Type 
uen[ Gals Te 
crt ae 
Operation Mode 
Voltage Control 
Mvar Control 


(@ Induction Generator 


aes GQwa_+)>)} Ae 


Info 


ID 

Enter a unique ID with up to 25 alphanumeric characters. ETAP automatically assigns a unique ID to 
each WTG. The assigned IDs consist of the default WTG plus an integer, starting with the number one 
and increasing as the number of WTGs increase. The default WTG ID can be changed from the Defaults 
menu in the menu bar or from the System Manager. 
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Bus 
This is the ID of the connecting bus for the WTG. If the terminal is not connected to any bus, a blank 
entry will be shown for the bus ID. To connect or reconnect an induction machine to a bus, select a bus 
from the list box. The one-line diagram will be updated to show the new connection after you click on 
OK. 


Note: You can only connect to buses that reside in the same view where the WTG resides, i.e., you cannot 
connect to a bus that resides in the Dumpster or in another composite network. 


If a WTG is connected to a bus through a number of protective devices, reconnection of the wind turbine 
to a new bus in this editor will reconnect the last existing protective device to the new bus, as shown 
below where WTG is reconnected from Bus10 to Bus4. 


Buslo Bus Busld Bus4 
cre Re ere Re 
CTl Fl CTL Bl 
CB4 CB4 
$50 Bhd coo Bl 
WIGL WTGElL 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


WIG Type 
MFR 


WTG MER (manufacturer) displays the manufacturer name from the library. If no library is selected, it 
will show Generic as default. 


Type 

Select a generator type for this WTG from the drop-down list where Type 1 is fixed-speed, conventional 
induction generator; Type 2 is variable slip, induction generators with variable rotor resistance; Type 3 is 
variable speed, doubly-fed asynchronous generator with rotor-side converter; and Type 4 is variable 
speed, asynchronous generators with full converter interface. Default is Type-1. 


Control 

Select a control model from the drop-down list. WECC, Generic and UDM controls are available when 
Type 3 is selected. For all other types, WECC and UDM are available. The default selection is WECC. It 
will be hidden if library is selected. When UDM is selected, it will show a UDM type list to choose 
compiled UDM model from WTG folder. 
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Configuration 

In ETAP, the Operation Mode of the WTG is dependent on the configuration. This provides the flexibility 
of using multiple configurations to take into account different modes of operation. For information about 
creating new configurations, see the Status Configuration Section in the Overview Chapter. 


Select the operating status of the WTG for the selected configuration status from the list box. 


Operation Mode 

The Generator Mode of operation and its ratings are displayed on the top of the editor. Operation modes 
for different types and controls are shown in the following list. When Type and Control selection change, 
operation mode will be pre-set and disabled/enabled or shown/hidden based on the following table. 


Type Control Operation Mode 

Type 1 WECC/UDM Induction Generator 

Type 2 WECC/UDM Induction Generator 

Type 3 WECC/UDM Voltage Control 

Type 3 Generic / Existing Model (ETAP 5.0 onwards) Mvar Control 

Type 4 WECC/UDM Voltage Control 
W1G Library 


WTG Library quick launches existing data for simulation. When the library is selected, the control list is 
hidden and type list is disabled. Operation mode will be changed based on Type 1 through Type 4. 


Connection 


Quantity 
Enter the quantity (number) of similar WTGs in the electrical network. The maximum number is 999 and 
the default is 1. 


ETAP 11-408 ETAP 19.0 User Guide 


AC Elements Wind Turbine Generator 


11.15.3 Rating Page 


On this page, you can specify the rating of the WTG, its Mvar Limits, its operating values, and the WTG 
categories. 


Wind Turbine Generator - WTG1 x 


Info Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks Ci¢|> | 


Generc O6kV 15MW Induction Generator 
— 


ee) Ce Ce] Ce) Oey om 


MVA = % of Nominal Bus kV 


[175 [15 


MW Generation 
@ Ava Wind Speed | 10 3=mss 


vrs 
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Ratings 


MW/kw 
You can toggle between these two options by clicking on the MW/kW button. Enter the rated real power 
of the WTG in MW or kw. 


kV 

Enter the rated voltage of the WTG in kV. This entry is used by ETAP to convert the ohmic values of the 
circuit elements to per unit values for calculations. This value is also used to convert the final WTG 
voltage to the actual values used for output reports. 


% PF 
Enter the rated power factor of the WTG as a percentage. 


% Eff 

This is the efficiency of the machine, in percent, at 100% loading. Efficiency cannot exceed 100%. The 
efficiency at 100% loading is the rated efficiency and is used for calculating the rated values, i.e., when 
you change the efficiency at 100% loading, the machine full load current is recalculated. All three values 
of the efficiencies are used for determining the machine efficiency under different percent loading, i.e., 
when you change the value of any one of the efficiencies, the operating load and feeder losses for all 
loading categories are recalculated. 


Poles 
Enter the number of poles for the synchronous generator. As the number of poles is changed, the 
synchronous speed of the machine is recalculated and displayed in RPM (revolutions per minute). 


RPM = 120 * Freq/Poles 


RPM 
ETAP displays the rated RPM (synchronous speed) of the WTG based on the system frequency and the 
number of poles entered (Ws=120 Freq/Poles). 


MVA 
ETAP displays the rated power of the wind turbine generator in MVA. 


% of Bus kVnom 
ETAP displays the percentage of nominal bus kV. 


FLA 

This is the rated full load current of the machine calculated and displayed in amperes. This is the current 
the WTG will pull from the system when it is fully loaded (that is, when the system is operating at the 
rated HP (or kW), rated kV, and rated frequency). When you modify FLA, the WTG efficiency at 100% 
loading is recalculated. ETAP limits the entry of FLA so that the efficiency at 100% loading cannot 
exceed 100% or be below 10%. 


Mvar Limits 


The Mvar Limits (Qmax and Qmin) can be user-defined or calculated based on the controller parameters. 
When the WTG operating mode is Mvar Control (Type 3, Generic Control), both options for Mvar Limits 
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will be enabled. When the operation mode is Voltage Control or Induction Generator, it will be fixed at 
User-Defined. 


Wind Speed 


This field displays the average wind speed in the Avg Wind Speed field in meters per second (m/s). You 
can enter or modify average wind speed in Wind page of WTG Editor. 


Nominal Operating Voltage 


Vmax 
This field allows you to enter maximum operating voltage in percent of rated machine kV. 


Vmin 
This field allows you to enter minimum operating voltage in percent of rated machine kV. 


Generation Categories 


This group is used to assign the various generation settings to each of the ten generation categories for 
this WTG. Each WTG can be set to have a different operating generation level for each generation 
category. Depending on the operation mode, some of the values are editable as follows: 


Voltage Control: % Voltage 
Mvar Control: MW and Mvar 


% wind speed will use the Cp curve data to calculate operating kW and kvar for each generation category 
to be used by load flow analysis and all other modules that require pre-start generation levels. 


Operating Values 


%V 
Operating terminal voltage magnitude (percent of the terminal bus nominal voltage) 


Vangle 
Operating voltage angle (degree) 


MW 
WTG operating real power (MW) 


Mvar 
WTG operating reactive power (Mvar) 
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11.15.4 Impedance Model Page 


The impedance model page describes the dynamic machine model used for the WTG. Depending upon 
the type of WTG technology, this page utilizes either the circuit model or a transfer function to describe 
the dynamic machine model. 


2 Wind Turbine Generator - WTG2 x 


Info = Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks C.‘|° 


Generic O6kV 15MW Induction Generator 
Locked Rotor ANSI Short-Circuit Z Parameters 
Cc 

LRC | 576.1| % @ Std MF 17.358 | 1/2cy Xo | 16.667 X2 | 16.667 

pF 119.47] % O User Defined 26.037 1.5-4cy X/R | 18.446 Td’ | 0.061 
Grounding 

Connection Type Open v 

Earthing Type [[fraindadual [Distributed 


Neutral 


Model 


HV-HS-HT ; 
ONone @Circuit Library... MV4700HP4P Print 


Ses Miwa >) @ ei | 


Impedance/Model Page for Type 1 & Type 2— WECC 
and Type 3 - Generic Model 


Locked-Rotor 


% LRC 
Enter the machine locked-rotor current (at motor rated kV) in percent of the rated full load current of the 
motor, using up to 5 numeric characters. 
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% PF 
Enter the locked-rotor power factor in percent, using up to 5 numeric characters. 


ANSI Short-Circuit Z 


Std MF/Xsc 
If you select Std MF, ETAP uses the following ANSI Multiplying Factors for calculating the positive 
sequence short-circuit impedances. 


Note: The IEC Short-Circuit Method does not use these impedances. 


Xsc Xsc 
HP kW RPM % Cycle Network 1.5-4 Cycle Network 
> 1000 HP >745.7 1800 1.0/LRC 1.5/LRC 
> 250 HP > 186.4 3600 1.0/LRC 1.5/LRC 
50 HP 37.28 other 1.2/LRC 3.0/LRC 
<50 HP <37.28 1.67/LRC Infinity 


User-Defined 
If you select the User-Defined option, you can directly enter the short-circuit impedances in percent with 
motor ratings as the base. 


Parameters 


X0 
This is the zero sequence reactance in percent (machine base); used for calculating short-circuit currents 
for unbalanced faults. Enter up to 7 numeric characters. 


X2 
This is the negative sequence reactance in percent (machine base); this value is used for Harmonic 
Analysis, Short-Circuit, and Unbalanced Load Flow Studies. Enter up to 7 numeric characters. 


X/R 
This is the induction motor’s X/R ratio (Xsc/Ra). Enter up to 7 numeric characters. 


Td’ 
This is the induction motor transient time constant in seconds. Enter up to 5 numeric characters. This 
value is used in the IEC 61363 Method. 


Td’ = X”/(2*f* Rr) where Rr = rotor resistance, f=frequency and X’’= sub-transient reactance 


Grounding 


You can select entries from the drop-down list to specify grounding connection, grounding type, and 
earthing type of WTG. 


Note: When including a type 4 WTG in an unbalanced load flow study, the grounding check box is 
ignored as the WTG is always considered grounded. 
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Connection 
The grounding connection can be selected by clicking on the connection buttons until the desired 
connection is displayed. The available connections are Wye and Delta. 


Grounding 


Connection ¥ a 
NEC v 


Grounding Type Solid ¥ | 


Rg 0 Ohm 


Grounding Type 
Choose one item from these four grounding types provided in the drop-down list for Wye connection: 
e Open Neutral is not connected to ground (ungrounded). 
e Solid Solidly grounded, no intentional impedance in the neutral grounding path. 
e Resistor A resistor is used in the neutral grounding path. 
e Reactor A reactor is used in the neutral grounding path. 
Earthing Type 


Select a system earthing type. The available earthing types are listed based on the system grounding type. 
Note that this field is applicable only for low voltage WTG. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. Note that this field is only enabled for the 
IT earthing type. 


Rg 

This field is for the inclusion of the element’s grounding in electric shock protection calculation. This 
field reflects both the element’s grounding grid and the soil resistance between the grounding grid and the 
load grounding electrode. The Rg result from ETAP’s ground grid module can assist in determining this 
value. 


Note: The Rg field will not appear if Wye (star) resistor or reactor Grounding Types have been selected. 


Model 


The Model section is hidden if the UDM control model is selected from the Info page. In this case, the 
WTG representation is completely dependent on the UDM model. When the UDM model is not selected, 
for Type 1 and Type 2 WTG, this section allows the user to select a circuit model from WTG model 
library. For Type 3 and Type 4 WTG, this section allows the user to select a model from Model Type list 
and specify parameters. 
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WTG CKT Model Library — Type 1 &2 WTG 

The Model area provides performance graphs and a field that displays the generator model type. Clicking 
on the Lib... button causes the Library Quick Pick box to appear. You can select from the provided list of 
Design IDs and Models to specify the Model Type, Design Class and Model ID using the Library Quick 
Pick. 


You can access Motor Model Library data by selecting CKT model and clicking on the Lib button to 
open the Library Quick-Pick - Motor Model. Motor model data from the library can be obtained and 
transferred to the Motor Editor by selecting the Model Type (Single1, Single2, DBL1, or DBL2) and then 
highlighting a Design Class and model ID. Motor model is used for dynamic motor starting and transient 
stability analysis. 


After you select a new model, if you click on OK to leave the WTG CKT Model Editor and the WTG 
Parameter Update Editor appears, which displays the updated WTG parameters. Click on the UPDATE 
button to apply these parameters or the Cancel button to reject them and close the editor without apply 
any changes. ETAP recalculates model parameters after you select a new circuit or characteristic model. 
The update occurs when you click OK to leave the Motor Editor, select another editor page, or navigate to 
another motor. 


WTG Parameter Update al 


Model Data 
Rs ¥s mi or Ir *r Fl Fr lr Fr fl 


Single2 2.78 10.91 297.4 4.34 15.63 2.24 1.04 


Rs *s om *r Ir rfl Fr lr Fr fl 
None 0 0 0 0 0 0 0 


Short-Circuit Data 


LAC PFlr Vé2cyX = 1.5-4 cy x/R Td 


Y\Update e254 = ga99 «fone = 999 9.266 | 0.086 


Existing: 0 1 0 0 0 0 


Update | | Cancel 
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WTG Model for Type 3 & 4 

WTG Type 3 and Type 4 technologies are based on dynamic transfer functions that represent the machine 
model rather than a conventional machine equivalent circuit model as those used for Type 1 and Type 2 
WTG. For WT3G and WT4G models the generator is modeled as a controlled current injection having a 
single or two-mass shaft model. 


2 Wind Turbine Generator - WTG3 x 
Info —- Rating Imp/Model SC Model Turbine Wind Controls Pitch Control Inertia Time Domain R‘|* 


Genenc O6kV 1.5 MW Voltage Control 


Locked Rotor ANSI Short-Circuit Z Parameters 


Xsc 
inc eT}: @saue 17388 ay =x [T68T] 10 [TERT] 
pr [19.47] % O User Defined 26.037 154cy WR | 21.993 | Td’ 


Type | Open v| 


Distributed 
U Neutral 


Impedance/Model Page for Type 3 WTG 
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2 Wind Turbine Generator - WTG4 x 


Info Rating Imp/Model SC Model FRT Turbine Wind Controls Inertia Time Domain Reliabili «| > 


Generic 1kV 1MW Voltage Control 


Locked Rotor ANSI Short-Circuit Z Parameters 
Xsc 


inc[BG3}% © adMF | 1555 | vey vo [T6867] 2 [18857] 
PF [27.96] % O User Defined 23317 154cy = wR[ 11.111] Te [ 0.078 | 


(23) (GB) |) [) wre 


Impedance/Model Page for Type 4 WTG 


The generator model includes the converter model including blocks for high voltage reactive current 
management, low voltage active current management and low voltage power logics. For more 
information on the dynamic fields please refer to the Dynamic Models chapter in the ETAP user guide. 
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sec. 
LVPL ramp rate limit 


Inverter SC Contribution 


This section is applicable only for Type 4 WTG and it is hidden for all other Types of WTG. For Type 4 
WTG, it is interfaced to the system through an inverter. This section allows the user to specify the 
inverter short-circuit parameter used for AC short-circuit calculations. 


K 
Enter the short-circuit multiplication factor in percent based on FLA of WTG. 


Isc 


This field displays the short-circuit current in amperes for a fault at the WTG terminal, calculated based 
on the K factor and the FLA of the WTG. 
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11.15.5 Turbine Page 


The turbine page describes the rotor aerodynamics used for the WTG. Depending upon the type of WTG 
technology, this page utilizes either a power coefficient Cp curve or a transfer function to describe the 
rotor aerodynamics. 


Wind Turbine Generator - WTG4 |p| 


[Info| Rating | Imp/Model | Turbine | Wind | Controls | Pitch Control | inertia | Reliability | Reman * | 


Generic 048kV 2MW 
Power Curve 


Aerodynamics 
V Rated Swept Area Air Density 
20 2828 1.225 
Cut4n Speed Diameter RPM 
4 120 15 
Cut-out Speed Pitch Angle 
25 1 


Power Coefficient Cp 


Sais wa) 


Turbine Page for Type 1, Type 2 and Type 3 (Generic) WTG 


Aerodynamics 
This area contains rotor, air density and air speed data that are used to generate the curve displayed in the 
Power Curve field. 


V Rated 


This is the turbine rated wind speed in meters-per-second (m/s). Enter up to 9 numeric characters in this 
field. 
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Cut-in Speed 
This is the minimum wind speed in m/s required for the turbine to generate power. Enter up to 9 numeric 
characters in this field. 


Cut-out Speed 
This is the maximum wind speed in m/s required for the turbine to generate power. Enter up to 9 numeric 
characters in this field. 


Swept Area 
This is the rotor swept area Pi*(D/2)42 in square meters for a horizontal type of turbine (Pi = 3.1415926 
and D=diameter in meters). Enter up to 9 numeric characters in this field. 


Diameter 
This is the rotor diameter (D) in meters. Enter up to 9 numeric characters in this field. 


Pitch Angle 
This is the rotor blade pitch and angle in degrees. Enter up to 9 numeric characters in this field. 


Air Density 
This is the air density in kg/m*. Enter up to 9 numeric characters in this field. 


RPM 
This is the rotor/turbine rated RPM. Enter up to 9 numeric characters in this field. 


Power Curve 


This field displays a graph of the WTG power curve generated from either the Aerodynamics library data 
or the user-defined data. Click on the Print button to print the graph. 


Power Coefficient Cp 


This area allows you to enter nine numeric constants for the turbine Cp (thrust coefficient) curve. 
Clicking the Sample Data button refreshes the nine fields with ETAP default data. These data are used to 
generate the graph displayed in the Wind Power Cp Curve field. The Cp curve data is analyzed by the 
Transient Stability module to allow you to accurately model system disturbances and events while 
performing studies such as impact of wind variation on running turbines. 


The 9 fields of the Power Coefficient Cp area make up the coefficients for the equation based Wind 
Power Cp Curve. Enter the coefficients for the equation based curve: 


C1 
This is the numeric constant for the first turbine Cp curve. Enter up to 9 numeric characters in this field. 


C2 
This is the numeric constant for the second turbine Cp curve. Enter up to 9 numeric characters in this 
field. 


C3 
This is the numeric constant for the third turbine Cp curve. Enter up to 9 numeric characters in this field. 
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C4 
This is the numeric constant for the fourth turbine Cp curve. Enter up to 9 numeric characters in this field. 


C5 
This is the numeric constant for the fifth turbine Cp curve. Enter up to 9 numeric characters in this field. 


C6 
This is the numeric constant for the sixth turbine Cp curve. Enter up to 9 numeric characters in this field. 


C7 
This is the numeric constant for the seventh turbine Cp curve. Enter up to 9 numeric characters in this 
field. 


C8 
This is the numeric constant for the eighth turbine Cp curve. Enter up to 9 numeric characters in this field. 


C9 
This is the numeric constant for the ninth turbine Cp curve. Enter up to 9 numeric characters in this field. 


Wind Power Cp Curve 
This field displays a graph of the wind power curve generated from the user-defined Power Coefficient 
Cp data. 


Click on the Print button to print the graph. 
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Power vs Angle 


This is the turbine model for a single mass wind turbine generator based on Type 3 technology. See the 
dynamic models chapter in the ETAP user guide for the detailed transfer function. 


Generc O6kV 15MW 


Aerodynamics 
V Rated Swept Area Air Density 
15 2828 1.225 
Cutin Speed _ Diameter RPM 
4 90 15 
Cut-out Speed Pitch Angle 
25 1 
V-wied (ms) 
Power vs Angle 
Kaero Theta2 
0.007 21.98 
Thetad 
5 


7 21 


Viw-Wind Speed (pz) 


Ses Gwe =D) WR) (00) [cms 


Turbine Page for Type 3 WECC Models 


Kaero 
This is the aerodynamic gain in per unit. 


Theta2 
Blade pitch angle in degrees. 


Theta0 
Initial blade pitch angle in degrees. 
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Pitch Angle — Theta Initialization 


This field displays a graph of the blade pitch angle in degrees versus Vw — wind speed in per unit 
generated from the power vs angle data. 


Initial wind speed (vw) is used only if WTG is at a rated power output and if vw is greater than rated 
wind speed (to compute the initial pitch angle). Otherwise, this value is ignored, the pitch angle is set to 
its optimum value (0 degree in most cases), and wind speed is initialized to give initial generator power 


output. 


Pith Angle - Theta - Initialization 
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Vw - Wind Speed {p.u.} 


Click on the Print button to print the graph. 
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Power Coefficient Cp 


This is the turbine model for a wind turbine generator based on Type 4 technology. See the dynamic 
models chapter in the ETAP user guide for the detailed transfer function. Note that the aerodynamics 
section that applies to Type 1 through Type 3 does not apply for Type 4 machines. 


Wind Turbine Generator - WTG1 nn 


| Rating | imp/Model | Turbine | Wind | Controls | inertia | Reliabiity | Remarks | Comment | 


Generic O6kKV 1.5MW Voltage Control 
Power Coefficient Cp 
Model Type 
WT4T ¥ 
Kpp Kip Kf 
0.08 0.1 0 
Tpw Tf 
0.05 0.08 
dPmx dPmn 
0.1 0.1 


Ben Wwe =D) OLB) (0K) (conea | 


Turbine Page for Type 4 WECC Models 


[sec, 


sec. 
|Tf_ [Turbine feedback time constant sec. 
}-dbmx__{ Maximum power change _{pan _| 
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11.15.6 Wind Page 


You can use the Wind page to enter wind information that ETAP can use to create a wind profile for an 
individual or group of turbines. The average base speed is used for power flow calculations however the 
remaining fields are used in transient stability calculations only. The wind page is common to all wind 
turbine technology types. 


Wind Turbine Generator - WTG1 


Wind Turbine Generator 


x 


Info —- Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks C ‘| 


Generic O6kV 1.5 MW 


Wind Disturbance 


Ramp Wind 
Max. Ramp 


Gust Wind 
Gust Peak 


| 10 _|ms 


Noise Wind 
Surface 


Drag 


Avg. Base Speed m/s 


Ramp Start Ramp Stop 


[0 Jee [10 free 


Gust Start Gust Stop 


1 sec 10 bec 


Turbulence Mean 
Scale Speed 
10 m 


610 |m /s 


Frequency N 
15 rad/s} 50 Sample Data 


ETAP 


11-425 


Induction Generator 
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Average Base Speed 


This is the average wind speed in meter-per-second (m/s). The average wind speed entered on this page is 
displayed on the rating page and becomes the base wind speed used to determine the rated wind power. 


Wind Disturbance 


This area allows you to enter wind-related data including wind ramp, wind gust and wind noise either 
individually or as a combined effect. 


Wind Profile 


This field displays an ETAP generated graph of the wind profile based on the supplied data. Click on the 
Print button to print the graph. 


Ramp Wind 


Use this area to define the ramp characteristics of wind. 


Max. Ramp 
This is the maximum ramp wind speed in meter-per-second (m/s). 


Ramp Start 
This is the ramp starting time in seconds. 


Ramp Stop 
This is the ramp stopping time in seconds. 


Gust Wind 


Use this area to define the gust characteristics of wind. 


Gust Peak 
This is the gust peak wind speed in m/s. 


Gust Start 
This is the gust starting time in seconds. 


Gust Period 
This is the gust stopping time in seconds. 


Noise Wind 


Use this area to define the drag coefficient, turbulence, mean speed, and frequency characteristics of 
wind. 


Surface Drag 


This is the noise wind surface drag coefficient. As the terrain gets rougher, the surface drag value will 
increase. 
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Turbulence Scale 
This is the turbulence scale in meters. As the terrain gets rougher, the turbulence scale value reduces. 


Mean Speed 
This is the mean wind speed in m/s. The higher the mean speed the more turbulent the air will be. 


Frequency 
This is the Noise Fundamental Frequency in Radian per seconds. 


N 
This is the Frequency Component Number. 


Sample Data 


You can click on the Sample Data button in order to randomly generate wind noise / turbulence that will 
be used for the simulation. 
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11.15.7 Controls Page 


The data on the WTG Controls page is analyzed by the Transient Stability module. Using it, you can 
define controls for each WTG based on Type 2, Type 3 and Type 4 wind turbine generators. Click on the 
Sample Data button in each area to reload ETAP default data into these fields. 


Type 2 WECC Control — WT2E 


ic 


| Info| Rating | imp/Model | Turbine | Wind | Controls | Pitch Control | inertia | Reliability | Remar * | > 


Generic O6kV 15MW Induction Generator 
Rotor Resistance Control 
Model Type 
Kp Kw Kpp Kip Tp Tw 
1 1 0.01 0.01 0.05 0.05 
Rmax Rmin 
0.11 0 P vs Slip Curve 


Be wa >) @e 


Rotor Resistance Control 


For more information about the dynamic transfer function for this controller, please refer to the dynamic 
models chapter in the ETAP user guide. 


Model Type 
It shows model type of the control. The parameters are described below: 


ETAP 11-428 ETAP 19.0 User Guide 


AC Elements Wind Turbine Generator 


Kp 
This allows the user to enter the power filter gain in pu. 


Kw 
This allows the user to enter the speed filter gain in pu. 


Kpp 

This allows the user to enter the PI controller proportional gain in pu. 
Kip 

This allows the user to enter PI controller integral gain in pu. 


Tp 
This allows the user to enter the power filter time constant in sec. 


Tw 
This allows the user to enter the speed filter time constant in sec. 


Rmax 

This allows the user to enter the rising rate limiter in degrees per second. 
Rmin 

This allows the user to enter the falling rate limiter in degrees per second. 
P vs Slip Curve 


Define the power (pu) versus slip curve (%) which is obtained from the turbine model and then passed to 
the generator model as external rotor resistance adjustments. 
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Type 3 WECC Control — WT3E 
Reactive Power Control 


Model Type 
It shows model type of the control. Parameters are described below: 


Generic O6kV 1.5MW 
Reactive Power Control 
Model Type 


WT3E 


Active Power (Torque) Control 
Model Type 
WT3E 


Ipmax 
0 


dPmac/dt 


0 


Bes Cw) BE) (0) (coe) 


Kiv 
Enter the integral gain in the voltage regulator. 


Kpv 
Enter the proportional gain in the voltage regulator. 
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Kgi 
Enter the reactive control gain. 


Kqv 
Enter the terminal voltage control gain. 


Fn 
Enter the fraction of WTG in the wind plant that are on line. 


Tr 
Enter the voltage control time constant in seconds. 


Tv 
Enter the proportional path time constant in seconds. 


Tc 
Enter the filter time constant in seconds. 


Tp 
Enter the power factor regulator time constant in seconds. 


varflg 
Enter the Var control type flag. 


vitflg 
Enter the voltage flag. 


The following flags have influence in reactive power controllability. 


varflg and vltflg 


Reactive power control: 

* Qema = Qrep = Qyen_joad_fow 
* varfig = 0; vitiilg = 0 

* voltage is not controlled 


[a] Reactive Power Control 
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i Power Factor 


[__Regulator 


Power factor control: 
* varfig = -1; vitfig = 0 
* voltage Is not controlled 


* PFA, Is defined at Initial load flow solution based on Pym Geen 


[b] Power Factor Control 


Qmax 
Enter the maximum reactive power limit in the voltage regulator. 


Qmin 
Enter the minimum reactive power limit in the voltage regulator. 


Vmax 
Enter the maximum voltage limit. 


Vmin 
Enter the minimum voltage limit. 


XIQmax 
Enter the terminal voltage regulator maximum limit. 


XIQmin 
Enter the minimum voltage regulator maximum limit. 


Active Power (Torque) Control 


Model Type 
It shows model type of the control. Parameters are described below: 


Kptrq 
Enter the torque control proportional gain. 


Kitrq 
Enter the torque control integral gain. 


Pmax 
Enter the maximum active power limit. 


Pmin 
Enter the minimum active power limit. 
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Ipmax 
Enter the maximum current. 


Tsp 
Enter the active power time constant in sec. 


Tpc 
Enter the power control time constant in sec. 


Tmax 
Enter the torque control block anti-wind upper limit. 


Tmin 
Enter the torque control block anti-wind lower limit. 


dPmax/dt 
Enter the active power control rate limit. 


ETAP 11-433 
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Type 3 - Generic Control 
Converter Control 


Model Type 
It shows model type of the control. Parameters are described below: 


Generic O6kV 15MW 
Converter Control 
Model Type 


Type 1 


aes GQwa +>} Ae 


Rc 
Enter the compensating line resistance in ohms. 


XC 
Enter the compensating line reactance in ohms. 
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Enter the converter time constant in seconds. 


Tr 
Enter the voltage control time constant in seconds. 


Tv 
Enter the voltage control time constant in seconds. 


Tpc 


Enter the power order control time constant in seconds. 


Kp 
Enter the converter proportional gain factor in pu. 


Ki 
Enter the converter integral gain in pu. 


Kpv 
Enter the voltage control proportional gain in pu. 


Kiv 
Enter the voltage control integral gain in pu. 


Pmax 
Enter the maximum power order in percent. 


Pmin 
Enter the minimum power order in percent. 


Qmax 
Enter the maximum reactive power in percent. 


Qmin 
Enter the minimum reactive power in percent. 


Vmax 
Enter the maximum rotor voltage in percent. 


Vmin 
Enter the minimum rotor voltage in percent. 


Rate_max 


Enter the maximum power order rate of change in percent/sec. 


Rate_min 


Enter the minimum power order rate of change in percent/sec. 
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Type 4 WECC Control (WT4E) 


Converter Electrical Control 


Model Type 
It shows model type of the control. Parameters are described below: 


Generic O6kV 1.5MW 
Converter Electrical Control 
Model Type 


WT4E Bus1 


Converter Current Limiter 
Model Type 
WT4E 
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Kiv 
Enter the integral gain in voltage regulator. 


Kpv 
Enter the proportional gain in voltage regulator. 
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Kgi 
Enter the reactive control gain. 


Kvi 
Enter the terminal voltage control integral gain. 


Fn 
Enter the the fraction of WTG in wind plant that are on line. 


Tr 
Enter the voltage control time constant in seconds. 


Tv 
Enter the proportional path time constant in seconds. 


Tc 
Enter the filter time constant in seconds. 


Tp 
Enter the power factor regulator time constant in seconds. 


varflg 
Enter the Var control type flag. 


pfaflg 
Enter power factor flag (O= Q priority, 1=PF priority). 


Qmax 


Enter the maximum reactive power limit in voltage regulator. 


Qmin 
Enter the minimum reactive power limit in voltage regulator. 


Vmax 
Enter the maximum voltage limit. 


Vmin 
Enter the minimum voltage limit. 


Converter Current Limiter 


Model Type 


Wind Turbine Generator 


It shows the model type of the control. The Parameters are described below: 


ImaxTD 
Enter the converter current limit. 


Ighl 


Enter the hard limit on reactive power in pu. 
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Iphl 


Enter the hard limit on real power in up. 


paqflag 


Enter the PQ flag (O=Q priority, 1=PF priority). 


Vtl 
Enter Vt point 1. 


Vt2 
Enter Vt point 2. 


Iqmxv2 
Enter Iqmxv point 2 (qmax). 


Iqmxv1 
Enter Iqmxv point 1. 


ETAP 11-438 
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11.15.8 Pitch Control 


A wind turbine is designed to produce maximum power at a wide spectrum of wind speeds. All wind 
turbines are designed for a maximum wind speed, called the survival speed, above which they do not 
survive. The survival speed of commercial wind turbines is in the range of 40 m/s (144 km/h, 89 MPH) to 
72 m/s (259 km/h, 161 MPH). The most common survival speed is 60 m/s (216 km/h, 134 MPH). The 
wind turbines have three modes of operation: 


e Below rated wind speed operation. 
e Around rated wind speed operation (usually at nameplate capacity). 
e Above rated wind speed operation. 


If the rated wind speed is exceeded, the power has to be limited. There are various ways to achieve this. 


A control system involves three basic elements: sensors to measure process variables, actuators to 
manipulate energy capture and component loading, and control algorithms to coordinate the actuators 
based on information gathered by the sensors. 


Stall 

Stalling works by increasing the angle at which the relative wind strikes the blades (angle of attack), and 
it reduces the induced drag (drag associated with lift). Stalling is simple because it can be made to happen 
passively (it increases automatically when the winds speed up), but it increases the cross-section of the 
blade face-on to the wind, and thus the ordinary drag. A fully stalled turbine blade, when stopped, has the 
flat side of the blade facing directly into the wind. 


A fixed-speed horizontal axis wind turbine (HAWT) inherently increases its angle of attack at higher 
wind speed as the blades speed up. A natural strategy, then, is to allow the blade to stall when the wind 
speed increases. This technique was successfully used on many early HAWTs. However, on some of 
these blade sets, it was observed that the degree of blade pitch tended to increase audible noise levels. 


Vortex generators may be used to control the lift characteristics of the blade. The VGs are placed on the 
airfoil to enhance the lift if they are placed on the lower (flatter) surface or limit the maximum lift if 
placed on the upper (higher camber) surface. 


Pitch control 

Curling works by decreasing the angle of attack, which reduces the induced drag from the lift of the rotor, 
as well as the cross-section. One major problem in designing wind turbines is getting the blades to stall or 
furl quickly enough should a gust of wind cause sudden acceleration. A fully furled turbine blade, when 
stopped, has the edge of the blade facing into the wind. 


Standard modern turbines all pitch the blades in high winds. Since pitching requires acting against the 
torque on the blade, it requires some form of pitch angle control, which is achieved with a slewing drive. 
This drive precisely angles the blade while withstanding high torque loads. In addition, many turbines use 
hydraulic systems. These systems are usually spring loaded, so that if hydraulic power fails, the blades 
automatically furl. Other turbines use an electric servomotor for every rotor blade. They have a small 
battery-reserve in case of an electric-grid breakdown. Small wind turbines (under 50 kW) with variable- 
pitching generally use systems operated by centrifugal force, either by flyweights or geometric design, 
and employ no electric or hydraulic controls. 
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One can define the Pitch Control factors for each WTG. Click on the Sample Data button to reload ETAP 
default data for pitch control. 


Type 1 - WECC Control (WT1P) 


Pitch Control 


Model Type 
This displays the model type of the pitch control. Parameters are described below: 


Info | Rating | Imp/Model | Turbine | Wind Pitch Control Inertia | Reliability | Remarks | Comment 


Generic O6kV 1.5 MW Induction Generator 


Pitch Control 
Model Type 
WT1P 
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Kdroop 
Enter the droop gain of generator power in pu. 
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Kp 
Enter the proportional gain in pu. 


Ki 
Enter the integral gain in pu. 


Tpe 
Enter the power filter time constant in sec. 


T1 


Enter the output filter1 time constant in sec. 


T2 


Enter the output filter2 time constant in sec. 


Pimax 
Enter the maximum output limit. 


Pimin 
Enter the minimum output limit. 


ETAP 
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Type 2 - WECC Control (WT2P) 


Pitch Control 


Model Type 
This displays the model type of pitch control. Parameters are described below: 


Genenc O6kV 15MW 


Pitch Control 
Model Type 


WT2P 
Kdroop Kp 
0.015 20 


Pimax Pimin 
1 0.25 
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Kdroop 
This allows the user to enter the droop gain of generator power in pu. 


Kp 
This allows the user to enter the proportional gain in pu. 
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Ki 
This allows the user to enter the integral gain in pu. 


Tpe 
This allows the user to enter the power filter time constant in sec. 


T1 
This allows the user to enter the output filter1 time constant in sec. 


T2 
This allows the user to enter the output filter2 time constant in sec. 


Pimax 
This allows the user to enter the maximum output limit. 


Pimin 
This allows the user to enter the minimum output limit. 
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Type 3 - WECC Control 
Pitch Control 


Model Type 
This displays the model type of pitch control. Parameters are described below: 


Genenc O6kV 15MW 


Pitch Control 
Model Type 
WT3P 
Kep 
150 


Tp 


aes GQwa +>} Ae 


Kpp 
Enter the pitch control proportional gain in deg./pu speed. 


Kip 
Enter the pitch control integrator gain in deg./pu P-sec. 
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Kpc 


Enter the pitch compensator proportional gain in deg./pu P. 


Kic 


Enter the pitch compensator integral gain in deg./(pu P-sec). 


Plmax 
Enter the maximum pitch angle in degrees. 


Plmin 
Enter the minimum pitch angle in degrees. 


Tp 


Enter the blade response time constant in sec. 


Pset 
Enter power set point in pu. 


wmax 
Enter pitch control anti-windup upper limit. 


wmin 
Enter pitch control anti-windup lower limit. 


Pmax 


Enter pitch compensator anti-windup upper limit. 


Pmin 


Enter pitch compensator anti-windup lower limit. 


Plrate 
Enter pitch rate limit in deg/sec. 


ETAP 
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Type 3 and Generic Control 
Pitch Control 


Model Type 
It shows model type of the pitch control. Parameters are described below: 


Genenc O6kV 15MW 


Pitch Control 
Model Type 


Type 1 
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K 
Enter the control gain in pu. 


Ts 
Enter the control time constant in seconds. 
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Rmax 
Enter the rising rate limiter in degrees per second. 


Rmin 
Enter the falling rate limiter in degrees per second. 


Theta_max 
Enter the maximum pitch angle in degrees. 


Theta_min 
Enter the minimum pitch angle in degrees. 


Wmax 
This is the maximum generator operation speed in percent. 
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11.15.9 Inertia Page 


[iivancl Teartverie Gevieeemeneeaneiaan x 


| Info _| Rating | imp/Model | Turbine | Wind_ | Pitch Control 


Generic O6kV 1.5 MW 


Generator Coupling 


Se hiwe_)) BP) (x) [co] 


Inertia Calculator 


Turbine, Gear, and Generator RPM, WR2, and H 

Enter the rated speed in revolutions per minute (RPM) and WR’ in lb-ft? or H in MW-sec/MVA for the 
Turbine, Gear, and Generator. ETAP calculates WR’ or H when one of them is known and RPM has 
been entered based on the following equation: 


H = 2.31 * 10°'° * WR? * RPM?/ MVA (for WR* = Moment of inertia in lb-ft’) 
or 
H = 5.48 * 10° * WR? * RPM*/MVA (for WR? = Moment of inertia in kg-m?’) 
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Total RPM 
The Total RPM is equal to the Generator revolutions per minute. 


Total WR? 
The Total WR? for Turbine, Gear, and Generator in lb-ft2 or Kg-m? is based on the system unit, as 
calculated based on the Total RPM and Total H using the equation above. 


Total H 
This is the total inertia of the generator shaft including Turbine, Gear, and Generator in MW-sec/MVA. 


As noted, some of the fields below accept user-defined data. 


RPM/Turbine 
This is the turbine rated speed in RPMs. 


RPM/Gear 
This is the gear rated speed in RPMs. Enter up to 5 numeric characters in this field. 


RPM/Generator 
This is the generator rated speed in revolutions per minute (RPMs). 


WR?/Turbine 
This is the Turbine WR2 in Ib-ft2 or Kg-m? based on the system unit. Enter up to 10 numeric characters 
in this field. 


WR7?/Gear 
This is the Gear WR2 in lb-ft2 or Kg-m* based on the system unit. Enter up to 10 numeric characters in 
this field. 


WR7?/Generator 
This is the Generator WR2 in lb-ft2 or Kg-m* based on the system unit. Enter up to 10 numeric characters 
in this field. 


H/Turbine 
This is the Turbine inertia in MW-sec/MVA. Enter up to 10 numeric characters in this field. 


H/Gear 
This is the Gear inertia in MW-sec/MVA. Enter up to 10 numeric characters in this field. 


H/Generator 
This is the Generator inertia in MW-sec/MVA. Enter up to 10 numeric characters in this field. 
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11.15.10 Time Domain Page 


The Time Domain page allows you to specify the data type of the WTG used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, and External Data. 


Wind Turbine Generator - WTG1 x 


Info = Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks C\‘ |? 
Generic 4.16kV 1MW Induction Generator 


Data Type 
@ Fixed Category / Constant 


O Sector 


O Extemal Data 


(23) (GB) (>) [<) wre 


Fix Category/Constant 
This is a default option for a device, which means generation category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 


Sector 

This option specify a sector profile for the WTG to use in load flow calculation. Sector was set selected in 
Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile 
Library and Section 58.8.2 — Sector Library. 
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Wind Turbine Generator - WTG1 x 


Info Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks C\‘|* 
Generic 4.16kV 1MW Induction Generator 


Data Type 
O Fixed Category / Constant 


@ Sector 


O Extemal Data 


Multi-Year Forecasting 


Energize Monday , January 01,2018 v 


Out of Service Friday . January 01,2038 v 


Ses Miwa 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Note: Wind Speed profile is not available for current ETAP, they will be supported in future release of 
ETAP. 


Multi-Year Forecasting 


e Energize: when did/will this WTG be in service. 
e Out of Service: when did/will this WTG be out of service. 


The default Energize date is set to the first date of the current year, while the default Out of Service date 
is set to 20 years after energize date. 
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External Data 

This option allows user to use an External Data file as data entry for the WTG. When External Data type 
is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the study 
case will be used in calculation. 


For examples of external data format and usage of external data for generation, refer to Section 58.8.3 - 
External Data. 


Wind Turbine Generator - WTG1 x 


Info = Rating Imp/Model Turbine Wind PitchControl Inertia Time Domain Reliability Remarks C ‘|? 
Generic 4.16kV 1MW Induction Generator 


Data Type 
O Fixed Category / Constant 


O Sector 


@ Extemal Data 


Multi-Year Forecasting 


Energize Monday . January 01,2018 v 


Out of Service Friday , January 01,2038 v 


Data Gap Options 
@ Maintain and use last value 
© Switch to study case loading category 


(23) (68) (=) [<) wre 


Data Gap Options 
Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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11.15.11 Reliability Page 


2 Wind Turbine Generator - WTG4 x 


Info Rating Imp/Model Turbine Wind Pitch Control Inertia Time Domain Reliability Remarks C\‘4|° 
| Generic OkvV OMW Induction Generator 


Reliability Parameters Library 


0.02 Failure/yr 


1752 _ | Repair/yr 
1.141464 mTTF[ 50 |r 
a ure [a J 


[_] Replacement Available Altemative Supply 
Switching Time 


Reliability Parameters 


LON 

This is the active failure rate in number of failures per year. The active failure rate is associated with the 
component failure mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of the other healthy components and branches from 
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service. After the actively failed component is isolated and the protection breakers are reclosed, this leads 
to service being restored to some or all of the load points. It should be noted, however, that the failed 
component itself (and those components that are directly connected to this failed component) could be 
restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


iu 
This is the Mean Repair Rate in number of repairs per year, calculated automatically based on MTTR (H= 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 1.0/Aa). 


FOR 

This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR and Aa (FOR= 
MTTR/(MTTR+8760/Aa). 

MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
only associated to the momentary index calculation. When active failure occurs on the element, the MR 


percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 
Click on the “Library...” button to bring up the Library Quick Pick Editor for reliability data. 
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11.15.12 Remarks Page 
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| mp/Model | Turbine | Wind | Controls | Pitch Control | Inertia | Reliability | Remarks |Comment| ||» 


Generic O048kV 2MW Mvar Control 
User Defined Info Drawing / Diagram 
Eq. Ref. 0 (numeric) 
One-Line 
Last Maint. 
Reference 
Next Maint. 
Tests Reg. 
Manufacturer 
UD Field A5 
Name 
UD Field A6 
UD Field A7 oe 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this element. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


ETAP 11-456 ETAP 19.0 User Guide 


AC Elements Wind Turbine Generator 


11.15.13 Comment Page 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with this 
element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to 
the entries in the ETAPS.INI file. 


Wind Turbine Generator - WTG3 — i |e S| 
Info__| Rating | imp/Model | Turbine | Wind | Pitch Control | inertia | Reliabilty | Remarks | Comment 


Generic OkKV OMW Induction Generator 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Baas Gwa >) Ala 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.16 Photovoltaic (PV) Array 


PV array is one of the important elements of renewable energy, micro-grid, smart grid, etc. It converts 
solar radiation energy into direct current using semiconductors and then to electric power through 
inverters. ETAP PV Array is used to represent individual panels connected in series and parallel 
combinations with a grid tied inverter and represents blocks of PV power. As shown below, a number of 
modules make up a typical PV panel that can be connected in a string configuration in order to achieve a 
desired current and voltage at the inverter input. 


Solar cell 


module 


You can enter the properties associated with Photovoltaic (PV) array including solar irradiance and 
inverter of the electrical distribution system using PV Array Editor. 


The physics of the PV cell is very similar to the classical p-n junction diode. When light is absorbed by 
the junction, the energy of the absorbed photons is transferred to the electron system of the material, 
resulting in the creation of charge carriers that are separated at the junction. The charge carriers may be 
electron-ion pairs in a liquid electrolyte or electron hole pairs in a solid semiconducting material. The 
charge carriers in the junction region create a potential gradient, get accelerated under the electric field 
and circulate as the current through an external circuit. The current squared times the resistance of the 
circuit is the power converted into electricity. The remaining power of the photon elevates the 
temperature of the cell. 


> electric 
load 


P contact 


Several PV cells make a module and several modules make an array. In ETAP we define the PV panel 
information and specify the number of panels connected in series and parallel that make up the final PV 
array. 


The PV Array Editor includes the following pages of properties: 


Info PV Panel PV Array 
Inverter Physical Remarks 
Comment 
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11.16.1 Info Page 


You can specify the PV array ID, connected Bus, In/Out of Service, Equipment Tag #, Name, 
Description, Data Type and Priority within the fields of the Info page. After selecting a PV array from the 
library (See PV Panel page of PV Array Editor), its header information will be updated accordingly. 


PV Array Editor - PVA1 |S) 


PV Panel | PV Amy | Inverter | Physical | Remarks | Comments | 


MFR | Kyocera i #of Cells | 60 


Model |  KD235GX-LPB Vde 600 


ceeer 


Info 


PVAI 
» Revision Data 


Seu0 mm. JR 8B [ex 


Info 
This section is for PV array ID and connected bus information. 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each PV array. The assigned IDs consist of the default PVA 
plus an integer, starting with the number one and increasing as the number of PV arrays increase. The 
default ID can be changed from the Defaults menu in the menu bar. 


Bus 

This is the ID of the connecting bus for the PV array. If the terminal is not connected to any bus, a blank 
entry will be shown for the bus ID. To connect or reconnect a PV array to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the PV array resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. ETAP displays the 
nominal kV of the bus next to the bus ID for your convenience. 


Condition 


Service 

The operating condition of a PV array can be set by clicking on the radio buttons for either In Service or 
Out of Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any system 
studies. When the continuity check is activated, an Out of Service element is automatically color coded 
with the deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 
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Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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11.16.2 PV Panel Page 


A PV array can be made up of a number of PV panels in series and parallel. On this page, the user can 
specify the individual PV panel rating including P-V and I-V curves that make up the entire PV array. 


Current versus voltage (I-V) characteristics of the PV module can be defined in sunlight and under dark 
conditions. In the first quadrant, the top left of the I-V curve at zero voltage is called the short circuit 
current. This is the current measured with the output terminals shorted (zero voltage). The bottom right of 
the curve at zero current is called the open-circuit voltage. This is the voltage measured with the output 
terminals open (zero current). 


Illuminated 


Volts 0 Mine 


If the voltage is externally applied in the reverse direction, for example, during a system fault transient, 
the current remains flat and the power is absorbed by the cell. However, beyond a certain negative 
voltage, the junction breaks down as in a diode, and the current rises to a high value. In the dark, the 
current is zero for voltage up to the breakdown voltage which is the same as in the illuminated condition. 


Amps 
20 amy 7 — —— 
—] SHORT CIRCUIT CURRENT (1 MAXIMUM POWER 
criss hanis caer (" se) VOLTAGE + CURRENT 
Ee (Vimo «-'mo ) 
2.5 — —.—_ ' we mp «'mp 
‘S 
=| ‘7 
204 
= 
eo 
—] 
1.0 =| 
05 — 
aia Ba! Tae! J ] Fits a an T m1 
fr) 5 0 5 25 


au 
OPEN CIRCUIT 
Volts VOLTAGE ( Voc ) 
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PV Array Editor - PVA1 |S 


[info | PV Panel | Py Aray | inverter | Physical | Remarks | Comments 


Tol. P 
11.8 


Voc 
| |_ 36.56 


ow Ww lA mh 


Seu0 mm. J08 8 [ex 


Rating 


Power 

Enter the individual panel rated power in watts (W). Note that if a model is selected from the library then 
the power property is read-only since this information is linked to the library. The maximum power 
delivered by the PV panel, Pmax, is the area of the largest rectangle under the I-V curve as shown below. 
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Tol. P 
This allows the user to enter the panel power tolerance in watts. The tolerance is specified by the 
manufacturer, however in ETAP this field is not used and is provided for information purposes only. 


Vmp 
This allows the user to enter the maximum peak power voltage of an individual panel in volts (V). 


Voc 
Enter the open circuit voltage of an individual panel in volts (V). 


% Eff 
It shows the calculated panel efficiency in percent. 


Panel efficiency = Power / (Area in m* * Base Irradiance in W/m?) 
Area is calculated from length and width of Physical page of PV Array Editor. 


Imp 
Enter the maximum peak power current of an individual panel in amperes. 


Isc 
Enter the short circuit current of an individual panel in amperes. 


% Fill Factor 

It shows the calculated panel fill factor in percent. The % fill factor is the actual panel maximum power 
output as a percentage of the theoretical maximum power output. Fill factor should be greater than 0.7 
for higher quality panels. Fill factor can be calculated as: 


max 


z (Voc)(Isc) 
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Performance Adjustment Coefficients 

Temperature affects the performance of the PV panels. The magnitude of this reduction is inversely 
proportional to Voc; that is, cells with higher values of Voc suffer smaller reductions in voltage with 
increasing temperature. For most crystalline silicon solar cells the change in Voc with temperature is 
about -0.50%/°C, though the rate for the highest-efficiency crystalline silicon cells is around -0.35%/°C. 
By way of comparison, the rate for amorphous silicon solar cells is -0.20%/°C to -0.30%/°C, depending 
on how the cell is made. The amount of photogenerated current I; increases slightly with temperature 
increases because of an increase in the number of thermally generated carriers in the cell. This effect is 
slight, however: about 0.065%/°C for crystalline silicon cells and 0.09% for amorphous silicon cells. 
Most crystalline silicon solar cells decline in efficiency by 0.50%/°C and most amorphous cells decline 
by 0.15-0.25%/°C. The figure above shows I-V curves that might typically be seen for a crystalline 
silicon solar cell at various temperatures. 


Irradiance: 1kW / m? 
ecetera te Cell Temperature 25C 


Current (A) 


Voltage (V) 


Different IV Curves. The current (A) changes with the irradiance, and the 
voltage (V) changes with the temperature. 


Alpha Isc 
This allows the user to enter the adjustment coefficient for short circuit current. This coefficient is used to 
calculate the short circuit current. 


Beta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage of the panel. 


Delta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage based on irradiance levels other than base irradiance. 


Base 
This section consists of Temp, Irrad and NOCT fields, and they are described below. 
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Temp 

This allows the user to enter the base temperature used by manufacturer to determine rated panel power in 
degrees Celsius (C). If data is not selected from the library then the base can be defined or changed. 
Default base for temperature is 25 degrees C. 


Irrad 

This allows the user to enter the base irradiance used by manufacturers to determine rated panel power in 
W/m”. If data is not selected from the library then the base can be defined or changed. Default base for 
irradiance is 1000 W/m‘. If data is selected from the library then the base irradiance field cannot be edited 
and is obtained from the library. 


NOCT 


This allows the user to enter the normal operating cell temperature (NOCT) in degrees Celsius (C). 
Default NOCT is 45 degrees C. 


P-V Curve 
A P-V curve will be generated using the PV array rating data. Maximum power point will be shown in the 
graph. 


I-V Curve 
An I-V curve will be generated using the PV array rating data. Maximum power point will be shown in 
the graph as well. 
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Library 


You can bring existing data from library. Click the Library button and it will launch the Library Quick 


Pick page with available PV array manufacturers. Select a desired manufacturer and model from the list 
and bring the data for simulation. 


Library Quick Pick - PV Array |p| 
Manufacturer 


ATERSA Electricidad Solar Reference 
Kyocera 

MoserB aersolar 

Photoweatt 

Q.CELLS 


Link 
Sharp 


Suniva http://www. kyocerasolar.com 
chiRITC CU 


Model Name Max ¥Vde 


Type 
KD205G-LPU 600 : 
KD210GX-LP 600 Multi-crystalline 
KD210GX-LPU 
KD215G%-LPU 
KD235GX-LPB 


Brand Name 


KD 
Size (W] Isc (A) 


Reference 


Curve information from manufac 


Application Residential, Commerical, HV stand alone systems 
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11.16.3 PV Array Page 


PV Array Editor - PVA1 |e) 


Type | Mutti-crystalline #of Cells | 60 


se (25) vee [oo 


PV Array (Total) 
# of Panels 


Volts,de 


kW.de 


Amps,de 


Seu0 mm. FJ08 BO [ex 


PV Panel 


Watt/Panel 
It shows the individual panel rated power in watts entered in the PV Panel page of the PV Array Editor. 
This field is display only. 


# in Series 


This allows the user to enter the number of PV panels connected in series. Series connected panels 
increase the overall string voltage. 
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# in Parallel 
This allows the user to enter the number of PV panels connected in parallel. Parallel connected panels 
increase the overall string current in amps. 


Series Connected Solar Panels 


12V 4.0A 12V 4.0A 


Parallel Connected Solar Panels 


12V 4.0A 


24V 4.0A 


By series connecting gives higher voltage 
Current remains same. 


12V 12.0A 


Parallel connected solar panels give more current (ampere) 


PV Array (Total) # of Panels 
This is a calculated field and shows the calculated total number of panels based on number connected in 
parallel and series 


Volts, dc 
This is the total DC voltage calculated based on the number of panels in series. 


kW, dc 
This is the total DC power in kW calculated based on the number of panels in series and parallel that 
make up the PV array. 


Amps, dc 
This is the calculated DC current of the entire PV array based on the number of panels in parallel. 


Generation Category 
This section shows names of the 10 generation categories. These names are defined in project settings and 
are used for utility and generator components as well. 


Irradiance 


This is the value of direct solar irradiance incident on the PV panel in watts per square meter (W/m7). The 
collector tilt angle is assumed to be optimized such that it is always perpendicular to the solar position. 
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The value in this column is defaulted initially. Irradiance can be user entered or updated using the solar 
position calculator (Irradiance Calc). Based on the irradiance value, the power output from the PV array is 
calculated and displayed in the MPP kW column. 


Ta 

This is the ambient temperature in degrees Celsius (C) where the PV panels are placed. Ta is user-defined 
and based on the data, the power output from the PV array is updated and displayed in the MPP kw 
column. 


Tc 

This is the PV array cell temperature. As irradiance and ambient temperature Ta are changed, the cell 
temperature Tc is recalculated. The higher the Tc the lower the efficiency and power output from the 
panel. 


MPP kw 
This is the maximum peak power output from the PV array in kW based on the given irradiance level and 
ambient temperature, assuming optimal collector tilt. 
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Irradiance Calc. 

This is an irradiance calculator. Click on the “Irradiance Calc.” button to launch the irradiance calculator. 
Based on the user specified location information and date and time, and the calculator will determine the 
theoretical irradiance (direct component) in W/m?. All calculation results are given at sea level. 


G \ 
Irradiance Calculator 2 |S) 


Longitude -118 


Time Zone | (UTC-08:00) Pacific Time (US & Canada) ¥ 


Local Time 12:51:21 PM ~ 


Date 8/ 5/2011 


Calculation 
Declination 
Equation of Time 
Solar Altitude 
Solar Azimuth 
Solar Time 
Sunrise 


Sunset 


Air Mass (AM) 1.061 Irradiance (Wi/m*2) 916 


Update Selected Update All 


= 


Latitude 
Enter the latitude in degrees. North of the equator is defined as the positive direction. 


Longitude 
Enter the longitude in degrees. West of the Prime Meridian is defined as the positive direction. 


Time Zone 
Enter the time zone offset from UTC for the specified latitude and longitude. 
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Local Time 
This is automatically the system / computer time at the instant the calculator is launched and may be 
changed to any other local time. 


Date 
This is automatically the current system / computer date at the instant the calculator is launched and may 
be changed to another date. 


Calculate 
Click this button to use the location, time and date information to calculate solar position and irradiance. 


Declination 
The apparent angle of the sun north or south of the earth’s equatorial plane. 


Equation of Time 
The equation of time is the difference between apparent solar time and mean solar time measured at a 
given instant at the same point on the earth. At any given instant that difference is the same everywhere. 


Solar Altitude 
The solar altitude is the elevation angle of the sun. It is the angle between the geometric center of the 
sun's apparent disk and the (idealized) horizon. 


Solar Azimuth. 
For an observer, the solar azimuth is the angle measured clockwise from North to the vertical plane 
formed by the sun and the location of the observer. 


Solar Time 

Solar time is a reckoning of the passage of time based on the sun's position in the sky. The fundamental 
unit of solar time is the day. When the sun is visible, an observer at any longitude may measure the sun's 
position in the sky and calculate its hour angle, which is interpreted as local time for that observer. 


Sunrise 
Sunrise is the instant at which the upper edge of the sun appears above the horizon in the east. 


Sunset 

Sunset or sundown is the daily disappearance of the sun below the horizon in the west as a result of 
earth's rotation. The time of sunset is defined in astronomy as the moment the trailing edge of the sun's 
disk disappears below the horizon in the west. 


Air Mass 

The amount of sunlight either absorbed or scattered depends on the length of the path through the 
atmosphere. This path is generally compared with a vertical path directly to sea level, which is designated 
as air mass = 1 (AM1). Air Mass will be more than unity for non-vertical sun angles. 


Irradiance 

Solar Irradiance is the power per unit area available at a location due to solar radiation. This irradiance 
varies throughout the year depending on the seasons. It also varies throughout the day, depending on the 
position of the sun in the sky, and the weather. 
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11.16.4 Inverter Page 
All fields in this page are display only. 


PV Array Editor - PVA1 |p Sr 


[Info| PV Panel | PV Amay | Inverter | Physical | Remarks | Comments | 


MFR | Kyocera 


Model |  KD235GX-LPB 


PV Array - Total Rated Inverter 


Volts.de 
482.08 


Maximum Power Point Tracker (MPPT) 
PV Aray to Inverter Cable 


ID Cable12 


BSeu0 mm. JR 8B lex) 


PV Array - Total Rated 
This section shows voltage (Volts, dc), power (W, dc) and current (Amps, dc) from the PV Array page of 
PV Array Editor. It helps to see PV array ratings and inverter ratings together. 


Inverter 
This section summarizes the inverter AC and DC power information. 


ID 
It shows a unique inverter ID (name) with up to 25 alphanumeric characters. 
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DC 
This row summarizes the DC rating of the inverter. 


kW 
Input DC power rating in kW. 


Vv 
Input DC input voltage in volts. 


FLA 
DC current rating in amperes. 


%EFF 
DC to AC conversion efficiency of inverter in percent. 


AC 
This row summarizes the AC rating of the inverter. 


kW 
Output AC power rating in kVA. 


kV 
Rated AC output voltage in kV. 


FLA 
AC current rating in amperes. 


%PF 
Rated power factor in percent. 


Inverter Editor 


You can edit inverter data using the regular inverter editor. Click on the “Inverter Editor” button to launch 
a regular Inverter Editor with Info page, Rating page, Generation page, Harmonic page, etc. You can 
change/enter inverter data, AC operating mode and other characteristics using this regular inverter editor, 
and this data will be reflected/affected to the Inverter section of Inverter page of PV Array Editor. For 
more information on the Inverter editor refer to the section in the AC/DC elements chapter. 


ETAP 11-474 
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Inverter Editor - Inv2 


| Info Rating SC Model FRT Generation Harmonic Reliability Remarks Comment 


DC 10kW 600V AC 048kV 10.59kVA 
DC Rating 
kw) [10] v[_ 600] Vmax [190 ]% = vmin [90% 
FA 
Efficiency Imax 


‘toad [ 100] [ 3 | [% | [ 3 | 


[150] 
xe. [90] 


AC Rating 

kV FLA 
wa[ vos] Cow] [are] —- 
Vmax 

Min. PF Max. PF 

AC Grounding 
filles 

[Grounded ‘TNC v 


a3) (68) (5) |X) ne DD) wz) | Ok || Cone 


Sa 


os 


PV Array to Inverter Cable 
By default the equipment cable does not exist and all fields in this section are left blank. 


Cable Library 


Click on Cable Library button to open the Cable Library Quick Pick and then you may pick a cable from 
the list. 
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Library Quick Pick - Cable 


% 
Unit v Freq 4 Type v kV v Class v v 
English 50 cu 06 100 vec Rubber 2 NEC Non-Mag. 
Femish | od | A] 05 | 100] 3c | Rabe | EA | Mos | 
English 60 AL 06 100 Vc Rubber 2 ICEA Mag. 
English 60 AL 0.6 100 vec Rubber 2 ICEA-1994 Mag. 
60 AL 0.6 100 3/C Rubber NEC 
60 AL 0.6 100 Vc Rubber 2 NEC 
60 AL 06 100 1c NEC TabS ST 
60 AL 1.0 100 3/C Rubber ICEA 
60 AL 1.0 100 vc ICEA 
60 AL 1.0 100 vc ICEA-1994 
60 AL 1.0 100 3/C 
| 
Size 
i U/G Ampacity A/G Ampacity Unit Rac Base 
Ta Tc RHO Ta T oem ties 
=. * = Length Temp. AWG/cmil 
20 90 90 40 90 1000 ft 75 
@ Avail. Sizes 
OAT Sizes 


Help OK || | None Cancel 


Cable Editor 

When a cable has not been selected from library, this button is invisible. If it is visible, you can click on 
this button to open the DC Cable Editor. The editor allows you to edit/enter DC cable data. For more 
information on the DC Cable editor refer to the section in the DC elements chapter. 


Delete Cable 


This button is enabled only when a cable has been selected from the library. Clicking on the button will 
null the cable selection and disable the Cable Editor and Delete Cable buttons. 
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11.16.5 Physical Page 


This page allows you to enter physical structure information of the PV array (e.g. length, width, depth and 
weight). If PV array is picked from the library then module physical information comes from the library. 
If library information is not selected then users can enter this data manually. 


PV Array Editor - PVA1 \eve Sem 


[info | PV Panel [ PV Aray | Inverter) Physical | Remarks | Comments | 


MFR Kyocera Type Multi-crystalline # of Cells 60 


Model KD235GX-LPB Size [235] Vde 600 


Module Characteristics 


Weight 463 |b 


8 8H S ea =) DW () C4] (cores) 


, as 


Length 
Enter the panel length in inches or centimeters. 


Width 
Enter the panel width in inches or centimeters. 


Depth 
Enter the panel depth in inches or centimeters. This field is optional. 


Weight 
Enter the panel weight in pounds or kilograms. This field is optional. 
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11.16.6 Time Domain Page 


The Time Domain page allows you to specify the data type of the power grid used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, and External Data. 


PV Array Editor - PVA4 


Info PV Panel PVAmay Inverter Physical Time Domain Remarks Comments 


Data Type 
@ Fixed Category / Constant 
O Sector 


O Extemal Data 


= eS Pm 


Fix Category/Constant 
This is a default option for a device, which means generation category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 


Sector 

This option specify a sector profile for PV Array to use in load flow calculation. Sector was set selected 
in Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile 
Library and Section 58.8.2 — Sector Library. 
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PV Array Editor - PVA4 


Info PV Panel PVAray Inverter Physical Time Domain Remarks Comments 


ae 


Data Type 
O Fixed Category / Constant 
@ Sector Gen/Imadiance 


O Extemal Data 


Multi-Year Forecasting 


Energize Friday . January 01,2016 v 


Out of Service Friday . January 01,2016 v 


(23) (Ge) (2) (&) |Pvas 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecasting 


e Energize: when did/will this PV Array be in service. 
e Out of Service: when did/will this PV Array be out of service. 


External Data 

This option allows user to use an External Data file as data entry for the power grid. When External Data 
type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the 
study case will be used in calculation. 


For examples of external data format and usage of external data for generation, refer to Section 58.8.3 - 
External Data. 
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PV Array Editor - PVA4 


Info PVPanel PVAmay Inverter Physical Time Domain Remarks Comments 


Data Type 
O Fixed Category / Constant 
O Sector 
@ Extemal Data 


Multi-Year Forecasting 


Energize Friday . January 01,2016 v 


Out of Service Friday . January 01,2016 v 


Data Gap Options 
@ Maintain and use last value 
O Switch to study case loading category 


= @ SS rm 1 @ eB OK |} | Cancel 


Data Gap Options 


Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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11.16.7 Remarks Page 


[ PV Array Editor - PVA2 | 


Info| PV Panel | PV Amay | Inverter | Physical 


S00 DG Bi Os (co) 


1S 


User-Defined Info 


These fields allow the user to keep track of extra data associated with this element. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

This allows the user to enter the name or ID of a one-line drawing or diagram associated with this 
element, using up to 50 alphanumeric characters. An example is the manufacturer diagram or 
specifications for this element. 


Reference 
This allows the user to enter the name or ID of a reference drawing or document for this element, using 
up to 50 alphanumeric characters. 


Manufacturer 


Name 
This allows the user to enter the manufacturer’s name for this element here, using up to 25 alphanumeric 
characters. 


Purchase Date 


This allows the user to enter the date of purchase for this element here, using up to 8 alphanumeric 
characters. 
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11.16.8 Comment Page 


This allows the user to enter any extra data or comments regarding condition, maintenance, tests, or 
studies, associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


| 4.16kV 600 Amps Asymmetrical 0kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file | 


Ben he MR) Gale) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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11.17 Induction Machine 


You can enter the properties associated with induction machines of the electrical distribution 


system using this editor. 


The Induction Machine Editor includes the following the following pages of properties: 


Info Nameplate 
Inertia Protection 
Start Dev. Start Cat. 
Cable Amp Reliability 
Comment 

ETAP 


Model 
Load Model 
Cable/Vd 
Remarks 
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11.17.1 Info Page 

You can specify the induction machine ID, connected Bus, In/Out of Service, Equipment FDR 
(feeder) Tag, Name, Description, Load Priority, Data Type, Configuration Status, Quantity of 

Induction Machines, Phase Connection, and Demand Factor within the fields of the Info page. 


Spare 
0) 


100 


Voltage Limit (Motor Starting Only) 
Min. Transient 80 


3) a) [S| (28 (2) (0) { conce | 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each induction machine. The assigned IDs consist of 
the default induction machine ID plus an integer, starting with the number one and increasing as 
the number of induction machines increase. The default induction machine ID (Mtr) can be 
changed from the Defaults menu in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the induction machine. If the terminal is not connected 
to any bus, a blank entry will be shown for the bus ID. To connect or reconnect an induction 
machine to a bus, select a bus from the list box. The one-line diagram will be updated to show 
the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the induction machine 
resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If an induction machine is connected to a bus through a number of protective devices, 
reconnection of the induction machine to a new bus in this editor will reconnect the last existing 
protective device to the new bus, as shown below where Mtr3 is reconnected from Bus10 to 
Bus4. 


Busl10 Bus4 Busl0 Bus4 


cTz RZ 
cTl Rl 
CB4 
Fusez 
Bers Mtr3 
75 kd 75 Kil 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


App. Type 
Select the application type (either motor or generator) for this induction machine type. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 
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Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Configuration 


Select the operating status of the induction machine(s) for the selected configuration status from 
the list box. Options for operating status include the following: 


Status Description 


Continuous Continuously operating load 
Intermittent Intermittently operating load 


Spare Spare load (no short-circuit 
contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the 
machine is determined for Load Flow and Motor Starting Studies. 


Note: Status is not a part of the machine engineering properties. For this reason, the name of the 
configuration status is shown, indicating the machine status under the specific configuration, i.e., 
you can have a different operating status under each configuration. In the following example, 
status of a machine is shown to be Continuous under Normal configuration and Spare under 
Emergency configuration. 


Configuration Configuration 


[Nom ——— 


Status | Continuous z Status | Spare ’ 


Connection 


Phase 
This is the phase connection of the induction machine. Select the phase connection type from 
the list box. Options for phase connection include: 


Selection Description 


3 Phase §3-phase machine 


1 Phase Single-phase machine connected between phase A, B or C. 
Single-phase machine connected line-to-line between phases AB, BC, 
or CA 
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Quantity 

Enter the quantity (number) of induction machines for this machine ID. This allows you to 
group identical machines together without a need for graphical presentation in the one-line 
diagram. View the explanations below to see how ETAP handles Quantity in Load Flow, Short- 
Circuit, Arc Flash, and Sequence-of-Operation. 


Load Flow: 

Notice in the following example of a load flow calculation the current at Bus 2 is equivalent to 
the sum of each current going to each load at bus 4. This occurs because the quantity of Motor 1 
is changed to three. ETAP simulates the effect of what you see in the system powered by U2 
without having to display each load. 


Ul 


520 MVAsc U2 
520 MVAsc 
QyY Sy 
i 
Bus 
18.7 Bus3 
12 kV meta” | 400% 418.7 100% 
418.7 12 kv 
Fused G Fuse10 Hae.7 
LAAAS TL 
LAAAS 2 


YY 4.5 MVA 


Bus2 ) 99.2 ———> Bus 4 ) 
0.48 kv 0.48 kv 


99-27 


4469.7 
Fusel al These two One-Line Diagrams are Fuse2 
. Equivalent. 
232x100 HP Mtr2 Mtr4 Mtr5 
100 HP 100 HP 100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 156.569. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating current calculated by the 
characteristics of a single load. 
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Study Case: LF Data Revision. Base 


Configuration: = Normal Date: 08-13-2015 
|| Zone Filter || Area Filter [| Region Filter 
C—O | 


Critical 


Device ID Type Condition Rating/Limit Operating % Operating Phase Type 
Fuse] Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse2 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse4 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse5 Fuse Overload 100 Amp 156.569 156.6 3-Phase 


Short-Circuit: 

In the following Short-Circuit Analysis Motor 1 is contributing 1.13kA to the system. Because 
Motor 1 has a quantity of three, that current is three times the current that would be seen with a 
single motor. The load terminal fault current is shown as the current for each load. 


U1 
520 MVAsc v2 
520 MVAsc 
hg Bus3 
12 kv 
Fused Fusel0 ff 
1 
1.5 MVA Aha = 72 
ry) 1-5 Mya 


These two One-Line Diagrams 
are equivalent. 


Bus2 doo. saka Bus 4 dos eka 7G 
0.48 kV 30 0.48 kv 
MH isha: "Pag 


Mtrl 
3x100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 30.645. The critical alert for the protective device used on a 
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load with a quantity greater than one is based on the operating short-circuit current calculated by 
the characteristics of a single load. 


Short Circuit Analysis Alert View - Output Report: SC x 
Study Case: SC Data Revision: Base 

Configuration: = Normal Date: 08-13-2015 

|| Zone Filter || Area Filter (| Region Filter 
S| ee ee | ee 
Critical 

Device ID Type Condition Rating/Limit Operating % Operating 
Fusel Fuse Interrupting 23 kA 30.645 133.2 
Fuse2 Fuse Interrupting 23 kA 30.645 133.2 
Fuse4 Fuse Interrupting 23 kA 30.645 133.2 
Fuse5 Fuse Interrupting 23 kA 30.645 133.2 


Sequence-of-Operation 
You cannot run Sequence-of-Operation if you have a Quantity greater than one. Sequence-of- 
Operation is not used to run simultaneous faults on loads. 
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Ul 
520 MVAsc 
Busl 
Fused 
el 
ae 1.5 MVA 
\ CB2 
Bus2 4 
Fusel 
Sequence of Operation is 
OL1 not active anywhere on 
tH the load side of the bus 
when the load has a 
Ccontl IF quantity greater than 1. 
F 
Mtrl 
3x100 HP 


Arc Flash 

In the following Arc Flash example, the bus Arc Flash characteristics of Bus 2 is equal to Bus 4. 
The reason is that Motor 1 has a quantity of three which is a quick way of showing what you see 
in the system under Utility 2. 
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Ul 
520 MVAsc 
Oy 
Busl 
12 ky 
Fuse9 qj 


rvyyy 1.5 MVA 


Bus2 dos aaa 


“XH 


Category 3 
5.63 ft 


3 
t.iska 799 ky 


These two One-Line Diagrams 
are equivalent. 


85% Ia = 16.3 kA 


+ 16.91 cal/cm? @18" 


Mtrl 
3x100 HP 


Induction Machine 
U2 
520 MVAsc 
Bus3 
12 KV tee 
Fusel0 4 
7 853 I 16.3 kA 
a= 2 
Ory 1.5 MVA Category 3 
5.63 ft 
Bus4 doo -seKa 16.91 cal/cm? @18" 39, 
-48 kv 7 
* 377kKA #.377kA 
Fuse2 4 Fuse4 
Mtr2 Mtr4 Mtr5S 
100 HP 100 HP 


100 HP 


The Arc Flash Analysis report shows the incident energy at the terminal of Motor 1 is equal to 
the incident energy of the terminal at each motor in the equivalent One-Line View. The incident 


energy of a motor with a quantity greater than one is shown as the incident energy calculated by 
the characteristics of a single load. 


Device 
ID Type 
CB2 LV CB 
Fase 1 Fase 
Mtrl Term Box 
ETAP 


Individ ual Contribution 
Bolted Arcing FCT 
(kA) kA) (cycles) 
29.879 15.784 

1.130 0.597 

0.589 0.537 

11-493 


Incident Energy 
Arcing FCT 


Inidert EE FPB Hazard/Risk 
(kA) (cycles) Protective Device ID for FCT 


(cal’cm*) (ft) Level* 


16.906 56 3 
16.298 16.7 Fused 16.906 5.6 3 
0.949 124.9 Fusel 5.424 38 2 
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Device Individual Contribution Incident Energy 
Bolted Arcing FCT Arcing FCT Incidert E FPB Hazard/Risk 
ID Type A) kA) (cycles) (kA) (cycles) Protective Device ID for FCT (cal/cm*) (ft) Level* 
CB3 LV CB 29.879 15.784 16.298 16.7 Fase ld 16.906 56 3 
Fuse 2 Fuse 0.377 0.199 16.298 16.7 Faseld 16.906 56 3 
Fuse 4 Fuse 0.377 0.199 16.298 16.7 Fase 10 16.906 5.6 3 
Fase 5 Fase 0.377 0.199 16.298 16.7 Fase l0 16.906 5.6 3 


Term Box 


Term Box 


Term Box 


Demand factor 

Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry 
fields. Demand factor is the amount of time the induction machine is actually operating. 
Demand factor affects the following calculations: 


e Operating kW = Rated kVA * PF * % Loading * Demand Factor 
e Operating kvar = Rated kVA * RF * % Loading * Demand Factor 


This pertains when the PF & RF (power factor and reactive factor) are calculated based on the 
specified % loading from the power factors specified at 100%, 75%, and 50% loading. 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. 
Since demand factors are a part of engineering properties, ETAP uses the same factors for all 
configurations. 


Voltage Limit (Motor Starting Only) 


This value represents the minimum allowable transient voltage drop during motor starting for the 
bus. This voltage limit can be enabled from the motor starting (MS) study case “Alert” page. If 
the radio box toggle option is set to “Individual Element”, then the MS program will use this 
value to check the motor terminal voltage drop limits. 


ETAP 11-494 ETAP 19.0 User Guide 


AC Elements Induction Machine 


11.17.2 Nameplate Page 


On this page, you can specify the motor nameplate data (ratings). Select Motor Library data, 
specify % loading, and display motor loading and feeder losses for all Loading Categories. 


1 2500HP 13.2kV 
Ratings 

100% 
2500 kV 132. %PF 9253 
[eva ] [2060 FLA 901. “EF 978 
Poles 4 RPM [1800 [FLA] 100 


% Sip 0.91 RPM 1784 


[brary] | None 


Loading 
ee 


"ew 
1002500 
90 | 2250 
20 | 2000 
| oe a 
501250 
cag 
Ee i a 
Ean a 
LP | 
| 2 


Operating Load: 0 kw +i 0 kvar 


KP (| [cos | 


Ratings 


HP/kW 
500 
Enter the machine output (shaft) rating in horsepower (HP) or kW. You can choose from these 


two options by clicking on the HP/kW button. ETAP uses the following equations for the 
nameplate parameters: 
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Rated kVA = HP*0.7457/( PF * Eff) Rating in HP 
= kW/( PE * Eff) Rating in kw 

Full-Load Amp = Rated kVA/(V3 * kV ) 3-phase machines 
= Rated kVA/kV Single phase machines 


where the PF and Eff are at full load condition (100% loading). 


MVA/KVA 
kVA, 


You can toggle between these two options by clicking on the MVA/kVA button. The machine 
rating will be displayed in MVA or kVA and the machine operating load and feeder losses in 
(MW + j Mvar) or (kW + j kvar). 


kV 
Enter the rated voltage of the machine in kV. This is a line-to-line voltage for 3-phase machines. 


FLA 

This is the rated full load current of the machine in amperes. This is the current the machine will 
pull from the system when it is fully loaded (that is, when the system is operating at the rated HP 
(or kW), rated kV, and rated frequency). When you modify FLA, the machine efficiency at 
100% loading is recalculated. ETAP limits the entry of FLA so that the efficiency at 100% 
loading cannot exceed 100% or be below 10%. 


OL % -- Over-Load Percent 

Enter motor over-load level in percent. The default value, 100%, is entered in the field, the 
corresponding %PF and %EFF fields displays the rated PF and EFF. When a value different 
from 100% is entered, the %PF and %EFF fields for over-load become editable for you to enter 
values for the specified overloading condition. 


Note that the value in this field also determines the method used for calculating PF (or EFF) for 
motor power displayed in the Loading section when the %Loading is larger than 100%. If the 
value is 100%, then the same method as in the previous version of ETAP is used to calculate PF 
(or EFF) for overloading conditions. If the value is different from 100%, the PF (or EFF) for 
overloading conditions will be calculated by linear interpolation/extrapolation based on the PF 
(or EFF) values at the rated and this specified over-load condition. 


NL 0 % -- No-Load Losses 

Enter motor no-load current in percent of FLA. The default value for the no-load current is 0%. 
When this value is entered, the corresponding NL %PF (user-definable) and NL %EFF (read- 
only) fields are used to calculated the no-load motor losses. The no-load kW and kVAR demand 
absorbed by the motor under no-load conditions (0% HP/kW) are calculated automatically and 
displayed under the corresponding “Motor Load” columns of the loading section. 


The 0% loading (HP/kW) condition may have especial meanings of handling under different 


modules. The following section provides a brief description of how each calculation module 
handles the this condition. 
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Handling of No-Load Losses in Load Flow Type Modules: 


For the following modules LF, ULF, HA, OCP, TS, VS, TDUL, OPF, SSM, if there are no-load 
losses specified for a particular motor, then these load flow programs consider the no-load losses 
(even if loading category with 0% mechanical load has been entered). This is the cause since the 
no-load losses represent the motor magnetizing branch and core resistance losses which are 
present as long as the motor is energized. That is, even if the motor is set to 0% load, the motor 
may still demand some real and reactive power from the system. If for some specific reason, the 
motor no-load losses do not need to be considered in any of these LF type modules listed above, 
(but the motor breaker or contactor is not normally open), the motor may be set to “Spare” with 
0% load. 


Short-circuit Type Modules (SC ANSI, SC IEC, GOST, STAR SC): 


The short-circuit type modules do not consider the no-load losses of the motor. That is even if 
the motor has no-load losses specified, and the option “Loading Category” has been selected 
from the SC study case “Info” page the motor will not contribute short-circuit current. In 
essence, the motor with 0% load are not considered part of the system. Of course, if the motor 
“Configuration” has been selected to intermittent or continuous or with a non-zero value and the 
option “Both” or “Motor Status” has been selected from the “Info” page of the short-circuit study 
cases, then the motor will make a contrition to the short-circuit current. Since the short-circuit 
contribution is dependent on the motor load, under no-load conditions it is acceptable to neglect 
the motor contribution since its internal effective voltage is considered negligible. 


Motor Acceleration (MS) (Load transitioning events): 


For motor acceleration the motor no-load losses may not be considered under certain 
circumstances since the motor loading category can be used to start the motor at any time. Any 
motor with 0% loading can be considered by MS to be off at the beginning of the simulation. If a 
load transitioning event takes place from a loading category with 0% loading towards a loading 
category with non-zero % loading, then the motor is started with the end loading category % load 
value. This is the case with no-load losses specified or not. 


If a motor is started with 0% load and the no-load losses have been specified (either through the 
dynamic circuit model or statically by means of the nameplate page), then the motor will start 
and accelerate and draw power based on its no-load losses. Note that if a motor is started using 
the dynamic motor starting module that its no-load losses are determined by means of the 
dynamic CKT model or the characteristic motor curves. If the motor is started using static motor 
starting, then the no-load losses are calculated based on the nameplate entered values. 


Transient Stability (TS) Acceleration Events: 


In similar fashion as MS (but dynamically only), induction motors may be started under no-load 
conditions. If that is the case, the TS program will determine the motor losses based on its 
dynamics circuit model. Contrary to MS, the TS program does not have any loading transitioning 
events and thus any motor energized and with 0% load and no-load losses specified will draw 
no-load loss power from the system (even if not involved in any acceleration event). In other 
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words, whenever a motor is modeled dynamically or not dynamically in TS, it will always 
consider the no-load losses in the load flow calculation (initial or running) if they are specified. 


% PF 

Enter the machine power factor in percent at 100%, 75%, and 50% loading as well as the no-load 
and over loading conditions. The power factor at 100% loading is the rated power factor and is 
used for calculating the rated values. (That is, when you change the power factor at 100% 
loading, the machine full load current is recalculated.) All five values of the power factors are 
used for determining the operating power factor of the machine under different percent loading. 
(In other words, when you change any one of the power factors, the operating load and feeder 
losses for all loading categories are recalculated.) 


The sign of a power factor determines whether it is lagging or leading. Since induction machines 
always take reactive power (kvars) from the system, they have a lagging power factor, which 
must be entered as a positive value. 


% Eff 

This is the efficiency of the machine, in percent, at 100%, 75%, and 50% loading as well as the 
no-load and over loading conditions. Efficiency cannot exceed 100% and the value for 0% load 
is fixed at 0. The efficiency at 100% loading is the rated efficiency and is used for calculating 
the rated values, i.e., when you change the efficiency at 100% loading, the machine full load 
current is recalculated. All five values of the efficiencies are used for determining the machine 
efficiency under different percent loading, i.e., when you change the value of any one of the 
efficiencies, the operating load and feeder losses for all loading categories are recalculated. 


% FLA or Amp 

Displayed in this line is the machine current, in percent of FLA or Amp, at 100%, 75%, and 50% 
loading as well as the over loading condition. The current values are calculated based on the PF 
and EFF for the corresponding loading level. The No-Load (NL) current is an editable field for 
the user to specify motor input current due to losses. By default, the NL current is set to zero. 
Clicking on the %FLA/Amp button toggles the unit for the displayed current values. 


Rated %Slip and RPM 

Enter the rated slip or rated RPM (Speed in revolutions per second) for this machine. Slip is in 
percent. When one of these values is entered, the other is calculated based on the following 
relation: 


Rated RPM = (100 - %Slip)*Nominal RPM where Nominal RPM is calculated based on 
the poles. 


The maximum rated speed is used by ETAP to calculate the torque at full load. 
Poles 
Enter the number of poles. As the number of poles is changed, the synchronous speed of the 


machine is recalculated and displayed in RPM (revolutions per minute). 


RPM = 120 * Freq./Poles 
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SF 

Service factor is the permissible power loading in per unit. Service factor is not used for 
calculation of loading or feeder losses. ETAP gives you the option to use the service factor for 
voltage drop calculations of the machine feeder. 


Library Quick Pick - Motor Nameplate 


, (@ HP 
Frequency 60 Hz Unit © kw 


Manufacturer 


MTR 


HP/kW Frame Size Design Poles Synch. Speed 
Letter 

1000 Other A 4 1800 

1250 Other 4 1800 


4 
1500 Other A 4 1800 
1750 Other 4 4 1800 
2000 Other 4 4 1800 + 


ara 2A 


Ge) (ae 


Library 

Access the Motor Nameplate Library data by clicking on the Library button and opening the 
Library Quick Pick - Motor. Motor Nameplate data can be obtained and substituted from the 
library by highlighting and double-clicking on the selection. Library data includes motor ratings 
such as HP/kW, kV, FLA, PF, Eff, and Pole (transferred to the Nameplate page) and motor 
parameters such as LRC, LR PF, X”, X’, X, X2, XO, X/R, and T” (transferred to the Model 
page). The library selected is displayed next to the library button. 


Loading 

This group is used to assign a percent loading to each one of the ten loading categories for this 
machine, i.e., each machine can be set to have a different operating loading (generator) level for 
each loading category. To edit the values of the percent loading, click on any one of the edit 
fields under the % Loading column. 


The loading value can be entered in percent or in HP (kW). When a new value is entered in one 
field, the other field will be calculated accordingly. 


Note: You can select any of these loading categories when conducting Load Flow and Motor 
Starting Studies. 


ETAP uses the specified percent loading of each loading category to calculate the operating 
power factor and efficiency from the values specified at 100%, 75%, and 50% loading as well as 
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the no-load and over loading conditions. This is accomplished by using a curve fitting technique 
with a maximum of 100% for power factor and efficiency. The calculated power factor and 
efficiency are then used to calculate and display the operating kW and kvar loading, as well as 
the feeder losses, if an equipment cable with a non-zero length is specified for this load. 


Note: Although the demand factor is used for calculating the operating load and feeder losses, 
the value of the demand factor is not used in determining the operating power factor and 
efficiency. 


To edit the loading category names, select Loading Category from the Project Menu. 


Operating Load 
Operating Load can be updated from the Load Flow Study Case Editor. The operating load 
option is available if your ETAP key has the online (ETAP Management System) feature. 


When the operating load box is checked in the Load Flow Study Case Editor, the calculation 
results are updated to sources, loads, and buses, so that they can be utilized as input for later 
studies. If your ETAP key does not have the online feature, you can see the operating P and Q 
data in the Element Editor; however, this data cannot be used in a later study. 
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11.17.3 Typical Nameplate Data 


You can choose from typical nameplate data, once a voltage and kW/HP are specified in a 
Machine Editor. 


Typical Nameplate Data 


Amp %PF %EFF kVA, 
NEC 


183.4 91.54 83.23 131 
NEC 


Typical Calc. Calc. 


MFR 
[[ Select | 170.4 91.54 92.54 118 


Calc. Typical Typical Calc. 


Existing 


[[ Select |] 170.4 91.54 92.54 118 


Calc. Existing Existing Calc. 


Help Library 


NEC 


NEC data is available for a selected range of machine sizes and voltage levels. NEC specifies an 
ampacity. ETAP calculates %Efficiency and kVA using the NEC Ampacity value and a typical 
%Power Factor. 


MER 


Manufacturer typical data is available for any machine size. Ampacity and kVA are calculated 
using typical %Power Factor and %Efficiency. 


Existing 

A machine is considered to have an existing set of data after NEC or MFR have been selected. 
You can decide not to update parameters after changing a size or voltage level by choosing to 
keep the existing set of data. 


Library Button 
This button will bring up the Motor Library Quick Pick. 
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11.17.4 Impedance Page 


(ifckecnon kectae eeeean x= 
Cable/Vd | Cable Protection |  Reliabilty | Remarks | Comment 
Info | Nameplate | imp Model | Inertia | Load | StatDev | Start Cat 
[1 OHP OkV Cable Info not available 
Design 


Locked Rotor 
%LRC LRA ~~ LRkVA/HP Code Letter 


ANSI Short-Circuit Z 
@ Std MF 
© User Defined 


© From T" 


Bes wm 3) ae 


Design 

The list for induction motor design standard has two options to select: NEMA and Other. Select 
the NEMA standard to indicate that the motor follows the NEMA design standard. Note that 
NEMA standard is applicable only to motors equal to or less than 500 hp. 
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Locked-Rotor 


% LRC 

This is the machine locked-rotor current (at motor rated kV) in percent of the rated full load 
current of the motor. Note that the three fields (%LRC, LRA and LR kVA/HP) are related to 
each other. When a new value is entered in one of the fields, the other two fields will be updated 
automatically. 


LRC 

This is the machine locked-rotor current (at motor rated kV) in ampere. Note that the three fields 
(%LRC, LRA and LR kVA/HP) are related to each other. When a new value is entered in one of 
the fields, the other two fields will be updated automatically. 


LR kVA/HP 

This is the ratio of machine locked-rotor kVA over rating in HP. Note that the three fields 
(%LRC, LRA and LR kVA/HP) are related to each other. When a new value is entered in one of 
the fields, the other two fields will be updated automatically. 


For a machine by NEMA design standard, this field is also related to the Code Letter and Ratio 
Range fields. When a new LR kVA/HP value is entered, the Code Letter and Ratio Range fields 
will be updated accordingly. Note that per NEMA standard, the higher boundary value of the 
ratio is excluded from the range. For example, for code letter E the range shows 4.5 to 5.0 and 
for code letter F it shows 5.0 to 5.6. The ratio 5.0 belongs to code letter F. Therefore, if you 
select code letter E from the list, the LR kVA/HP filed will be updated as 4.99 which is the 
highest value in the range for code letter E. 


Code Letter 

When Design standard in the Nameplate page is selected as NEMA, this field shows the NEMA 
design code letter for the motor. Note that the three fields (Code Letter, Ratio Range and LR 
kVA/HP) are related to each other. If a new code letter is selected from the list, the 
corresponding ration range will be displayed and the high end ratio will be set in the LR kVA/HP 
field. 


Code Letter Ratio Range 
When Design standard in the Nameplate page is selected as NEMA, this field displays the LR 
kVA/HP ratio range according NEMA standard. 


% PF 
Enter the locked-rotor power factor in percent. This field is related to the locked-rotor X/R field 
next to it. Whenever when one of the fields is changed, the other is updated automatically. 


X/R 
This is the locked-rotor X/R. It is related to the locked-rotor power factor field next to it. 
Whenever when one of the fields is changed, the other is updated automatically. 
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T” 
This is the induction motor transient time constant in seconds. This value is used in the IEC 
61363 method. 


T’d = X”/(2 f Rr) (Rr = rotor resistance) 


Sequence Z 


xX” 
This is the transient reactance in percent (machine base), used for IEC short-circuit calculations. 
It is a displayed value calculated based on %LRC and locked-rotor X/R. 


X0 
This is the zero sequence reactance in percent (machine base), used for calculating short-circuit 
currents for unbalanced faults. 


X2 
This is the negative sequence reactance in percent (machine base). This value is used for 
Harmonic Analysis, Short-Circuit, and Unbalanced Load Flow Studies. 


X”/R 
This is the induction motor’s X/R ratio. 


ANSI Short-Circuit Z 
Std MF 
If you select Std MF, ETAP uses the following ANSI Multiplying Factors for calculating the 


positive sequence short-circuit impedances. 


Note: The IEC Short-Circuit Method does not use these impedances. 


Xsc Xsc 
HPkW RPM 4% Cycle Network = 1.5-4 Cycle Network 
>1000HP >745.7 <1800 1.0/LRC 1.5/LRC 
> 250 HP > 186.4 3600 1.0/LRC 1.5/LRC 
> 50 HP > 37.28 — other 1.2/LRC 3.0/LRC 
<50 HP <37.28 1.67/LRC Infinity 


User Defined 
If you select the User Defined option, you can directly enter the short-circuit impedances in 
percent with motor ratings as the base. 


From T” 
This option considers decay in symmetrical short-circuit current contribution from induction 
motor based on the time constant T”. When this option is selected, the % cycle Xsc value is 
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calculated based on motor LRC and T” at % cycle time. The 1.5-4 cycle Xsc is calculated based 
on motor LRC and T” at the time define in the Cycle field next to it. 


ANSI Short-Circuit Z 


Std MF Network Xsc 
/ 16.721 | % 
User Defined ey Cy 


15-4cy! 18174 /)% 15 


Cy 
This is time in cycles for calculating motor reactance from T” and LRC. This reactance value is 
used to compute motor contribution during 1.5-4 cycle. 


Torque 


LR Torque 

This is the locked Rotor Torque of the machine. You may enter the value as a percentage of the 
full load torque or in actual unit. Once a new value is entered in one field, the other field is 
updated accordingly. 


Max Torque 

This is the maximum torque of the machine. You may enter the value as a percentage of the full 
load torque or in actual unit. Once a new value is entered in one field, the other field is updated 
accordingly. 


Rated Torque 
These two fields display machine rated torque as in percentage or in actual unit. The value in 
percent is always 100. 


Grounding 


These entries specify grounding connection, type, and rating of the motor. 
Connection 


The motor grounding connection can be selected by clicking on the connection buttons until the 
desired connection is displayed. The available connections are Wye and Delta. 
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Grounding Information 


Connection 


Grounding Type Open a 


Grounding Type 

For Wye-connected motors, choose from these four grounding types provided in the list box: 
e Open Neutral is not connected to ground (ungrounded) 

e Solid Solidly grounded, no intentional impedance in the neutral grounding path 

e Resistor A resistor is used in the neutral grounding path.) 

e Reactor A reactor is used in the neutral grounding path 

Amp Rating 


Enter the resistor or reactor rating in amperes for resistor or reactor grounded motors. 
Amp Rating = (Line-to-Neutral Voltage)/(Resistor Ohm Value) 


Where the line-to-neutral voltage is the rated voltage of the machine divided by V3. 
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11.17.5 Model Page 


c = 
Induction Machine Editor > Mites Sc") 


1 2500HP 13.2kV 1-3/C 2AWG/kcmil 15kV 
CKT Model 


(ued) cy 
J Model by PE 


8 


A 


Parameter Estimation 


Clicking on this button will call up the Parameter Estimation module. See Chapter 30, Parameter 
Estimation for more information on parameter estimation. 


Model 


You can access Motor Model Library data by selecting CKT model and clicking on the Lib 
button to open the Library Quick-Pick - Motor Model. Motor model data from the library can be 
obtained and transferred to the Motor Editor by selecting the Model Type (Single1, Single2, 
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DBL1, or DBL2) and then highlighting a Design Class and model ID. Motor model is used for 
dynamic motor starting and transient stability analysis. 


Note: The data in the Motor CKT model library is sample data. For a specific motor, enter the 
Motor CKT Model provided by the manufacturer. 


Classification 


Design B 
Normal locked 
rotor torque and 
normal locked 
rotor current. 


Design C 

High locked rotor 
torque and 
normal locked 
rotor current. 


Design D 

High locked rotor 
torque and high 
slip. 


ETAP 


Library Quick Pick - Motor CKT Model 


Locked 
Rotor 
Torque 
(% 
Rated 
Load 
Torque) 


70-275* 


200-250* 


275 


Model Type 


Singlel ® Single2 


Design Class 


DBL1 DBL2 


Model ID 


LV'100HP2P 
L¥V1OHP2P 
LV150HP2P 


L¥200HP2P 
LW2NHP2P 


— Help 


Motor Designs (NEMA MG-1) 


Breakdown Locked Relative 
Torque(% Rotor Efficiency 
Rated Load Current Slip Typical Applications 
Torque) (% (%) 
Rated 
Load 
Current) 
Fans, blowers, centrifugal Medium 
175-300* 600-700 0.5-5 pumps and compressors, or 
motor-generator sets, etc., High 
where starting torque 
requirements are relatively 
low. 
Conveyors, crushers, Medium 
190-225* 600-700 1-5 stirring machines, agitators, 
reciprocating pumps and 
compressors, etc., where 
starting torque under load 
are required. 
High peak loads with or Medium 
275 600-700 5-8 without fly wheels such as 
punch presses, shears, 
elevators, extractors, 
winches, hoists, oil-well 
pumping, and wire-drawing 
machines. 
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Design E Fans, blowers, centrifugal High 
TEC 34-12 75-190* 160-200* 800-1000 0.5-3. pumps and compressors, 
Design N locked motor-generator sets, etc., 
rotor torques and where starting torque 
currents. requirements are relatively 
low. 


Note: Design a motor performance characteristics are similar to those for Design B except that 
the locked rotor starting current is higher than the values shown in the table above. 


CKT Model Library 

You can access Motor Model Library data by selecting CKT model and clicking on the Lib 
button to open the Library Quick-Pick - Motor Model. Motor model data from the library can be 
obtained and transferred to the Motor Editor by selecting the Model Type (Single1, Single2, 
DBL1, or DBL2) and then highlighting a Design Class and model ID. Motor model is used for 
dynamic motor starting and transient stability analysis. 


After you select a new model, if you click on OK to leave the Motor Editor, select another editor 
page, or navigate to another motor, ETAP prompts you with the following message to update 
(modify) some of the nameplate parameters which do not match the calculated values using the 
selected model. 
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Wowrtonmee nite 


Model Data 
Re xr Ir xr fl Arir Arfl 


Rs Xs *m 
Single2 | 0.936 [15.554 [495.046 | 28889.176 1.344 | 5.58 j 2.467 0.895 


Rs Xs mi Re Ir xr fl Arr Arfl 
Single2 0.83 1.17 = =©6515.87 it} 6.27 3.8 2.63 0.9 


NamePlate Data 
kVA, FLA, PF Eff NLA[%)] H Torque ftlb 


W)Update  fooe7a [soa [e222 f[arve [ise [02 [vores 


Existing: 2060 90.1 92.53 97.8 0 0.251 


Loading Data 
PF 0% PF 50% PF 75% PF 100% Eff 50% Eff 75%  =FF 100% 


¥] Update: [1.84 | 88.37 [ 91.64 [ 92.22 | 98.33 [ 98.13 | 97.76 


Existing: 83.19 83.11 92.06 92.53 93.03 98.66 97.8 


Short-Circuit Data 
LRC PFir W2cyX 15-4 ceyX% *AR Td 


Update  [ovas  [ises [21073 [3160s [22518 | 0.062 


Existing: 576.1 19.47 20.79 31.186 24.99 0.062 


Characteristic Data 
LRAT MaxT FLT S@MaxT Sr 


Update Tages ~=[oaa1 [ior7 [ae [asi 


Existing: 88.14 244 100 0.91 


a] | Ge) 
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Characteristic Model Library 

You can access library data for torque-slip characteristic curve by selecting the characteristic 
model and clicking on the Lib button to open the Library Quick Pick - Characteristic. Motor 
Characteristic Library data (slip, torque, current, and power factor) can be selected by 
highlighting a Design Class and selecting a Model ID. When you select Characteristic Library 
data, unlike the Motor CKT Model Library data, the library data is not transferred to the Machine 
Editor, i.e., a reference to the selected library design class and model ID is kept with the 
machine. The characteristic data is obtained from the library when you run Motor Starting 
Studies. 


Note: The characteristic data is not considered a dynamic model for Transient Stability Studies. 


After you select new Characteristic Library data, if you click on OK to leave the Motor Editor, 
select another editor page, or navigate to another motor, ETAP prompts you with the message 
shown above to update (modify) some of the nameplate parameters which do not match the 
values from the selected library. 


Print 


Click on this selection to print the torque, current, & power factor characteristic curves of the 
machine for the selected model (CKT or characteristic). 
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11.17.6 Update Model Parameter Data 


ETAP recalculates model parameters after you select a new circuit or characteristic model. The 
update occurs when you click OK to leave the Motor Editor, select another editor page, or 
navigate to another motor. ETAP prompts you with the following message to update (modify) 
some nameplate parameters that do not match the calculated values using the selected model. 


rc 1 pt 
Motor Parameter Update =) 


Model Data 
Rs Xs <m Re Ir xr fl Ar lr Arfl 
Single2 0.936 [15.554 [495.046 | 28889.176 1.344 5.58 2.467 | 0.895 
Rs Xs m Re Ir rfl Art Fr fl 
Single2 0.83 W117 «©6515.87 0 6.27 9.8 2.63 0.9 
NamePlate Data 
kVA, FLA, PF Eft NLA[%) H Torque ft-lb 
| Update [2067.9 [9045 [9222 [9776 [196 [025 [72785 
Existing: 2060 90.1 92.53 97.8 0 0.251 


Loading Data 
PF Ox PF 50% PF 75% PF 100% Eff 50% Eff 75% =FF 100% 


¥] Update: [184 [e8a37 [ste4 | 9222 [9333 [9813 [ 97.76 


Existing 98319 8911 9208 9253 ga09s«S8BBSC(‘i«é«iT 
Short-Circuit Data 
LAC Pe 1/2cyX 1154 cy X x/R Td 
W)Update Ts7a9 [iae6 [arora [a1.609 f22se | a062 
Existing 5761 1947 2079 31.186 2499 0.082 
Characteristic Data 
LRT MaxT FLT S@MaxT St 
W)Update = Tages «= [oaa1 «tor? [ae [ost 
Existing: 98.14 244 100 031 


a | Gi) el 
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11.17.7 Inertia Page 


cee eey ss ee |pre-Sr| 


1 2500HP 13.2kV 1-3/0 2AWGAccmil 15kV 


Coupli 
[= Fal fem 


Load Coupling 


seo Ku we 


Inertia Calculator 


Motor, Coupling, and Load RPM, WR’, and H 

Enter the rated speed in revolutions per minute (RPM) and WR? in either lb-ft? for English unit 
system or in Kg-m? for Metric unit system or H in MW-sec/MVA for the Motor, Coupling Gear, 
and Load. ETAP calculates WR? or H when one of them is known and RPM has been entered 
based on the following equation: 
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H = 2.31 * 101° * WR? * RPM?/MVA (for WR2= Moment of inertia in lb-ft?) 
or 
H = 5.48 * 10° * WR? * RPM? / MVA (for WR?= Moment of inertia in kg-m?) 


Total RPM 
The Total RPM is equal to the Motor RPM. 


Total WR2 
The Total WR? is calculated based on the Total RPM and Total H using the equation above. 


Total H 
This is the arithmetic sum of the Motor, Coupling and Load H in MW-sec/MVA. 


Shaft Torsion 


Include Torsion Effect 
Select this option to consider torsion effect between turbine, coupling gear, and generator during 
transient stability calculations. 


D1 
This is the damping constant between turbine and coupling gear. 


D2 
This is the damping constant between coupling gear and generator. 


K1 
This is the spring coefficient between mass of turbine and coupling gear. 


K2 
This is the spring coefficient between mass of coupling gear and generator. 
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11.17.8 Load Model Page 


(apa es ar es 


Cable/Vd | Cable |__ Protection _ fesse |_ ena 

Info _| Nameplate = | Model — inertia — 
[ 1 2500HP 132kV 1-3/0 2AWG/ccmil 15kV 
Load Torque 


ID | = f Torque = AN+ Al w+ Alat+ AS 
300 


Acceleration Time (Static Starting) 
No Load 5 Full Load 


yen im... 1D) @B 


For starting and braking purposes, also for the choice of a variable-speed motor, the torque curve 
(load torque) of the driven machine must be known as a function of the speed. This is the 
mechanical load connected to the motor shaft. The mechanical load is modeled as a third order 
polynomial of the motor speed or by points of %slip and %torque versus motor speed. 


The third order equation is defined as follows: 


T = Ao + Ai@ + A2w* + A300? 
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Load Torque 


None, Polynomial, or Curve 
Selecting ‘None’ indicates to ETAP that the load is not being modeled. Transient stability and 
motor acceleration analyses will not run without this model. 


Selecting Polynomial or Curve will bring up the library quick pick from which you will be able 
to select a predefined model from the library. 


Load Model Lib 
You can access the motor load library data by clicking the Load Model Lib button and opening 
the library quick pick. Motor Load Library data can be obtained by double-clicking the selection. 


There are four basic torque curves valid for the following main applications: 

1. Load Torque practically remains constant or power is directly proportional to speed. This 
is in the case of cranes, reciprocating pumps and compressors when pumping against 
constant pressure, enclosed blowers, rolling mills, conveyors, mills without fans, machine 
tools with constant cutting force. 

Load Torque rises proportionally with speed or power is proportional to square of speed. 

3. Load Torque rises proportionally with square of speed and power rises with the cube of 
speed. This applies to centrifugal pumps, blowers, and reciprocating machines feeding in 
an open tubing system 

4. Load Torque falls in inverse proportion to speed and power remains constant. This 
applies in case of lathes, coilers and also for variable speed drives. 


Acceleration Time (Static Starting) 


Enter No Load (0% Loading) and Full Load (100% Loading) motor acceleration time in seconds. 


Ng 


ETAP uses these values along with the motor percent loading to calculate the acceleration time 
for static motor starting (that is, the motor will carry the full LRC for the entire acceleration 
time). If the motor percent loading (Defined by the start category selected in the Study Case) is 
between 0 and 100%, ETAP interpolates to find the acceleration time. If the motor percent 
loading is outside this range, ETAP extrapolates to find the acceleration time. 


These parameters are ignored for dynamic motor starting and the motor model, load model, and 
inertia are used to dynamically accelerate the motor. 


The Full Load Motor Acceleration Time is also used by Star when Constant Terminal Voltage is 
selected under the Motor Starting Curve in the Protection Page. Star uses this time in 
conjunction with the rated locked rotor current to calculate and display the Starting Curve for 
this motor. 
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11.17.9 Start Dev Page 


You can select one of thirteen types of motor starting devices from the Starting Dev page and 
specify the control scheme for the selected starting devices. ETAP preserves starting device data 
for all the types you specified, so that you can experiment with and compare results for different 
types of starting devices. This allows you to select the best device type to accomplish your task. 


Induction Machine Editor - Mtr2 exon 


Cable/Vd Cable Amp | Protection | Reliability | Remarks Comment 


io [Nanepte [imp [Model [peta load] Set Dev [at Cat 


1 2500HP 13.2kV 1-340 2AWGAccmil 15kV 


Type 
Type | Voltage Control 


Control Scheme 
Active @ %Ws Voltage Control 
» Seconds (%) Type 


|_| Active | %Ws | Setting || Type _| Watage (6) Speed 00 


a [S) (aa) (2) 
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Type 


Type 
Select the starting device type from the list box. ETAP provides the following starting device 


types: 


Type Description 
None No starting device 
Auto-xfmr Auto-transformer 


Stator Resistor 
Stator Reactor 
Capacitor, Bus 


Capacitor, 
Terminal 


Rotor Resistor 
Rotor Reactor 
Y/D 

Partial Winding 
Current Limit 
Current Control 
Voltage Control 
Torque Control 


Series resistor to the stator 
Series reactor to the stator 
Shunt capacitor connected to a motor bus 


Shunt capacitor connected to the motor 
terminal 


Series resistor to the rotor 
Series reactor to the rotor 
Star - delta 

Partial winding 

Soft starter — current limit 
Soft starter — current control 
Soft starter — voltage control 
Soft starter — torque control 


There are thirteen types of motor starting devices from which you can select. The last four types 
(Current Limit, Current Control, Voltage Control, and Torque Control) are commonly used 
control modes of soft starters. To model a soft starter, you can select any of these four types and 
specify a control scheme as needed. 


A soft starter employs power semiconductors, such as thyristors, to regulate the voltage applied 
on the motor according to a predefined scheme. The purpose is to reduce the current drawn by a 
starting motor so that it has a “soft” impact on system operation. A soft starter is normally a 
reduced voltage starter, being able to decrease, not to increase, the voltage applied on the motor 
comparing to the cross-line motor starting. This behavior is also modeled in ETAP. When the 
control scheme of a soft starter, such as a voltage starting, requires a voltage value that is larger 
than the bus voltage, the bus voltage will be applied on the motor, as if the soft starter does not 
exist. 


Current Limit 

When the starting device type selected is either Voltage Control or Torque Control, this field will 
be enabled so that you can enter a Current Limit value in percent of motor full load amperes. 
This current limit value will be applied, along with motor voltage control scheme or torque 
control scheme, to ensure that the actual voltage applied on the motor will not result in a motor 
current larger than this value. 
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Control Scheme 


You specify a control scheme in this group for the selected starting device type. The control 
scheme is a function of motor speed or time for most of the types, except the Y/D, Partial 
Winding, and Current Limit types. When you specify a control scheme in multiple stages, ETAP 
will list the stages by motor speed or time, first with all active stages and then followed by 
inactive stages. 


You can add or remove a stage by clicking the Add, Insert, or Delete buttons. When you click 
the Add button, a new stage is added before the last one. When you click the Insert button, a 
new Stage is inserted before the selected stage. When you click the Delete button, the selected 
stage will be removed. Note that you cannot remove the first or the last stages. 


Active 
Check to activate the setting for the device. When you uncheck this box for a stage, ETAP will 
not consider that stage in studies, but the data is still saved. 


% WSs or Seconds 
Select %Ws or Seconds as the variable based on which to specify the control scheme for your 
starter. When Speed is selected, it is in percent of synchronous motor speed. 


Setting 
Enter the setting for a control stage of the starter. The setting type varies by the type of starter 
you selected. The table below indicates the setting type and the units: 


Starter Setting and Unit 

None 

Auto-xfmr Tap in percent 

Stator Resistor Tap in percent 

Stator Reactor Tap in percent 

Capacitor, Bus Capacitor at bus in kvar 

Capacitor, Capacitor at motor terminal in kvar 

Terminal 

Rotor Resistor Rotor external resistor in Ohm 
converted to stator side 

Rotor Reactor Rotor external reactor in Ohm 
converted to stator side 

Y/D N/A 

Partial Winding N/A 

Current Limit Motor current in percent of FLA 

Current Control Motor current in percent of FLA 

Voltage Control Motor voltage in percent of rated 
voltage 

Torque Control Motor torque in percent of rated torque 
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Note: The Ohm values for Rotor Resistor and Reactor starters are the values converted to the 
stator side based on the turn ratio of the stator and rotor windings. 


Control Type 
Select between Ramp and Fixed. If you select Fixed, the control variable will be fixed until the 
next setting becomes active. This type is used when defining a control such as step starter. 


If you select Ramp, the control variable will vary linearly from the setting in this stage to the 
setting in the next stage. This type is used when defining a continuously controlled starter. 


Note: The Control Type for the last stage is set as Remove and the Control Type for the stage 
before the last one can only be Fixed. 


Switching Off Starting Devices 

When a motor that employs a starting device reaches a certain speed, the starting device is 
removed. In ETAP, the time to remove the starting device is specified in the last stage of the 
control scheme. Depending on the option you selected, the starting device is removed at a 
specified speed or time. 


In the static motor starting calculation, if the switch-off time specified for a starting device is 
larger than the acceleration time specified for the motor, the switch-off time will be set equal to 
the acceleration time. This means that for static motor starting, a starting device is switched off 
either at the switch-off time or the acceleration time, whichever is smaller. 


However, for the dynamic motor acceleration calculation, since the acceleration time is unknown 
before the calculation, a starting device is switched off at the time specified by the user, 
regardless of whether it is larger or smaller than the acceleration time. 


Waveform 
Displays the control scheme of the starter device. Click the Print button to print the control 
scheme plot. 
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11.17.10 Start Cat Page 


Select motor starting categories by clicking on the boxes provided. Selecting motor starting 
categories tells ETAP which motor(s) to include in that starting category. The starting categories 
can be selected from the Motor Starting Study Case Editor. The starting categories can be edited 
from Project Menu, under Settings and Starting Categories. 


Induction Machine Editor - Mtr2 | es —| 


1 2500HP 13.2kV 1-3/0 2AWGAccmil 15kV 


Starting Load & Time 
; Time of Load Change 
Starting Category 
(¥] Design 


[] Normal 


Emergency 
Shutdown 


Accident 


12 we 


Starting and Final % Loading 


When a motor is started, in some cases such as a compressor, the motor is started with a reduced 
load until it reaches the final speed and then the load is increased to the required operating level. 
Starting and Final percent loading fields provide modeling of this adjustment in the motor load. 
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When entering a loading percent in the Start or Final loading fields, the value is related to the 
option of Starting Load of Accelerating Motors in the Motor Starting or Transient Stability Study 
Case as well as the load model curve selected for the motor. 


Starting Load of Accelerating Motors 


) Based on Motor Electrical Rating 


®@) Based on Motor Mechanical Load 


Starting Load Option in Motor Starting Study Case 


Considering the two load model curves given below, both curves have exactly the same shape, 
but the load percent values at synchronous speed are different in the two models. In Model 1 it is 
less than 100% while in Model 2 it is equal to 100%. In the Motor Starting and Transient 
Stability Studies, depending on the option selected for the Starting Load of Acceleration Motors, 
the load model curve is applied differently. 


If the Based on Motor Electrical Load option is selected, the load curve will first be adjusted by 
multiplying a constant factor so that at the synchronous speed the torque is equal to 100% and 
then used in the calculation. This is assuming that the load torque curve only represents the 
shape of the load as a function of speed. When this option is selected, load Model 1 and Model 2 
given below will lead to the same results, since both models have the same shape. If the Based 
on Motor Mechanical Load option is selected, the load curve will be used in the calculation as it 
is entered without any adjustments. Note that if a load model has a torque value equal to 100% 
at the synchronous speed, the two options will make no difference, since load torque adjustment 
for the option of Based on Motor Electrical Rating has no effect on the load curve. 


Motor Load Model Curves 


% Torque =40+A1 w+A2 uF + A3 we 
100 


Model 1: Load @ Rated Speed < 100% Model 2: Load @ Rated Speed = 100% 


Due to the difference in the two options for Starting Load of Accelerating Motors in the Study 
Case, the values in the Start and Final % Loading columns in the Start Cat page may have 
different bases. If in the Study Case the option of Based on Motor Electrical Load is selected, 
the %loading is based on the rated output torque of the motor. If the option of Based on Motor 
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Mechanical Load is selected, the %loading is based on the rated output load torque described by 
the load curve. Please note that if a load model has a torque value equal to 100% at the 
synchronous speed, the two bases become the same. 


For example, let’s consider a motor of rated output torque T; and having a load curve described 
by Model 1 given above, which has a value of 80% at motor operating speed. When you enter 
90% as the Start %Loading for the motor, 


Case 1: Load Model Based on Motor Electrical Load Selected in Study Case: 
Base for Start %Load = T; 
Start Load = 0.9 T; 


Case 2: Load Model Based on Motor Mechanical Load Selected in Study Case: 
Base for Start %Load = Motor Load Torque @ Operating Speed * T: 
= 0.8* T; 
Start Load = 0.9 *0.8 * Tr = 0.72*T; 


Note that for the same motor, if load Curve Model 2 is selected instead, Case 1 and Case 2 will 
be the same. Notice that in Model 2 the load torque value is equal to 100% at motor operating 
speed. 


Case 1: Load Model Based on Motor Electrical Load Selected in Study Case: 
Base for Start %Load = T; 
Start Load = 0.9 T: 


Case 2: Load Model Based on Motor Mechanical Load Selected in Study Case: 
Base for Start %Load = Motor Load Torque @ Operating Speed * T: 
= 1.0* T.= T; 
Start Load = 0.9 *1.0 * T; = 0.9*Tr 


In Transient Stability Studies, only the Start % loading is used. The first starting category is used 
if the start event is by a switching action in Transient Stability Studies. 


Load Change Time 


Specify the beginning and ending of the load change time for each motor starting category in 
these fields. The Load Change Time is not used for Transient Stability Studies. 
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Loading 


Thy 


i 


-— tt a ime 
= 


Motor Acceleration 
(dynamic model) 


Loading 


Ig 
Is 
t: + Nl time 
—— te 
Motor Starting 


(static model) 


Ij, = Locked Rotor Current (%) ,--= Acceleration Time (dynamically calculated) 


I, = Starting Load (%) 
Ig = Final Load (%) i, 


t,, = Starting Time (fixed) 
= Beginning of Load Change after acceleration 


te = End time for motor Load Change 


11.17.11 Cable/Vd Page 


This page is used to display voltage drops and to add, delete, or edit the equipment cable and 


overload heater associated with this motor. 
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Induction Machine Editor-Mtr2 exe 
Info Model | Inetia | Load | Start Dev | Start Cat 
Cable/Ve ~ (Sseaet eee ieee patie an ome 
[1 2500HP 132kV 13/0 2AWG/koml 15kV 


Equipment Cable Overload Heater, 49 


= 
| General Electric 
CR123 


earn DO & WH 
‘ooo9005009 


(2A (2) (0K, (conc 


——— —= 
. 


Equipment Cable 


This group provides capabilities for adding, deleting, or editing the equipment cable for this 
motor. Partial cable information such as the cable ID, Type, #/Phase, Size, Length, and unit are 
provided here for editing and displaying. 


ID 
To add a cable to a motor, select and retrieve a cable from the Cable Library on this page. 


Cable Editor 
This button will bring up the equipment Cable Editor. 
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Cable Library 
To add an equipment cable to a motor, select and retrieve a cable from the Cable Library. 


Size Cable 
For automatic sizing of the equipment cable, click on this button to bring up the Sizing page of 
the equipment Cable Editor. 


Delete Cable 
Click on this button to delete the equipment cable associated with this load. 


Overload Heater 
Overload Heater, 49 


Heater In-line Heater Type | 
iis OL Editor... = Open Over Load Device Editor 
General Electric 


a> CR123 
sie F118C 


R Bs, Heater or OL ID 
0.0007 0 
| | e | Mm Resistance & Tolerance 


When there is an Overload Heater directly connected to the motor, ETAP displays the properties 
as shown in the example figure above. 


You can access the editor of the overload device by clicking on the OL Editor button. 


Heater resistance and % Tolerance are displayed in the group and will be used for voltage drop 
calculations, if selected heater is InI-line Type.Typelf selected heater is CT Type then the 
resistance and tolerance are ignored and below message is displayed as heater element is not 
within electrical path of current flow. 


Overload Heater, 49 
Heater 


OL Editor... 


Cutler Hammer 


H1000 


CT Type OLH 
Resistance ignored 
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Overload Heater, 49 
Heater 


OL Editor... 


Cutler Hammer 


H1000 


CT Type OLH 
Resistance ignored 


Voltage Drop 

The total voltage drop (Vd) across the equipment cable and overload heater along with motor 
terminal voltage (Vt) and starting voltage (Vst) are calculated and displayed here for all loading 
categories. Vd, Vt, and Vst are displayed in percent values with a base kV equal to the bus 
nominal kV. 


Vst 
Vst represents the motor terminal voltage during starting conditions with the bus voltage fixed, 
i.e., it includes voltage drop across the equipment cable only. 


Vbus 
The operating voltage of the connected bus (the bus which this load is connected to, if any) is 
displayed here for reference. 


Voltage Calculation for a Motor Directly Connected to a VFD 

If this load is directly connected to a VFD, then the VFD output voltage, not the voltage of VFD 
input bus, determines load terminal voltage and voltage drop on the equipment cable. Under this 
condition, the VFD rated output voltage is used for Vt, Vd, and Vst calculation. The calculated 
values are in percent of VFD output rated voltage instead of the bus nominal kV. 


Vd Calculation 


Use App MF 
When you select this option, the cable ampacity Application Multiplying Factor (App MF) is 
used for voltage drop calculations. 


Use SF 
When you select this option, the motor Service Factor (SF) is used for voltage drop calculations. 


ETAP 11-527 ETAP 19.0 User Guide 


AC Elements 


Induction Machine 


11.17.12 Cable Amp Page 


Refer to the Ampacity/Capacity Page section of Chapter 45 — Cable Ampacity and Sizing for 
detailed information. 


ETAP 


as 
tcioonicinetto we? 


| 1 2500HP 13.2kV 1-3/0 2AWGAccmil 15kV 
Installation 


© Standard | ICEA P-54-440 


© Tyre 


| 112.6 ~* Depth = 2.204 


Tray Temperature 
Top Cover 


[| Bottom Cover [| Cumulative Effect 


Additional Derating 
Height 6 
a [¥] User Defined 


% Fil 30— 
Depth [ 1. 


The cable diameter is larger than the calculated depth. 


ES he (28 (2) (oc) { conoe | 
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11.17.13 Protection Page 


This page contains options to plot the Motor Starting curves, Thermal Limit curves, as well as 
the Stator curve on a Star View. 


“Induction Machine Editor - Pump 1 9 |r| 
He | termes | oe Inetia | Load | StatDev | Start Cat 
Cable/Vd | Cable Amp Protection Reliability | Remarks Comment 


1 500HP 4kV 3-1/C 350 AWG/kcmil 5kV 


Starting Curve - Constant Terminal Voltage Starting Curve - Study 


—— [V7] Acceleration Study 


25 
Report Name Report Date 
MS-Dyn 10-23-2009 


3.13 


110 2.27 


Reference kV 


Smooth Comers 


@) Calculated 
~) User-Defined 


Include Starting Device, OLH & 
Equipment Cable 


Asymmetrical LRC 
Asym. Factor 16 ale amps) 


Rotor Thermal Limit 


7 


Thermal Limit Curve \\ 
‘aves 


Acceleration Time 


¥} Hot Start 


(¥] Cold Start 


(¥] Stator Curve sym. |\ asym 


Starting Curves — Constant Terminal Voltage 

A motor starting curve can be plotted on a Star View for the purpose of determining overload 
settings for motor protection devices. Constant Terminal Voltage can be used to plot the motor 
starting curve based on a constant voltage at the motor terminal. Multiple approximate motor 
starting curves can be created and used in this section in the event that a motor acceleration study 
was not created. In the %Vt fields, a constant 100% Vt is given with the option of two more %Vt 
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fields that are entered by the user. The curves can be plotted on the TCC by selecting the 
checkboxes next to the %Vt fields. Star plots the acceleration times using the Acceleration Time 
fields in the Starting Curve section. 


Starting Curve - Constant Terminal Voltage 
“VM Accl. Time 


Smooth Comers 


Include Starting Device. OLH & 
Equipment Cable 


Amps X 10 (Plot Ref. kV=0.46) 


2 2 : iu =z Ss = = = : x & x 


Seconds 
spu0ses 


Include Starting Device, OLH, & Equipment Cable 

When this option is not selected, the motor starting curve is generated using the rated locked 
rotor current (from the Model page) and acceleration time with full load connected (from the 
Load Model page). Any overload heater, equipment cable, or starting device connected to this 
motor is ignored. 
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Stating Curve - Constant Terminal Voltage Starting Device 
%Vt Accel Time (Ignored) 
MLom] L7 ] 
Oe) [8 | — 
of] [ex] viscomalined 
CL) Smooth Comers Equipment Cable 
Oo "fps plh ie OLH (Ignored) 


Amps Sib26 (Nom. KV=138, Plot Ret. K-13) 


» ica 100 “Me mm oh ton 


Secoids 
IDB 


“Se00 HP — 7 oS ee I aT a To ex 
Amps = Sib26 (Nom. Kv=138, Plot Ret. kv=138) 


Prt: Goeree 
Leste inem Gélore 


Grint. OF Zeesira 


Ege Opeidan fetremgy, in 
Perens Gorge 


Thee infer oo pedend coy aevvery catpad rogest, Tat rerreeh beer (8) teeters) 


When this option is selected, the motor starting curve is generated by recalculating the locked 
rotor current and acceleration time with full load connected (from the Load Model page). Any 
overload heater, equipment cable, or starting device connected to this motor is considered. A 
starting device can be selected from the Start Dev page. 
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Seconds 


Starting Curve - Constant Terminal Voltage 


% Vt Accl. Time 


a 
O 
oO 110 | 6.36 


[_] Smooth Comers 


a Include Starting Device, OLH 
& Equipment Cable 


Induction Machine 


Starting Device 


(Considered) 


OLH 
(Considered) 


Equipment Cable 
(Considered) 


Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


a 4 a nD a ™ => 6S ™ x 8 1 


t 4a 4 a a a ‘wo 


Project Example 

Locaforn Mire, Callimia 

Conracl: OTF12345678 

Ergineer: Operation Technology, inc. 
Filename: Example 


Tis Int Is printed on every culpul repor!, 1s] remark line. (120 characters) 


11-532 


® 
8 
-) 
ty 
a= os ™“ nx b 71K 
Dak: 1214-2007 
Su: ETAP-OTI 
Rev: Base 
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Smooth Corners 
Select this option to apply curve smoothing for the locked rotor to FLA transition period of the 
motor starting curve. 


File Edit View Project Librar Defaults Tools RevControl Window Macros Help 


Cob Gh [a | KB | 8 ADH A fe tal SE | BL ah ? |New) [sm 


Star 


Study View 


Induction Machine Editor - Mtr2 om RS B.A |! SS 


| StartCat =| Cable’d =|) Cable Amp Reliability | Remarks | Comment 
Info | Nameplate | Model | Inertia Protection Load Model | Start Dev 


1 2500HP 13.2kV¥ 1-3/0 2AWG/kemil 15 kV 


Motor Starting Curve Asymmetrical LRC 


© Constant Terminal Voltage 


Include Starting Device, OLH, & Equipment Cable L he 


« Symmetrical 
[Y] Smooth Comers LARC 


© Motor Acceleration Study Select Study 


Motor Thermal Limit 


Stall Time 
Hot Start 9 [¥) Show on TCC 


ColdStartt} 11 (Show on TCC 


Select smooth corners for this motor Base 


Starting Curve — Study 


When a Motor Acceleration study has been performed for a motor (static start or dynamic 
acceleration), the current plot can be imported into Star View to use as a more accurate starting 
curve. 


Starting Curve - Study 


[¥] Acceleration Study 


Report Name Report Date 
MS-Dyn 12-13-2007 
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Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


a = 7) 6 6S 


Seconds 
Spuosas 


45 ’ 4a 8 a a bi “ow a 6S ™ x a 


Project Example Dak: 12-14-2007 
Su: ETAP-OTI 


Localon ire, Calltoma 

Conract: OTF12345678 Rev: Base 
Engineer: Operalion Technology, inc. Foadl: Phase 
Filename : Example 

THs In Is printed on every culpulrepor!, is! remark line. (120 characters) 


Select 
Click the Select Study to view list of available output reports to import data from. In the event a 


motor has not been accelerated in a selected report then ETAP displays an alert message as 


shown below. 
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Update Motor Acceleration Curve 


C:\ETAP 11\Example-ANSISExample-ANSI 


Select Curve 


Output Reports | MS-Dyn MA 


Motor Starting Curve Not Found! 


| (eee) 


If a motor has been accelerated in a selected report, ETAP displays detailed information about 
the output report as shown below. 


Update Motor Acceleration Curve > 


C:\ETAP 11\Example-ANSISExample-ANSI 


Select Curve 


Motor Acceleration: Dynamic 
Dynamic Model: Single 2 
Rating: 2500 HP 13.2 Kv 
Date: 07-24-2004 

Study Case ID: MS-Dyn 
Revision: Base 
Configuration: Normal 


OK | Cancel None 
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Asymmetrical LRC 


Asymmetrical LRC multiplier adjusts the locked rotor current with respect to the adjustment 
value in the editable drop-down list. Asymmetrical current decay to symmetrical current is fixed 


at 0.1 seconds. 


LRC Asymmetrical = Asymmetrical Factor * LRC adjustment 


Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


s “ou Si] = mw 3p sn ” 


ba} ow 
‘< 8 
o cad 
S = 
wo x 

Project 

Localon Mre,Callima 

Conract: OTF12345678 

Engineer: Operation Technology, inc. 

Filename : Example 

This Into ls printed on every culpul repor!, 15! remark line. (120 characters) 
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Thermal Limit Curve 


Motor thermal limit curve is drawn based on the hot stall, cold stall time, and stator hot and cold 
or acceleration of the motor. Locked rotor current used to calculate the thermal limit is always 
considered on base kV equal to motor rated kV for both the Constant Terminal Voltage and 
Motor Acceleration Study options. 


Thermal Limit Curve 


Stall Time 
¥} Hot Start 9 
¥) Cold Start 11 
¥| Stator Curve | Points... | 


Stall Time (Hot Start) 

Stall Time is the maximum time a motor can be subjected to locked rotor current or jam 
condition. Once that time has elapsed, a motor will exceed its thermal limit and may be 
damaged. This time is provided by the manufacturer of the motor based on tests on a motor that 
had been previously started and stopped while not at ambient temperature. This Curve can be 
shown on the TCC by selecting the checkbox next to Hot Start. 


Stall Time (Cold Start) 

Stall Time is the maximum time a motor can be subjected to locked rotor current or jam 
condition. When that time has elapsed, a motor will exceed its thermal limit and may get 
damaged. This time is given by the manufacturer of the motor based on tests for a motor that has 
not been started for duration of time and is at ambient temperature. This Curve can be shown on 
the TCC by selecting the checkbox next to Cold Start. 


Thermal Curve 

Thermal curve defines the thermal limit curve for the stator. This time is provided by the motor 
manufacturer. This Curve can be shown on the TCC by selecting the checkbox next to Stator 
Curve. 


Thermal Curve Points 
The Thermal curve can be specified in Amperes or as Multiplies of the motor FLA representing 


the stator hot and cold thermal limit curves for motor. The entered points can also be used to 
represent the accelleration thermal limit curve. 


Insert 
Insert new points above the row selected. 


Add 
Insert new points to the bottom of the list. 


Delete 
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Click on a number and delete the selected row. 


p 
i 
i 
i 


Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


Seconds 


1-3/C 2AWG/kcmil 15kV 


888 hm) WB Bo) (o 


KV=13.8) 


Amps Sub2B (Nom. kV=13.8, Plot Ref. 
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11.17.14 Reliability Page 


2 Induction Machine Editor - Mtr9 


Info Nameplate Imp Model Inertia Load Start Dev 
Cable/Vd Cable Amp Protection Reliability Remarks 


1 OHP OkV Cable Info not available 


Reliability Parameters Library 


NA 0.0404 =| FailureAyr 


AM | 122.6891 | Repair/yr 
Source 


FOR [IEEE Std493-1990 


MTR 


[_] Replacement Available Class 
0.601-15kV 


cas hr 


Reliability Parameters 
ON 


This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
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the failed component and can therefore cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, this leads to service being restored to some or all of the load points. It 
should be noted, however, that the failed component itself (and those components that are 
directly connected to this failed component) could be restored to service only after repair or 
replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


HW 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Xa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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Interruption Cost 


Load Sector 

Select the load sector name (or customer type) for the load. In the reliability calculation, the user 
sector information is used to get interruption cost from the Interruption / Outage Cost section of 
Sector Library to calculate Expected Interruption Cost. 
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11.17.15 Remarks Page 
Induction Machine Editor - Pump 1) (rem 
| terete | ne Hoot tant | Sater |_atten 
Cable/Vd | Cable Amp | Protection | Reliability Remarks | Comment _| 


1 500HP 4kV 31/C 350 AWGAccmil 5kV 


User Defined Info Drawing / Diagram 


Eg. Ref. 12345 = (numeric) ' 
One-Li Drawing ABC-123 
Last Maint. 01/01/10 


Next Maint. 06/16/12 Reference Sub OLV ABC-456 
Tests Req. Ful 

UD Field A5 

UD Field A6 

UD Field A7 

UD Field A8 


UD Field AS 


UD Field A10 


3s) Mlrmt ND) a 


User-Defined Info 

These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


UD Field A8 

This is an alphanumeric field with the default name UD Field A8. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


UD Field A9 

This is an alphanumeric field with the default name UD Field A9. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


UD Field A10 

This is an alphanumeric field with the default name UD Field A10. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 
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Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


11.17.16 Comment Page 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of 
this field, refer to the entries in the ETAPS.INI file. 
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associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


a iS) (28 (2) (OK) | cone 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.18 Synchronous Motor 


You can enter the properties associated with synchronous motors of the electrical distribution 
system in this editor. 


The Synchronous Motor Editor includes the following pages of properties: 


Info Start Cat. 
Nameplate Starting Mode 
Model Cable/Vd 

LR Model Cable Amp 
Inertia Protection 
Exciter Reliability 
Load Model Remarks 
Start Dev. Comment 
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11.18.1 Info Page 


Within the Info page, specify the synchronous motor ID, connected Bus ID, In/Out of Service, 
Equipment FDR (feeder) Tag, load Priority, Name, Description, Data type, Configuration Status, 
Quantity or number of synchronous motors, Phase Connection, and Demand Factor. 


Synchronous Motor Editor - Syn1 |_ %s | 


1 1250HP 13.2kV 1-3/0 4AWGAccmil 15kV 


Info 


ID Syn1 


Spare 
0 


* sa (Sots) 
S65 ia) we 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each synchronous motor. The assigned IDs consist 
of the default synchronous motor ID plus an integer, starting with the number one and increasing 
as the number of synchronous motors increase. The default synchronous motor ID (Syn) can be 
changed from the Defaults menu in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the synchronous motor. If the terminal is not connected 
to any bus, a blank entry will be shown for the bus ID. To connect or reconnect a synchronous 
motor to a bus, select a bus from the list box. The one-line diagram will be updated to show the 
new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the synchronous motor 
resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If a synchronous motor is connected to a bus through a number of protective devices, 
reconnection of the synchronous motor to a new bus from this editor will reconnect the last 
existing protective device to the new bus, as shown below where Syn3 is reconnected from 
Bus10 to Bus4. 


Busl10 Bus4 Bus10 Bus4 


cTz2 R2 
CTl Rl 
CB4 
Fusez 
Syn3 Syn3 


2500 HP 2500 HP 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


Select the operating status of the synchronous motor(s) for the selected configuration status from 
the list box. 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the 
motor is determined for Load Flow and Motor Starting Studies. 


Note: Status is not a part of the motor engineering properties. For this reason, the name of the 
configuration status is shown, indicating the motor status under the specific configuration, i.e., 
you can have a different operating status under each configuration. In the following example, 
status of a motor is shown to be Continuous under Normal configuration and Spare under 
Emergency configuration. 


Configuration Configuration 
Normal Normal 
Status | Spare ne | Status | Continuous Ne | 


Equipment 
Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 


characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 
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Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Connection 


Phase 
This is the phase connection of this synchronous motor. Select the phase connection type from 
the list box. Options for phase connection include: 


e 3Phase  3-phase machine 
e 1Phase Single-phase machine connected between phase A, B, or C. 
Single-phase machine connected line-to-line between phases AB, BC, or CA 


Quantity 


Enter the quantity (number) of induction machines for this machine ID. This allows you to 
group identical machines together without a need for graphical presentation in the one-line 
diagram. View the explanations below to see how ETAP handles Quantity in Load Flow, Short- 
Circuit, Arc Flash, and Sequence-of-Operation. 


Load Flow: 

Notice in the following example of a load flow calculation the current at Bus 2 is equivalent to 
the sum of each current going to each load at bus 4. This occurs because the quantity of Motor 1 
is changed to three. ETAP simulates the effect of what you see in the system powered by U2 
without having to display each load. 
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ul 
520 MVAsc U2 
520 MVAsc 
Bus 418.7 Bus3 
12 kv 0% 418.7 400% 
418.7 12 kv 
Fused Fuse10 AYl8-7 
T1 
.5 MVA 


‘Te 
OPO 1.5 Mn a 
9. 
Bus2 ) 99.21% ——_ > Bus 4 ) ; 
0.48 kv 0.48 kv 


¥469.7 4156.6 . 4156.6 
Fusel These two One-Line Diagrams are Fuse2 
Equivalent. 
lie Mtr2 Mtr4 Mtr5 
3x100 HP 
100 HP 100 HP 100 HE 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 156.569. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating current calculated by the 
characteristics of a single load. 


Study Case: LF Data Revision. Base 
Configuration: = Normal Date: 08-13-2015 


Zone Filter || Area Filter Region Filter 
1 FS (ecm) 1 | (aa) 1) (ec) 


Critical 


Device ID Type Condition Rating/Limit Operating % Operating Phase Type 
Fusel Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse2 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse4 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse5 Fuse Overload 100 Amp 156.569 156.6 3-Phase 


Short-Circuit: 

In the following Short-Circuit Analysis Motor 1 is contributing 1.13kA to the system. Because 
Motor 1 has a quantity of three, that current is three times the current that would be seen with a 
single motor. The load terminal fault current is shown as the current for each load. 
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Ul 
520 MVAsc U2 
520 MVAsc 
Busl Bus? 
12 kV 
12 kV 
Fused Fusel0 al 


1.5 MVA LAAAY 2 
“ye ryyny 1.5 MVA 
Bus2 doo aeka Bus 4 doo eka 30,9 yy 
0.48 kv 30 0.48 kv 
41.13kA '9 da : 


These two One-Line Diagrams 
are equivalent. 


Mtrl 
3x100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 30.645. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating short-circuit current calculated by 
the characteristics of a single load. 


Short Circuit Analysis Alert View - Output Report: SC x 
Study Case: SC Data Revision. Base 

Configuration: = Normal Date: 08-13-2015 

|| Zone Filter || Area Filter (| Region Filter 
1 FS (es) 1 (i 1 (ec) 
Critical 

Device ID Type Condition Rating/Limit Operating % Operating 
Fusel Fuse Interrupting 23 kA 30.645 133.2 
Fuse2 Fuse Interrupting 23 kA 30.645 133.2 
Fuse4 Fuse Interrupting 23 kA 30.645 133.2 
Fuse5 Fuse Interrupting 23 kA 30.645 133.2 


Sequence-of-Operation 
You cannot run Sequence-of-Operation if you have a Quantity greater than one. Sequence-of- 
Operation is not used to run simultaneous faults on loads. 
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Arc Flash 


520 MVAsc 


Sequence of Operation is 
not active anywhere on 


the load side of the bus 
when the load has a 
quantity greater than 1. 


In the following Arc Flash example, the bus Arc Flash characteristics of Bus 2 is equal to Bus 4. 
The reason is that Motor 1 has a quantity of three which is a quick way of showing what you see 


in the system under Utility 2. 


ETAP 


11-553 
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UL 
520 MVAsc U2 
520 MVAsc 
Busl Bus3 
12 kV 
12 kv 
Fuse9 Fusel0 
ie € ; LAAAY 72 
1.5 MVA a 
These two One-Line Diagrams YY. 1.5 MVA i ae ia kA 
are equivalent. 5 63 wet 
Buss {9 .aeka Bus4 doo aeka 16.91 cal/cm? G18" 39 4 
0.48 ky 30 0.48 ky ee 
41.13kA 9 ka 4 377kA 4 377kA *.377kA 
Fusel Fusez 4 Fuse4 Fuses 

85% Ia = 16.3 kA 

Category 3 rai 

5.63 £6 
i 16.91 cal/cm? @18" J. 
Mtrl 

323x100 HP Mtr2 Mtr4 Mtr5 


100 HP 100 HP 100 HP 


The Arc Flash Analysis Report shows the incident energy at the terminal of Motor 1 is equal to 
the incident energy of the terminal at each motor in the equivalent One-Line View. The incident 
energy of a motor with a quantity greater than one is shown as the incident energy calculated by 
the characteristics of a single load. 


Device Individ ual Contribution Incident Energy 
Bolted Arcing FCT Arcng FCT Iwidert EE FPB Hazard/Risk 
ID Type A) A) (cycles) (kA) (cycles) Protective Device IDfor FCT (cal/cm*) (ft) Level* 
CB2 LV CB 29.879 15.784 16.298 16.7 Fused 16.906 56 3 
Fase 1 Fuse 1.130 0.597 16.298 16.7 Fused 16.906 5.6 3 
Mtl Term Box 0.589 0.537 0.949 1249 Fusel 5.424 38 2 
Device Individual Contribution Incident Energy 
Bolted Arcng FCT Arcing FCT Inidert EE FPB Hazard/Rick 
ID Type A) A) (eycles) A) (cycles) Protective Device IDfor FCT (cal/cm*) (ft) Level* 
CB3 LY CB 29.879 15.784 16.298 16.7 Fase 10 16.906 56 3 
Fuse 2 Fuse 0.377 0.199 16.298 16.7 Fase 10 16.906 56 3 
Fase 4 Fuse 0.377 0.199 16.298 16.7 Faseld 16.906 56 3 
Fuse 5 Fuse 0.377 0.199 16.298 16.7 Fase 10 16.906 56 3 


Term Box : 124.9 Fase2 


Term Box : 124.9 Fuse4 


Term Box i 124.9 Fase5 
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Demand Factor 


Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry 
fields. Demand factor is the amount of time the load is actually operating. Demand factor 
affects the following calculations: 


° Operating kW = Rated kVA * PF * % Loading * Demand Factor 
e Operating kvar = Rated kVA * RF * % Loading * Demand Factor 


Where the PF & RF (power factor and reactive factor) are calculated based on the specified % 
Loading from the power factors specified at 100%, 75%, and 50% loading. 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. 


Since demand factors are a part of engineering properties, ETAP uses the same factors for all 
configurations 
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11.18.2 Nameplate Page 


You can specify the motor nameplate data (ratings), select Motor Library data, specify % 
loading, and display motor loading and feeder losses for all Loading Categories in this page. 


1 1250HP 13.2kV : 4AWGAcmil 15kV 


Ratings 
Rated 100% 75% 50% 
1250 kV 132 “PF 85 85 87 -88 Pols 4 


[_kva | 1170 FLA 51.19. %ER 937 «937. 937 «937. ~—- RPM [1800 


Operating Load: [938 kw +i [567 kvar 


wee 
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Enter the motor output (shaft) rating in horsepower (HP) or kW. You can choose from these two 
options by clicking on the HP/kW button. ETAP uses the following equations for the nameplate 
parameters: 


Rated kVA = HP * 0.7457/(PF * Eff) Rating in HP 
= kW/(PF * Eff) Rating in kW 


Full-Load Amp = Rated kVA/(V3 * kV) 3-phase motors 
= Rated kVA/kV Single phase motors 


where the PF and Eff are at the full load condition (100% loading). 


MVA/KVA 
kVA, 


You can choose from these two options by clicking on the MVA/kVA button to display the 
motor rating in MVA or kVA, and the motor operating load and feeder losses in (MW + j Mvar) 
or (kW + j kvar). 


kV 
Enter the rated voltage of the motor in kV. This is a line-to-line voltage for 3-phase motors. 


FLA 

This is the rated full load current of the motor in amperes. This is the current the motor would 
pull from the system when it is fully loaded, i.e., operating at the rated HP (or kW), rated kV, 
and rated frequency. When you modify FLA, the motor rated efficiency and the efficiency at 
100% loading is recalculated. ETAP limits the entry of FLA so that the efficiency at 100% 
loading cannot exceed 100% or be below 10%. 


Rated PF and Eff 

Enter the power factor and efficiency at the rated Horsepower and kV. Based on these two 
values, the program will calculate the Full Load Amps (FLA) of this machine. These values will 
not be used in any other calculation. 


% PF (100%, 75%, 50%) 

Enter the motor power factor, in percent, at 100%, 75%, and 50% loading. All three values of 
the power factors are used for determining the operating power factor of the motor under 
different percent loading, i.e., when you change any one of the power factors, the operating load 
and feeder losses for all loading categories are recalculated. 


The sign of a power factor determines whether it is lagging or leading. The values of power 
factor can range from -0.01% to -100% for synchronous motors operating at leading power 
factors (over excited) and range from +0.01% to +100% for lagging power factor (under excited) 
operations. The following V-curve indicates a synchronous motor with a rated (100% loading) 
power factor of 80% leading (-80%). 
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la 


FLA 


% Eff (100%, 75%, and 50%) 

This is the efficiency of the motor, in percent, at 100%, 75%, and 50% loading. Efficiency 
cannot exceed 100%. The efficiency at 100% loading is the rated efficiency, therefore when the 
rated efficiency is changed; this field is updated to the same value. All three values of the 
efficiencies are used for determining the motor efficiency under different percent loading, i.e., 
when you change the value of any one of the efficiencies, the operating load and feeder losses for 
all loading categories are recalculated. 


Poles 
Enter the number of poles. As the number of poles is changed, the synchronous speed of the 
motor is recalculated and displayed in RPM (revolutions per minute). 


RPM = 120 * Freq./Poles 


SF 

Service factor is the permissible power loading in per unit. The service factor is not used for 
calculation of loading or feeder losses. ETAP gives you option to use the service factor for 
voltage drop calculations of the motor feeder. 
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(O90 Motor Nameplate Library fo] © (tae) 


Frequency Unit 


50 Hz @ HP 
® 60 Hz kit 


ki Manufacturer 
23 Pr MTR 


(eau... | Add ... | | Delete | Copy ... | | Help | i) 
Library (Motor Nameplate) 


Access the Motor Nameplate Library data by clicking on the Library button and opening the 
Library Quick Pick - Motor. Motor nameplate data can be obtained and substituted from the 
library by highlighting and double-clicking on the selection. Library data include motor ratings 
such as HP/kW, kV, FLA, PF, Eff, & Pole (transferred to the Nameplate page) and motor 
parameters such as LRC, LR PF, X”, X’, X, X2, XO, X/R, & Td’ (transferred to the Model page). 


Loading 

This group is used to assign a percent loading to each one of the ten loading categories for this 
motor, i.e., each motor can be set to have a different operating loading level for each loading 
category. To edit the values of percent loading, click on any one of the edit fields under the % 
Loading or HP (kW) column. Note that you can select any of these loading categories when 
conducting Load Flow and Motor Starting Studies. 


The loading value can be entered in percent or in HP (kW). When a new value is entered in one 
field, the other field will be calculated accordingly. 


ETAP uses the specified percent loading of each loading category to calculate the operating 
power factor and efficiency from the values of power factor and efficiency specified at 100%, 
75%, and 50% loading. This is accomplished by using a curve fitting technique with a maximum 
of 100% for power factor and efficiency. The calculated power factor and efficiency are then 
used to calculate and display the operating kW and kvar loading as well as the feeder losses if an 
equipment cable with a non-zero length is specified for this load. Note that although the demand 
factor is used for calculating the operating load and feeder losses, the value of the demand factor 
is not used in determining the operating power factor and efficiency. 


To edit the loading category names, select Loading Category from the Project menu on the menu 
bar. 
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Operating Load 

Operating Load can be updated from the Load Flow Study Case Editor. The operating load 
option is available if your ETAP key has the online (ETAP Management System) feature. When 
the operating load box is checked in the Load Flow Study Case Editor, the calculation results are 
updated to sources, loads, and buses, so that they can be utilized as input for later studies. If 
your ETAP key does not have the online feature, you can see the operating P and Q data in the 
Element Editor; however, this data cannot be used in a later study. 
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11.18.3 Model Page 


This page includes the synchronous machine impedances and time constants. 


Synchronous Motor Editor - Syni 


1 1250HP 13.2kV 1-340 4AWGAcmil 15kV 


Impedance Xd" Tolerance 


Xd"/Ra 27 


; 
i 


a 


$100 1.07 


a. 
~~ 
‘@ 
&) 
(=, 
VS 
(= 
VY 


(if 


a 


$120 1.18 


Tqo"” 0.002 Damping 2 


IEC 60909 S.C. 
Exciter Type 


Salient Pole 160% zi 


Salient-Pole GOST S.C. 


aa dis i) 


Impedance 


xd” 


This is the direct-axis subtransient reactance in percent (machine base, saturated). This reactance 
is used for ANSI Short-Circuit Studies. 
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Xd’’/Ra 
This is the armature X/R ratio (Xd”/Ra). For ANSI Short-Circuit Studies, this value is used for 
both % cycle and 114-4 cycle networks. 


Ra (%) 
This is the armature resistance in percent (machine base). May also be interpreted to be R1 to be 
consistent with R2 and RO. 


Ra (Ohm) 
This is the armature resistance in ohms. 


X2 
This is the negative sequence reactance in percent (machine base). This value is used for 
Harmonic Analysis, Short-Circuit, and Unbalanced Load Flow Studies. 


X2/R2 
This is the negative sequence X/R ratio. 


R2 (%) 
This is the negative sequence resistance in percent (machine base). 


R2 (Ohm) 
This is the negative sequence resistance in ohms. 


X0 
This is the zero sequence reactance in percent (machine base). This value is used for unbalanced 
faults under ANSI Short-Circuit Studies. 


X0/RO 
This is the zero sequence X/R ratio. 


RO (%) 
This is the zero sequence resistance in percent (machine base). 


RO (Ohm) 
This is the zero sequence resistance in ohms. 


Rdc (%) 
This is the stator winding DC resistance in percent (machine base), used for GOST short-circuit 
calculations. 


Rdc (Ohm) 
This is the stator winding DC resistance in ohms, used for GOST short-circuit calculations. 


Xd” Tolerance 


This is the direct-axis sub transient reactance tolerance in percent. This value is used to adjust 
the reactance values during Short-circuit calculations. The Short-Circuit Module will use the 
negative tolerance value. 
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This displays the machine total inertia from the Inertia page. 


Machine Type 


Application 
Select the application type for this synchronous motor (motor or condenser). 


Rotor Type 
e Round-Rotor — For machines that are made of round-rotor. 
e Salient-Pole — For machines that are made of salient-pole. 


IEC Exciter Type 

Depending on the Rotor type, the IEC Exciter type is used for determining the Amax factor for 
generators in the calculation of steady-state short-circuit currents per IEC Standard 909. Amax is 
proportional to [fmax, which takes different values based on exciter types as shown in the 
following table. 


Rotor Type IEC Exciter Type Hfmax 


Round Turbine 130% 1.3 
Rotor 
Round Turbine 160% 1.6 
Rotor 
Round Terminal Feed, Cylindrical N/A 
Rotor 130% 
Round Terminal Feed, Cylindrical N/A 
Rotor 160% 
Salient Pole Salient-pole 160% 1.6 
Salient Pole Salient-pole 200% 2.0 
Salient Pole Terminal Feed, Salient Pole N/A 
160% 
Salient Pole Terminal Feed, Salient Pole N/A 
200% 


GOST Exciter Type 
This selection list contains machine excitation types that are used for GOST Short-Circuit 


Studies. The list has four options: 
e Thyristor Independent Excitation 


e Thyristor Self-Excitation 
e Diode Independent Excitation 
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e Diode Brushless Excitation 


Note that this is currently not used in ETAP GOST calculations. 


Dynamic Model 

Select equivalent, transient, or subtransient model type for the synchronous machines. Except 
for Xd, Tdo’, which are also shared by IEC 61363 Short-Circuit calculation, all of the parameters 
listed under Dynamic Model are used only for Transient Stability Studies. Full descriptions of 
these variables are found in Chapter 24, Dynamic Models. 


Model Type 


Model Type Description 


None The machine will not be dynamically modeled in Transient Stability 
Study. 


A model that uses an internal voltage source behind the armature 
resistance and quadrature-axis reactance. 


Equivalent 


Transient A more comprehensive model than the Equivalent model, including the 
machine’s saliency. 


Subtransient A comprehensive representation of general type synchronous machine, 
including both transient and subtransient parameters. 


Xd 
This is the direct-axis synchronous reactance in percent (machine base, saturated value). 


Xdu 
This is the direct-axis synchronous reactance in percent (machine base, unsaturated value). 


Xd’ 
This is the direct-axis transient synchronous reactance in percent (machine base, saturated value). 
This is used for both motor starting and Transient Stability Studies. 


XL 
This is the armature leakage reactance in percent (machine base). 


Xq 
This is the quadrature-axis synchronous reactance in percent (machine base, saturated value). 


Xqu 
This is the quadrature-axis synchronous reactance in percent (machine base, unsaturated value). 


Xq’ 


This is the quadrature-axis transient synchronous reactance in percent (machine base, saturated 
value). 
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Xq” 
This is the quadrature-axis subtransient synchronous reactance in percent (machine base, 
saturated value). 


Tdo’ 
This is the direct-axis transient open-circuit time constant in seconds. 


Tdo” 
This is the direct-axis subtransient open-circuit time constant in seconds. 


Tqo’ 
This is the quadrature-axis transient open-circuit time constant in seconds; this parameter is not 
used for the equivalent model. 


Tqo” 
This is the quadrature-axis subtransient open-circuit time constant in seconds; this parameter is 
not used for the equivalent model. 


Sbreak 
This is the per unit of Vt at which the generator saturation curve skews from the air-gap line. 


S100 
This is the saturation factor at 100% terminal voltage. 


$120 
This is the saturation factor at 120% terminal voltage. 


Saturation factors S100 and S120 are calculated from the following equations: 


$100 = If100/I¢ 
$120 = If120/1.2 It 


airgap line 
| 120 % — open-circuit 
| aime Py i saturation 


“ 


Terminal Voltage 


Ie Inoo Inzo 


Field Current 
where: 
I = Field current corresponding to 100% terminal voltage on the air gap line (no saturation) 
Itio0 += = Field current corresponding to 100% terminal voltage on the open circuit saturation 
curve 
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Ifi20 = Field current corresponding to 120% terminal voltage on the open circuit saturation 
curve 
Damping 


This is the shaft mechanical damping term, in percent, and MW change due to 1 Hz deviation in 
speed (% MW/Hz). Typical values range from 2% (short shaft) to 10% (long shaft). 


A Note on the Synchronous Motor Excitation System 

The excitation voltages for synchronous motors are assumed as constants for motors operating 
within the speed range of 50% to 110% of the synchronous speed. During the transient, if a 
motor's speed goes out of this range, the frequency relay should trip off the contactor to 
disconnect the motor from the system and shut down the excitation system simultaneously. 
Correspondingly, the program sets the excitation voltage to zero if this condition occurs. 


A Note on Synchronous Motor Reactance Values 

The saturated reactance values are required to enter in the Synchronous Motor Editor for general 
studies. For transient stability study, the reactance values will be adjusted internally based on the 
motor saturation factors (S100, S120 and Sbreak) and the terminal voltage or air-gap voltage 
during simulation. 
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Synchronous Motor Editor - Synl__ _— es 


1 1250HP 13.2kV 1-340 4AWGAcmil 15kV 


Locked Rotor Grounding 
LRC 4466 % 


HV-LS-HT 
MV1000HP2P 


Seo We sD) BR) (oq) (coxa) 


Locked-Rotor 


% LRC 


This is the locked-rotor current in percent of the rated full load current of the motor, as specified 
in the Nameplate page. 


% PF 
Enter the locked-rotor power factor in percent. 
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These entries specify grounding connection, type, and rating of the motor. 


Connection 
The motor grounding connection can be selected by clicking on the connection buttons until the 
desired connection is displayed. The available connections are Wye and Delta. 


Type 

For Wye-connected motors, choose from the four grounding types provided in the list box: 
Open Neutral is not connected to ground (ungrounded) 

Solid Solidly grounded, no intentional impedance in the neutral grounding path 
Resistor A resistor is used in the neutral grounding path 

Reactor A reactor is used in the neutral grounding path 

Amp Resistor or reactor rating in amperes for resistor or reactor grounded motors. 


Amp Rating = (Line-to-Neutral Voltage)/(Resistor Ohmic Value) 


Where the line-to-neutral voltage is the bus nominal voltage of the motor divided by (3)1/2. 


LR Model (Starting) 


The locked-rotor (LR) model is used only for the purpose of starting (accelerating) synchronous 
motors. This model is not used for Transient Stability Studies. 


= | Motor Characteristic Model Library [-o-| © eta] 
Design Class Model ID 

HV-HS-LT all Li 00HP2P al 
HV-LS-HT LV OHP2P 

/HV-LS-LT LV150HP2P : 
LV-HS-HT a LV200HP2P 5 

| LV-HS-LT z LV20HP2P 

LV-LS-HT LV250HP2P 

LV-LS-LT = LV50HP2P a 


[Edit |Add... | | Delete [Copy .. | | Help | (rose | 


LR Model Library 

Access Motor Model Library data by selecting the CKT model and clicking on the Lib button to 
open the Library Quick-Pick - Motor Model. Motor locked-rotor model data from the library can 
be obtained and transferred to the Motor Editor by selecting the Model Type (Single1, Single2, 
DBL1, or DBL2) and then highlighting a design class and a model ID. The LR Model is only 
used for the dynamic starting of a synchronous motor. 


After you select a new model, if you click on OK to leave the Motor Editor, select another editor 
page, or navigate to another motor, ETAP prompts you with the following message to update 
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(modify) some of the nameplate parameters which do not match the calculated values using the 
selected model. 


f \ 
Nameplate Parameter Update x) 


Nameplate and Model Parameters do not match. 


LAC = 656% 
PFlr = 24.99% 


Update Nameplate Parameters 


OK Cancel 


Characteristic Library 

You can access library data for torque-slip characteristic curve by selecting the characteristic 
model and clicking on the Lib button to open the Library Quick Pick - Characteristic. Motor 
Characteristic Library data (slip, torque, current, and power factor) can be selected by 
highlighting a Design Class and selecting a model ID. When you select Characteristic Library 
data, unlike the Motor Model Library data, the library data is not transferred to the Motor Editor, 
.i.e., only a reference to the selected library design class and model ID is kept with the motor. 
The characteristic data is obtained from the library when you run dynamic Motor Starting 
Studies. 


After you select new Characteristic Library data, if you click on OK to leave the Motor Editor, 
select another editor page, or navigate to another motor, ETAP prompts you with the message 
shown above to update (modify) some of the nameplate parameters which do not match the 
values from the selected library. 


Print 


This prints the torque, current & power factor characteristic curves of the machine for the 
selected model (CKT or characteristic). 
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AC Elements 


11.18.5 Inertia Page 


Synchronous Motor Editor - Syni 
Starting Mode | Cable/Vd | Cable Amp | Protection | Reliability | Remarks | Comment 
Info| Nameplate | Model | LRModel | Inertia | Exciter | Load | Start Dev | Start Cat 

1 1250HP 13.2kV 13/0 4AWG/ccmil 15kV 


Load Coupling 


Mere [) j= fy =| [om 


Motor 


610 


0.39 


] Include Torsion Effect 


5e8 ds) ae 


Motor, Coupling Gear, and Load RPM, WR2, and H 

Enter the rated speed in revolutions per minute (RPM) and WR2 in Ib-ft\2 or H in MW- 
sec/MVA for the Motor, Coupling Gear and Load. ETAP calculates WR/2 or H when one of 
them is known and RPM has been entered based on the following equation: 


H = 2.31 * 101° * WR? * RPM*/MVA (for WR*= Moment of inertia in Ib-ft*) 
or 
H = 5.48 * 10° * WR? * RPM*/MVA (for WR?= Moment of inertia in kg-m?) 
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Total RPM 
The total RPM is equal to the Motor RPM. 


Total WR2 
The total WR2 is calculated based on the Total RPM and Total H using the equation above. 


Total H 
Arithmetic sum of the Motor, Coupling and Load H in MW-sec/MVA. 


Shaft Torsion 


Include Torsion Effect 
Select this option to consider torsion effect between motor, coupling gear and load during 
transient stability calculation. 


D1 
This is the damping constant between motor and coupling gear 


D2 
This is the damping constant between coupling gear and load 


K1 
This is the spring coefficient between mass of motor and coupling gear 


K2 
This is the spring coefficient between mass of coupling gear and load 
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11.18.6 Protection Page 


This page contains options to plot the motor starting curves, Thermal Limit curves, as well as the 
Stator curve on a Star View. 
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Info [Merwe | hotel | ae | ae [este tome Stee | So 
Starting Mode | Cable/Vd | Cable Amp | Protection | Reliability | Remarks | Comment 


1 1250HP 13.2kV 1-3/0 4AWGAccmil 15kV 


Starting Curve - Constant Terminal Voltage Starting Curve - Study 


amen V] Acceleration Study 


Report Name Report Date 


Include Starting Device, OLH & 
Equipment Cable 


Asymmetrical LRC 
FLA 
(operating amps) 
Rotor Thermal Limit 
\s Cold Start 
Hot Start 


Acceleration Time 


Points sym. |\ asym 
I 


568 ia) we 


Starting Curves — Constant Terminal Voltage 


A motor starting curve can be plotted on a Star View for the purpose of determining overload 
settings for motor protection devices. Constant Terminal Voltage can be used to plot the motor 
starting curve based on a constant voltage at the motor terminal. Multiple approximate motor 
starting curves can be created and used in this section in the event that a motor acceleration study 
was not created. In the %Vt fields, a constant 100% Vt is given with the option of two more %Vt 
fields that are entered by the user. The curves can be plotted on the TCC by selecting the 
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checkboxes next to the %Vt fields. Star plots the acceleration times using the Acceleration Time 
fields in the Starting Curve section. 
Starting Curve - Constant Terminal Voltage 


%V Acc]. Time 
[v] 100 7 
(¥) 80 3 
[¥] 120 15 
[| Smooth Comers 
pp Include Starting Device, OLH & 
Equipment Cable 


Amps X 10 Seb26 (Nom. KV=138, Plot Ret. k= 135) 


Seconds 
PIB 


& 7] ” 7) 1 an oO * * & 10% 


Amps X 10 Sab2B (Nom. KV=138, Plt Ret. KV=135) 


Creer Opies Tetretgyy, ire 
Fesure Gosrga 


Thee fe oe petit on every typed gest, tot rereek tee (8) ceeeters) 
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Include Starting Device, OLH, & Equipment Cable 

When this option is not selected, the motor starting curve is generated using the rated locked 
rotor current (from the Model page) and acceleration time with full load connected (from the 
Load Model page). Any overload heater, equipment cable, or starting device connected to this 
motor is ignored. 


Starting Curve - Constant Terminal Voltage 


Starting Device 


“Vt Accl. Ti 

oo sald (Ignored) 

“] 100 7 

“COO 8.75 OLH 
a (Ignored) 

7] 110 6.36 

Fl Smooth « Equipment 


Cable 


| Include Starting Device, OLH & 
‘ Equipment Cable 
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1m 


Seconds 
MIOB 


oi eee ss = Sones 


ceeeteintncl 


Pg: Bosnia Ode 24a 
Laster ive Gélores et Elaron 
Grint: OTe ina Farr Geom 
Engeer Cumdan fectreegy, inc ives 
Feeverm soeryas 

Chee fa ot preted an every odd rogest, Tat pereek ee (08) eeetern) 


When this option is selected, the motor starting curve is generated by recalculating the locked 
rotor current and acceleration time with full load connected (from the Load Model page). Any 
overload heater, equipment cable, or starting device connected to this motor is considered. A 


starting device can be selected from the Start Dev page. 
Starting Curve - Constant Terminal Voltage 
Starting Device 


%Mt Accel. Ti ; 
Sade (Considered) 
100 7 
al 80 | 8.75 OLH 
(Considered) 
oO 110 6.36 
[-] Smooth Comers Equipment 


Cable 


w Include Starting Device, OLH 
& Equipment Cable 
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Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


= sn " 


4 a az bt ™ 


Seconds 
Spuosas 


8 au a bi “ow =a Uo ™ x x 1a 


Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


Project = Example Dok: 12142007 
Su: ETAP-OTI 


Localon: Mire, Calloma 
Conraci: OTF12345678 Rev: Base 
Ergineer: Operalion Technology, inc. Feadl: Phase 
Filename: Example 

Ths In Is printed on every culpul repor!, is! remark line. (120 characters) 


Smooth Corners 
Select this option to apply curve smoothing for the locked rotor to FLA transition period of the 


motor starting curve. 
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indow 


De 646 xX BB O89 SRM o> EF =O 4F& | STARModeSC Adjustments ¥ 


Help 


q 
Fy] Base Cay || Study View Normal 


Ml Study View (Star Sequence-of-Operation) 


@ ia EL ® B EFA Holecer 


— H 
Synchronous Motor Editor - Syn1 tad \Z 


|_Info__| Nameplate | Model | LR Model | Inertia | Exciter | Load |) StartDev | Start Cat 
Protection | StattingMode | Cable/Vd CableAmp | Reliability | Remarks | Comment 


1 1250HP 13.2kV 1-3/0 4AWG/kemil 15kV 
Starting Curve - Constant Terminal Voltage Starting Curve - Study 
2Mt Accl. Time 


Acceleration Study 


7 


8.75 


a 3100% 
Reference kV H 
Smooth Comers © Calculated Base kV r Resistor 


Include Starting Device, OLH 


& Equipment Cable O User-Defined i 
Asymmetrical LRC H 


Asym. Factor |1 ial 


ferpay 


FLA 
(operating amps) 
Rotor Thermal Limit 


Thermal Limit Curve 


\ 
Stall Time ‘ycugsen 
M)Hot Start Acceleration Time 


 mgege: 


C1 Cold Start 


Stator Curve ym. \ asym at 
Bea BE Go| ea 


<== 


Plot motor starting curve From existing motor starting output report 


Starting Curve — Study 


When a motor acceleration study has been performed for a motor (static start or dynamic 


acceleration), the current plot can be imported into the Star View to use as a more accurate 
starting curve. 


Starting Curve - Study 


Acceleration Sy 
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Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


" nx x ~ 


5 ’ a a a a bi ™ = sn 


Seconds 
Spuosas 


4 ’ 4 8 au a a “ow =a 6 ™ x 8 1a 


Dak: 12-14-2007 


Project Example 

Localon Mire ,Callima Su: ETAP-OTI 
Conract: OTF12345678 Rev: Base 
Ergireer: Operalon Technology, nx. Feadl: Phese 
Filename : Example 

This In Is printed on every culpulrepor!, 1s! remark line. (120 characters) 


Select 
Click the Select Study to view list of available output reports to import data from. In the event a 


motor has not been accelerated in a selected report then ETAP displays an alert message as 


shown below. 
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Update Motor Acceleration Curve [pres 


C:\ETAP 11\Example-ANSISExample-ANSI 


Select Curve 
Output Reports | MS-Dyn ty) 


Motor Starting Curve Not Found! 


Ok | | Cancel | None | 


If a motor has been accelerated in a selected report, ETAP displays detailed information about 
the output report as shown below. 


Update Motor Acceleration Curve |prvreSowm| 


C:\ETAP 11\Example-ANSISExample-ANSI 
Select Curve 
Output Reports | MS-Dyn | 


Motor Acceleration: Dynamic 
Motor Model: Single 2 
Rating: 1 1250 HP, 13.2 k¥ 


Date: 08-09-2011 
Study Case ID: MS-Dyn 


Data Revision: Base 
Configuration: Normal 


Cox | Cancel | None | 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 
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Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


Asymmetrical LRC 


Asymmetrical LRC multiplier adjusts the locked rotor current with respect to the adjustment 
value in the editable drop-down list.. Asymmetrical current decay to symmetrical current is fixed 
at 0.1 seconds. 


LRC Asymmetrical = Asymmetrical Factor * LRC adjustment 
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Amps Sub2B (Nom. kV=13.8, Plot Ref. kV=13.8) 


5 ’ a 4 1 x x 8) 2 Sn mK 8 x ux 


“)Mir2-Hot* = 


Seconds 
spuosas 


+ 
rH 


eae bah aes 8 2 


Project Dak: 12-14-2007 
Localon Mre,Callioma Su: ETAP-OTI 
Conraci: OTF2345678 Rev: Base 
Ergineer: Operation Technology, nx. Fendi: Presse 
Filename : Example 

THs Into is printed on every culpul repor!, 1s! remark line. (120 characters) 


Thermal Limit Curve 

Motor thermal limit curve is drawn based on the hot stall, cold stall time, and stator hot and cold 
or acceleration of the motor. Locked rotor current used to calculate the thermal limit is always 
considered on base kV equal to motor rated kV for both the Constant Terminal Voltage and 
Motor Acceleration Study options. 


Stall Time (Hot Start) 

Stall Time is the maximum time a motor can be subjected to locked rotor current or jam 
condition. Once that time has elapsed, a motor will exceed its thermal limit and may be 
damaged. This time is provided by the manufacturer of the motor based on tests on a motor that 
had been previously started and stopped while not at ambient temperature. This Curve can be 
shown on the TCC by selecting the checkbox next to Hot Start. 
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Stall Time (Cold Start) 

Stall Time is the maximum time a motor can be subjected to locked rotor current or jam 
condition. When that time has elapsed, a motor will exceed its thermal limit and may get 
damaged. This time is given by the manufacturer of the motor based on tests for a motor that has 
not been started for a duration of time and is at ambient temperature. This Curve can be shown 
on the TCC by selecting the checkbox next to Cold Start. 


Thermal Limit Curve 
Stall Time 


[M] Hot Start [ 3 | 
[¥] Cold Start 
[¥] Stator Curve 


Thermal Curve 


Thermal curve defines the thermal limit curve for the stator. This time is provided by the motor 
manufacturer. This Curve can be shown on the TCC by selecting the checkbox next to Stator 
Curve. 


Thermal Curve Points 

The Thermal curve can be specified in Amperes or as Multiplies of the motor FLA representing 
the stator hot and cold thermal limit curves for motor. The entered points can also be used to 
represent the accelleration thermal limit curve. 


| Insert | | Add | | Delete | [ox | 


Insert 
Insert new points above the row selected. 
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Add 
Insert new points to the bottom of the list. 


Delete 
Click on a number and delete the selected row. 
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11.18.7 Exciter Page 


This Section describes the excitation systems and automatic voltage regulators (AVR) for 
synchronous motors. 


Synchronous Motor Editor - Syn1 |p Soom 


ee 


1 1250HP 13.2kV 1-340 4AWGAccmil 15kV 


@ Builtin 


Be Wea ID) BR) x) [ce] 


The excitation and AVR systems for synchronous motors can be sophisticated. Complete 
modeling of these systems is usually necessary for Transient Stability Studies. The equivalent 
transfer functions used for the excitation and AVR systems and their variable/parameter names 
are either provided by exciter manufactures or in accordance with the IEEE recommended types 
as found from the following references: 
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» JEEE Working Group Report, "Computer Representation of Excitation Systems", IEEE 
Transaction on Power Apparatus and Systems, Vol. PAS-87, No. 6, June 1968, pp.1460/1464 


«» JEEE Committee Report, "Excitation System Models for Power System Stability Studies", 
IEEE Transactions on Power Apparatus and Systems, Vol. PAS-100, No. 2, February 1981, 


pp.494/509 


* JEEE Std 421.5-1992, "IEEE Recommended Practice for Excitation System Models for 
Power System Stability Studies", IEEE Power Engineering Society, 1992 


In general, exciter manufacturers should be contacted to determine the applicability of the IEEE- 
type representations to their excitation systems. 


Excitation/AVR Type 


You can specify the excitation/AVR type by selecting one of the following models from the list 
box. Refer to Machine and Load Dynamic Models for details. 


Type Description 

1 Continuously Acting Regulator With Rotating Exciter System 

2 Rotating Rectifier Exciter With Static Regulator System 

3 Static System With Terminal Potential and Current Supplies 

1S Controlled Rectifier System with Terminal Voltage 

DC1 DC Commutator Exciter with Continuous Voltage Regulation 

DC2 DC Commutator Exciter with Continuous Voltage Regulation and 
Supplies from Terminal Voltage 

DC3 DC Commutator Exciter with Non-Continuous Voltage Regulation 

ST1 Potential-Source Controlled-Rectifier Exciter 

ST2 Static System with Terminal Potential and Current Supplies 

ST3 Compound Source-Controlled Rectifier Exciter 

AC1 Alternator-Rectifier Exciter System with Non-Controlled Rectifiers 
and Field Current Feedback 

AC2 High-Initial-Response Alternator-Rectifier Exciter System with 
Non Controlled Rectifiers and Field Current Feedback 

AC3 Field-Controlled Alternator-Rectifier Exciter 

AC4 High-Initial-Response Alternator-Supplied Controlled Rectifier 
Exciter 

AC5A _ Simplified Rotating Rectifier Exciter 


ETAP 
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Type Description 
SR8F Basler SR8F and SR125A Exciter 
HPC HPC 840 AVR/Exciter Model 


Jeumont Jeumont Industrie Excitation / AVR System 
ST1D IEEE Type ST1D 
AC8B IEEE Type AC8B 
AC1A — IEEE Type AC1A 


Fixed Constant Excitation (i.e., no regulator action). This can be used for 
generators with constant excitation or when the machine voltage 
regulator is operating under PF or Mvar control. 


UDM User Defined Dynamic Models 


Some exciter types require that you select a control bus from the dropdown list that appears 
when they are specified. 


Sample Data 
The Sample Data button can be used for each type of exciter to provide a set of sample data for 
the selected exciter and AVR type. 


Excitation System Symbols 

The following are some common symbols used to define the parameters of the various excitation 
systems. For other exciter parameters not listed, refer to the Help Line for such parameters in the 
particular exciter parameter. In most cases, constants and gains are in per-unit and time constants 
are in seconds. The base voltage for the excitation system is defined so that one per unit exciter 
voltage will produce rated generator voltage on the generator air-gap line. 


Term Description 

Efdmax = Maximum exciter output voltage (applied to generator field) 
FEX = Rectifier loading factor 

Ifd = Generator field current 

IN = Normalized exciter load current 

KA = Regulator gain 

KB = Second stage regulator gain 

KC = Rectifier loading factor related to commutating reactance 

KD = Demagnetizing factor, function of exciter alternator reactances 
KE = Exciter constant related to self-excited field 
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Term Description 

KF, KN = Regulator stabilizing circuit gains 

KG = Inner loop feedback constant 

KH = Exciter field current feedback gain 

KI = Current circuit gain coefficient 

KL = Gain of exciter field current limit 

KLV = Gain of exciter low voltage limit signal 
KP = Potential circuit gain coefficient 

KR = Constant associated with regulator and alternator field power supply 
KV = Fast raise/lower contact setting 

SE = Exciter saturation function 

TA, TB, TC = Regulator amplifier time constants 

TE = Exciter time constant 

TF = Regulator stabilizing circuit time constant 
TF1, TF2 = Regulator stabilizing circuit time constants (rotating rectifier system) 
TR = Regulator input filter time constant 

TRH = Travel time of rheostat drive motor 

VA = Regulator internal voltage 

VERR = Voltage error signal 

VG = Inner loop voltage feedback 

VI = Internal signal within voltage regulator 
VLR = Exciter field current limit reference 

VLV = Exciter low voltage limit reference 

VN = Rate feedback input variable 

VR = Regulator output voltage 

VR max = Maximum value of VR 

VR min = Minimum value of VR 

Vref = Regulator reference voltage setting 

VRH = Field rheostat setting 

Vt = Generator terminal voltage 
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Term Description 
Vthev = Voltage obtained by vector sum of potential and current signals, 
Type 3 system 
XL = Reactance associated with potential source 
HV Gate = High value gate: If A>B, C= A; if A< B,C =B, where A & Bare 
inputs and C is output 
LV Gate = Low value gate: If A< B,C =A; if A>B, C= B, where A & Bare 


inputs and C is output 


UDM Model 


ETAP allows you to model your own Exciter through UDM (User Defined Models). Once you 
select the UDM model option, you can select a model from a list of pre-defined UDM exciter 
models in the Model Type list. 


UDM Editor 
Clicking on the UDM Editor button brings up the UDM Graphic Logical Editor. From the 
editor, you can create, modify and compile a UDM model. 


See the chapter on User Defined Dynamic Models for more information. 
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11.18.8 Load Model Page 


This is the mechanical load connected to the motor shaft. The mechanical load is modeled as a 
third order polynomial of the motor speed or by points of %slip and %torque versus motor speed. 


Synchronous Motor Editor - Syl 


1 1250HP 13.2kV 1-340 4AWGAccmil 15kV 


Load Torque 


Model ID | Centr. Comp sé Torque = AO + Al w+ A2w*+A3 w? 


Acceleration Time (Static Starting) 
NoLoad 2 Full Load 


SES Wer DR) (CG) (cores) 


SS 


The third order equation is defined as follows: 


T = Ao + Ai@ + A2@* + Asm? 
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Load Torque 


None / Polynomial / Curve 
Selecting none indicates to ETAP that the load is not being modeled. Transient Stability and 
Motor Acceleration will not run without this model. 


Selecting Polynomial or Curve will bring up the library quick pick from which you will be able 
to select a model that was defined in the library. 


Motor Load Library 

Access Motor Load Library data by clicking on the Library button and opening the library quick 
pick. Motor Load Library data can be obtained by highlighting and double-clicking on the 
selection. 


Acceleration Time (Static Starting) 


Enter No Load (0% Loading) and Full Load (100% Loading) motor acceleration time in seconds. 


ETAP uses these values along with the motor percent loading to calculate the acceleration time 
for static motor starting (that is, the motor will carry the full LRC for the entire acceleration 
time). If the motor percent loading (Defined by the start category selected in the Study Case) is 
between 0 and 100%, ETAP interpolates to find the acceleration time. If the motor percent 
loading is outside this range, ETAP extrapolates to find the acceleration time. 


These parameters are ignored for dynamic motor starting and the motor model, load model, and 
inertia are used to dynamically accelerate the motor. 


The Full Load Motor Acceleration Time is also used by Star when Constant Terminal Voltage is 
selected under the Motor Starting Curve in the Protection Page. Star uses this time in 
conjunction with the rated locked rotor current to calculate and display the Starting Curve for 
this motor. 
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11.18.9 Start Dev Page 


From the Starting Dev page, you can select one of six types of motor starting devices and specify 
the control scheme for the selected starting devices. ETAP preserves starting device data for all 
the types you have specified, so that you can experiment with and compare results for different 
types of starting devices and select the best one to accomplish your task. 


Synchronous Motor Editor - Syn = |S 


Starting Mode | Cable/Vd Cable Amp Protection | Reliability | Remarks | Comment 
Info Nameplate | Model | LR Model | Inertia | Exciter | Load | StartDev | StatCat | 


1 1250HP 13.2kV 1-3/0 4AWGAccmil 15kV 


Type 
Type | Autosdmr ¥ 


Control Scheme 
O%Ws Tap (%) 


Delete 


Saas gis) Ae 


Type 

Type 

Select the starting device type from the list box. ETAP provides the following starting device 
types: 
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Type Description 

None No starting device 

Auto-xfmr Auto-transformer 

Stator Resistor Series resistor to the stator 

Stator Reactor Series reactor to the stator 

Capacitor, Bus Shunt capacitor connected to a motor bus 
Capacitor, Shunt capacitor connected to the motor 
Terminal terminal 

Partial Winding Partial winding 


Control Scheme 


You can specify a control scheme for the selected starting device type in this group. The control 
scheme is a function of motor speed or time for most of the types, except the Partial Winding 
type. When you specify a control scheme with multiple stages, ETAP will list the stages by 
motor speed or time, with the active stages first, and then followed by inactive stages. 


You can add or remove a stage by clicking the Add, Insert, or Delete button. When you click on 
the Add button, a new stage is added before the last one. When you click on the Insert button, a 
new Stage is inserted before the selected stage. When you click on the Delete button, the selected 
stage will be removed. Note that you cannot remove the first and the last stages. 


Active 
Check this to activate the setting for the device. When you uncheck this box for a stage, ETAP 
will not consider that stage in studies, but the data is still saved. 


% WSs or Seconds 
Select %Ws or Seconds as the variable on which to base the control scheme for your starter. 
When Speed is selected, it is in percent of motor synchronous speed. 


Setting 
Enter the setting for a control stage of the starter. The setting type varies by the type of starter 
you selected. The table below indicates the setting type and the units: 


Starter Setting 

None 

Auto Xfmr Tap in percent 

Stator Resistor Tap in percent 

Stator Reactor Tap in percent 

Capacitor, Bus Capacitor at bus in kvar 
Capacitor, Capacitor at motor terminal in 
Terminal kvar 


Partial Winding N/A 
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Control Type 
Select either Ramp or Fixed. If you select Fixed, the control variable will be fixed until the next 
setting becomes active. This type is used when defining a control such as step starter. 


If you select Ramp, the control variable will vary linearly from the setting in this stage to the 
setting in the next stage. This type is used when defining a continuously controlled starter. 


Note: The Control Type for the last stage is set as Remove and the Control Type for the stage 
before the last one can only be Fixed. 


Switching Off of Starting Devices 

When a motor that employs a starting device reaches a certain speed, the starting device is 
removed. In ETAP, the time to remove the starting device is specified in the last stage of the 
control scheme. Depending on the option you selected, the starting device is removed at a 
specified speed or time. 


In the static motor starting calculation, if the switch-off time specified for a starting device is 
larger than the acceleration time specified for the motor, the switch-off time will be set equal to 
the acceleration time. This means that for static motor starting, a starting device is switched off 
either at the switch-off time or the acceleration time, whichever is smaller. 


However, for the dynamic motor acceleration calculation, since the acceleration time is unknown 
before the calculation, a starting device is switched off at the time specified by the user, 
regardless of whether it is larger or smaller than the acceleration time. 


Waveform 


Displays the control scheme of the starter device. You can click the Print button to print the 
control scheme plot. 
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11.18.10 Start Cat Page 


Select synchronous motor starting categories by clicking on the boxes provided. Selecting 
synchronous Motor Starting Categories tells ETAP which synchronous motor(s) to include in 
that starting category. The starting categories can be selected from the Synchronous Motor 
Starting Study Case Editor. The Starting Categories can be edited from the Project Menu, under 
Settings and Starting Categories. 


Synchronous Motor Editor - Syni |p Svom| 


| Starting Mode | Cable/Vd i i Comment _| 
info | Nameplate | Model Start Dev | Start Cat 


1 1250HP 13.2kV 1-3/0 4AWG/ccmil 15kV 
Starting Load & Time 
Time of Load Change 

Begin End 
iv) Design 03 1 


Starting Category 


Be Wea ID) BP) x) [coe] 


Starting and Final % Loading 


When a motor is started, in some cases such as a compressor, the motor is started with a reduced 
load until it reaches the final speed and then the load is increased to the required operating level. 
Starting and Final percent loading fields provide modeling of this adjustment in the motor load. 
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When entering a loading percent in the Start or Final loading fields, the value is related to the 
option of Starting Load of Accelerating Motors in the Motor Starting or Transient Stability Study 
Case as well as the load model curve selected for the motor. 


Starting Load of Accelerating Motors 


Based on Motor Electrical Rating 


@) Based on Motor Mechanical Load 


Starting Load Option in Motor Starting Study Case 


Considering the two load model curves given below, both curves have exactly the same shape, 
but the load percent values at synchronous speed are different in the two models. In Model 1 it is 
less than 100% while in Model 2 it is equal to 100%. In the Motor Starting and Transient 
Stability Studies, depending on the option selected for the Starting Load of Acceleration Motors, 
the load model curve is applied differently. 


If the Based on Motor Electrical Load option is selected, the load curve will first be adjusted by 
multiplying a constant factor so that at the synchronous speed the torque is equal to 100% and 
then used in the calculation. This is assuming that the load torque curve only represents the 
shape of the load as a function of speed. When this option is selected, load Model 1 and Model 2 
given below will lead to the same results, since both models have the same shape. If the Based 
on Motor Mechanical Load option is selected, the load curve will be used in the calculation as it 
is entered without any adjustments. Note that if a load model has a torque value equal to 100% 
at the synchronous speed, the two options will make no difference, since load torque adjustment 
for the option of Based on Motor Electrical Rating has no effect on the load curve. 


Motor Load Model Curves 


% Torque =40+A41 w+A2 we +A3 Ww % Torque =40+A1 w+A2 we +A3 we 
80 100 


Model 1: Load @ Rated Speed < 100% Model 2: Load @ Rated Speed = 100% 


Due to the difference in the two options for Starting Load of Accelerating Motors in the Study 
Case, the values in the Start and Final % Loading columns in the Start Cat page may have 
different bases. If in the Study Case the option of Based on Motor Electrical Load is selected, 
the %loading is based on the rated output torque of the motor. If the option of Based on Motor 
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Mechanical Load is selected, the %loading is based on the rated output load torque described by 
the load curve. Please note that if a load model has a torque value equal to 100% at the 
synchronous speed, the two bases become the same. 


For example, let’s consider a motor of rated output torque T; and having a load curve described 
by Model 1 given above, which has a value of 80% at motor operating speed. When you enter 
90% as the Start %Loading for the motor, 


Case 1: Load Model Based on Motor Electrical Load Selected in Study Case: 
Base for Start %Load = T; 
Start Load = 0.9 T; 


Case 2: Load Model Based on Motor Mechanical Load Selected in Study Case: 
Base for Start %Load = Motor Load Torque @ Operating Speed * T: 
= 0.8* T; 
Start Load = 0.9 *0.8 * Tr = 0.72*T; 


Note that for the same motor, if load Curve Model 2 is selected instead, Case 1 and Case 2 will 
be the same. Notice that in Model 2 the load torque value is equal to 100% at motor operating 
speed. 


Case 1: Load Model Based on Motor Electrical Load Selected in Study Case: 
Base for Start %Load = T; 
Start Load = 0.9 T; 


Case 2: Load Model Based on Motor Mechanical Load Selected in Study Case: 
Base for Start %Load = Motor Load Torque @ Operating Speed * T: 
= 1.0* T;= Tr 
Start Load = 0.9 *1.0 * T; = 0.9*Tr 


In Transient Stability Studies, only the Start % loading is used. The first Starting Category is 
used if the start event is by a switching action in Transient Stability Studies. 


Load Change Time 


The beginning and ending of the load change time for each motor starting category can be 
specified here. The Load Change Time is not used for Transient Stability Studies. 
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Loading Loading 


If 
Is 
le bi t i time | time 
tg:— te 
Motor Acceleration Motor Starting 
(dynamic model) (static model) 

I}, = Locked Rotor Current (%) t,¢-= Acceleration Time (dynamically calculated) 
I, = Starting Load (%) t,, = Starting Time (fixed) 

I¢ = Final Load (%) t, = Beginning of Load Change after acceleration 


te = End time for motor Load Change 


11.18.11 Starting Mode Page 


The parameters entered in this page are used only in the Transient Stability Analysis. In Motor 
Starting Analysis, the starting process of a synchronous motor is simulated in the same way as an 
induction motor. That is, the field winding of a synchronous motor is shorted directly and the 
application of field excitation is not simulated. 


ETAP 
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Synchronous Motor Editor - Syni |p| 


|_Info e | Model | LRModel | Inertia | Exciter | Load | Start Dev | Start Cat 
Starting Mode | Cable/Vd | Cable Amp | Protection | Reliability | Remarks | Comment 


1 1250HP 13.2kV 1-3/0 4AWG/Accmil 15kV 
Discharge Resistance 


1) ML) (ox) [cent 


Discharge Resistance 

Enter the field winding discharge resistor value in ohms in this field. This discharge resistor is 
first applied to short the field windings during acceleration of the synchronous motor in 
Transient Stability Analysis. 


Apply Excitation 

Once the motor has reached a sufficient speed, the discharge resistance is automatically removed 
and field excitation is applied to synchronize the motor speed with the system speed. The exact 
value of discharge resistance and the time/speed of field excitation application should be entered 
according to the manufacture data. Users can also enter them by trial and error to ensure that the 
motor can be started if there is no manufacture data available. 


Excitation can be applied automatically by ETAP based on the following criteria: 
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Fixed Time 
Enter the time in seconds after which, the field excitation will be applied to this motor. 


Note: This time duration is counted from the time the motor acceleration action is given in the 
Transient Stability Study Case. 


Motor Speed 

Enter motor speed in seconds after which, the field excitation will be applied to this motor. 
ETAP continuously monitors the speed of the machine and once the speed reaches the specified 
value, the excitation is switched on. Exciters can be selected from the Exciter page of the 
synchronous motor. Custom exciter models may be used with the help of UDM Module. 
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11.18.12 Cable/Vd Page 


This page is used to display voltage drops and to add, delete, or edit the equipment cable and 
overload heater associated with this motor. 


Synchronous Motor Editor - Syn A. |prere-Swom| 


1 1250HP 13.2kV 1-3/0 4AWGAccmil 15kV 
Equipment Cable Overload Heater, 49 
ID 


OL Editor 


101.12 

101.12 

101.12 

101.12 

: 101.12 
101... 106... 

101.4 106... 


arn Dork WH 


BES Se SD) WB OK [cx] 


Equipment Cable 

This group provides capabilities for adding, deleting, or editing the equipment cable for this 
motor. Partial cable information such as the cable ID, Type, #/Phase, Size, Length, and unit are 
provided here for editing and displaying. 


ID 


This field allows you to add a cable to a motor, select and retrieve a cable from the Cable 
Library. 
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Cable Editor 
This button brings up the equipment Cable Editor. 


Cable Library 
This field allows you to add an equipment cable to a motor, select and retrieve a cable from the 
Cable Library. 


Size Cable 
For automatic sizing of the equipment cable, click on this button to bring up the Sizing page of 
the equipment Cable Editor. 


Delete Cable 
Click on this button to delete the equipment cable associated with this load. 


Overload Heater 


Overload Heater, 49 


Heater In-line Heater Type 
es OL Editor... Open Over Load Device Editor 
General Electric 
ee Heater Model 
FI18C ~ 
R “Tol Heater or OL ID | 
0.0007 | oO —<—— 
Resistance & Tolerance 


When an Overload Heater is directly connected to the motor, ETAP displays the properties as 
shown in the example figure above. 


You can access the editor of the overload device by clicking the OL Editor button. 


Heater resistance and % Tolerance are displayed in the group and will be used for voltage drop 
calculations if selected heater is In-line Type. If selected heater is CT Type then the resistance 
and tolerance are ignored and below message is displayed as heater element is not within 
electrical path of current flow. 
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Overload Heater, 49 
| Heater | 


OL Editor... 


Cutler Hammer 


H1000 


CT Type OLH 
Resistance ignored 


Voltage Drop 


The total voltage drop (Vd) across the equipment cable and overload heater along with motor 
terminal voltage (Vt) and starting voltage (Vst) are calculated and displayed here for all loading 
categories. Vd, Vt, and Vst are displayed in percent values with a base kV equal to the bus 
nominal kV. 


Vst 
Vst represents the motor terminal voltage during starting conditions with the bus voltage fixed, 
i.e., it includes voltage drop across the equipment cable only. 


Vbus 
The operating voltage of the connected bus (the bus this load is connected to, if any) is displayed 
here for reference. 


Vd Calculation 
Use App MF 
By selecting this option, the cable ampacity Application Multiplying Factor (App MF) is used 


for voltage drop calculations. 


Use SF 
By selecting this option, the motor Service Factor (SF) is used for voltage drop calculations. 
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11.18.13 Cable Amp Page 


Refer to the Ampacity/Capacity Page section of Chapter 45 — Cable Ampacity and Sizing for 
detailed information. 


=— 
Synchronous Motor Editor-Synb = 


1 1250HP 13.2kV 
Installation 


© Str 


@ Type A/G Trays 


Tray 
Top Cover 


[| Bottom Cover [| Cumulative Effect 


Additional Derating 


(¥| User Defined 


The cable diameter is larger than the calculated depth. 


Se We) BBR) (04) (cx) 
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11.18.14 Reliability Page 


? Synchronous Motor Editor - Syn2 


Info Nameplate 
Starting Mode Cable/Vd Cable Amp 


1 OHP OkV Cable Info not available 


Reliability Parameters 


NA 


[_] Replacement Available 


0.0318 


18.7 


Reliability Parameters 


Na 


Model LRMode!l Inertia Exciter 


x 


Load Start Dev Start Cat 


Reliability Remarks | Comment 


Library 


Source 


IEEE Std493-1990 


Type 


Class 


0.601-15kV 


This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 


ETAP 


11-604 
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branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to 
this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


Hy 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 


Interruption Cost 
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Load Sector 


Select the load sector name (or customer type) for the load. In the reliability calculation, the user 
sector information is used to get interruption cost from the Interruption / Outage Cost section of 
Sector Library to calculate Expected Interruption Cost. 
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11.18.15 Remarks Page 


Remarks 


1 1250HP 13.2kV 


12345 (numeric) 


01/01/11 


08/9/11 


Full 


User Defined 


User Defined 


1-340 4AWGAccmil 15kV 


Drawing / Diagram 


Tice Sis Drawing ABC-123 


Reference Sub OLV ABC-456 


Manufacturer 


ee Equipment Manufacturer 


Purchasing 
Date 01/02/11 


BES We ID) BP) x) [ca] 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The 
names of the User-Defined (UD) fields can be changed from the Settings option in the Project 


menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


ETAP 


11-607 
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UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric 
characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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11.18.16 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


| 4.16 kV 600 Amps Asymmetrical 0kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Be0 0 70 BR) Galo) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.19 Lumped Load 


The properties associated with lumped loads can be entered in the Lumped Load Editor. This 
editor includes the following pages of properties: 


Info 
Nameplate 
Short-Circuit 
Dyn Model 
Reliability 
Remarks 
Comment 


11.19.1 Info Page 
Lumped Load Editor - LUMP1_ — ™ |p 


220kKVA O0.46kV (70% Motor 30% Static ) 


Info 


ID Miya 


Bus | LVBus 


sau (Gino >] 


Connection 
@ 3 Phase 
(©) 1 Phase 
Reference kV 
Intermittent Spare @ Calculated kV 
50 0 % © User-Defined 0.48 


Bee Gwe) BE) Ca) (core) 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each lumped load. The assigned IDs consist of the 
default lumped load ID plus an integer, starting with the number one and increasing as the 
number of lumped loads increase. The default lumped load ID (Lump) can be changed from the 
Defaults menu in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the lumped load. If the terminal is not connected to any 
bus, a blank entry will be shown for the bus ID. To connect or reconnect a lumped load to a bus, 
select a bus from the list box. The one-line diagram will be updated to show the new connection 
after you click on OK. Note that you can only connect to buses that reside in the same view 
where the lumped load resides, i.e., you cannot connect to a bus that resides in the Dumpster or 
in another composite network. 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


Select the operating status of the lumped load for the selected configuration status from the list 
box. 


e Continuous Continuously operating load 


e Intermittent Intermittently operating load 
e Spare Spare load 
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Depending on the demand factor specified for each operating status, the actual loading of the 
lumped load is determined for Load Flow and Motor Starting Studies. 


Note that status is not a part of the lumped load engineering properties. For this reason, the name 
of the configuration status is shown above the status of the lumped load to indicate that this is the 
lumped load status under the specific configuration, i.e., you can have different operating status 
under different configurations. In the following example, status of a lumped load is shown to be 
Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal Normal 
Status |Continuous + | Status | Spare 7| 
Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Load Type 
Select to signify the load type. Select to choose if the lumped load is a HVAC load or other. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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Connection 


Phase 
This is the phase connection of this lumped load. Select the phase connection type from the list 
box. Options for phase connection include: 


e 3Phase  3-phase machine 
e 1Phase Single-phase machine connected between phase A, B, or C. 
Single-phase machine connected line-to-line between phases AB, BC or CA 


Demand Factor 


You can modify the demand factors for the continuous, intermittent, and spare status in the 
provided entry fields. Demand factor is the amount of time the load is actually operating. 
Demand factor affects the following calculations: 


e Operating kW = Rated kW * % Loading * Demand Factor 
e Operating kvar = Rated kvar * % Loading * Demand Factor 


Demand factors for continuous, intermittent, and spare status have a range from 0% to 100%. 
Since demand factors are a part of engineering properties, ETAP uses the same factors for all 
configurations. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 
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11.19.2 Nameplate Page 


The Nameplate page of the Lumped Load Editor allows for the specification of rating and 
loading. Since the lumped load is designed to model a combination of different loads into one, 
several model types are available to accomplish this task. 


Model Type 


The following models are available through the drop-down list: 


Conventional Exponential Comprehensive 
Unbalanced _— Polynomial 


Rated kV 
Enter the rated voltage of the lumped load in kV. 


Based on the Model Type, the rest of the page is adjusted to accommodate the parameters 
required for each model. 
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Conventional Load Model 


| 220kVA 0.46kV (70% Motor 30% Static ) 


bias Rated kV 


Ratings 
Click on the MVA/kVA button to choose from MVA and kVA units for entering and displaying 
MVA/KVA, MW/kW, and Mvar/kvar data. 


ETAP uses the following equations to calculate kVA, kW, kvar, PF, Amps, and kV when one of 
the variables is changed: 
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KFA = fie? + kevar? 


PR= ill fA Negative PF means leading PF 
Amps = kVAS(kP *J3) Thee-Phase 
Amps = kVAk¥ Seen 


kV 
Enter the rated voltage of the lumped load in kV. 


Amps 
Enter the lumped load rated current in amperes. 


%PF 

This is the power factor of the lumped load in percent with a range from -100% to +100%. The 
sign of the power factor determines whether it is a lagging or leading power factor, e.g., +80% 
indicates lagging and -80% indicates leading. 


Motor/Static load 
Select the percent motor and static loading of the lumped load by shifting the slider position. 


When the lumped load is connected below a VFD, the reactance of the static loading will be 
adjusted linearly based on the VFD operating frequency while the resistance of the static loading 
will keep constant in calculations. The adjustment of the static loading will change the power 
factor of the total loading. The calculated total loading will be displayed in the VFD editor 
loading page. 


Loading 

This group is used to assign a percent loading to each one of the ten loading categories for this 
lumped load, i.e., each lumped load can be set to have a different operating loading level for each 
loading category. To edit the values of the percent loading, click on any one of the edit fields 
under the % Loading column. 


Note: You can select any of these loading categories when conducting Load Flow and Motor 
Starting Studies. 


To edit the loading category names, select Loading Category from the Project Menu. 


Operating Load 


Operating Load can be updated from the Load Flow Study Case Editor. The operating load 
option is available if your ETAP key has the online (ETAP Real-Time System) feature. When 
the operating load box is checked in the Load Flow Study Case Editor, the calculation results are 
updated to sources, loads, and buses, so that they can be utilized as input for later studies. If 
your ETAP key does not have the online feature, you can see the operating P and Q data in the 
Element Editor; however, this data cannot be used in a later study. 
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Unbalanced Load Model 


The Unbalanced Load Model is used to model unbalanced loading for three different types: 
Motor Load, Static Load, and Constant Current Load. 


Lumped Load Editor - LUMP1 ~~ o al 


[ 346KVA 0.46kV (70% Motor 20% Static 10% Current ) 


Model Type 
Rated kV 


0.46 


Load Type 


Constant kVA 


Constant Z 


Constant | 


Opersing[ 0 [0 [0 [0 [OO RW ver 


aes (28) (2) (0 cone | 


Ratings 


Click on the MVA/KVA button to choose from MVA and kVA units for entering and displaying 
MVA/KVA, MW/kW, and Mvar/kvar data. 


kVA, kW, kvar, %PF, and Amp. 


a For Delta Connected load, you can specify the Line-to-Line (AB, BC, and CA) Ratings 
of the total connected load. 
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Q For Wye- Solid Connected Load, you can specify the Phase A, B, C Ratings of the total 
connected load 


ETAP uses the following equations to calculate kVA, kW, kvar, PF, Amps, and kV when one 
of the variables is changed: 


kVA = ye? + kvar? 


PR=kW {kVA Negative PF means leading PF 
Amps = kVA*.f3 1 (k¥) 


Motor/Static Load 


% Motor Load, % Static Load, and % Current Load 
Specify the Motor Load and Static Load of the Lumped Load. ETAP automatically calculates 
the % current load by subtracting the %motor plus static load from 100%. 


Loading 


When Unbalanced Load is selected, the Motor Load, Static Load, and Constant Current Load 
kW and kvar are calculated based on the %Loading entered for the category. 


Select Loading Category from the Project menu to edit the loading category names. 


Operating Load 
After Running Load Flow or Unbalanced Load Flow, ETAP updates this field with the total per 
phase resultant load. 
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Exponential Load Model 


The Exponential model of the Lumped Load uses the following equations to determine the real 
and reactive power components of the load: 
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where P and Q are active and reactive components when the bus voltage magnitude is V and 
where Af is the frequency deviation (f — fo)/fo. 


Ratings 


PO 
This is the initial operating real power in MW / kW. 


QO 


This is the initial operating reactive power in Mvar / kvar. 


a, b 
These exponents define the characteristic of the load as follows: 


0 = Constant Power 
1 = Constant Current 
2 = Constant Impedance 


Kpf, 
This is the real power equation constant. This constant typically ranges between 0 and 3.0 


Kaqf 
This is the reactive power equation constant. This constant typically ranges between —2.0 to 0 


Loading 
When Exponential Load is selected, the Total Load, kW, kvar, PF, and Amps are calculated 
based on the %Loading entered for the category. 


To edit the loading category names, select Loading Category from the Project Menu. 


Operating Load 
After Running Load Flow ETAP updates this field with the total resultant load. 
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Polynomial Load Model 


Lumped Load Editor-LUMPL 


157kKVA O046kV 


Model Type 


Shutdown 


The Polynomial model of the Lumped Load uses the following equations to determine the real 
and reactive power components of the load: 


rs Bln? + pF + pyfl+ Ky AV) 
Q-a,4,7" + 4,7 +9, {1+ Kya) 


where P and Q are the real and reactive components of the load when the bus voltage magnitude 
is V and where Af is the frequency deviation (f — fo)/ fo. 
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Ratings 


PO 
This is the initial operating real power in MW/ kW. 


QO 


This is the initial operating reactive power in Mvar / kvar. 


pl, q1, p2, q2, p3, q3 
The polynomial model is composed of constant impedance, constant current, and constant power 
components. Each portion is defined by these constants respectively. 


Kpf, 
This is the real power equation constant. This constant typically ranges between 0 and 3.0 


Kaf 
This is the reactive power equation constant. This constant typically ranges between —2.0 to 0 


Loading 


When Polynomial Load is selected, the Total Load, kW, kvar, PF, and Amps are calculated 
based on the %Loading entered for the category. 


To edit the loading category names, select Loading Category from the Project Menu. 


Operating Load 
After Running Load Flow ETAP updates this field with the total resultant load. 
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Comprehensive Load Model 


Lumped Load Editor-LUMPL 
[ 1572kVA 0.46kV 


Model Type 


(2 (2) (oS) (cance | 


The Comprehensive model of the Lumped Load uses the following equations to determine the 
real and reactive power components of the load: 


P= PlProw + Fexn + Pex] Where: Prory = pv + pV + p, 
Pex = plP) (+ Kypd¥) 
Fexpa = pV) (+ Kyl) 
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The expression for the reactive component of the load has a similar structure. The reactive 
power compensation associated with the load is represented separately. 


Ratings 


PO 
This is the initial operating real power in MW/ kW. 


QO 


This is the initial operating reactive power in Mvar / kvar. 


pl, qi, p2, q2, p3, q3, p4, q4, p5, q5 

The Comprehensive model is composed of Polynomial and Exponential components. These 
constants define the constant impedance, constant current, constant power, and exponential 
components of the load. 


Kpfi, Kpf2 
These are real power equation constants. This constant typically ranges between 0 and 3.0 


Kqfi, Kqf2 
These are reactive power equation constants. This constant typically ranges between —2.0 to 0 


Loading 


When Comprehensive Load is selected, the Total Load, kW, kvar, PF, and Amps are calculated 
based on the %Loading entered for the category. 


To edit the loading category names, select Loading Category from the Project Menu. 


Operating Load 
ETAP updates this field with the total resultant load after running Load Flow. 
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11.19.3 Short-Circuit Page 


Enter the short-circuit parameters for the motor load portion of the lumped load here. 


Note: All data in this page is based on the motor percentage of the total lumped load rating. 


Lumped Load Editor - LUMP1 


Info | Nameplate | ShortCircuit | Dyn Model | Time Domain | Reliability | Remarks | Comment 


220kKVA 0.46 kV (70% Motor 30% Static ) 


Short-Circuit Contribution Grounding 


% LRC 600 @) High Connection IY] 


(~) Medium 


%Totalload 70 © Low — 


X/R Ratio 
|| Typical 


ANSI Short-Circuit IEC Short-Circuit 


x" 15.365 MW/PP | 0.134 


IEC 61363 


(@ Std MF 20 1/2 cy Network 


© User Defined 50 | 15-4 cy Network 
Td 02 


> aa 


Short-Circuit Contribution 


LRC 

This is the locked-rotor current in percent of the motor load share of the lumped load current. 

For example, a lumped load with 120 amperes at 80% motor loading will have a motor current of 
96 amperes; therefore, at 600% LRC, the actual LRC will be 576 amperes (600% * 96 A). 
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Short-circuit contribution levels are defined individually for ANSI and IEC methods. 


ANSI Method short-circuit contributions are categorized per the following table: 


Short-Circuit Low Voltage (< 1000 Volts) High Voltage (> 1000 Volts) 
Contribution 

High Large (100 < HP < 250) Large (HP > 1000) 

Medium Medium (50 < HP < 100) Medium (250 < HP < 1000) 
Low Small (HP < 50) Small (HP < 250) 


IEC method short-circuit contribution are categorized per the following table: 


Short-Circuit HP Speed 

Contribution 

High Large High RPM 

Medium Medium Intermittent RPM 

Low Small Low RPM 
Grounding 


These entries specify grounding connection, type, and rating of the lumped motor. 


Connection 
The grounding connection can be selected by clicking on the connection buttons until the desired 
connection is displayed. The available connections are Wye and Delta. 


Type 
For Wye-connected lumped motors, choose from these four grounding types provided in the list 
box: 


Open Neutral is not connected to ground (ungrounded) 

Solid Solidly grounded, no intentional impedance in the neutral grounding path 
Resistor A resistor is used in the neutral grounding path 

Reactor A reactor is used in the neutral grounding path 


Amp Rating 
For resistor or reactor grounded lumped motor, enter the resistor or reactor rating in amperes. 


Amp Rating = (Line-to-Neutral Voltage)/(Resistor Ohmic Value) 


where the line-to-neutral voltage is the bus nominal voltage of the motor divided by V3. 
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X/R Ratio 


X/R 
Lumped motor’s X/R ratio (Xsc/Ra) 


Typical 
If Typical is selected, typical X/R value will be substituted in the X/R field. 


ANSI Short-Circuit 

Std MF / Xsc 

If you select Std MF, ETAP uses the following ANSI Multiplying Factors for calculating the 
positive sequence short-circuit impedances. If you select the Xsc option, you can directly enter 


the short-circuit impedances in percent with motor ratings as the base. Note that the IEC Short- 
Circuit Method does not use these impedances. 


Low Voltage (1000 Volts and below) 
an a 
1 = 
Contabution % cycle 1.5-4 cycle 
High 
< 250 HP 1.2/LRC 3.0/LRC 
Low ee 
High Voltage (Above 1000V) 
Short-Circuit Xsc Xsc 
Contribution % cycle 1.5-4 cycle 
High 
s 1000 HP 1.0/LRC 1.5/LRC 


1.1/LRC 2.25/LRC 
Low 1.2/LRC 3,0/LRC 
< 250 HP 


IEC Short-Circuit 


x” 
This is the motor subtransient reactance in percent (machine base) 
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MW/PP 
This is the Rated active power in MW per pair of poles for the constant KVA portion of lump 
load. 


Td' 
This is the motor transient time constant in seconds; this value is used in the IEC 61363 method. 


Td' = X”/(2n f Rr) (Rr = rotor resistance) 
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11.19.4 Dynamic Model Page 


From the Dynamic page, you can specify a model used in Transient Stability Analysis to a lump 
load. You may specify parameters of a build-in equivalent induction motor, or select a 
predefined User-Defined Model (UDM). 


Lumped Load Editor - LUMP2 __x_ 


| Info| Nameplate | Short-Circuit | Dyn Model 
3.5MVA 3.3kV (60% Motor 40% Static ) 


@ Builtin © UDM 


Se8 dua =D) BB) x) [cr 
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Build-in Model 


A fifn 


Dynamic Power-Frequency Relationship for an Induction Motor 


The build-in dynamic model provides a means to establish a dependency of real power absorbed 
by the motor on the frequency of the power system. 


This dependency is of the following form: 


a 


AP = ral rs pT,)-Af 
n 


Ta 
This is the inertia constant of the lump load dynamic model in seconds. 


Y 
This is the lump load power coefficient in MW/RPM. 


UDM Model 


ETAP allows you to have your own lump load dynamic model through UDM (User Defined 
Models). Once you select the UDM model option, you can select a model from a list of pre- 
defined UDM models in the model list. 


UDM Editor 
Clicking on the UDM Editor button brings up the UDM Graphic Logical Editor. From the 
editor, you can create, modify and compile a UDM model. 


See the chapter on User Defined Dynamic Models for more information. 
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11.19.5 Time Domain Page 


The Time Domain page allows you to specify the data type of the lumped load used in Time 
Domain Unbalanced Load Flow calculation. The available time domain data types include Fixed 
Category / Constant, Sector, External Data, and Composite Sector. 


Lumped Load Editor - LUMP1 


Info Nameplate Short-Circuitt Dyn Mode! Time Domain Reliability Remarks Comment 


[ 220kVA O.46kV (70% Motor 30% Static ) 
Data Type 
@ Fixed Category / Constant 
O Sector 


O Extemal Data 


O Composite Sector 


(eS) (@) [) [X)\Lumes 


Fix Category/Constant 
This is a default option for a device, which means loading category in loading page of study case 
is used in calculation just like Unbalanced Load Flow. 


Sector 


This option specify a sector profile for lumped load to use in load flow calculation. Sector was 
set in Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 
— Profile Library and Section 58.8.2 — Sector Library. 
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Lumped Load Editor - LUMP1 


Info Nameplate Short-Circuit Dyn Model Time Domain Reliability Remarks Comment 


220kVA 0.46kV (70% Motor 30% Static ) 
Data Type 


O Fixed Category / Constant 
@ Sector 


O Extemal Data 


© Composite Sector 


Multi-Year Forecasting 
Energize |Wednesday, January 01,2014 | 


Out of Service | Tuesday . April 03, 2018 | 


Growth Curve v 


(23) (3) (5) [X)\Lumes 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the 
Energize date, Out of Service date and Growth Curve. 


Multi-Year Forecasting 


e Energize: when did/will this lumped load be in service. 
e Out of Service: when did/will this lumped load be out of service. 
e Growth Curve: select the multi-year Growth Curve for this lumped load. The Growth Curves 


were set in Sector Library before using. By default the Growth Curve is left as blank, meaning no 
Growth Curve is selected. 
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External Data 

This option allows user to use an External Data file as data entry for the lumped load. When 
External Data type is selected, the data in an excel sheet with the path specified in Time Domain 
Loading page of the study case will be used in calculation. 


For examples of external data format, refer to Section 58.8.3 - External Data. 


Lumped Load Editor - LUMP1 


Info Nameplate Short-Circuit Dyn Model Time Domain Reliability Remarks Comment 
220kVA 0.46kV (70% Motor 30% Static ) 
Data Type 
O Fixed Category / Constant 
O Sector 


@ Extemal Data 


O Composite Sector 


Multi-Year Forecasting 
Energize |Wednesday, January 01,2014 wv 


Out of Service | Tuesday . April 03,2018 wv 


Data Gap Options 
© Maintain and use last value 
O Switch to study case loading category 


BES wu hy Th 


Data Gap Options 


Data gap options specify how to handle the missed data in external file. If the data in external file 
is inconsistent with Time Step, the extra data will be ignored, while the missed data can be 
selected as one of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 


Composite Sector 
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This option allows users to select a composite sector from the pull-down menu. The composite 


sectors should be set in Sector Library, with the Sector Type “Composite”. Composite sector can 
be combinations of multiple single sectors. 


Lumped Load Editor - LUMP1 


Info Nameplate  Short-Circuit Dyn Model Time Domain Reliability Remarks Comment 


[220kVA O46kV (70%Motor 30%Static) iti‘—s~s~s~™S™SOSOC 
Data Type 

O Fixed Category / Constant 

O Sector 


O Extemal Data 


Residential 


Multi-Year Forecasting 
Energize |Wednesday, January 01, 2014 


Out of Service | Tuesday . Apnl 03,2018 


Growth Curve 


(| ‘LUMP1 
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11.19.6 Reliability Page 


 Lumped Load Editor - LUMP1 


Info Nameplate Short-Circutt Dyn Model Time Domain Reliability Remarks Comment 


220kVA 0.46kV (70% Motor 30% Static ) 
Reliability Parameters Library 


0.02 


175.2 


1.1414E4 


80 


[_] Replacement Available 


Reliability Parameters 


LON 

This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is restored to some or all of the load points. It should be noted, 
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however, that the failed component itself (and those components that are directly connected to 
this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


Hy 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 


This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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No of Loads 
This is the number of loads (customers) represented by a lump load. This number is used to 
calculate number of customer interrupted under a fault. 


Interruption Cost 


Load Sector 

Select the load sector name (or customer type) for the load. In the reliability calculation, the user 
sector information is used to get interruption cost from the Interruption / Outage Cost section of 
Sector Library to calculate Expected Interruption Cost. 
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11.19.7 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Li Drawing ABC-123 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Tests Reg. Full 


UD Field A5 


UD Field A6 


UD Field A7 


aos i _+))) aia 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.19.8 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 02 DBR) Gala) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.20 Motor Operated Valve 


The properties associated with a motor operated valve (MOV) can be entered in this editor. 
The MOV Editor includes the following pages of properties. 


Info 

Nameplate 
Loading 

Start Cat 
Cable/Vd 

Cable Ampacity 
Reliability 
Remarks 
Comment 
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11.20.1 Info Page 
Motor Operated Valve (MOV) Editor - MOV1 mm. |p 


‘info | Nameplate | Loading | Start Cat | Cable/Vd | Cable Amp | Reliabilty | Remarks | Comment | 


1 15HP O46kV 1-340 4AWGAccmil 0.6kV 


® 


Revision Data 


Tag # 14646 
Name Equipment Name 


Dencsiption Equipment Description| 


Priority 
Demand Factor 


0 0 


a3 a [S| [<)imon iD) La 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each MOV. The assigned IDs consist of the default 
MOV ID plus an integer, starting with the number one and increasing as the number of MOVs 
increase. The default MOV ID (MOV) can be changed from the Defaults menu in the menu bar 
or from the System Manager. 
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Bus 

This is the ID of the connecting bus for the MOV. Connection for MOV is identical to that of 
induction motors. If the terminal is not connected to any bus, a blank entry will be shown for the 
bus ID. To connect or reconnect an MOV to a bus, select a bus from the list box. The one-line 
diagram will be updated to show the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the MOV resides, i.e., 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


Initial Status 
Select the initial status of the MOV for the selected configuration from the list box. 


e Open MOV is initially in open position 

e Close MOV is initially in close position 

e Throttle Throttle or jog control (provides flow control to achieve a desired valve 
position) 

e Spare Spare load 


Depending on the demand factor specified for each operating status, the actual loading of the 
MOV is determined for Load Flow and Motor Starting Studies. 


Note: Status is not a part of the MOV engineering properties. For this reason, the name of the 


configuration status is shown, indicating the MOV status under a specific configuration, i.e., you 
can have a different operating status under each configuration. In the following example, the 


ETAP 11-645 ETAP 19.0 User Guide 


AC Elements Motor Operated Valve 


status of an MOV is shown to be continuous under Normal configuration and Spare under 
Emergency configuration. 


Configuration Configuration 
Normal Normal 
Status | Continuous 7 | Status | Spare 7 
Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Connection 

Phase 

This is the phase connection of this MOV. Select the phase connection type from the list box. 
Options for phase connection include: 

e 3Phase  3-phase machine 


e 1Phase Single-phase machine connected between phase A, B, or C. 
Single-phase machine connected line-to-line between phases AB, BC or CA 
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Quantity 


Enter the quantity (number) of induction machines for this machine ID. This allows you to 
group identical machines together without a need for graphical presentation in the one-line 
diagram. View the explanations below to see how ETAP handles Quantity in Load Flow, Short- 
Circuit, Arc Flash, and Sequence-of-Operation. 


Load Flow: 

Notice in the following example of a load flow calculation the current at Bus 2 is equivalent to 
the sum of each current going to each load at bus 4. This occurs because the quantity of Motor 1 
is changed to three. ETAP simulates the effect of what you see in the system powered by U2 
without having to display each load. 


Ul 
520 MVAsc U2 
520 MVAsc 
Busl 
18 At Bus3 
12 kv = 400% 418.7 400% 
18.7 12 kV 
Fused G Fusel0 Avt8-7 
VAAAY TL 
ryryy~. 1.5 MVA AAAS 2 
PyYY. 1.5 MVA oi 
9. 
Bus2 ) 99.27" ——»> Bus4 ) ” 
0.48 kv 
4469.7 
Fusel al These two One-Line Diagrams are 
2 Equivalent. 
Mtrl 
3x100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 156.569. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating current calculated by the 
characteristics of a single load. 
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Study Case: LF Data Revision: Base 


Configuration: = Normal Date: 08-13-2015 
Zone Filter Area Filter Region Filter 
ds) ee | ees 


Critical 


Device ID Condition Rating/Limit Operating % Operating Phase Type 


Fusel Overload 100 Amp 156.569 156.6 3-Phase 


Fuse2 Overload 100 Amp 156.569 156.6 3-Phase 
Fuse4 Overload 100 Amp 156.569 156.6 3-Phase 
Fuse5 Overload 100 Amp 156.569 156.6 3-Phase 
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Short-Circuit: 

In the following Short-Circuit Analysis Motor 1 is contributing 1.13kA to the system. Because 
Motor 1 has a quantity of three, that current is three times the current that would be seen with a 
single motor. The load terminal fault current is shown as the current for each load. 


Ul 
520 MVAsc =. aa 
sc 
Busl Bus3 
sai 12 kv 
ane Fusel0 al 
Tt 
1.5 MVA LAAAY = T2 
YY 405 MvA 
Bus2 9.88kA Bus 4 dos eka 30,9 yy 
0.48 kv 30 0.48 kv 
f1.13ka 9 ka 
Fusel 
These two One-Line Diagrams 
are equivalent. 
4.0 * 
Mtrl 
3x100 HP Mtr2 Mtr4 Mtr5 


100 HP 100 HP 100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 30.645. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating short-circuit current calculated by 
the characteristics of a single load. 


Short Circuit Analysis Alert View - Output Report: SC x 
Study Case: SC Data Revision. Base 

Configuration: = Normal Date: 08-13-2015 

|| Zone Filter || Area Filter Region Filter 
es) 1 (ee) 2) 
Critical 

Device ID Type Condition Rating/Limit Operating % Operating 
Fusel Fuse Interrupting 23 kA 30.645 133.2 
Fuse2 Fuse Interrupting 23 kA 30.645 133.2 
Fuse4 Fuse Interrupting 23 kA 30.645 133.2 
Fuse5 Fuse Interrupting 23 kA 30.645 133.2 
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Sequence-of-Operation 
You cannot run Sequence-of-Operation if you have a Quantity greater than one. Sequence-of- 
Operation is not used to run simultaneous faults on loads. 


Ul 
520 MVAsc 


Busl 
Fuse9 
T 


Bus2 4 
Fusel 
Sequence of Operation is 
OL1 not active anywhere on 
the load side of the bus 


B when the load has a 
Contl y i quantity greater than 1. 
F 
Mtrl 
3x100 HP 


Arc Flash 

In the following Arc Flash example, the bus Arc Flash characteristics of Bus 2 is equal to Bus 4. 
The reason is that Motor 1 has a quantity of three which is a quick way of showing what you see 
in the system under Utility 2. 
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Ul 
520 MVAsc U2 
520 MVAsc 
Busl Bus3 
12 kv 
12 kv 
Fused i Fusel0 
LAAAL TL ——>» - 
ryyyn 1.5 MVA = 
These two One-Line Diagrams 1.5 MVA Lob Bese ain kA 
are equivalent. 5 ‘ea fe 
ies doo .aaka Bus4 doo aska 16.91 cal/cm? @18" 39, 
0.48 kv 30 0.48 kv ‘7 ka 
#1.13kA °° 9 ka *.377kA *.377kA 
Fusel Fusez 
85% Ia = 16.3 kA 
Category 3 
5.63 ft 
+ 16.91 cal/cm? @18" 
= 
Mtrl 
323x100 HP Mtr2 Mtr4 Mtr5 
100 HP 100 HP 100 HP 


The Arc Flash Analysis report shows the incident energy at the terminal of Motor 1 is equal to 
the incident energy of the terminal at each motor in the equivalent One-Line View. The incident 
energy of a motor with a quantity greater than one is shown as the incident energy calculated by 
the characteristics of a single load. 


Device Individ ual Contribution Incident Energy 
Bolted Arcng FCT Arcmg FCT IncidertE FPB Hazard/Risk 
ID Type A) A) (cycles) (kA) (cycles) Protective Device ID for FCT (cal/cem*) (ft) Level* 
CB LV CB 29.879 15.784 16.298 16.7 Fase9 16.906 56. 3 
Fase 1 Fuse 1.130 0.597 16.298 16.7 Fase9 16.906 5.6 3 
Mtrl Term Box 0.589 0.537 0.949 124.9 Fusel 5.424 3.8 2 
Device Individual Contrbution Incident Energy 
Bolted Archng FCT Arcing FCT Iidert EE FPB Hazard/Rick 
ID Type A) A) (eycles) A) (cycles) Protective Device IDfor FCT (cal/cm*) (ft) Level* 
CB3 LY CB 29.879 15.784 16.298 16.7 Fase 10 16.906 56 3 
Fuse 2 Fuse 0.377 0.199 16.298 16.7 Fase 10 16.906 56 3 
Fase 4 Fuse 0.377 0.199 16.298 16.7 Faseld 16.906 56 3 
Fuse 5 Fuse 0.377 0.199 16.298 16.7 Fase 10 16.906 56 3 


Term Box 


Term Box 


Term Box 
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Demand Factor 


Modify the demand factors for Closing, Opening, Throttling, and Spare status in the entry fields. 
Demand factor is the amount of time the load is actually operating. Demand factor affects these 
calculations: 


e Operating kW = kVA * PF * % Loading * Demand Factor 
e Operating kvar = kVA * RF * % Loading * Demand Factor 


kVA, PF, and RF are the normal operating values. 
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11.20.2 Nameplate Page 


Motor Operated Valve (MOV) Editor- MOVIL |S 


‘Info| Nameplate | Loading | Start Cat | Cable/Vd | Cable Amp | Reliability | Remarks | Comment | 
[7 1SHP O46kV 13/C 4AWG/kcmil 0.6kV 
Ratings 


15 kV 046 %EF 867 Poles 4 RPM 1800 


RatedT 12 FLA 18.504 %PF 87.51 kVA | 14.7 


eeukiou a8 


HP/kW 


[LHP | [1000 


Enter the MOV rating in horsepower (HP) or kW. You can choose from these two options by 
clicking on the HP/kW button. ETAP uses the following equations for the nameplate 
parameters: 


Rated kVA = HP * 0.7457/(PF * Eff) Rating in HP 
= kW/(PE * Eff) Rating in kw 
Full-Load Amp = Rated kVA/(V3 * kV) 3-phase motors 
= Rated kVA/kV Single phase motors 
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where the PF and Eff are at full load condition (100% loading). 


kV 
Enter the rated voltage of the MOV in kV. This is the line-to-line voltage for 3-phase motors. 


FLA 

This is the rated full load current of the MOV in amperes. This is the current, which the MOV 
would pull from the system when it is fully loaded, i.e., when the system is operating at the rated 
HP (or kW), rated kV, and rated frequency. When you modify FLA, the efficiency at 100% 
loading is recalculated. ETAP limits the entry of FLA in such a way that the efficiency at 100% 
loading cannot exceed 100% or be below 10%. 


% PF 
Enter the MOV rated power factor in percent at full loading. 


% Eff 
This is the efficiency of the MOV in percent at full loading. 


Poles 
Enter the number of poles. As the number of poles is changed, the synchronous speed of the 
MOV is recalculated and displayed in RPM (revolutions per minute). 


RPM = 120 * Freq./Poles 


Rated T 
Enter the MOV rated torque (optional) in lb.-ft. or N-M. 
=| Motor Nameplate Library -o] 
Frequency Unit 
-) 50 Hz @) HP 
®@ 60 Hz kw 
ki Manufacturer 
0.48 a MTR 
23 
24 c 
4 
4.16 


11.8 


17 a 
ea) [ea] [ome 


Copy. | | Help | [close | 


Library 
Access Motor Library data by clicking on the Library button and opening the Library Quick 
Pick - Motor. MOV nameplate data can be obtained and substituted from the library by 
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highlighting and double-clicking on the selection. Library data includes MOV ratings such as 
HP/kW, kV, FLA, PF, Eff, & Pole (transferred to the Nameplate page). 


Hammer Blow 
Check this box if the MOV is provided with the hammer blow feature. If hammer blow feature 
is unchecked, the full speed stage (no load) stage is skipped (tn = 0.). 


Micro Switch 

Check this box if a micro switch is used to control the operation of the MOV. The limit switch 
controls the MOV by interrupting power to the motor contactor when the valve actuator has 
completed its preset number of revolutions. If the micro switch feature is selected, the stall stage 
is skipped. For each operating stage, the corresponding current, PF, and time should be 
specified. 


Characteristics 


% Current/Current 

Toggle between %Current (percent of the rated current) or Current (in amperes). You can 
choose from these two options by clicking on this button. Enter the corresponding value for each 
specified operating stage. 


% PF 
Enter the MOV power factor in percent for the specified operating stage. 


Time 
Enter the time duration in seconds for the specified operating stage. 


The characteristics of the MOV are defined in terms of the various operating stages of the valve. 
The following operating stages are provided based on the MOV’s initial status (open, close, 
throttle, and spare) and selected features (micro switch and/or hammer blow). 


e Start 

e Full Speed 

© Travel 

e Seated or Unseated 
e Stall 


MOVs, which are initially in the Open status travel, the following stages based on the selected 
features. Note that without the hammer blow feature the no-load time (tnl) is set to zero value. 
Also, if micro switch is used, the stall time (tsl) stage is set to a zero value. 
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MOV CLOSING 


Loading 


tpos 


The following stages are provided for an MOV, which is initially in the Closed status. Note that 
without the hammer blow feature the no-load time (tnl) is set to a zero value. Also, if a micro 
switch is used, the stall time (tsl) stage is set to a zero value. 


MOV OPENING 


tet 


ste nl thos tery 


For MOVs with throttle control, only the travel stage is displayed. 
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11.20.3 Loading Page 


This page is used to assign a percent loading to each one of the ten loading categories for this 
MOV, i.e., each motor can be set to have a different operating loading level for each loading 
category. To edit the values of the percent loading, click on any one of the edit fields under the 
% Loading column. 


Note: You can select any of these loading categories when conducting Load Flow and Motor 
Starting Studies. 


Motor Operated Valve (MOV) Editor - MOV1 . = 


aT RUIn 
iil 


= wee ee 
LS |Accident | | | | 
ee 


aa js) 28 2] (0X) [coms] 


To edit the loading category names, select Loading Category from the Project Menu. 
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11.20.4 Start Cat Page 


ETAP allows you to specify which MOV are included in a given starting category. The starting 
categories can be selected from the Motor Starting Study Case Editor. The starting categories 
can be edited from the Project menu under Settings and Starting Categories. Note that starting 
categories are particularly useful for group starting motors as opposed to specifying individual 
motors to start. 


= — 


Motor Operated Valve (MOV) Editor - MOV1 Jes 
[info | Nameplate | Loading | Start Cat | Cable/Vd | Cable Amp | Relabilty | Remarks | Comment] 
1 15HP O46kV 1-3/0 4AWGAccmil 0.6kV 
Starting Category 
1 {¥) Design 
2 (© Normal 
3 (©) Emergency 
4 Dl Statdown % Voltage Limit Freq. Correction Factor 
Stat 80 q 
5 |¥| Accident 
Seating/Unseating 980 0 
6 He Satlp Travel 80 0 
7 {¥) Essential 
8 “| Shutdown 
9 MS Cat 9 
10 im MSCat 10 


Se We 3 ae 


% Voltage Limit 


Start 

Enter the MOV voltage limit for normal operation, in percent of the MOV rated kV. If the MOV 
terminal voltage drops below this limit then ETAP will maintain current drawn to %LRC for the 
duration of the voltage limit violation for MOV start period. 
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Seating/Unseating 

Enter the MOV voltage limit for normal operation, in percent of the MOV rated kV. If the MOV 
terminal voltage drops below this limit then ETAP will switch current drawn to %LRC for the 
duration of the voltage limit violation during Seating or Unseating period. 


Travel 

Enter the MOV voltage limit for normal operation, in percent of the MOV rated kV. If the MOV 
terminal voltage drops below this limit then ETAP will switch current drawn to %LRC for the 
duration of the voltage limit violation during travel period. 


Frequency Correction Factor (used only by Transient Stability) 


Start / Seating/Unseating/Travel Frequency Correction Factors 

Enter the MOV voltage limit frequency correction factor. The values which can be entered are 0 
to 5 where 0 is the default (a value of zero causes a multiplier factor of 1 and thus it has no 
effect). The frequency correction factor equation is described below: 


k 


V, x Freq? 


Limit _ Adjusted 


=V, 


Limit 


Where the Viimit values are the voltage limits for each stage. The “Freq” (frequency) is the 
terminal bus frequency and k is the frequency correction factor. 
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Cable/Vd Page 


Equipment Cable 


This group provides capabilities for adding, deleting, or editing the equipment cable for this 
motor. Partial cable information such as the cable ID, Type, #/Phase, Size, Length, and unit are 
provided here for editing and displaying. 


~—eSme| 

| Info| Nameplate | Loading | Start Cat | Cable/Vd | Cable Amp | Reliability | Remarks | Comment | 

[1 15HP O46kV 1-3/0 4AWG/kcmil 0.6kV 
Equipment Cable Overload Heater, 49 


ID EEEAl 


Motor Operated Valve (MOV) Editor - MOV1 » % 


OL Editor 


a3 a [s) [<)imon DI La 


ID 
To add a cable to a motor, select and retrieve a cable from the Cable Library on this page. 


Cable Editor 
This button will bring up the equipment Cable Editor. 


Cable Library 
To add an equipment cable to a motor, select and retrieve a cable from the Cable Library. 
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Size Cable 


For automatic sizing of the equipment cable, click on this button to bring up the Sizing page of 
the equipment Cable Editor. 


Delete Cable 
Click on this button to delete the equipment cable associated with this load. 


Overload Heater 
Overload Heater, 49 


Heater In-line Heater Type 
ick OL Editor... Open Over Load Device Editor 


| General Electric . 
CR123 “ies Heater Model 
F118C 
R “Tol Heater or OL ID 


(0007 || o | 
Resistance & Tolerance 


When an Overload Heater is directly connected to the MOV, ETAP displays the properties as 
shown in the example figure above. 


You can access the editor of the overload device by clicking the OL Editor button. 


Heater resistance and % Tolerance are displayed in the group and will be used for voltage drop 
calculations if selected heater is In-line Type. If selected heater is CT Type then the resistance 
and tolerance are ignored and below message is displayed as heater element is not within 
electrical path of current flow. 


Overload Heater, 49 
Heater 
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Overload Heater, 49 
| Heater | 


OL Editor... 


Cutler Hammer 


H1000 


CT Type OLH 
Resistance ignored 


Voltage Drop 


The total voltage drop (Vd) across the equipment cable and overload heater along with motor 
terminal voltage (Vt) and starting voltage (Vst) are calculated and displayed here for all loading 
categories. Vd, Vt, and Vst are displayed in percent values with a base kV equal to the bus 
nominal kV. 


Vst 
Vst represents the motor terminal voltage during starting conditions with the bus voltage fixed, 
ie., it includes voltage drop across the equipment cable only. 


Vbus 
The operating voltage of the connected bus (the bus which this load is connected to, if any) is 
displayed here for reference. 


Vd Calculation 
Use App MF 


By selecting this option, the cable ampacity Application Multiplying Factor (App MF) is used 
for voltage drop calculations. 
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11.20.5 Cable Amp Page 


Refer to the Ampacity/Capacity Page section of Chapter 45 — Cable Ampacity and Sizing for 
detailed information. 


Motor Operated Valve (MOV) Editor-MOVD = 


Installation 
© Standard | ICEA P-54-440 om 


@ Tipe 


Tray 
Top Cover 


[| Bottom Cover [| Cumulative Effect 


3) a) [| (28 (2) (05, [caret | 
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11.20.6 Reliability Page 


2 Motor Operated Valve (MOV) Editor - MOV1 


Info Nameplate Loading StarttCat Cable/Vd Cable Amp Reliability Remarks Comment 


1 15HP O046kV 31/0 1/0 AWG/kcmil 5kV 


Reliability Parameters Library 


AA 0.02 


175.2 


1.1414E-4 


Bes wie 


Reliability Parameters 


Aa 

This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is being restored to some or all of the load points. It should be 
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noted, however, that the failed component itself (and those components that are directly 
connected to this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


This is the mean repair rate in number of repairs per year, calculated automatically based on 
MTTR (up = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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Load Sector 

Select the load sector name (or customer type) for the load. In the reliability calculation, the user 
sector information is used to get interruption cost from the Interruption / Outage Cost section of 
Sector Library to calculate Expected Interruption Cost. 
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11.20.7 Remarks Page 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Line Drawing ABC-123 
Last Maint. 01/01/02 


ey y Reference Sub OLV ABC-456 


Tests Reg. Full 
UD Field A5 User Defined 


UD Field AS User Defined 


Purchasi 
UD Field A7 Date 01/02/00 


>) ae 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.20.8 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


| 4.16 kV 600 Amps Asymmetrical 0kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Be0 0 70 BR) Galo) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.21 Static Load 


The properties associated with static loads of the electrical distribution system can be entered in 
this editor. 


The Static Load Editor includes the following pages of properties. 


Info 
Loading 
Cable/Vd 
Cable Amp 
Harmonic 
Reliability 
Remarks 
Comment 
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11.21.1 Info Page 


You can specify the static load ID, connected Bus ID, In/Out of Service, Equipment FDR 
(feeder) Tag, load Priority, Name and Description, Data Type, Configuration Status, Quantity or 
number of static loads, Phase connection, and Demand Factor within the Info page. 


Static Load Editor - Load1 — 
Info Loading | Cable/Vd | Cable Amp | Harmonic | Reliabiity | Remarks | Comment 
[1 250kW 127kvar 048kV 31/C 350 AWG/kcmil 1kV 


Info a b 


ID 
Revision Data 


Intermittent Spare @ Calculated 
100 50 0 % © UserDefined 0.48 


380 d_ DBP) Ca|[coxs) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each static load. The assigned IDs consist of the 
default static load ID plus an integer, starting with the number one and increasing as the number 
of static loads increase. The default static load ID (Load) can be changed from the Defaults 
menu in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the static load. If the terminal is not connected to any 
bus, a blank entry will be shown for the bus ID. To connect or reconnect a static load to a bus, 
select a bus from the list box. The one-line diagram will be updated to show the new connection 
after you click on OK. Note that you can only connect to buses that reside in the same view 
where the static load resides, i.e., you cannot connect to a bus that resides in the Dumpster or in 
another composite network. 


If a static load is connected to a bus through a number of protective devices, reconnection of the 


static load to a new bus from this editor will reconnect the last existing protective device to the 
new bus, as shown below where Load1 is reconnected from Bus10 to Bus4. 


Busl0 Bus4 Busl0o Bus4 


cTz RZ 
cTl Rl 
CB4 
FuseZz 
Loadl Loadl 
900 kVA 900 kUa 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 
State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
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states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


Select the operating status of the static load for the selected configuration status from the list 
box. Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load 


Depending on the demand factor specified for each operating status, the actual loading of the 
motor is determined for Load Flow and Motor Starting Studies. 


Note: Status is not a part of the static load engineering properties. For this reason, the name of 
the configuration status is shown above the status of the static load to indicate that this is the 
static load status under the specific configuration, i.e., you can have different operating status 
under different configurations. In the following example, status of a static load is shown to be 
Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal Normal 
Status | Continuous ¥ | Status | Spare Sa | 
Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 
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Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Load Type 
Select to identify the load type. Select from the list to choose a specific type of load for 
information and identification. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Connection 


Phase 
This is the phase connection of the static load. Select the phase connection type from the list 
box. Options for phase connection include: 


e 3Phase  3-phase machine 
e 1Phase Single-phase machine connected between phase A, B, or C. 
Single-phase machine connected line-to-line between phases AB, BC or CA 


Quantity 


Enter the quantity (number) of induction machines for this machine ID. This allows you to 
group identical machines together without a need for graphical presentation in the one-line 
diagram. View the explanations below to see how ETAP handles Quantity in Load Flow, Short- 
Circuit, Arc Flash, and Sequence-of-Operation. 


Load Flow: 

Notice in the following example of a load flow calculation the current at Bus 2 is equivalent to 
the sum of each current going to each load at bus 4. This occurs because the quantity of Motor 1 
is changed to three. ETAP simulates the effect of what you see in the system powered by U2 
without having to display each load. 
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U2 
520 MVA 
os 520 MVASC 
Busl 
st: ee J Bus3 
12 kV Mi 400% 418.7 100% 
19.7 12 kV 
Fused Fuse10 AYL8-? 


~ .5 MVA T2 
1.5 MVA 
% 


4469.7 
Fusel These two One-Line Diagrams are 
Equivalent. 
Mtrl 
3x100 HP Mtr2 Mtr4 Mtr 


100 HP 100 HP 100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse is shown to be operating at 156.569. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating current calculated by the 
characteristics of a single load. 


Data Revision: Base 


Study Case: LF 
Configuration: = Normal Date: 08-13-2015 


Zone Filter ("| Area Filter (| Region Filter 
1 FS (ec) 1 | (eat) | SS co) 


Critical 


Device ID Type Condition Rating/Limit Operating % Operating Phase Type 
Fusel Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse2 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse4 Fuse Overload 100 Amp 156.569 156.6 3-Phase 
Fuse5 Fuse Overload 100 Amp 156.569 156.6 3-Phase 


Short-Circuit: 

In the following Short-Circuit Analysis Motor 1 is contributing 1.13kA to the system. Because 
Motor 1 has a quantity of three, that current is three times the current that would be seen with a 
single motor. The load terminal fault current is shown as the current for each load. 
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Mtrl 
3x100 HBP 


These two One-Line Diagrams 


are equivalent. 


U2 
520 MVAsc 
Bus3 
12 kv 
Fusel0 al 
LAAAY = T2 
ryyNny 1.5 MVA 
Bus 4 doo. saka 


Mtr2 
100 HP 


Mtr4 
100 HP 


Static Load 


Mtr 
100 HP 


In the diagram above, the fuse is red which is showing a critical alert. In the alert view below, 
Fuse1 is shown to be operating at 30.645. The critical alert for the protective device used on a 
load with a quantity greater than one is based on the operating short-circuit current calculated by 
the characteristics of a single load. 


Short Circuit Analysis Alert View - Output Report: SC 


Study Case: SC 
Configuration: = Normal 
|| Zone Filter 


|| Area Filter 


x 
Data Revision. Base 
Date: 08-13-2015 
(| Region Filter 


1 =} (a! 2 1 (ec 


Critical 
Device ID Type Condition Rating/Limit Operating % Operating 
Fusel Fuse Interrupting 23 kA 30.645 133.2 
Fuse2 Fuse Interrupting 23 kA 30.645 133.2 
Fuse4 Fuse Interrupting 23 kA 30.645 133.2 
Fuse5 Fuse Interrupting 23 kA 30.645 133.2 


Sequence-of-Operation 


You cannot run Sequence-of-Operation if you have a Quantity greater than one. Sequence-of- 
Operation is not used to run simultaneous faults on loads. 


ETAP 
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Busl 


Bus2 i, 4 
Fusel 
Sequence of Operation is 
OL1 not active anywhere on 
the load side of the bus 


B when the load has a 
Ccontl 7 quantity greater than 1. 
4 
Mtrl 
3x100 HE 
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Arc Flash 


In the following Arc Flash example, the bus Arc Flash characteristics of Bus 2 is equal to Bus 4. 


The reason is that Motor 1 has a quantity of three which is a quick way of showing what you see 
in the system under Utility 2. 


Ul 
520 MVAsc U2 
520 MVAsc 
Qy” 
Busl Bus3 
AZ. ey 
12 kv 
Fuse9 a Fusel0 
CAAA TL <<—___» - 
ryvyyy 1.5 MVA = 
These two One-Line Diagrams 1.5 MVA eee iad kA 
are equivalent. 5 “ase 
Bus? doo .aBka Bus4 doo eaka 16.91 cal/cm? @18" 39, 
0.48 kv 39 : 
#1.13kA "9 ka 
Fusel 
85% Ia = 16.3 kA 
x Category 3 
§.63 ft 
+ 16.91 cal/cm? @18" 
Mtrl 
Suton HP Mtr2 Mtr4 Mtrs 


100 HP 100 HP 100 HP 


The Arc Flash Analysis report shows the incident energy at the terminal of Motor 1 is equal to 
the incident energy of the terminal at each motor in the equivalent One-Line View. The incident 


energy of a motor with a quantity greater than one is shown as the incident energy calculated by 
the characteristics of a single load. 


Device Individ ual Contribution Incident Energy 
Bolted Arcing FCT Arcing FCT IwidertE FPB Hazard/Risk 
ID Type A) kA) (cycles) (kA) (cycles) Protective Device IDfor FCT (cal/cm*) (ft) Level* 
CB2 LV CB 29.879 15.784 16.298 16.7 Fased 16.906 —Ts 3 
Fase 1 Fase 1.130 0.597 16.298 16.7 Fase9 16.906 5.6 3 
Mtrl Term Box 0.589 0.537 0.949 124.9 Fusel 5.424 3.8 2 
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Device 
ID Type 
CB3 LV CB 
Fuse 2 Fuse 
Fase 4 Fase 
Fuse 5 Fuse 


Term Box 


Term Box 


Term Box 


Static Load 
Individual Contrbution Incident Energy 
Bolted Arcng FCT Arcng FCT Inidert EE FPB Hazard/Rick 
A) A) (cycles) A) (cycles) Protective Device ID for FCT (cal/cem*) (ft) Level* 
29.879 15.784 16.298 16.7 Fase ld 16.906 56 3 
0.377 0.199 16.298 16.7 Fase ld 16.906 56 3 
0.377 0.199 16.298 16.7 Faseld 16.906 56 3 
0.377 0.199 16.298 16.7 Fase ld 16.906 56 3 


Demand Factor 


Modify the demand factors for the continuous, intermittent, and spare status in the provided entry 
fields. Demand factor is the amount of time the load is actually operating. Demand factor 
affects the following calculations: 


e Operating kW = Rated kW * % Loading * Demand Factor 
e Operating kvar = Rated kvar * % Loading * Demand Factor 


Demand factors for continuous, intermittent, and spare status have a range from 0% to 100%. 
Since demand factors are a part of engineering properties, ETAP uses the same factors for all 


configurations. 


ETAP 
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11.21.2 Loading Page 


Static Load Editor - Load1 —_— ss |S 


ed 
ee 


7 Jémergency 
8 | 
9 | 
[10 |Load 


a eis aa) 2) 


Ratings 


kV 

Enter the rated voltage of the static load in kV. If this static load is a 3-phase load, kV is the 
line-to-line voltage. For single-phase loads, kV load rated voltage must be consistent with the 
way this load is connected to the system, i.e., if the bus nominal kV is 4.16 and this load is 
connected between phase A and neutral, then the rated voltage of the load must be in the 
neighborhood of 2.4 kV (4.16/1.73). If the bus nominal kV is 4.16 and this load is connected 
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between phase A and phase B, then the rated voltage of the load must be in the neighborhood of 
4.16 kV. 


MVA/kKVA Button 
Click on the MVA/kVA button to choose from MVA and kVA units for entering and displaying 
MVA/KVA, MW/kW, and Mvar/kvar data. 


ETAP uses the following equations to calculate kVA, kW, kvar, PF, Amps, and kV when one of 
the variables is changed: 


kVA = kW? +kvar ? 


PF =kW /kVA Negative PF means leading PF 


MVA/KVA 
Enter the rated apparent power of the static load in MVA or kVA. 


MW/kw 
Enter the rated real power of the static load in MW or kW. 


Mvar/kvar 
Enter the rated reactive power of the static load in Mvar or kvar. To specify a capacitor, enter 
0.0 for MW and a negative value for the Mvar field. 


%PF 

This is the power factor of the static load in percent with a range from -100% to +100%. The 
sign of the power factor determines whether it is a lagging or leading power factor, e.g., +80% 
indicates lagging and -80% indicates leading. 


Amps 
Enter the static load rated current in amperes. 


Calculator 
ETAP Power Calculator is set up to calculate complex power, power factor, and current. The 
following equations are used to calculate these variables: 


kVA = kW? + kvar? 


PF =kw/kVA Negative PF means leading PF 
Ae A 

(3 se 3-phase 

kVA 
Amps = kv 1-phase 
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Power Calculator 


kVA, kw kvar 
280 P50 127 
kV % PF Amps 
0.48 89.16 337.3 
Fixed Unit 
kVA, PF @ kVA 
@ kw kyvar MA, 


Help Cancel 


To use the calculator, select the variable units as kVA or MVA, and change one of the variables. 
For example, if kW is changed and the value of the kvar is changed, new values of kVA, %PF, 
and Amp (if kV is specified) will be calculated. If the value of PF is changed, new values of 
kvar and kVA are calculated. 


Loading 

This group is used to assign a percent loading to each of the ten loading categories for this static 
load, i.e., each static load can have a different operating loading level for each loading category. 
To edit the values of percent loading, click on any one of the edit fields under the % Loading 
column. 


Note: You can select any of these loading categories when conducting Load Flow and Motor 
Starting Studies. 


ETAP uses the specified percent loading of each loading category to calculate the operating 
power factor and efficiency from the values of power factor and efficiency specified at 100%, 
75%, and 50% loading. This is accomplished by using a curve fitting technique with a maximum 
of 100% for power factor and efficiency. The calculated power factor and efficiency are then 
used to calculate and display the operating kW and kvar loading as well as the feeder losses, if an 
equipment cable with a non-zero length is specified for this load. Note: although the demand 
factor is used for calculating the operating load and feeder losses, the value of the demand factor 
is not used in determining the operating power factor and efficiency. 
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11.21.3 Cable/Vd Page 


This page is used to display voltage drops and to add, delete, or edit the equipment cable and 
overload heater associated with this static load. 


Static Load Editor - Load1 — [eee Somn| 
[info | Loading | Cable/Vd | Cable Amp | Harmonic | Relabilty | Remarks | Comment | 
[1 250kW 127kvar 048kV 31/C 350 AWG/kcmil 1kV 


Equipment Cable Overload Heater, 49 


CS 


OL Editor 


A1D oO & WKH 


8 BS wea “> 2 


Equipment Cable 


This group provides capabilities for adding, deleting, or editing the equipment cable for this load. 
Partial cable information such as the cable ID, Type, #/Phase, Size, Length, and Unit are 
provided here for editing and displaying. 
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ID 
Use this field to add a cable to a static load, select and retrieve the cable from the Cable Library 
on this page. 


Cable Editor 
This button brings up the equipment Cable Editor. 


Cable Library 
To add an equipment cable to a static load, select and retrieve a cable from the Cable Library. 


Size Cable 
Click on this button to bring up the Sizing page of the equipment Cable Editor for automatic 
sizing of the equipment cable. 


Delete Cable 
Click on this button to delete the equipment cable associated with this load. 


Overload Heater 
Overload Heater, 49 


Heater In-line Heater Type 
is OL Editor... Open Over Load Device Editor 
General Electric 
C7 
Vv CR123 
Heater Model 
FI18C ~g —_ 
Heater or OL ID 


R Tol 


[ oo007 |[ o | : 


When an Overload Heater is directly connected to the Static load, ETAP displays the properties 
as shown in the example figure above. 


You can access the editor of the overload device by clicking the OL Editor button. 


Heater resistance and % Tolerance are displayed in the group and will be used for voltage drop 
calculations if selected heater is In-line Type. If selected heater is CT Type then the resistance 
and tolerance are ignored and below message is displayed as heater element is not within 
electrical path of current flow. 
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Overload Heater, 49 
Heater 


OL Editor... 


Cutler Hammer 


H1000 


CT Type OLH 
Resistance ignored 


Voltage Drop 


The total voltage drop (Vd) across the equipment cable and overload heater along with static 
load terminal voltage (Vt), are calculated and displayed here for all loading categories. Both Vd 
and Vt are displayed in percent values with a base kV equal to the bus nominal kV. 


Vbus 
The operating voltage of the connected bus (the bus which this load is connected to, if any) is 
displayed here for reference. 


Vd Calculation 


By selecting this option, the Application Multiplying Factor (App MF) for cable ampacity is 
used for voltage drop calculations. 
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11.21.4 Cable Amp Page 


Refer to the Ampacity/Capacity Page section of Chapter 45 — Cable Ampacity and Sizing for 
detailed information. 


eeu ted Eee Aa ii x 


1 250kW 127kvar 0.48kV 3-1/C 350 AWG/Accmil 1kV 
Installation 


© Send 


@ Type AVG Trays ¥ 


Tray 


Top Cover 


[| Bottom Cover [| Cumulative Effect 


een ER) (5) [come 
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11.21.5 Time Domain Page 


The Time Domain page allows you to specify the data type of the static load used in Time 
Domain Unbalanced Load Flow calculation. The available time domain data types include Fixed 
Category / Constant, Sector, External Data, and Composite Sector. 


Static Load Editor - Load1 


Reliability Remarks Comment 
Info Loading Cable/Vd Cable Amp Time Domain Harmonic 


1 250kW 127kvar 0.48kV 31/C 350 AWG/kcmil 1kV 


Data Type 
@ Fixed Category / Constant 
O Sector 


O Extemal Data 


O Composite Sector 


(23) (GB) [39) [) Looe ~| (D>) Me) 0K | cance 


Fix Category/Constant 
This is a default option for a device, which means loading category in loading page of study case 
is used in calculation just like Unbalanced Load Flow. 


Sector 

This option specify a sector profile for static load to use in load flow calculation. Sector was set 
in Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — 
Profile Library and Section 58.8.2 — Sector Library. 
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Static Load Editor - Load 
Reliability Remarks Comment 
Info Loading Cable/Vd Cable Amp Time Domain Harmonic 


1 250kW 127kvar 048kV 31/C 350 AWG/kcmil 1kV 


Data Type 
O Fixed Category / Constant 
@ Sector 


O Extemal Data 


© Composite Sector 


Multi-Year Forecasting 
Energize |Wednesday, January 01,2014 ~v 


Out of Service | Tuesday . January 01,2030 v 


(Ba) (EB) 29) [) boaat | LOK) |e 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the 
Energize date and Out of Service date. 


Multi-Year Forecasting 


e Energize: when did/will this static load be in service. 
e Out of Service: when did/will this static load be out of service. 


External Data 


This option allows user to use an External Data file as data entry for the static load. When 
External Data type is selected, the data in an excel sheet with the path specified in Time Domain 
Loading page of the study case will be used in calculation. 
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For examples of external data format, refer to Section 58.8.3 - External Data. 


Static Load Editor - Load1 


Reliability Remarks Comment 
Info Loading Cable/Vd Cable Amp Time Domain Harmonic 


[1 250kW 127kvar O48KV02=———<“i‘éCSC‘CHIAC:«SQAWG cml 1KV 
Data Type 

O Fixed Category / Constant 

O Sector 


@ Extemal Data 


© Composite Sector 


Multi-Year Forecasting 
Energize Wednesday, January 01,2014 v 


Out of Service | Tuesday , January 01,2030 wv 


Data Gap Options 
@ Maintain and use last value 


O Switch to study case loading category 


E olkaes 


Data Gap Options 


Data gap options specify how to handle the missed data in external file. If the data in external file 
is inconsistent with Time Step, the extra data will be ignored, while the missed data can be 
selected as one of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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Composite Sector 


This option allows users to select a composite sector from the pull-down menu. The composite 
sectors should be set in Sector Library, with the Sector Type “Composite”. Composite sector can 
be combinations of multiple single sectors. 


ETAP 


Static Load Editor - Load1 


Reliability Remarks Comment 
Info Loading Cable/Vd Cable Amp Time Domain Harmonic 


[1 250kW 127kvar O48KV0=———<“<i‘SéSCSC‘CTAC:#«CSOAWG cml TKV 
Data Type 

O Fixed Category / Constant 

O Sector 


O Extemal Data 


Multi-Year Forecasting 
Energize Wednesday, January 01, 2014 v| 


Out of Service | Tuesday , January 01,2030 v 


&) beac 
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11.21.6 Harmonic Page 


Static Load can be modeled as either a harmonic voltage source or a harmonic current source. 
Static Load Editor - Load 7 (oom 


Info | Loading | Cable/Vd | Cable Amp Harmonic Reliability | Remarks | Comment 
1 250kW 127kvar 0.48kV 3-1/C 350AWG/Accmil 1kV 
Harmonic Library 


janut 


Type Manufacturer Model 
| Current Source Typical-IEEE Fluorecent 


Wave Form Spectrum 


Se5 kia Dw 


Harmonic Library 


Library 
Click on Library button to bring up Harmonic Library Quick Pick Editor. 
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Library Quick Pick - Harmonic x) 


Manufacturer Model Type Interharmonic & 
A4CS600 6P Current Source 

ABB ACS600 12P Current Source No 

ABB 4CS1000 12P Current Source No = 

ABB DCS500 6P Current Source No 

Rockwell 6 Pulse VFD Current Source No 

Rockwell 12 Pulse VFD Current Source No a 

Rockwell 18 Pulse YFD Current Source No 

Rockwell Pw Rect Current Source No 

Toshiba Pw ASD Current Source No 

Typical LCI Current Source No 

Typical Locomotive Current Source No 

Typical- EEE 6 Pulse Current Source No 

Typical-IEEE 6 Pulse2 Current Source No 

Tunieal-IF FE 1? Piilee Current Seuree Na us 
| None Cancel 


Select a manufacturer name and a model name using the Harmonic Library Quick Pick Editor. 


Type 
This displays the selected harmonic source type. 


Manufacturer 
This displays Manufacturer name of the selected harmonic library. 


Model 
This displays the model name of the selected harmonic library. 


Wave Form 
This displays one cycle of the voltage or current waveform of the selected harmonic library in 
time domain. 


Print (Wave Form) 
Select this to print harmonic waveform. 


Spectrum 
This displays the harmonic spectrum of the selected harmonic library. 


Print (Spectrum) 
Select this to print harmonic spectrum. 
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11.21.7 Reliability Page 


2 Static Load Editor - Load1 x 


Info Loading Cable/Vd Cable Amp Time Domain Harmonic 
Reliability Remarks Comment 


1 250kW 127kvar 0.48kV 31/0 1/0 AWGAccmil 5kV 
Reliability Parameters Library 


NA 0.02 


175.2 


1.1414E-4 


[_] Replacement Available 


10 hr 


Reliability Parameters 


LON 

This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection 
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breakers are reclosed, service is restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to 
this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


vy 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (up = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
It is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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Interruption Cost 


Load Sector 

Select the load sector name (or customer type) for the load. In the reliability calculation, the user 
sector information is used to get interruption cost from the Interruption / Outage Cost section of 
Sector Library to calculate Expected Interruption Cost. 
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11.21.8 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Li Drawing ABC-123 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Tests Reg. Full 


UD Field A5 


UD Field A6 


UD Field A7 


aos i _+))) aia 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.21.9 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 02 DBR) Gala) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.22 Capacitor 


The properties associated with a shunt capacitor can be entered in this editor. 
The Capacitor Editor includes the following pages of properties. 


Info 
Rating 
Switching 
Cable/Vd 
Cable Amp 
Reliability 
Remarks 
Comment 
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11.22.1 Info Page 


Specify the capacitor ID, connected Bus ID, In/Out of Service, Equipment FDR (feeder) Tag, 
load Priority, Name and Description, Data Type, Configuration Status, Phase connection, and 
Demand Factor within the Info page. 


Capacitor Editor - CAP1 ied |p 


Info| Rating | Cable/Vd | Cable Amp | Reliability | Remarks | Comment | 


4.16kV 3x 150 kvar Cable Info not available 


Info 


lz #8=£© = —rt— + cd 


(@ 3 Phase 
(©) 1 Phase 


ES] (kc mes Sik 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each capacitor. The assigned IDs consist of the 
default capacitor ID plus an integer, starting with the number one and increasing as the number 
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of capacitors increase. The default capacitor ID (CAP) can be changed from the Defaults menu 
in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the capacitor. Connection for capacitors is identical to 
that of static loads. If the terminal is not connected to any bus, a blank entry will be shown for 
the bus ID. To connect or reconnect a capacitor to a bus, select a bus from the list box. The one- 
line diagram will be updated to show the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the capacitor resides, 
i.e., you Cannot connect to a bus that resides in the Dumpster or in another composite network. 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


Select the operating status of the capacitor for the selected configuration status from the list box. 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load 

e Switched Switched capacitor mode 


Depending on the demand factor specified for each operating status, the actual loading of the 
capacitor is determined for Load Slow and Motor Starting Studies. 


When Switched is selected, the capacitor control function is enabled. And the demand factor is 
not applicable in this case. 
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Note: Status is not a part of the capacitor engineering properties. For this reason, the name of the 
configuration status is shown above the status of the capacitor to indicate that this is the device 
status under the specific configuration, i.e., you can have different operating status under 
different configurations. In the following example, status of a capacitor is shown to be 
Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal Normal 
Status [Continuous | Status | Spare 7| 
Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Connection 


Phase 
This is the phase connection of the capacitor. Select the phase connection type from the list box. 
Options for phase connection include: 
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e 3Phase  3-phase machine 
e 1Phase Single-phase machine connected between phase A, B, or C. 
Single-phase machine connected line-to-line between phases AB, BC or CA 


Demand factor 


Modify the demand factors for the continuous, intermittent, and spare status in the provided entry 
fields. Demand factor is the amount of time the load is actually operating. Demand factor 
affects the following calculations: 


e Operating kW = Rated kW * % Loading * Demand Factor 
e Operating kvar = Rated kvar * % Loading * Demand Factor 


Demand factors for continuous, intermittent, and spare status have a range from 0% to 100%. 
Since demand factors are a part of engineering properties, ETAP uses the same factors for all 


configurations. 


Demand factor is not applicable for switched capacitors. 


11.22.2 Rating Page 
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Capacitor Editor - CAP1 x 


Info Rating Switching Cable/Vd Cable Amp Reliability Remarks Comment 


4.16kV 3x 0.15 Mvar Cable Info not available 
Rating Grounding 
kV Mvar / Bank # of Banks Mvar Amps 
0.15 3K 0.45 62.45 
Max. kV O Mvar microfarad Xc (ohms) 
5 @ Bank #x Mvar 68.98 38.4569 
Loading 


Capacitor Feeder Loss 


0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

> 


Operating Load: MW] 0 +j Mvar| 0 


(23) (Gel (i>) [) cari |) Ld LK I) | cores 


Rating 


kV 

Enter the rated voltage of the capacitor in kV. If this capacitor load is a 3-phase load, kV is the 
line-to-line voltage. For a single-phase capacitor, kV rated voltage must be consistent with the 
way this capacitor is connected to the system, i.e., if the bus nominal kV is 4.16 and this 
capacitor is connected between phase A and neutral, then the rated voltage of the capacitor must 
be in the neighborhood of 2.4 kV (4.16/1.73). If the bus nominal kV is 4.16 and this capacitor is 
connected between phase A and phase B (AB), then the rated voltage of the capacitor must be in 
the neighborhood of 4.16 kV. 
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Max. kV 
Enter the maximum rated voltage of the capacitor in kV. Typically this value is 110% of 
capacitor rated kV. 


kvar/bank 
Enter the capacitor reactive power per bank. This reactive power is the capacitive var to the 
system. 


# of Banks 
Enter the number of capacitor banks. ETAP automatically calculates the total kvar based on the 
kvar/bank and # of banks. 


Mvar = (Mvar/Bank) x (# of Banks) 
kvar = (kvar/Bank)x(# of Banks) 


kvar/bank # x kvar Option 
Select the option to choose from kvar and Bank # x kvar for displaying on one-line diagram. 


Mvar/kvar Button 
Click on the Mvar/kvar button to choose from Mvar and kvar units for entering and displaying 
Mvar/kvar data. 


ETAP calculates and displays the amps and capacitor reactance as well as the capacitor size in 
microfarads. The following equations are used to calculate these variables: 


pene Lele 
P V3 x kV 3-phase 
kvar 
Amps = kV Single-Phase 
eae RV 
6 
microfarad = ee 
Xc x 2af 
Loading 


This group is used to assign a percent loading to each of the ten loading categories for the 
capacitor, i.e., each capacitor can have a different operating loading level for each loading 
category. To edit the values of the percent loading, click on any one of the edit fields under the 
% Loading column. Note: You can select any of these loading categories when conducting Load 
Slow and Motor Starting Studies. 


11.22.3 Switching Page 


This page is used to specify the control logic of this capacitor. The page shows only when Status 
in Info Page is selected as Switched. 
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Capacitor Editor - CAP1 x 


Info Rating Switching Cable/Vd Cable Amp Reliability Remarks Comment 


4.16kV 3x 150 kvar Cable Info not available 


Control Mode 
Voltage v #of Banks/Step| 1 [> 
Switch Out 102.5 z 
Switch In 97.5 % 
Upper Band 25 
Lower Band on z 
Control Logic 
Device Type Device ID 
Bus v| |Sub3 ¥|4.16kV 
Time Delay 
Open Close 
Initial | 300 $4) sec Initial | 300 -S4| sec 
Operating | 30 sec Operating | 30 e/sec 


(23) (G3) (x9) [) cars SD) A) Loa | coe 


Control Mode 


Control Mode 
Select a control mode from the drop-down list. Voltage, Power Factor, Current and Reactive 
Power are available. The default selection is voltage. 


Unit 


You can toggle between different units by clicking on the unit button. Enter the control limits in 
the selected unit. Unit options are available as follows: 


Voltage: % and Volt 
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Power Factor: % 
Current: Amp 
Reactive Power: Mvar, kvar and var 


Switch Out 
Enter the limit for switching capacitor banks offline. 


Switch In 
Enter the limit for switching capacitor banks online. 


Upper Band 

Enter the upper band limit threshold. This is the band for Switch Out option. Note that this field 
is applicable only for modules considering time delay including Motor Starting, Transient 
Stability and Railway Traction Power. 


Lower Band 

Enter the lower band limit threshold. This is the band for Switch In option. Note that this field is 
applicable only for modules considering time delay including Motor Starting, Transient Stability 
and Railway Traction Power. 


Control variables are at From side of the controlled branches for Power Factor, Current and 
Reactive Power Control. Power factor and reactive power limits can be positive or negative. For 
current control mode, current magnitude absolute value is the control variable. 


Switch Out 


No Switch Region 
Switch In 


# of Banks/Step 

Enter the number of banks switched at each step. The last step might have less banks than this 
value. For example, the capacitor has five banks in total, with two banks online initially. To 
switch rest of the banks in, the first step includes two banks, while the next step will be only one 
bank. 


Capacitor loading category is used as the initial condition. Bus diversity factor is not applicable 


for switched capacitors. The rated value of capacitor is used for short circuit based studies, single 
phase systems and systems under panel in load flow study without switching action. 
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Control Logic 


Device Type 
Select the device type to be controlled. Types of device included in the project will be in the list. 
Device types are available as follows: 


Control Mode | Device Type 
Voltage Bus 
Power Factor Cable 
Current Line 
r_...._] Impedance 
Reactive Power Reactor 


Device ID 
Select ID of the device to be controlled. 


Time Delay 


Open Initial Time 

Enter the switch out initial time delay in seconds. This is the time duration from the moment 
when the control variable goes outside and stays outside the control band to the time when the 
controller triggers the first step change. 


Open Operating Time 


Enter the switch out operating time delay in seconds. This is the time duration that the capacitor 
takes to complete a step change. 


Close Initial Time 

Enter the switch in initial time delay in seconds. This is the time duration from the moment when 
the control variable goes outside and stays outside the control band to the time when the 
controller triggers the first step change. 


Close Operating Time 


Enter the switch in operating time delay in seconds. This is the time duration that the capacitor 
takes to complete a step change. 


The initial delay time starts counting whenever the control variable goes into the orange region if 
the initial delay time has not started already. The initial delay time is reset whenever the control 
variable is entering the white region or jumps to the other side of the violation region. 


After the initial delay time, if the control variable is not in the white region, a signal is issued to 

switching one step. The action is implemented after the operating time. If at this time the control 
variable is still outside the white region, a new switching signal is issued. The process continues 
until either the control variable returns to the white region or all steps are switched. 
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11.22.4 Cable/Vd Page 


This page is used to display voltage drops and to add, delete, or edit the equipment cable 
associated with this capacitor. 


Capacitor Editor - CAP1 |p Seem 
Cable/Vd | Cable Amp | Reliability | Remarks | Comment | 
[ 4.16kV 3x 150kvar 31/0 GAWG/kcmil 5kV 
Equipment Cable 
ID Cable12 


Vbus: 99.81 % 


Vd Calculation 
[] Use App MF 


a SD & WH — Tt 


Bente 7)e8) 


Equipment Cable 

This group provides capabilities for adding, deleting, or editing the equipment cable for this 
capacitor. Partial cable information such as the cable ID, Type, #/Phase, Size, Length, and Unit 
are provided here for editing and displaying. 


Loading 

This group is used to assign a percent loading to each of the ten loading categories for the 
capacitor, i.e., each capacitor can have a different operating loading level for each loading 
category. To edit the values of the percent loading, click on any one of the edit fields under the 
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% Loading column. Note: You can select any of these loading categories when conducting Load 
Slow and Motor Starting Studies. 
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ID 
You can add a cable to a capacitor, select and retrieve a cable from the Cable Library on this 


page. 


Cable Editor 
This button brings up the equipment Cable Editor. 


Cable Library 
To add an equipment cable to a capacitor, select and retrieve a cable from the Cable Library. 


Size Cable 
To set up automatic sizing of the equipment cable, click on this button to bring up the Sizing 
page of the equipment Cable Editor. 


Delete Cable 
Click on this button to delete the equipment cable associated with this capacitor. 


Voltage Drop 

The total voltage drop (Vd) across the equipment cable, along with capacitor terminal voltage 
(Vt) are calculated and displayed here for all loading categories. Both Vd and Vt are displayed 
in percent values with a base kV equal to the rated kV of the capacitor. 


Vbus 
The operating voltage of the connected bus (the bus which this capacitor is connected to, if any) 
is displayed here for reference. 


Vd Calculation 
When you select this option, the Application Multiplying Factor (App MF) for cable ampacity is 
used for voltage drop calculations. 
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11.22.5 Cable Amp Page 


Refer to the Ampacity/Capacity Page section of Chapter 45 — Cable Ampacity and Sizing for 
detailed information. 


x 
consort 


[416kV 3x015Mvr—<“—s~sSSSSSSSSSC A AWG ccomil SV 
Installation Results 

O Senet (GAPAMOLs) «=| BA 

© Te e Dents 


Operating 
1/C in Trays must be 1/0 AWG or larger. [ 62.45 [0 


Amp x App MF 


et 


Tray Temperature 
Top Cover 


[| Bottom Cover {| Cumulative Effect 


(\¥) User Defined 


3 el js) (oR [core 
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11.22.6 Reliability Page 


Capacitor Editor - CAP1 
Info = Rating Cable/Vd Cable Amp Reliability Remarks Comment 
| 4.16kV 3x 0.15 Mvar Cable Info not available 
Reliability Parameters Library 


AA 0.02 


J 


FOR| 1.1414E-4 


Reliability Parameters 


LON 

This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 
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branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to 
this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


This is the mean repair rate in number of repairs per year, calculated automatically based on 
MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.22.7 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Li Drawing ABC-123 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Tests Reg. Full 


UD Field A5 


UD Field A6 


UD Field A7 


aos i _+))) aia 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.22.8 Comment Page 


Comment 


| 4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Seu 0&2 78) Galcq-) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies that are 
associated with this element. This field can be up to 64kb, with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


When entering information on the page, use Ctrl+Enter to start a new paragraph. Standard key 


combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.23 Power Panel 


You can enter the properties associated with panel schedule of the electrical distribution system 
can be entered in this editor. Every panel and subpanel can have unlimited circuits. Each circuit 
can be comprised of a load, protective device, and/or a feeder. Circuits are displayed in the 
Panel Editor in standard or column layout. 


—_ ETAPS Power Panel provides spreadsheet and graphical representations of 
0.48 kV the panel loads. The graphical panel provides a quick review of loads via 
the one-line diagram. 


The Panel Schedule Editor contains six pages of properties. 


Info page, Rating page, Schedule page, Summary page, Remarks page, and 
Comment page. 


Mtr? 


Tg = ‘ a o . 5 
. Within the Schedule page, there are five tabs: Description tab, Rating tab, 
Loading tab, Protective Device tab, and Feeder tab 
Mtr1 
2 kW 
Panel Schedule - Paneli (Sr) 
Info| Rating | Schedule | Summary | Equiv Load | Remarks | Comment | 
O48kV 400A 
Info 
aff 
N 
ID Panel 
Revision Data 
Bus {MCC1 0.48kV 
Base 
Equipment Configuration 
Tag # Normal 
Name Main Disconnect @) Close 
Status € Open 
Description 
oan 
Data Type [Estimate x] Priory Oh 
Service _ 
) Out 
Phase Arangement 
@asc  ©CBA ©@NEC Ist cCKT{A >| 
Connection 
3-Phase 4 Wire 
1-Phase 
BES Wrox J ae 2 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (Service & state) even though the element properties are locked. 
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For details on Panel Schedule, refer to Chapter 37 of the ETAP User Guide. 
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11.24 Harmonic Filter 


The Harmonic Filter Editor contains the following pages of properties: 


Info 
Parameter 
Reliability 
Remarks 
Comment 


In addition, a Harmonic Filter Sizing Editor is available through the Parameter page. 


11.24.1 Info Page 


You can specify the harmonic filter ID, connected Bus ID, In/Out of Service, Equipment FDR 
(feeder) Tag, load Priority, Name and Description, Data Type, Configuration Status, and Phase 
connection within the Info page. 


Harmonic Filter Editor - HF1 |e S| 


Parameter | Reliability | Remarks | Comment | 


Tag # 343132213 


Normal 


Status | Continuous a, 


=) a () COD {coneet 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each harmonic filter. The assigned IDs consist of the 
default filter ID plus an integer, starting with the number one and increasing as the number of 
filters increase. The default filter ID (HF) can be changed from the Defaults menu in the menu 
bar or from the System Manager. 


Bus 

This is the ID of the connecting bus for the harmonic filter. If the terminal is not connected to 
any bus, a blank entry will be shown for the bus ID. To connect or reconnect a harmonic filter to 
a bus, select a bus from the list box. The one-line diagram will be updated to show the new 
connection after you click on OK. Note that you can only connect to buses that reside in the 
same view where the static load resides, i.e., you cannot connect to a bus that resides in the 
Dumpster or in another composite network. 


If a harmonic filter is connected to a bus through a number of protective devices, reconnection of 


the harmonic filter to a new bus from this editor will reconnect the last existing protective device 
to the new bus, as shown below where Load1 is reconnected from Bus10 to Bus4. 


Bus10 Bus4 Busl0 Bus4 


cT2 R2 

CTl Rl 
CB4 
FuseZ 


HF1 HF1 
Single-Tuned Single-Tuned 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 
Select the operating status of the harmonic filter for the selected configuration status from the list 
box. Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load 


Depending on the demand factor specified for each operating status, the actual loading of the 
filter is determined for Load Flow, Motor Starting, and Transient Stability Studies. 


Note that status is not a part of the harmonic filter engineering properties. For this reason, the 
name of the configuration status is shown above the status of the harmonic filter to indicate that 
this is the harmonic filter status under the specific configuration, i.e., you can have different 
operating status under different configurations. In the following example, status of a harmonic 
filter is shown to be Continuous under Normal configuration and Spare under Emergency 
configuration. 


Configuration Configuration 


Normal Normal 
Status | Continuous ’ Status | Spare ’ | 


Equipment 
Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 


characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 
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Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 


Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Connection 
Grounding 


Specify the grounding connection type of harmonic filter. Y grounded connected filters are 
considered as solidly grounded. 
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11.24.2 Parameter Page 


Within the Parameter page, specify the filter type and its parameters. For the Single-Tuned filter, 
you also can use the filter sizing facility to automatically size the filter. 


Harmonic Filter Editor - HF1 |S 


=) BM (2) COS [coree | 


Filter Type 


Choose a pre-defined filter type from the dropdown list. Four types of filter structures are 
available. 


By-Pass 
A filter type that has by-pass frequency characteristic. 


High-Pass (Damped) 
A filter type that has high-pass with damped frequency characteristic. 


High-Pass (Undamped) 


High-pass undamped filter. A filter type that has high-pass with undamped frequency 
characteristic 
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Single-Tuned 
A filter type that has a single tuned frequency point. 


3rd Order Damped 
Special high-pass damped filter where the inductance is replaced with a series LC Circuit to 
provide zero losses at the fundamental frequency and therefore avoiding parallel resonance. 


3rd Order C-Type 
Special high-pass undamped filter where the inductance is replaced with a series LC Circuit to 
provide zero losses at the fundamental frequency and therefore avoiding parallel resonance. 


Capacitor C1 


kvar 
This is 1-phase kvar for capacitor C1. 


Rated kV 
This is rated kV in rms for capacitors C1. 


Max. kV 
This is maximum kV in rms for capacitor C1. 


In ETAP it is assumed that a harmonic filter is installed on a single phase. Therefore the 
capacitor parameter value for kvar needs to be entered as single-phase. Since the harmonic filter 
may have a Wye or Delta connection, the rated kV needs to be entered accordingly. For example, 
if a harmonic filter has a Wye connection and it is connected to a 3-phase bus, then, the rated kV 
to be entered should be Vi-t/V3 (or if Delta connection then Vi-L). Refer to the following 
examples for details. 


Case 1: Wye Connection. 


For demonstration purposes a harmonic filter with capacitor parameters only is used. It has a 
Wye connection and it is connected to a 3-phase bus with a nominal kV = 4.16 kV. Note that the 
rated kV = 2.4 kV. Since each phase should provide 100 kvars, the load flow calculation shows 
that the 3 phases should provide about 300 kvars. 


Capacitor C 1 
kvar 100 1-Ph 


toxw 
uF 46.05 1-Ph Ea 


Rated kV 24 
Connection 3 


Grounding Y Max. kV 0 Singl — d 


99-74* 


Harmonic filter connection Harmonic filter parameters Load flow 
results 
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Case 2: Delta Connection 


Harmonic Filter 


Same harmonic filter is used with Delta connection and rated kV = 4.16 kV. Note that the load 
flow calculation shows similar results for the harmonic filter (about 300 kvars.) 


Capacitor C 1 


kvar 


uF 
kV 
Connection _— 
Grounding | ZX Max. kV 
Harmonic filter connection Harmonic filter parameters 


Capacitor C2 


kvar 
This is 1-phase kvar for capacitor C2. 


Rated kV 
This is rated kV in rms for capacitors C2. 


Max. kV 
This the maximum kV in rms for capacitor C2. 


Inductor L1 


XL1 
This is Xz1 in ohms for inductor L1. 


Q Factor 
This is the Q factor (X11/R11) for inductor L1. 


Max. I 
This is the maximum I in rms for inductor L1. 


Inductor L2 


XL2 
This is the X12 in ohms for inductor L2. 


Q Factor 
This is the Q factor (X12/R2) for inductor L2. 


ETAP 11-730 


HF1 
Single-Tuned 


Load flow results 
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Max. I 
This is the maximum I in rms for inductor L2. 


Resistor R 
This is the external resistance of the filter in ohms. 


Sizing Button 
When single-tuned is specified as the filter type, click on this button to activate the Harmonic 
Filter Sizing Editor. (See the Harmonic Filter Sizing Section.) 
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11.24.3 Reliability Page 


Harmonic Filter Editor - HF1 


Info Parameter Reliability Remarks Comment 


_————— 


Reliability Parameters Library 
NA 0.02 Failure/yr 
Ab 175.2 Repair/yr 
Source 
FOR]| 1.1414E-4 MTTF 50 yr 
MR 80 % MTTR 50 hr Type 
[_] Replacement Available Class 
Tp 10 hr 


Sen mm =) (BW (LO cas 


LON 

This is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is restored to some or all of the load points. It should be noted, 
however, that the failed component itself (and those components that are directly connected to 
this failed component) could be restored to service only after repair or replacement. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 
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Hy 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (p = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.24.4 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 (numeric) 


One-Li Drawing ABC-123 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Tests Req. Full 


UD Field A5 User Defined 


UD Field AS User Defined 


UD Field A? User Defined 


Kn b> (o9)} [com] 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.24.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 02 7D BR) Galo) 


When entering information in the page, use Ctrl+Enter to start anew paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.24.6 Harmonic Filter Sizing Editor 


Harmonic Filter Sizing \—es— 


Harmonic Info Sizing Option 
0 ® PF Correction 
Harmonic Current 0 Amp Minimize Initial Cost 
(| Include Filter Overloading Minimize Operating Cost 
Initial Installation Cost Operating Cost 
Unit Cost 
Capacitor 9 as Loss Factor 
Capacitor 4 ae 
Inductor 0 $/kyvar 
PF Correction 
Existing PF Desired PF Load MVA, 
0 % 0 % 0 
Result 
Size Filter 1-Ph kyvar Ve k¥ (ASUM) 


Substitute lh ohm/phase = IL Amp (RMS) 
= 


. 


Harmonic Info 


Harmonic Order 
Use this filed to specify a harmonic order for sizing the filter. 


Harmonic Current 
Use this field to provide harmonic current for the specified harmonic order in amps. 


Include Filter Overloading 
Click on this checkbox to include filter overloading checking. Filter ratings that will be checked 
are the capacitor maximum peak voltage and inductance maximum rms current. 


Sizing Option 


Click one of the buttons to define the filter sizing criteria per the following: 


PF Correction 
Size the filter based on the power factor correction criteria. 


Minimize Initial Cost 
Size the filter based on minimal initial cost. 
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Minimize Operating Cost 
Size the filter based on minimal operating cost. 


Initial Installation Cost 
Specify the initial installation costs for the capacitor and inductor. 


Capacitor 
Use this field to enter the unit cost in $/kvar for the capacitor. 


Inductor 
Use this field to enter the unit cost in $/kvar for the inductor. 


Operating Cost 


Specify the operating cost for the capacitor. 


Capacitor Loss Factor 
Enter the capacitor loss factor in percent of the capacitor total rating in this field. 


PF Correction 


Use this area to specify system operating conditions. These values are used only if PF 
Correction is selected as sizing option. 


Existing PF 
Enter the existing PF in percent for the load connected to the filter terminal bus in this field. 


Desired PF 
Enter the desired PF in percent after the filter is installed on the filter terminal bus in this field. 


Load MVA 
Enter the 1-phase load MVA on the filter terminal bus in this field. 


Size Filter Button 
Click on this button to size the filter based on the selections and data entered. 


Substitute Button 


Click on this button to substitute the calculated parameters (results) back to the Harmonic Filter 
Parameter page. 


Result 
This area displays results from the sizing calculation. 


1-Phase kvar 
This is the filter 1-phase capacitor kvar. 


Xl 
This is the impedance of X11 in ohm/phase. 
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Vc 
This is the arithmetic sum (ASUM) of the fundamental kV and the tuned harmonic kV in mms, 
using the sized filter parameters. 


IL 
This is the computed inductor current (rms amps) using the sized filter parameters. 
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11.25 Remote Connector 


The Remote Connector is a tool that allows two or more distinct elements to be connected to 
each other, while located in separate areas of the One-Line Diagram. The Remote Connector 
Editor contains one page of information—the Info page. Section 11.22.3 illustrates how the 
Remote Connector is used in the One-Line Diagram. 


11.25.1 Info Page 


The Info page displays the Remote Connector ID, Protective Devices, and Elements connected to 
Side 1 and Side 2 of the Remote Connector. 


Remote Connector - CL1 |e Som 


Side 1 Connection 
Protective Device B14 


Hlement |Bus11 


Side 2 Connection 


Protective Device (B29 
Element [Main Bus 


Se Wa =D) (GR) CS) [cores] 


Remote Connector 


ID 

ETAP automatically assigns a unique ID to each Remote Connector. The assigned IDs consist of 
the default Remote Connector ID (CL) plus an integer, starting with the number one and 
increasing as the number of connectors increase. 


Side Connection (Side 1 and Side 2) 


This displays the IDs of the Protective Device and Element connected to each side of the Remote 
Connector. 


Protective Device 
This displays the ID of the Protective Device connected to each side of the Remote Connector. 
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Element 
This displays the ID of the Element connected to each Side of the Remote Connector. 


11.25.2 Using Remote Connectors 
When using the Remote Connector, the following tips are helpful to remember: 


The Remote Connector is composed of two sides, Side 1 and Side 2 

Each side can be located in a different area of the One-Line Diagram 

When one side is deleted, the other end of the Remote Connector is also deleted, and 
cannot be recovered from the system Dumpster. 

Right click on either Side 1 or Side 2 of a Remote Connector and select Find Other End, 
to locate the other side of the connector 

Double-clicking on one end of the remote connector will prompt ETAP to find the 
corresponding end 


Copying the Remote Connector to a Composite Network 
The Remote Connector can be used inside Composite Networks. To copy one side of the 
Remote Connector to a Composite Network, follow these steps: 


ETAP 


Select the Remote Connector from the Toolbar, and place it in the One-Line Diagram 
Double-click on the Composite Network you wish to copy one side of the Remote 
Connector to. The Composite Network window must be open. 

Click on one side of the Remote Connector, press and hold the <Shift> key, and drag it to 
its new location inside the Composite Network. Release the keys and buttons to place the 
connector. 

Add Elements to each side of the connector. 


11-742 ETAP 19.0 User Guide 


AC Elements Remote Connector 


11.25.3 Remote Connector in the One-Line Diagram 


4.16 k¥ 


Fy 
1 Busl 


450 kvar 0.48 kV 


= ; SPFar3 
Sub3 Het 


DC System 4 


f 3 

1 MVA 
Bus8 
0.46 kv 


Mtril1 
125 HP 
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11.25.4 Instrumentation Element Connections (E'TAP 18 & higher) 
In ETAP 18 and higher, remote connectors can be used to make connections between 
instrumentation elements such as Relays, Meters, CTs (Current Transformers) and PTs (Potential 
Transformers). This flexibility simplifies tangled relay and meter connections even allowing 
them to be made between composite networks. 


# OLV1=>Net4 (Edit Mode) X [es | aN 53] || 7 OLV1=>Neté (Edit Mode) fee ]is) 
asst —= ae he A 
“on “ fa mS, 1 = 
if 4 \ ¥ 
ey é @ \ 5 
Z i \ ie 
Oo T_3¢ 
| : Relay3 Relayl 
; 4 i [ 
Ub i} cre L 
¥ Vv PT3 cris 
VAAN 
eng {—) acne Relay3 | —¢ wy | 1 
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11.25.5 Remote Connector Insert & Delete (ETAP 19 & higher) 


Insert on existing connection line 

When a remote connector is dropped directly on an existing connector line it will automatically 
place each remote end adjacent to the originally connected elements including those nested 
within composite networks. 
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Delete and automatically reconnect 
When any remote connector end is deleted (or cut), the elements it previously connected will be 
reconnected through a direct connection line. 


7 - (J cu... 


Find Other End 


Copy x Ctrl+C 


Paste Ctrl+V 


Move From Dumpster Ctrl+Shift+V 
Template > 


Size +/-> 
Symbol 

Colors 

Alignment 

Rotate Ctrl+R > 
Connector > 
Group Ctrl+G/U 


Closed, Position A 
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11.26 Phase Adapter 


The Phase Adapter is a tool that allows a 1-phase element to be connected to a 3-phase bus. The 
Phase Adapter Editor contains the following pages of information: 


Info 
Load 
Equiv Load 


The 1-phase Secondary Side of the Phase Adapter cannot be directly connected to a 1-phase 
load. It must first be connected to a transformer. The figure in Section 11.23.3 illustrates how a 
Phase Adapter is used in the One-Line Diagram. 


11.26.1 Info Page 


Specify the Phase Adapter ID, In/Out of Service, 3-Phase Primary Side Bus ID, Phase 
Connection, 1-Phase Secondary Side Element ID, 1-Phase Feeder Name/Description, 
Configuration and Status within the Info page. 


Phase Adapter Editor - SPFdr2 |S 


j 


Revision Data 


Base 


Primary Side 
Bus ID | Sub3 Swar y| 4.16kV 
Phase Type 3-Phase 


Secondary Side 


Element ID Cable19 
One-Line Cable 


Phase Connection 


Feeder 
Name Name of the adapter 


Description Description of this device 


© Open 
23S) Wi{srrae >) we 
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Info 


ID 

Enter a unique ID with up to 25 alphanumeric characters. ETAP automatically assigns a unique 
ID to each Phase Adapter. The assigned IDs consist of the default Phase Adapter ID plus an 
integer, starting with the number one and increasing as the number of adapters increases. The 
default Phase Adapter ID (PA) can be changed from the Defaults menu in the menu bar or from 
the System Manager. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Primary Side 


Bus ID 
This displays the ID and the voltage of the 3-Phase Bus (or AB, BC, and CA phase bus) that the 
Primary Side of the Phase Adapter is connected to. 


Secondary Side 


Element ID 
This displays the ID of the element connected to the 1-Phase Secondary Side of the Phase 
Adapter. 


Phase Connection 

This allows for the selection of a specific phase for the 1-Phase output from the Phase Adapter to 
the load. The choices are: Phase A, B, C, AB, AC, and BC. Each of these selections is uniquely 
color-coded. 
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Feeder 


Name 
Use this field to specify a customized name to the Phase Adapter, which differs from the ID. 


Description 
Use the field to specify a unique description for the Phase Adapter. 


Configuration 


Normal 
Select the operating status of the Phase Adapter from the list below: 


e Close Provides a continuous connection between the 3-Phase bus and the 1-Phase Load. 
e Open Provides no connection between the 3-Phase bus and the 1-Phase Load. 


Note: Status is not a part of the Phase Adapter’s engineering properties. For this reason, the 


name of the configuration is shown above the actual status of the Phase Adapter to indicate that 
this is the Phase Adapter status under the specific configuration. 
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11.26.2 Load Page 


The Load page displays information about the characteristics of the load connected to the Phase 
Adapter. 


The following information is displayed within the Load page: Phase Adapter Primary Bus 
Voltage, Total Connected Load kW and kvar, Total Operating Load kW and kvar. The Loading 
Category can be chosen from the Loading Category list box. 


Phase Adapter Editor - SPFdr2 |p| 


3-Phase Voltage 4.16kV 


Constant Power 


Rated Connected Load: 


Based on Loading Category: 


B85 he2. 7) we 


3-Phase Voltage 


This field displays the norminal voltage of the bus that the Phase Adapter Primary Side is 
connected to. 
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Total Connected Load 


Constant Power and Constant Impedance 
This field displays the constant power and constant impedance values in kW and kvar of the total 
amount of load that is connected to the Phase Adapter. 


Total Operating Load 


Constant Power and Constant Impedance 
This field displays the constant power and constant impedance values in kW and kvar of the total 
operating load amount that is connected to the Phase Adapter. 


Loading Category 


This pull-down list allows the user to select the Loading Category condition for the Total 
Operating load connected to the Phase Adapter. 


11.26.3 Phase Adapter in the One-Line Diagram 
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11.26.4 Phase Adapter in System Studies 


This Section describes how the Phase Adapter is considered in System Studies. In the current 
version of ETAP, the elements downstream from a Phase Adapter are not considered in detail in 
a system study. Instead, all the loads connected downstream from the Phase Adapter are 
summed up to the Phase Adapter. 


Load Flow Type System Studies And Reliability Study 

The load flow type System Studies are ones that require performing load flow calculations, 
including load flow, motor starting, harmonic load flow, transient stability, optimal power flow. 
In these studies as well as in the reliability study, the downstream loads connected to a Phase 
Adapter are aggregated to get the total load. Each Phase Adapter is considered as a single load 
in the System Studies. 


Radial System 

In order to sum up the load for a top panel in the current version of ETAP, it is required that the 
system powered by a Phase Adapter must be a radial system. It is not allowed for downstream 
elements from a Phase Adapter to form any loops. Furthermore, the Phase Adapter must be the 
only source for all the downstream elements. Before carrying out a system study, ETAP checks 
if loops are involved in any Phase Adapter. If a loop is detected, an error message will be 
displayed and the calculation is stopped. 


Top Panel Load 

The load aggregated to a Phase Adapter includes all downstream loads. Since downstream 
connections may involve any elements except 3-winding transformers, utilities, and generators, it 
can form a full radial system. In summing up the load for the Phase Adapter, ETAP considers all 
the loads connected. Because no load flow calculations are conducted, the load summation does 
not include losses on the branches and equipment cables. 


The aggregated load values are displayed in the Phase Adapter Editor. Depending on the Study 
Case options, appropriate load diversity factors can also be applied. 


Short-Circuit Type System Studies 
In the current version of ETAP, it is assumed that Phase Adapters do not make any short-circuit 
contributions to any fault occurred in the system. 
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11.26.5 Equivalent Load Page 


The Equivalent Load page shows parameters used for ETAP Power System Management System 
(PSMS) applications. This page is hidden is your ETAP license does not include the PSMS 
capability. 


Phase Adapter Editor - SPFdr2 Coxe 


Info| Load | Equiv. Load | 
————— -=V=cvaucqjqc<qqx<qc<m=—> 


Constant Power Constant Impedance 
kW kvar kW kvar ® Sum 
Rated Connected Load: 79.737 33.872 149 92.187 : User-Defined 
Equivalent Load: Motor Load Static Load 


kW kvar kW 
79.737 =§=©633.872 149 92.187 
79.737 §=©33.872 149 92.187 


1 
2 
3 
4 
5 
6 
7 
8 
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Rated Connected Load 


The rated connected load of a phase adapter can be summed-up from down-stream connected 
load or entered by the user. The rated load serves as the base for the operating load in the 
Equivalent Load section. 


Constant Power/Impedance kW/kvar Load 

When the Sum option is selected, these fields display the rated connected constant power and 
constant impedance load of the phase adapter. When the User-Defined option is selected, these 
fields become editable, allowing the user to specify rated load for the phase adapter. 
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Sum & Update 
When the Sum option is selected, the rated load of the phase adapter will be calculated based on 
the rating of down-stream connected loads when the Update button is clicked. 


User-Defined 
When the User-Defined option is selected, the fields for rated load will editable for the user to 
enter rated connected load of the phase adapter. 


Equivalent Load 
This section allows the user to specify load percent for each loading category and ETAP will 
calculate phase adapter load based on the rated connected load and the loading percent. 


%Load 
Enter loading percent for the loading category. Once a new value is entered, the phase adapter 
load for the category will be calculated. 
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11.27 Grounding/Earthing Adapter 


ID GEAI 


Primary Side 


Bus ID | Bus4 v| 048kV 
Earthing Type IT - Individual 


Secondary Side 
Element ID Cable 12 


Earthing Type |IT- Individual ¥ 


Note: In order for the Earthing types to be displayed, the Earthing Type determination option needs to be 
enabled. This can be done by going to the Tools drop down menu and then selecting Options 
(Preferences). In the Cable Sizing section, set the “Earthing Type determination for Grounding/PE 
Sizing” option to True. For more details refer to section 44.1.1 of Chapter 44. 
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Earthing Type determination for Grounding / PE Sizing §LT 


Update from the bus with lower SC kA value False 


Earthing Type determination for Grounding / PE Sizing 
If this entry is set to True, then ETAP will populate the Earthing Type from sources to cables. Note that if this entry is set 
to False, Earthing Type for cables is unknown so that Electric Shock calculation cannot be done. 


Having the “Earthing Type determination for Grounding/PE Sizing” option set to False, the Earthing type 
display fields will be hidden as shown on the image below: 
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Grounding/Earthing Adapter - GEA1 


Info 


Info afl 


Revision Data 


ID |GEA1 
Base 
Primary Bus Condition 
ID | Bus2 v| 0.48kV @ In 
S . 2 = 
Secondary Element State | As-Built 7 
ID Cable 12 
Equipment 
Name 
Description 


(a3 (G3) (5) |X) cea ID we [0K |) Cancel 


Info 


ID 

Enter a unique ID with up to 25 alphanumeric characters. ETAP automatically assigns a unique 
ID to each Grounding/Earthing Adapter. The assigned IDs consist of the default 
Grounding/Earthing Adapter ID plus an integer, starting with the number one and increasing as 
the number of adapters increases. The default Grounding/Earthing Adapter ID can be changed 
from the Defaults menu in the menu bar or from the System Manager. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Primary Side 


Bus ID 
This displays the ID and the voltage of the bus that the Primary Side of the Grounding/Earthing 
Adapter is connected to. 


Earthing Type 

This displays the grounding type of the upstream connected bus. If the bus does not contain a 
grounding type, this field is hidden. Please note that in order for the Earthing Type field to be 
displayed, you need to set True to the option in Preferences Option, Cable Sizing, Earthing Type 
Determination for Grounding/PE Sizing. 


Secondary Side 


Element ID 
This displays the ID of the element connected to the Secondary Side of the Grounding/Earthing 
Adapter. 


Earthing Type 

Select a system earthing type to switch to. The available earthing types are listed based on the 
system grounding type. Please note that in order for the Earthing Type field to be displayed, you 
need to set True to the option in Preferences Option, Cable Sizing, Earthing Type Determination 
for Grounding/PE Sizing. 


The following table lists the earthing type associated with the grounding types 


Grounding Earthing method 
Type 


Ungrounded __ IT type of the primary 
Grounded TN-C, TN-S, TN-C-S, TT, and NEC 
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For more information regarding Grounding System, Earthing types and definitions, refer to Chapter 44. 
Feeder 


Name 
Use this field to specify a customized name to the Grounding/Earthing Adapter, which differs 
from the ID. 


Description 
Use the field to specify a unique description for the Grounding/Earthing Adapter. 


Grounded 
Check this checkbox if the load side is solid grounded. 


Rg 


Enter the resistance to ground/earth in Ohms. This value is for the inclusion of the local 
grounding in electric shock protection calculation. 
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11.28 Static Var Compensator 


The properties associated with High-Voltage Static Var Compensators (SVCs) can be entered in 
this editor. 


The Static Var Editor includes the following pages of properties: 


Info Rating Model 
Harmonic Reliability Remarks 
Comment 


11.28.1 Info Page 


Static Var Compensator - SVC1 = |e 


Tag # Tag number 


Name Name of the device 


—_— Description of the device 


oa Tee (Esa) 
Pty (GRR 


S88 iso.) BR) GO (os) 
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Info 


ID 
This is a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each SVC. The assigned IDs consist of the default 
SVC ID plus an integer, starting with the number one and increasing as the number of SVCs 
increase. The default SVC ID (SVC) can be changed from the ETAP Defaults menu or from the 
System Manager. 


Bus 

This is the ID of the connecting bus for the SVC. Connection for SVC is identical to that of static 
loads. If the terminal is not connected to any bus, a blank entry will be shown for the bus ID. To 
connect or reconnect an SVC to a bus, select a bus from the list box, and then click OK. The 
one-line diagram will be updated to show the new connection. 


Note: You can only connect to buses that reside in the same view where the SVC resides. In 
other words, you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


ETAP displays the nominal kV of the bus next to the Bus ID. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


ETAP 11-761 ETAP 19.0 User Guide 


AC Elements Static Var Compensator 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as 
Estimate, Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field 
can be changed to reflect the source of the latest data. There are a total of ten load types. To 
change the data type names, navigate to the Project Menu, point to Settings and select Data 
Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load 
priority, operating priority, load-shedding priority, etc. Ten different priorities are allowed. To 
change priority names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.28.2 Rating Page 
The Rating page defines the control region of the Static Var Compensator (SVC). 


Static Var Compensator - SVC1 = 


[Info| Ratna | Medel | Harmonic | Rekabity | Remarks | Comment | 
oo 


Voltage Rating 


Vref 
100 


QLmax 
52.9 


Max Capacitive Rating and Slope 
Qcmax 


52.9 


Be5 Kiso. Dan & 


Voltage Rating 


kV 
This is the rated Voltage of the SVC in kV. 


Vmax 


This is the maximum voltage in percent of rated voltage. This value is used to calculate the 
maximum current of the SVC. 
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Vmin 
This is the minimum voltage in percent of rated voltage. This value is used to calculate the 
minimum current of the SVC. 


Vref 
This is the voltage setting as a percentage of rated voltage. When the SVC is in control range, 
the SVC will maintain this voltage at its terminal. 


Inductive Rating 


These are the ratings of the inductive component of the SVC. 


QL 


The rated inductive reactive power in Mvar. 


IL 
The rated inductive current in kA. 


BL 
The rated inductive susceptance in Siemens. 


Capacitive Rating 


These are the ratings of the capacitive component of the SVC. 


Qc 


This is the rated capacitive reactive power in Mvars. 


Ic 
This is the rated capacitive current in kA. 


Bc 
This is the rated capacitive susceptance in Siemens. 


Max Inductive Rating and Slope 


QLMax 
This is the maximum inductive reactive power in Mvars. 


ILMax 
This is the maximum inductive reactive current in Amps. 


SLL 
This is the slope of the operating terminal voltage in the inductive region. 


Max Capacitive Rating and Slope 


Qc Max 
This is the maximum capacitive reactive power in Mvars. 
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Ic Max 
This is the maximum capacitive reactive current in Amps. 


SLC 
This is the slope of the operating terminal voltage in the capacitive region. 
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11.28.3 Static Var Compensator Models 


The Static Var Compensator Control model can be accessed from the Static Var Editor, Model 
page. It is imperative to model this control when performing Transient Stability Studies to 
determine the dynamic response of the SVC under different conditions. 


ETAP contains the following SVC control models: 


e Type 1 
e Type 2 
e Type3 


See the Dynamic Models Chapter for more details. 
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11.28.4 Harmonic Page 


The Harmonic page of the Static Var Editor allows you to specify the generation of harmonics of 
this device. 


| Info _| Rating | Model | Harmonic | Reliability | Remarks | Comment 


@ Harmonic Library © IEEE 519 Equation 


MFR Typical-IEEE 


Model 6 Pulse1 


Interharmonics 


Wave Form 


SES Mesa JD) (G8) (2) COG [cerca 


Harmonic Library 

Select this option to define the content of the harmonics of this device by selecting a model from 
the library (by clicking the Library button). When this option is selected, the Library group is 
activated while the Parameters group is grayed out. 


TEEE 519 Equation 


Select this option to define the content of harmonics of this device by the pulse level and the 
rectifier injection angle of the device. When this option is selected the Library group is grayed 
out and the Parameters group is active. 
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Library 


This group displays the properties of the library selected such as type, manufacturer, and model. 
Parameters 


Pulse # 
Select the Thyristor pulse modulation. This selection has a direct impact on the modeling of the 
harmonic generation of the SVC. 


Shift Angle 
Enter the transformer shift phase angle. ETAP enters the standard shift angles for different pulse 
modulation when the pulse number is selected: 


Pulse Shift 


Angle 
12 30° 
24 15° 
48 eo 


For 6 pulse, the phase shift is not taken into consideration for the harmonic generation model. 


Alpha 
Enter the advance angle in degrees. 


Xc% 
Enter the commutation reactance in percent of the device rating. 


Max Order 
This is the maximum harmonic order to be modeled. 
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11.28.5 Reliability Page 


Static Var Compensator - SVC1 


Info = Rating Model Harmonic Reliability Remarks Comment 


175.2 


1.1414E-4 


80 


[_] Replacement Available 


10 hr 


) SB) LR] | cores 


Reliability Parameters 


LON 

Aa is the active failure rate in number of failures per year. The active failure rate is associated 
with the component failure mode that causes the operation of the primary protection zone around 
the failed component to fail and can therefore cause the removal of the other healthy components 
and branches from service. After the actively failed component is isolated and the protection 
breakers are reclosed, service is restored to some or all of the load points. However, the failed 
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component itself (and those components that are directly connected to this failed component) can 
only be restored to service after repair or replacement. 


MTTR 
MTTR is the mean time to repair in hours. It is the expected time for a crew to repair a 
component outage and restore the system to its normal operating state. 


Hy 
u is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 


(1 = 8760/MTTR). 


MTTF 
MTTF is the mean time to failure in years calculated automatically based on Aa (MTTF = 
1.0/Aa). 


FOR 
FOR is the forced outage rate that is, unavailability) calculated based on MTTR, Aa (FOR = 
MTTR/(MTTR+8760/Aa). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
rp is the replacement time in hours for replacing a failed element with a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick dialog box for reliability data. 


11.28.6 Remarks Page 


ETAP 11-770 ETAP 19.0 User Guide 


AC Elements Static Var Compensator 


Static Var Compensator - SVC1 |S) 


| Info| Rating | Model | Harmonic | Reliability | Remarks | Comment | 


Drawing / Diagram 


. 12345 (numeric) : 
One-Line Drawing ABC-123 


01/01/02 


ae Reference Sub OLV ABC-456 


Purchasing 
Date 01/02/00 


=D) SB) S| (cores) 


User-Defined Info 
These fields allow you to keep track of extra data associated with this component. You can 


change the names of the user-defined (UD) fields from the Project menu by pointing to Settings 
and selecting the User-Defined Fields command. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


ETAP 11-771 ETAP 19.0 User Guide 


AC Elements Static Var Compensator 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing / Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.28.7 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Static Var Compensator - SVC1 |e 


| Info | Rating | Model | Harmonic | Reliability | Remarks 


Oo 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file | 


Be5 Ks Dan & 


When entering information on the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.29 High Voltage DC Link (DC Transmission Line) 


The properties associated with High-Voltage DC Link (HVDC) can be entered in this editor. 


The HVDC Editor includes the following pages of properties: 


Info Rating Rectifier Control 
Inverter Control AC Control Shut-Restart Control 
Harm-Rect Harm-Inv Reliability 

Remarks Comment 


11.29.1 Info Page 


DC Link - DC_LINK1 [seem 


Shut - Restart Control | Hamm-Rect | Ham-inv | Reliability | Remarks | Comment 
Info =| _—Rating | __Rectifier Control ee |__AC Control 


ID DC_LINK1 


From Bus | Bus1 y| 0.48kV Revision Data 
To Bus | Sub2A vy} 13.8kV Base 


Equipment 
Tag # Tag Number 


Name Name of the device 


Description Description of the device 


8H Secu >) @e2 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each DC Link. The assigned IDs consist of the 
default ID plus an integer, starting with the number one and increasing as the number of DC 
Links increase. The default transformer ID (DC_LINK) can be changed from the Defaults menu 
by pointing to Branch and selecting High-Voltage DC Link or from the System Manager. 


From Bus, To Bus 

Bus IDs for the connecting buses of a DC Link are designated in the From Bus and To Bus drop- 
down lists. If the DC Link is not connected to any bus, a blank entry will be shown for bus ID. 
To connect or reconnect a DC Link to a bus, select a bus from the list box. The one-line diagram 
will be updated to show the new connection, after you click OK. 


Note: You can only connect to buses that reside in the same view where the DC Link resides. In 
other words, you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If a DC Link is connected to a bus through a number of protective devices, reconnection of the 


DC Link to a new bus from the editor will reconnect the last existing protective device to the 
new bus. This is shown in the figure below, where T1 is reconnected from Bus10 to Bus4. 


Bus10 Bus4 Busl0 


CBl CBl 


Fusel Fusel 


Next to the From Bus and To Bus lists, ETAP displays the nominal kV of the buses. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
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automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
Enter the feeder tag number in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name, using up to 50 alphanumeric characters. 


Description 
Enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.29.2 Rating Page 


The DC Link model includes the following components which ratings can be defined in the 
Rating page of the DC Link Editor. 


Rectifier Inverter 


MinGamma 20 Degree 


Alpha 
MaxGamma 30 Degree Gamma 20) Degree 


ESyC he (28 (2) (0K [care | 
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Rectifier (Input) 


kV 
Enter the rated AC voltage of the input of the rectifier in kilovolts. Note that this is the DC Link 
rectifier rated AC voltage at the secondary of rectifier transformer. 


Hz 
Enter the rated input frequency of the rectifier in Hertz. 


Rectifier Transformer 


Prim. kV and Sec. kV 

Enter the primary and secondary voltage ratings of the rectifier transformer in kilovolts. Prim. 
kV refers to the AC system side. ETAP will use the voltage ratio to calculate the DC voltage 
output of the rectifier. 


MVA 
Enter the MVA Rating of the rectifier transformer. This value is used as the base MVA for the 
transformer impedance calculation. 


Tap 
Enter the transformer tap setting as a percentage. 


XC 
Enter the rectifier transformer reactance in percentage based on rectifier transformer rated MVA 
and Sec kV. 


Tap Setting 
Click on this button to specify the Max%, Min%, and Step% settings of the rectifier transformer 
tap in the Transformer Tap Setting dialog box. 


Inverter (Output) 


kV 
Enter the rated AC voltage of the output of the inverter in kilovolts. Note that this is the DC Link 
inverter rated AC voltage at the secondary of inverter transformer. 


Hz 
Enter the rated output frequency of the inverter in Hertz. 


Inverter Transformer 


Prim. kV and Sec. kV 

Enter primary and secondary voltage ratings of the inverter transformer in kilovolts. Prim. kV 
refers to the AC system side. ETAP will use the voltage ratio to calculate the DC voltage output 
of the inverter. 
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MVA 
Enter the MVA Rating of the inverter transformer. This value is used as the base MVA for the 
transformer impedance calculation. 


Tap 
Enter the transformer tap setting as a percentage. 


XC 
Enter the inverter transformer reactance in percentage based on inverter transformer rated MVA 
and Sec kV. 


Tap Setting 
Click on this button to specify the Max%, Min%, and Step% settings of the inverter transformer 
tap in the Transformer Tap Setting dialog box. 


DC Link 


# of Bridges 
Enter the number of bridges series. 


Configuration 
Select a configuration type for the DC Link. The selections available are Bipolar, Monopolar, 
and Homopolar. 


Resistance 
Enter the total DC resistance of the DC Link in ohms. 


Rating 


Imax 
Enter the maximum DC current rating in percent. 


Vdc 
Enter the DC voltage rating of the DC Link. This rating can be determined using the following 
equation: 


Vdc = Prim _kV peed 3v2 : see BridgeNumber 
ma Prim_kV(1+Tap) 


Idc 
Enter the DC current rating in kiloamps. 


Pdc 
Enter the DC power rating of the DC Link in megawatts. 


Min Alpha 
Enter the minimum rectifier ignition angle in degrees. 
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Max Alpha 
Enter the maximum rectifier ignition angle in degrees. 


Min Gamma 
Enter the minimum inverter extinction angle in degrees. 


Max Gamma 
Enter the maximum inverter extinction angle in degrees. 


Operating 
ETAP updates the Vdc, Idc, Pdc, Alpha, and Gamma results in this group. 
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11.29.3 Rectifier Control Page 


The Rectifier Control model can be accessed from the DC Link Editor, Rectifier Control page. 


Note: Contact OTI for information on the usage of this page. 


11.29.4 Inverter Control Page 


The Inverter Control model can be accessed from the DC Link Editor, Inverter Control page. 


Note: Contact OTI for information on the usage of this page. 


11.29.5 AC Control Page 
The AC Control model can be accessed from the DC Link Editor, AC Control page. 


Note: Contact OTI for information on the usage of this page. 


11.29.6 Shutdown-Restart Control Page 


The DC Link Shutdown and Restart model can be accessed from the DC Link Editor, Shut- 
Restart Control page. 


Note: Contact OTI for information on the usage of this page. 


11.29.7 Harmonic-Rectifier Page 


The Harm-Rect model can be accessed from the DC Link Editor, Harm-Rect Control page. 


Note: Contact OTI for information on the usage of this page. 


11.29.8 Harmonic Inverter Page 
The Harm-Inv model can be accessed from the DC Link Editor, Harm Inv page. 


Note: Contact OTI for information on the usage of this page. 
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11.30 AC Composite Motors 


AC Composite motors are used as a tool to group motors and loads in the system. The elements 
that can be included inside an AC composite motor are: 


¢ Induction and Synchronous motors - Uninterruptable Power Supply 

- Static loads ¢ Variable Frequency Drive 

« MOVs - Lumped loads 

- Circuit breakers (LV & HV), - Capacitors & filters 
contactors, fuses, ST switches, - Instrument transformers (current & 
Reclosers, Overload Heaters potential) 

- AC composite motors - Relays (overcurrent, frequency, 

« Voltmeters, Ammeters, and Multi- voltage, power, In-Line Overload, solid 
Meters state trip and motor) 


The number of levels that you can nest composite motors inside composite motors is unlimited. 
Other than the limitation on the types of elements that you can include inside a composite motor, 
the user interface characteristics of composite motors are the same as the one-line diagram. 


To change the ID (name) of a composite motor, <Ctrl>+double-click on the composite motor, or 
open the composite motor and double-click on the background where there are no elements 


Composite Motor Editor - Comp Mtr1 
Ue Comp Mtrt 
| Metafile Browse 
| Disable Zoom 


He 
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To open a composite motor, double-click on that composite motor. 


1-3/C 750 
Cable2 


Sub3 Swar 
4.16 kV 


MCC1 0.48 kV 


} SPFdr2 
AN 


Comp Mtr1 MCC1 


b 


} 
Mtr3 Mtr4 Mtr5 Mtr6 
75 HP 125HP = 50 HP-—s 2x60 HP. 100 kVA 


LTG Load 


Pni2 
1Ph3W 
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11.31 DC Composite Motors 


DC Composite motors are used as a tool to group DC motors and loads. The elements that you 
can include inside a DC composite motor are: 


DC Motors 

DC Loads (Static, Lumped, & Elementary Diagram) 
Circuit Breakers, Fuses, & ST Switches 

DC Composite Motors 


The number of levels that you can nest composite motors inside composite motors is unlimited. 


Other than the limitation on the types of elements that you can include inside a composite motor, 
the user interface characteristics of composite motors are the same as the one-line diagram. 


To change the ID (name) of a composite motor, <Ctrl>+double-click on the composite motor, or 
open the composite motor and double-click on the background where there are no elements. 


Composite Motor Editor - Comp Mtr1 |e 


PRIMCC2 


| Metafile 
Disable Zoom 


ie | cc 
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To open a composite motor, double-click on that composite motor. 
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11.32 Composite Networks 


You can consider a composite network an aggregation of all components in a subsystem since it 
can contain buses, branches, loads, sources, and even other composite networks or composite 
motors. You can nest your subsystems to an unlimited number of layers. This allows you to 
construct systems and nest them by their order of importance, by physical layout, by the 
geometrical requirements of elements, by study requirements, by relays and control device 
requirements, by logical layout of elements, etc. You have full control as to how the system 
should be nested. 


You may place composite networks anywhere on a one-line diagram or within other composite 
networks. These nested composite networks are part of the overall one-line diagram of the 
system. All studies that are run include all the elements and connections nested within all 
composite networks and composite motors. 


11.32.1 Composite Networks (ETAP 2.0 and Prior Release) 


Composite networks in ETAP 2.0.8 and earlier versions have four entry points (pins). These are 
top pin, left pin, right pin, and bottom pin. Externally, these pins can only be connected to buses 
(directly or through protective devices). They represent the connecting points of the composite 
network to the outside. Internally, these pins cannot be directly connected to buses, i.e., they can 
be connected to branches, motors, fuses, etc. 


The bus-like element seen in the old composite network is the starting point for the composite 
network (internal pin). This element graphically represents the connecting point of the 
composite network to the outside system. This connecting point is not considered as a bus for 
the studies. 


When you open an old composite network for the first time, all of the four pins are shown in 
their relative positions. You can move these internal pins anywhere inside the composite 
network. If there is an external connection to a pin, the ID of the connected bus is displayed. If 
there is no external bus connection, the pins indicate No Ext Bus. If there is an external bus 
connection, the bus ID is displayed. 
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No Ext Bus No Ext Bus 


Bot Pin 


No Ext Bus 


Old Composite Network Network1 with top pin connected to bus Sub3 


11.32.2 Composite Networks (ETAP PowerStation 3.0 to ETAP 
12.6.5) 


These composite networks are available in ETAP 3.0 or later versions. The new composite 
networks can have up to 20 pins. The default number of pins is 4 and can be change from the 
right mouse click as shown below. 


{ef Cut | 


b2/ Copy 


Add To Template... 


Size r 

Symbols b Ps 
Rotate b ~ 
Pins | 

Properties... 

View... 


Save Annotation Position 


Get Annotation Position 


Changing Number of Pins from 4 to 20 


You can hide the unconnected pins inside a composite motor by using the right mouse click as 
shown below. 
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Cut 
Copy 
Paste 
Move From Dumpster 
Get From Template... 
Add To Template... 
Size » 
Bus Size » 
Symbols > 
Orientation » 
Status > 
Switching Device Status » 
Colors » 
Classification » 
Alignment » 
Rotate » 
Group 
Ungroup 
Get Annotation Position > 
Hide All PDs 
Show All PDs 
AutoRoute Connectors 
Print Preview... 

Y Hide Unconnected Pins 


Hiding Unconnected Pins 
The pins for the new composite motors can be connected to any bus, branch, load, or protective 


device. Once a pin is connected internally or externally to an element, it becomes a proxy for 
that element and all connection rules for the element apply to the connected pin. 
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Composite Network Connections 


ETAP does not automatically convert the old composite networks to the new type. This can be 
done by first cutting all elements from the old composite network, and then use the “Move From 
Dumpster” command to place them in a new composite network. 


The number of levels that you can nest composite networks inside composite networks is 
unlimited. There is no limitation on the elements that you can include inside a composite 
network, i.e., the user interface characteristics of composite networks are the same as the one- 
line diagram where you can include both AC and DC elements. 


Note: When you are working with a particular one-line diagram presentation, display attributes 
of composite networks and composite motors are saved along with the one-line diagram 
presentations, i.e., composite networks are treated the same as the one-line diagram. 
To change the ID (name) of a composite network, you can: 
1) <Ctrl>+double-click on the composite network symbol from the one-line diagram. 
2) Open the composite network and double-click on the background where no device exists. 
3) Double-click on the composite network from the System Manager (under Components, 


Networks Composite). 


You can change the ID to any unique 25-character name. 
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Composite Motor Editor - Comp Mtr1 
Le Comp Mtr 
_ | Metafile Browse 
| Disable Zoom 


ie | toe 


The following steps are used to move a subsystem (group of elements and connections) from the 
one-line diagram to a composite network: 


1) Select the desired elements, including their connections, by rubber banding, and 
<Ctrl>+click. 

2) Click Delete to cut the elements into a Dumpster Cell. 

3) Activate the composite network by double-clicking on it. 

4) Right-click inside the composite network and select Move From. 


Adding A Composite Network 

This describes how to add a composite network to the one-line diagram. The ID will 
automatically default to Network1. To change the ID, press <Ctrl>+double-click. To construct a 
one-line diagram inside this composite network, double-click on the composite network to bring 
up a composite network View, which is just like another one-line diagram. Therefore, the steps 
required for constructing a composite network are the same as those for constructing the main 
one-line diagram. 


When you open the composite network and it is not connected to any bus in the system, you get a 
view that indicates there is no external bus connection. When you open the composite network 
and it is connected to a bus, you get a view that indicates the connecting bus for the composite 
network. 


The bus-like element seen in the composite network is the starting point for the composite 
network. This element graphically represents the connecting point of the composite network to 
the outside system. This connecting point is not considered as a bus for studies. 


In order to move elements from one view to another (for example, from OLV1 to Network1), 
first select the desired elements, including their connections, from OLV1. Select Delete to cut 
the elements into the Dumpster, activate the view you want the elements to be moved into 
Network1, then click on Move From. 
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11.32.3 Composite Networks (ETAP 14.0 and higher) 


With ETAP 14.0, composite networks have unlimited connection capability, i.e. unlimited 
external connections can be routed to a nested network. There are no visible connection pins. 
The pins are visible when you move the cursor to the edge of the composite network as shown 


below. 
E} 


Network1 


See section 9.1.24 Composite Networks for more information regarding composite networks for 
ETAP 14.0 and higher. 
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11.33 Fuse 


The properties associated with fuses of the electrical distribution system can be entered in this 
editor. Fuse protection devices are available for a full range of voltages. 


The Fuse Editor contains the following pages of properties with header information. 


e = Info 
e Rating 
e TCCKA 


¢ Model Info 
e _ Reliability 
e Checker 

e Remarks 

e Comment 


11.33.1 Header Information 


The header displays the information in the figure below for the selected fuse model on each page 
of the AC Fuse Editor. 


Manufacturer Size ID 
Max. kV Lock Icon 


S&C 27 k¥ max. 10E a 

ae = Speed 12,5 kA 

Model Speed Short-Circuit Data 
Manufacturer 


This is the manufacturer name of the fuse selected from the library. 


Max. kV 
This displays the maximum rated voltage for the selected fuse in kV. 


Size ID 
This displays the selected size ID for the fuse. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Model 
This is the model name of the fuse selected from the library. 


Speed 
This displays the speed classification of the selected fuse. 
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Short-Circuit data 
This displays the short-circuit interrupting kA for the selected fuse size. 


11.33.2 Info Page 


Fuse Editor - Fusel _— ' [ee -Soemn| 
a = 


From MSV Reon Da 
To fr2 Base 


Equipment 
Tag# Feeder Tag Number 


Name Name of the equipment 


Description Description of the equipment 


300 we) BB) aon] 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each fuse. The assigned IDs consist of the default 
fuse ID plus an integer, starting with the number one and increasing as the number of fuses 
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increase. The default fuse ID (Fuse) can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


From & To 

Bus IDs for the connecting buses of a fuse are designated as From and To buses. If a terminal of 
a fuse From or To is not connected to any bus, a blank entry will be shown for bus ID. Ifa 
terminal of a fuse is connected to a branch, directly or indirectly, the ID of the branch will be 
displayed for the terminal connection. To connect or reconnect a fuse to a bus, select a bus from 
the list box. The one-line diagram will be updated to show the new connection after you click on 
OK. Note that you can only connect a fuse to buses that reside in the same view where the fuse 
resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If a fuse is connected to a bus through a number of protective devices, reconnection of the fuse to 
anew bus from this editor will reconnect the last existing protective device to the new bus, as 
shown below where Fusel is reconnected from Bus10 to Bus4. 


Bus10 Bus4 Bus10 Bus4 
cT1 f_(R) R1 cT1 R1 
CT2 f(r) R2 CT2 t{(R) R2 
cBl CJ cBl CJ 
Fusel a Fusel a 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 

You can change the status of a fuse (for the selected configuration) by clicking on the Close or 
Open options. Once a configuration status is selected for a one-line presentation, any subsequent 
manipulation of the status of an element (circuit breaker, fuse, motor, or static load) will be 
saved under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the fuse to indicate that this is the fuse status 
under the specific configuration, i.e., you can have different operating status under different 
configurations. In the following example, status of a fuse is shown to be closed under Normal 
configuration and open under Emergency configuration. 


Configuration Configuration 
Normal Normal 
® Close Close 
Status Status 
Open @ Open 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Real-Time Status 


The data here are associated with the online (real-time) operation of the ETAP Real-Time 
module only. 
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Scanned Status 
This displays the scanned status (open or closed) of the switching device. 


Pin 
Click on this button to pin the switching device to either closed or open status. This option is 
provided to overwrite the actual status received from the real-time system. 


Control 


Click on this button to control the status (open or closed) of the device. ETAP Real-Time will 
request confirmation. 
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11.33.3 Rating Page 


Fuse Editor - Fusel —_ ' cl 
a 


@ ANSI 


3) li) [S| (28) (2) (0K.}| Conca 


Standard 


Click either the ANSI or IEC button option to select that standard. Once the fuse is selected 
from the Library Quick Pick - Fuse, the standard is set based on the library entry and is display 
only. 


Standard 
@ ANSI 
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Rating, ANSI Standard 

Click on ANSI Standard to enter the ratings for Fuse in accordance with the ANSI/IEEE 
Standards. When a Fuse is selected from Library Quick Pick, all parameters shown below will 
be set to their corresponding values chosen from the Quick Pick. With the exception of Size, 
changing the value(s) after selecting a fuse from Library Quick Pick will turn the header to blue 
color indicating that the substituted library data has been modified. 


Rating 
kV Size Continuous Amp Interrupting Test PF 


27 ~ (10&...r]* 10 ~ 125 + 665 ¥ 


kV 
Select from the drop-down list or enter the rated kV rating for the Fuse in kV. When a Fuse is 
selected, the Rated kV value will be set equal to the Max. kV selected from Library Quick Pick. 


Size 
Select from the drop-down list and display the size in amperes for the selected fuse. 


Note: The Size field will be empty when no fuse is chosen from Library Quick Pick. 


Continuous Amp 

Select from the drop-down list or enter the continuous current rating for the Fuse in amperes. 
The Continuous Amp value will be set equal to the fuse size when a fuse is selected from Library 
Quick Pick. 


Interrupting 
Select from the drop-down list or enter the Interrupting kA rating for the Fuse in kA. 


Note: When a Fuse is selected, the interrupting kA value will be set equal to the kA value for 
selected fuse size from Library Quick Pick. 


Test PF 
Enter the power factor of test equipment on which the rating of the fuse has been established. 
When a fuse is selected, the Test PF is set to the Test PF value selected from Library Quick Pick. 
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Rating, IEC Standard 

Click on IEC Standard to enter the ratings for Fuse in accordance with the IEC Standards. When 
a Fuse is selected from Library Quick Pick, all parameters shown below will be set to their 
corresponding values chosen from the Quick Pick. With the exception of Size, changing the 
value(s) after selecting a fuse from Library Quick Pick will turn the header to blue color 
indicating that the substituted library data has been modified. 


Rating 
kV Size Continuous Amp Breaking Test PF 
12 v| 6A vio [6 v| [50 v] [15 v 
TRV Test X/R 
lo 6.591 


kV 

Select a rating from the drop-down list or enter the rated kV rating for the Fuse in kV. Whena 
Fuse is selected, the Rated kV value will be set equal to the Max. kV selected from Library 
Quick Pick. 


Size 
Select from the drop-down list and display the size in amperes for the selected fuse. Note that the 
Size field will be empty when no fuse is chosen from Library Quick Pick. 


Continuous Amp 

Select from the drop-down list or enter the continuous current rating for the Fuse in amperes. 
The Continuous Amp value will be set equal to the fuse size when a fuse is selected from Library 
Quick Pick. 


Breaking 

Select from the drop-down list or enter the AC breaking for the Fuse in kA. Note: When a Fuse 
is selected, the breaking value will be set equal to the kA value for selected fuse size from library 
Quick Pick. 


TRV 
Enter the transient recovery voltage of the fuse in kV. 


Test PF 

Enter the manufacturer testing power factor in percent. This field is related to Test X/R. When a 
new value is entered, the Test X/R will be recalculated according to the following 
formulaaccordingly. 


Test PF = 
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When retrieving the data from library, the Test PF is calculated based on Test X/R from the 
library using the above equation. If the library Test X/R is zero, then the following logic applies. 


For HV Fuses (Above 1kV), Test PF is set to 15% (per IEC 60282-1) and the corresponding Test 
X/R is calculated. 


For LV Fuses (1kV and Below), If the Rated Breaking current from the library is less than or 
equal to 20 kA, Test PF is set to 30% and the corresponding Test X/R is calculated. 


For the Rated Breaking current in the library greater than 20 kA, Test PF is set to 20% (per IEC 
60296-1) and the corresponding Test X/R is calculated. 


The above logic applies to the Panel main disconnect and sub circuit IEC Fuse as well when the 
library data is zero for the Test X/R . 


Note: If any data gets modified that was extracted from the library to the editor, the color of Fuse 
header will change to a dark blue color to indicate that there is a conflict between the editor and 
library data. 


Test X/R 
Enter the manufacturer testing X/R. This field related to Test PF. When a new value is entered, 
the Test PF will be recalculated accordingly . 
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Library Quick Pick — Fuse - Tabular 


To select a fuse from the library, click the Library button and the Library Quick Pick — Fuse 
dialog box will appear by default in Tabular format. 


Library Quick Pick - Fuse x 
Standard 
@ ANSI ® AC 
>) IEC bd 91 Sort A to Z 


Z| SortZtoA 

Search 
(Select All) gS 
ABB | 
Allis-Chalmers 
Brush 
Bussmann 


Manufacturer 


Reference} 


Cooper | 


Link 


www.cooperbussn 


Model Chance 


Combined Technologies Inc 
Cooper 


.__..| #4] Cutler-Hammer 
Applicati¢ = 


Reference 


Clip-Lock) 


ECLO055 55 Other Yes Exated Power Fu 
ECL155 15.5 Other Yes ECL155... | Erated Power Fu... 
= ea FNM 0.032 | Time De... | No Fusetron 

General Pur FNQ 0.5 Time De... | No Tron 

FNG-R 0.6 Time De... | No CC-TRON |CC 

Bussmann FRN-R (4/... | 0.25 Time De... | Yes Fusetron | RK5 CLF 

58 | Bussmann FRN-R (8/... | 0.25 Time De... | Yes Fusetron | RK5 CLF 

59 | Bussmann FRN-R (10... | 0.25 Time De... | Yes Fusetron | RK5 CLF 

60 | Bussmann FRN-R (10... | 0.25 Time De... | Yes Fusetron | RK5 CLF 

61 | Bussmann FRS-R 0.6 Time De... | Yes Fusetron | RK5 CLF + 


SSS8hi8h\8i8h) 88 


Notes 


In the Tabular format, Manufacturer, Model, Max kV, and Speed together with other fuse model 
information can be viewed under separate columns next to each other, representing all available 
models for selected standard. Selection of any row in this table will show the available sizes for 
the selected model. 

Clicking on any header will open the dialog box for sort, search, and filer based on content of the 
selected column. 


Select a fuse by selecting the row for Manufacturer name, Model, Max kV, Speed, etc. then 
select the size from displayed available sizes. Click the OK button to retrieve the selected data 
from the library and transfer it to the editor. 


Note: When you select library data, the fuse manufacturer and model name, along with other 
details, are displayed in the editor header. Should any changes be made in the retrieved library 
data, the library header will be displayed in blue to indicate that the substituted library data has 
been modified. 


The information available in the Fuse Library Quick Pick with Tabular format is described 
below. 
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Standard 


Click either the ANSI or IEC option to select that standard. The Standard selection in the Library 
Quick Pick - Fuse (and hence the fuse models displayed) will default to the selected Standard on 
the Rating page of fuse editor. The Standard selection can be changed in the Library Quick Pick 
dialog box if desired. 


AC/DC 


Displays that the Fuse is AC or DC. This option is grayed out and updated based on selected 
symbol for AC or DC fuse. 


Manufacturer Info 


The available Manufacturer information for selected row will be displayed on the left as 
explained below. 


Reference 
Displays the Manufacturer reference, if available, for selected manufacturer. For example, 
Siemens is the reference manufacturer for ITE. 


Link 
Displays the Manufacturer web link or URL address. 


Model Info 
The available Model information for selected row will be displayed on the left as explained 


below. 


Reference 
This displays the reference, if available, for selected fuse model. 


Application 
This displays the application for the selected fuse model. 


Manufacturer and Model Table 


Manufacturer 

Manufacturer column in the table displays a list of all fuse manufacturers included in the library 
for the selected standard. Choose a manufacturer by selecting the row with manufacturer name 
or click on header to open the dialog for sort, search, and filer. 


Model Name, Max kV, Speed 
The Model column displays list of all fuse models for the selected standard. The Model together 
with Max kV and Speed makes a unique record name in the fuse library. 


CLF 
This displays if the selected fuse model is Current Limiting Fuse or not. 


Brand Name 
This displays the brand name, if available, for the selected fuse model. 
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Class 
This displays the class (E-rated, for example) for the selected fuse model. 


Type 
This displays the type (Power Fuse, for example) for the selected fuse model. 


Size and Short-Circuit Table 


Size 
Displays a list of all sizes available for the selected row in Manufacturer and Model. To select a 
size from the Quick Pick, highlight its row. 


Note: The sizes listed for the selected fuse model are not the ampere value, but the ID for the 
ampere value as provided by the manufacturer. 


Cont. Amp 
This displays the ampere value corresponding to each size for the selected fuse model. 


Int. kA (ANSI Standard) 
This displays the short-circuit interrupting rating in kA corresponding to each size for the 
selected ANSI fuse model. 


Breaking kA (IEC Standard) 
This displays the short-circuit breaking in kA corresponding to each size for the selected IEC 
fuse model. 


Library Quick Pick — Fuse - Hierarchy 


Click on the Hierarchy button at the bottom left corner of dialog box to change the interface of 
Library Quick Pick — Fuse from Tabular to tree view format. 
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Library Quick Pick - Fuse [pee 


Standard Manufacturer 
@ ANSI 


Kearney Reference 
Littelfuse 


McGraw-Edison 
RTE 


© IEC 


¢ Link 
Siemens 


Southern States www. sandc.com 
Caine MO 


Class 


Slow E-rated 
2? Standard 
2? Very Slow Type 
38 K 


39 Slow Power Fuse 


Cont. Amp Int. kA Brand Name 
15 125 
12.5 
12.5 
12.5 
12.5 


Reference 


Application Transformer, cable 


From the dialog box, select a fuse by selecting the Manufacturer name and the desired fuse 
Model, Max kV, and Speed. This represents a unique record. Select the desired size and short- 
circuit interrupting kA. Then click the OK button to retrieve the selected data from the library 
and transfer it to the editor. 


Note: When you select library data, the fuse manufacturer and model name, along with other 
details, are displayed in the editor header. Should any changes be made in the retrieved library 
data, the library header will be displayed in blue to indicate that the substituted library data has 
been modified. 


Standard 


Click either the ANSI or IEC option to select that standard. The Standard selection in the Library 
Quick Pick - Fuse (and hence the fuse models displayed) will default to the selectEd Standard on 
the Rating page. The Standard selection can be changed in the Library Quick Pick dialog box if 
desired. 
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AC/DC 


Displays that the Fuse is AC or DC. This option is grayed out and updated based on selected 
symbol for AC or DC fuse. 


Manufacturer 


Manufacturer Names 
Displays a list of all AC fuse manufacturers included in the library for the selected standard. 
Choose a manufacturer by selecting the manufacturer name. 


Reference 
Displays the Manufacturer reference, if available, for a selected manufacturer. For example, 
Siemens is the reference manufacturer for ITE. 


Link 
Displays the Manufacturer web link or URL address. 


Model 


Model Name 

The Model column displays list of all fuse models for the selected standard and fuse 
manufacturer. The models are displayed in the form of Model — Max kV — Speed, which forms a 
unique record name in the fuse library. Select a Model — Max kV — Speed row by clicking it. 


Size and Short-Circuit Data 


Size 
Displays a list of all sizes available for the selected Model — Max. kV — Speed record for the 
fuse. To select a size from the Quick Pick, highlight its row. 


Note: The sizes listed for the selected fuse model are not the ampere value, but the ID for the 
ampere value as provided by the manufacturer. 


Cont. Amp 
This displays the ampere value corresponding to each size for the selected fuse model. 


Int. kA (ANSI Standard) 
This displays the short-circuit interrupting rating in kA corresponding to each size for the 
selected ANSI fuse model. 


Size Cont. Amp Int. kA r 
15E Ue 12.5 = 
20E 20 12.5 
25E 25 12.5 
30E 30 12.5 
40E 40 12.5 ~ 
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Breaking kA (IEC Standard) 
This displays the short-circuit breaking in kA corresponding to each size for the selected IEC 
fuse model. 


Size Cont. Amp Breaking kA “| 
6A 6 50 = 
104, 10 50 | 
164 16 50 | 
254, 25 50 | 
404, 40 50 . 

Model Info 

Class 


This displays the class (E-rated, for example) for the selected fuse model. 


Type 
This displays the type (Power Fuse, for example) for the selected fuse model. 


Brand Name 
This displays the brand name, if available, for the selected fuse model. 


Reference 
This displays the reference, if available, for selected fuse model. 


Application 
This displays the application for the selected fuse model. 
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11.33.4 TCC kA (Short-Circuit Clipping) Page 


Fuse Editor - Fusel 


. ~ S| 


[info | Rating | TCC KA | Model info | Reliability | Checker | Remarks | Comment | 


TCC Clipping Current 


@ Sym. ms © Asym. ms 


Line Fault 


Line-Ground Fault + 


v 


v 


TCC Minimum Current (Sym.} 


Line Fault } 


Line-Ground Fault } 


(23) (GB) (59) [€) [rset =)() (2) (0K) conc 


v 


v 


Show on TCC 


Show on TCC 


Show on TCC 


Show on TCC 


3.6 kV max. 160A a 
Other Speed 50kA 


kA @ Base kV (34.5 kV) 
21.95 


25.57 
kA @ Base kV (34.5 kV) 
0 


0 


Pin (Disable Short-Circuit Update) 


TCC kA 


Calculated 


Selecting the Calculated option displays the system-calculated 3-phase and line-ground short- 
circuit current values at the connected bus to the element. The values will be updated when you 
run Short-Circuit Clipping kA from Star Mode. 


ETAP 


11-807 
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User-Defined 

Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line- 
ground kA values. By default, the user-defined kA values are set to calculated kA where 
available. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 


The short-circuit currents used for clipping the device curve in Star View are specified in the 
TCC Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to 
Asym. RMS option. Selecting the Sym. RMS option will display the ANSI % cycle symmetrical 
or IEC Maximum / User-defined symmetrical current as specified in the Star Mode Study Case 
Editor. The Asym. RMS option will display the corresponding asymmetrical current values. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star 
View. 


kA (3-Phase Fault) 
For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical short- 
circuit current. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in 
Star View. 


kA (Line-Ground Fault) 
For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 
short-circuit current. For the User-Defined option, the Line-Ground Fault kA field is editable. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 
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3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase minimum fault arrow in Star View. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase ANSI 30 cycle short-circuit current in 
kA or IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in the Star Mode Study Case Editor. For the User- 
Defined option, the minimum 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the minimum line-ground fault arrow in Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground ANSI 30 cycle short-circuit in 
kA or, IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in Star Mode Study Case Editor. For the User- 
Defined option, the Line-Ground Fault kA field is editable. 


Pin (Disable Short-Circuit Update) 

Select this option to disable updating of the system-calculated, short-circuit kA values for the 
selected element. Note that calculated Base kV values will be updated regardless of pinned 
status. 
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11.33.5 Model Info Page 


Fuse Editor - Fusel 


| Info | Rating | TOC kA| Model info 


Reliability | Checker | Remarks | Comment | 


ABB 
CEF 


Model Info 


Reference 
Brand Name 
Catalog # 


Issue Date 


Descinti 


lonliceli 


3.6 kV max. 160A 
Other Speed 50kA 


CEF/CMF 5964 GB 


5/2/2002 


Indoor/Outdoor, with indicator and striker pin 


Back-up 


(23) (GB) (9) [€) [rset =)(2) BW (2) Co)|[ cone 


Model Info 
Additional information regarding the selected fuse model is displayed on this page. 


Reference 
This displays the model reference, if available for selected fuse model. 


Brand Name 
This displays the brand name, if available, for the selected fuse model. 


ETAP 


11-810 


Fuse 
|e 
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Catalog # 
This displays the catalog number for the selected fuse model. 


Issue Date 
This displays the date of issue of the catalog for the selected fuse model. 


Description 
This displays the description for the selected fuse model. 


Application 
This displays the application for the selected fuse model. 


Class 
This displays the class (E-rated, for example) for the selected fuse model. 


Type 
This displays the type (Power Fuse, for example) for the selected fuse model. 
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11.33.6 Reliability Page 


2 Fuse Editor - Fusel 


Info Rating TCCkA Model Info Reliability Checker Remarks Comment 


S&C 38 kV max. 200E g 


SMU-20 Standard Speed 10kA 
Reliability Parameters Library 


Ns Tata 


Ap {0.003 Failure/yr 


Me 1/43. Repair/yr 


FOR 


MR 


Reliability Parameters 


LON 

This is the active failure rate in number of failures per year per unit length. The active failure 
rate is associated with the component failure mode that causes the operation of the primary 
protection zone around the failed component and can therefore cause the removal of other 
healthy components and branches from service. After the actively failed component is isolated, 
the protection breakers are reclosed, and service is restored to some or all of the load points. It 
should be noted, however, that the failed component itself (and those components that are 
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directly connected to this failed component) could be restored to service only after repair or 
replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


This is the mean repair rate in number of repairs per year, calculated automatically based on 
MTTR (pu = 8760/MTTR). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR 
= MTTR/(MTTR+8760/(AatAp)). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa and Ap (MTTF 
= 1.0/(Aat+ApP)). 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the source of the selected fuse reliability data. 


Type 
This displays the Type of fuse selected. 


Class 
This displays the class selected for reliability data. 


11.33.7 Checker Page 
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Fuse Editor - Fusel nl 


| Info| Rating | TOC kA | Model info | Reliability | Checker | Remarks | Comment | 
ABB 3.6 kV max. 160A 


CEF Other Speed 50 kA 


Checker 


07-15-2011 


Sen he) RR) Calc) 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 


Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 
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Date 
This field displays date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 


11.33.8 Remarks Page 


Fuse Editor - Fusel P (=o 


| Info | Rating | TCC kA | Model info | Reliability | Checker 
3.6 kV max. 


Other Speed 


-|17 (numeric) 
01/01/2003 
01/01/2004 
01/01/2005 
12 character 
12 character 


12 character 


Be he 7) RR) Calc) 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.33.9 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Fuse Editor - Fusel _ [eee Soma 


| Info | Rating | TCC kA | Model info | Reliability | Checker | Remarks | Comment 
ABB 3.6 kV max. 160A 
CEF Other Speed 50kA S 


Enter any additional data or comments regarding condition, maintenance, tests, or studies 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Be We) RR) aca) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.34 Contactor 


The properties associated with a contactor of the electrical distribution system can be entered in 
this editor. The Contactor Editor contains the following pages of properties. 


Info 
Reliability 
Interlock 
Remarks 
Comment 
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11.34.1 Info Page 


Tag # Feeder ’ Tag Nur nber 


Name Name of the equipment 


Description Description of the equipment 


Online Status 
Pin Control 


Scanned i 
[Not Scanned [Sf] cose [VE] 
cea Bo Fe 


Application/Association 
A 2 ti 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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Contactor 


838) 9) (98) (2) (0K | [cance | 
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ETAP automatically assigns a unique ID to each contactor. The assigned IDs consist of the 
default contactor ID plus an integer, starting with the number one and increasing as the number 
of contactors increase. The default contactor ID (Cont) can be changed from the Defaults menu 
in the menu bar or from the System Manager. 


From & To 

Bus IDs for the connecting buses of a contactor are designated as From and To buses. Ifa 
terminal of a contactor (From or To) is not connected to any bus, a blank entry will be shown for 
the bus ID. If a terminal of a contactor is connected to a branch (directly or indirectly), the ID of 
the branch will be displayed for the terminal connection. To connect or reconnect a contactor to 
a bus, select a bus from the list box. The one-line diagram will be updated to show the new 
connection after you click on OK. 


Note that you can only connect to buses that reside in the same view where the branch resides, 
i.e., you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a contactor is connected to a bus from this editor through a number of other protective devices, 
reconnection of the contactor to a new bus will reconnect the last existing protective device to 
the new bus, as shown below where CONTS3 is reconnected from Bus10 to Bus2. 


Bus10 Bus2 Bus10 Bus2 


cT1 ‘ (R) R1 
( 
CT2 § (A) AM1 


Cont2 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration Status 

You can change the status of a contactor (for the selected configuration) by clicking on the Close 
or Open options. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (contactor, fuse, motor, or static load) will 
be saved under the specified configuration. 


Note that the status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the contactor to indicate that this is the 
contactor status under the specific configuration, i.e., you can have different operating status 
under different configurations. In the following example, status of a contactor is shown closed 
under Configuration Status Normal and open under Configuration Status Emergency. 


Configuration 
| Normal 


®@ Position A 
Position B 


Status 


Configuration 


Rating 


kV 
Enter the rated voltage of the contactor in kV or select the rating from the list box. 


Cont. Amps 
Enter the rated continuous current of the contactor in amperes or select the rating from the list 


box. 


Interrupting 
Enter the rated short-circuit interrupting of the contactor in kA or select from the list box. 


Dropout Time 
Enter the dropout or operating time for the contactor in seconds or select a time from the list box. 
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Type 
Select the application type (contactor or starter) for the contactor. This is used for information 
purposes only. 


Note for Star: When a contactor is plotted in Star View, it is plotted as a definite time plotted at 
the dropout time between continuous amps and interrupting kA. This line is plotted at the entered 
dropout time. The contactor line is plotted using the calculated base kV of the connected bus, 
where available. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


Application / Association 
This information is used by ETAP Intelligent Load Shedding System. 


ETAP 11-824 ETAP 19.0 User Guide 


AC Elements Contactor 


11.34.2 Reliability Page 


2 Contactor Editor - CONT2 


Info Reliability Interfock Remarks Comment 


Replacement Available 


Tp 10 hr 


Reliability Parameters 
WN 


This is the active failure rate in number of failures per year per unit length. The active failure 
rate is associated with the component failure mode that causes the operation of the primary 
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protection zone around the failed component and can therefore cause the removal of other 
healthy components and branches from service. After the actively failed component is isolated, 
the protection breakers are reclosed, and service is restored to some or all of the load points. It 
should be noted, however, that the failed component itself (and those components that are 
directly connected to this failed component) could be restored to service only after repair or 
replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


y 
u is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 


(u = 8760/MTTR). 


FOR 
FOR is the forced outage rate or unavailability) calculated based on MTTR, Aa, and Ap FOR = 
MTTR/(MTTR+8760/(AatAp)). 


MTTF 
MTTF is the mean time to failure in years calculated automatically based on Aa and Ap (MTTF 
= 1.0/(Aat+ApP)). 


MTTR 
This is the mean time to repair in hours. It is the expected time for a crew to repair a component 
outage and/or restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Replacement 


Available 
Check this box to enable rp. 


rp 
rp is the replacement time in hours for replacing a failed element with a spare one. 
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Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the source of the selected contactor reliability data. 


Type 
This displays the Type of contactor selected. 


Class 
This displays the class selected for reliability data. 


11.34.3 Remarks Page 
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Contactor Editor - CONT1 [ere Soma 


. |17 (numeric) 


01/01/2003 


01/01/20011 


01/01/2005 


12 Character 


12 Character 


12 Character 


SS) Wo =D) MLB) [0K] [ concet | 


User Defined Info 


These fields allow you to keep track of additional data associated with this component. The 
names of the User-Defined (UD) fields can be changed from the Settings option in the Project 
menu in the menu bar. 


UD Field 1 (Num. Field) 
This is a numeric field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.34.4 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Contactor Editor - CONT1 = [ue Some 


| Info _| Reliability | Interlock | Remarks | Comment 
SS 


Enter any additional data or comments regarding condition, maintenance, tests, or studies 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


SS) Wo )D) (ALB) [0K] [ concet | 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 


ETAP 11-830 ETAP 19.0 User Guide 


AC Elements Contactor 


ETAP 11-831 ETAP 19.0 User Guide 


AC Elements Circuit Breaker, HV 


11.35 High Voltage Circuit Breaker 


The properties associated with high voltage circuit breakers of the electrical power system can be 
entered in this editor. High voltage circuit breakers include all breakers above 1000V. 


The High Voltage Circuit Breaker Editor contains the following pages of properties: 


Info 
Rating 
Reliability 
Interlock 
Remarks 
Comment 
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11.35.1 Info Page 


High Voltage Circuit Breaker Editor - CB2 . s |S) 
Info| Rating | Reliabilty | Interiock | Remarks 
38kV 5Cy 40kA 108kA 


————a | 


From (iain Bus mm sasny | (eee 


Real Time 


Scanned Control Pin Alarm 


[Wer Ssred ue [B) 
Control 
tetas — oe" ES) [Sa 


seu0ke pan 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each circuit breaker. The assigned IDs consist of the 
default circuit breaker ID plus an integer, starting with the number one and increasing as the 
number of circuit breakers increase. The default circuit breaker ID (CB) can be changed from 
the Defaults menu in the menu bar or from the System Manager. 
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From & To 

Bus IDs for the connecting buses of a high voltage circuit breaker are designated as From and To 
buses. If a terminal of a breaker (From or To) is not connected to any bus, a blank entry will be 
shown for bus ID. If a terminal of a breaker is connected to a branch, directly or indirectly, the 
ID of the branch will be displayed for the terminal connection. To connect or reconnect a 
breaker to a bus, select a bus from the list box. The one-line diagram will be updated to show the 
new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the circuit breaker 
resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If a breaker is connected to a bus through a number of other protective devices, reconnection of 
the breaker to a new bus from this editor will reconnect the last existing protective device to the 
new bus, as shown below where CB3 is reconnected from Bus10 to Bus4. 


Bus10 Bus4 Busl0 Bus4 
cTzZ R2 cTz R2 
cTl Rl cTl Rl 

CB3 CB3 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 


State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
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states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 

You can change the status of a circuit breaker (for the selected configuration) by clicking on the 
Close or Open options. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (circuit breaker, fuse, motor, or static load) 
will be saved under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the circuit breaker to indicate that this is the 
breaker status under the specific configuration, i.e., you can have different operating status under 
different configurations. In the following example, status of a circuit breaker is shown to be 
closed under Normal configuration and open under Open Tie configuration. 


Configuration Configuration 
Normal Normal 
Status | Continuous 7 | Status | Spare 7 
Equipment 
Tag # 


This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Real Time 


The data here are associated with the online (real-time) operation of ETAP Real-Time (Real- 
Time). 


Scanned 
Displays the scanned status (open or closed) of the switching device. 
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Pin 
Click on this button to pin the switching device to either closed or open status. This option is 
provided to overwrite the actual status received from the real-time system. 


Control 


Click on this button to control the status (open or closed) of the device. ETAP will request 
confirmation. 


Alert 
Select this option for ETAP Real-Time to report an alarm when the breaker opens or closes. 
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11.35.2 Rating Page 


Info| Rating | Reliabilty | Interlock | Remarks | Comment | 
[ 15kV 5Cy 18kA 62.1kA 


Standard Library Info 


MFR Westinghouse 


Model 150-DHP-500 


Cycle 


[SMaes} Suu] 3 


C&L ms C&L Peak S Factor 
37 v 62.1 v 1.1031 


Application/Association 


en a] | 3 


Generator CB 
Power Grid CB 


Feeder CB 
Tie CB 


(23) (6B) (i) |X) \ces =D) BRB) (0K)|[ core 


Standard 
Click on either the ANSI or IEC option button to select that standard. 


Application/Association 


Generator CB 

Check this box to indicate that this CB is a generator circuit breaker. When verifying circuit 
breaker capability in ANSI short-circuit device duty calculation, for a generator circuit breaker, 
ETAP always uses the maximum through symmetrical fault current, even if the Short-Circuit 
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Study Case may have a different option selected. When calculating the asymmetrical and peak 
short-circuit currents, the X/R used is based on separate X and R networks for the whole system, 
which is in all practical cases more conservative than the X/R obtained for the system with the 
generator removed. 


A symmetrically rated generator circuit breaker has different rating for dc component of 
asymmetrical interrupting capability from regular symmetrically rated circuit breaker. For a 
generator circuit breaker, the time constant for dc component decay is equal to 133 ms, while for 
a regular circuit breaker it is 45 ms. 


Feeder CB 
Check this box to indicate that this CB is a feeder circuit breaker. This information is used by 
ETAP Intelligent Load Shedding System. 


Power Grid CB 
Check this box to indicate that this CB is a utility/power grid circuit breaker. This information is 
used by ETAP Intelligent Load Shedding System. 


Load CB 
Check this box to indicate that this CB is a load circuit breaker. This information is used by 
ETAP Intelligent Load Shedding System. 


Islanding CB 
Check this box to indicate that this CB is a tie circuit breaker. This information is used by ETAP 
Intelligent Load Shedding System for correctly identifying subsystems or islanded systems. 


TRV 
Clicking on the TRV button will open the Transient Recovery Voltage Editor. The following 
variables can be entered in this editor: 


T1 Enter the rated delay time of transient recovery voltage in micro-seconds. 
T2 Enter the rated time to peak value in micro-seconds. 


R Enter the rate of rise of the transient recovery voltage in kV/micro-seconds. 
Transient Recovery Voltage 
Delay Time to Rise 
Time Peak Rate 
11 T2 R 
3 8 2 


| Help | Cancel 


Library Info 

To access ANSI Standard library data, click on the ANSI selection, and then click on the Library 
button. Use the same procedure for accessing IEC Standard library data. As you change the 
standard from ANSI to IEC, the data fields change accordingly. 
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To select a circuit breaker from the High Voltage Circuit Breaker Library, click on the Library 
button and the Library Quick Pick - HV Circuit Breaker will appear. From the Library Quick 
Pick, select a circuit breaker by highlighting the manufacturer name and model/class ID. Then 
click on the OK button to retrieve the selected data from the library and transfer it to the editor. 
Note that upon selection of library data, the manufacturer name and model number is displayed 
in the fields directly below the Library button. 


Library Quick Pick - HV Circuit Breaker (ee -Sommn| 


Standard 
(@ ANSI IEC 


Model / Test Continuous Max FatedInt. Max Int. 
Manufacturer Class Std. Cycle Amp kV kA 


GE 150-DHP-750H SYM 5 1200 
ITE - Gould 150-DHP-750H SYM 5 2000 
Powell 150-DHP-750H SYM 5 3000 
Siemens 150-DVP-1000 SYM 5 1200 
Square D 150-DVP-500 & 
3 
3 
3 


Toshiba 150-DVP-500 SYM 
150-DVP-750 SYM 


2000 
1200 
2000 1 


~ |. 150-DVP-750 SYM 


5 
Help Cancel 


Should any changes be made in the retrieved library data, the library manufacturer name and 
model ID will change to a dark blue color to indicate that the library data has been modified. 


Rating, ANSI Standard 
Click on ANSI to enter high voltage circuit breaker ratings according to the ANSI Standards. 


Max kV 
Enter the rated maximum kV of the high voltage circuit breaker in rms kV or select the rating 
from the list box. 


Continuous Amp 
Enter the continuous current rating of the high voltage circuit breaker in amperes or select the 
rating from the list box. 


Standard 
Select the high voltage circuit breaker type as Symmetrical or Total rated from the list box. 
e Sym Rated AC high voltage circuit breaker rated on a symmetrical current basis 


e Tot Rated AC high voltage circuit breaker rated on a total current basis 


Cycle 
Select the rated interrupting time for AC high voltage circuit breakers in cycles from the list box. 


CB Cycle 
Description 
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2 2-cycle ac high voltage circuit breakers with 1.5-cycle Minimum Contact Parting 

3 eae ac high voltage circuit breakers with 2-cycle Minimum Contact Parting 

5 aa ac high voltage circuit breakers with 3-cycle Minimum Contact Parting 

8 er ac high voltage circuit breakers with 4-cycle Minimum Contact Parting 
Time 


CPT (Contact Parting Time) 

You can either select a typical contact parting time from this field, or enter a value for your 
existing circuit breaker. The typical values are based on the available curves for multiplication 
factors from Annex A, IEEE Std C37.010-1999, which are dependent on the Cycle of a circuit 
breaker. The value you can enter in the CPT field is also limited by the available curves from the 
standard. For example, for a 5-cycle circuit breaker, since Figure A.10 in IEEE Std C37.010- 
1999 only provides curves for 3, 4, 5, and 6 cycles of contact parting time, the range for contact 
parting time is between 3 and 6 cycles. 


Rated Interrupting 
Enter the rated short-circuit current (rated interrupting capability) at the rated maximum kV in 
rms kA or select the rating from the list box. 


Note: The rated interrupting kA is applied at maximum voltage. Adjust the rated interrupting 
kA if the maximum voltage is changed. 


Maximum Interrupting 
Enter the maximum symmetrical interrupting capability in rms kA or select the rating from the 
list box. 


The interrupting capability of the circuit breaker is calculated by ETAP as: 
(Rated Short-Circuit Current) X (Rated Maximum kV)/(Bus Nominal kV) 


The limit for this calculated interrupting capability is the rated maximum interrupting capability 
of the circuit breaker. This value is then used to compare with the calculated short-circuit duty 
of the breaker. 


Note: The value of the prefault voltage is not used in determining the interrupting capability, i.e., 
if Vf = 105 percent, the short-circuit duty is increased by 5 percent; however the interrupting 
capability is not decreased by 5 percent. 


C&LRMS 
Enter the closing and latching capability of the high voltage circuit breaker in asymmetrical rms 
kA. This value is equal to 1.6 times the maximum interrupting capability. 
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C & L Peak 
Enter the closing and latching capability of the high voltage circuit breaker in peak kA. This 
value is equal to 2.7 times the maximum interrupting capability. 


Time Constant 

This field is available only for a circuit breaker rated on a symmetrical current basis. It displays 
the time constant for the dc component of asymmetrical capability of a circuit breaker. The 
value displayed equals 45 ms for a regular high voltage circuit breaker, based on IEEE Std 
C37.010-1999, and 133 ms for a generator circuit breaker based on IEEE Std C37.013-1997. 


S Factor 

This field is available only for a circuit breaker rated on a symmetrical current basis. The 
displayed S factor reflects the symmetrically rated, high voltage, circuit breaker’s ability to 
interrupt fault current with dc component. It is defined as the ratio of asymmetrical interrupting 
rms rating over symmetrical interrupting rms rating of a circuit breaker. 


% dc 

This field is available only for a circuit breaker rated on a symmetrical current basis. The %dc 
interrupting capability of a circuit breaker is calculated based on the contact parting time and the 
time constant of dc component. 


Rating, IEC Standard 


Click on the IEC button to enter the ratings of the high-voltage circuit breaker according to the 
IEC Standards. 


Rated kV 
Enter the rated voltage of the circuit breaker in kV, or select the rating from the list box. 


Rated Amp 


Enter the rated normal current of the circuit breaker in amperes, or select the rating from the list 
box. 


TRV 

Enter the transient recovery voltage of the circuit breaker in kV. If this voltage limit is exceeded, 
the arc may re-ignite due to the voltage exceeding the dielectric capability of the contact gap 
developed across the open contacts of the breaker and the heat from the previous arc. Note that 
this limit is not currently used in ETAP. 


Making Peak 

Enter the rated making capacity of the circuit breaker in peak kA or select the rating from the list 
box. The rated making capacity for a circuit breaker is determined by evaluating the maximum 
possible peak value of the short-circuit current at the point of application of the circuit breaker. 


Breaking 


Enter the AC component of the rated short-circuit breaking current in kA or select the rating 
from the list box. 
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Time Constant 
Enter the rated circuit breaker dc time constant in milliseconds 


% dc 
Enter the percent dc component of the short-circuit current at the specified minimum delay time. 


Ithr 
Enter the rated short-time withstand current in kA. In the IEC 62271 standard, the short-time 
withstand current is defined as Ik 


Tkr 
Enter the rated duration of short-circuit in seconds. In the IEC 72271 standard, the rated duration 
of short-circuit is defined as tk 


User-defined Tk 
Enter the user-defined short-circuit duration in seconds. In the short-circuit study case, the user 
has an option to use the rated short-circuit duration (Tkr) or the user-defined duration. 


Min Delay 
Enter the minimum time delay, including the circuit breaker and relays, in seconds, or select the 
rating from the list box. 


Break Time 
Enter the circuit breaker rated break time in seconds. 


The Value of Break time shall always be greater than or equal to the value of min delay. If any 
entered value for either break time or min delay does not follow this logic, then the value for min 
delay will be set equal to break time. 


FPC Factor 

First-Pole-to-Clear (FPC) factor represents the Transient Recovery Voltage (TRV) capability of 
the breaker and has application for switching overvoltage studies. For now this is just an 
informative parameter for the HVCB and Recloser elements in ETAP when IEC standard is 
selected in editor or library. 


Selection of this factor is primarily dependent on the system neutral grounding. Select a value 

from the drop-down list for the first-pole-to-clear (FPC) factor of the breaker. The FPC Factor 

value will be set equal to the value defined in the library when selected from the Library Quick 
Pick 


T Close 
Enter the circuit breaker rated close time in seconds 
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11.35.3 Reliability Page 


? High Voltage Circuit Breaker Editor - CB2 


Info ~—- Rating Reliability Interlock Remarks Comment 


38kV 5Cy 40kA 108kA 


Reliability Parameters Library 


Source 


[IEEE Std493-1990 


da | 0.0052 


Ap | 0.0078 


AL | 276.3407 


FOR| 476-5 


me[ 80 


[_] Replacement Available 


45 hr 


Reliability Parameters 


Aa 

This is the active failure rate in number of failures per year per unit length. The active failure 
rate is associated with the component failure mode that causes the operation of the primary 
protection zone around the failed component and can therefore cause the removal of other 
healthy components and branches from service. After the actively failed component is isolated, 
the protection breakers are reclosed, and service is restored to some or all of the load points. 
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It should be noted, however, that the failed component itself (and those components that are 
directly connected to this failed component) could be restored to service only after repair or 
replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


vy 
This is the mean repair rate in number of repairs per year, calculated automatically based on 


MTTR (p = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa and Ap (MT TF 
= 1.0/(Aat+ApP)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR 
= MTTR/(MTTR+8760/(Aa+ApP)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 
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rp 
This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.35.4 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 (numeric) 


One-Li Drawing ABC-123 


Last Maint. 91/01/02 


ee Reference Sub OLV ABC-456 


Tests Reg. Full 


UD Field A5 


UD Field A6 


UD Field A7 


aos i _+))) aia 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.35.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Comment 


4.16 kV 600 Amps Asymmetrical 0 kA 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 02 DBR) Gala) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.36 Low Voltage Circuit Breaker 


The properties associated with low voltage circuit breakers of the electrical distribution system 
can be entered in this editor. Low voltage circuit breakers include power, molded, and insulated 
case breakers up to 1000V. 


The Low Voltage Circuit Breaker Editor contains the following pages of properties with header 
information for each page: 


e Info 

e Rating 

e Trip Device 
e TCCkA 


e Model Info 
e Reliability 
e Checker 

e Remarks 

e Comment 


11.36.1 Header 


The header displays the selected breaker model and trip device information on each page of the 
Low Voltage Circuit Breaker Editor. 


Breaker Max. Breaker 
kV 


|! 


Breaker 
Manufacturer 


Interrupting Data Lock Icon 


Breaker Model O.635kVmax.  65kKA@ O.4BKV 8 — 
and Pole 3 Pole Size|2000 v- Available 
<+——__ breaker sizes 
Trip device Westinghouse 
Mannfach 5 200 
aniitacnirer RMS ‘ DS | 
. . Trip device 
Trip device ID 


Model 


Manufacturer 
This is the manufacturer name of the breaker selected from the library. 


Max. kV 
This displays the maximum rated voltage for the selected breaker in kV. 


Interrupting data 
This displays the selected short-circuit interrupting kA at the applied voltage for the breaker. 
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Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified) depending on whether the icon is selected 


Pole 
This displays the breaker pole selected from the library. 


Size 


Select from drop-down list and display the sizes in amperes that are available for the selected 
breaker. 


Trip Device Manufacturer 
This displays the manufacturer name of the selected trip device. 


Trip Device Model 
This displays the model name of the selected trip device. 


Trip Device ID 
This displays the trip ID selected from the library. 
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11.36.2 Info Page 
Low Voltage Circuit Breaker Editor -CB23. [oreo 


SSS SS 


Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV 
DS-420 3 Pole Size 


_— 200 
RMS 510 Series DS 


Info 
ID CB23 


Tag# Feeder Tag Number 


Name Name of the equipment 


Description Description of the equipment| 


Real Time Status 
Scanned 


Control Pin 
Not Scanned Cose [Eel a isa 


Control 
—e—- ~~ wa 


Se Wea 1 ae 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each circuit breaker. The assigned IDs consist of the 
default circuit breaker ID plus an integer, starting with the number one and increasing as the 
number of circuit breakers increase. The default circuit breaker ID (CB) can be changed from 
the Defaults menu in the menu bar or from the System Manager. 
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From & To 

Bus IDs for the connecting buses of a low voltage circuit breaker are designated as From and To 
buses. If a terminal of a breaker (From or To) is not connected to any bus, a blank entry will be 
shown for bus ID. If a terminal of a breaker is connected to a branch (directly or indirectly), the 
ID of the branch will be displayed for the terminal connection. To connect or reconnect a 
breaker to a bus, select a bus from the list box. The one-line diagram will be updated to show the 
new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the circuit breaker 
resides, i.e., you cannot connect to a bus that resides in the Dumpster or in another composite 
network. 


If a breaker is connected to a bus through a number of protective devices, reconnection of the 
breaker to a new bus from this editor will reconnect the last existing protective device to the new 


bus, as shown below where CB2 is reconnected from Bus10 to Bus4. 


Busl10 Bus4 Busl10 Bus4 


CTz. 


fv Ne 


(ocr) R2 CT2 
cr1 ¥ (ocr) Rl cT1 


CB2 
y 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


You can change the status of a circuit breaker (for the selected configuration) by clicking on 
either the Close or Open option. Once a configuration status is selected for a one-line 
presentation, any subsequent manipulation of the status of an element (circuit breaker, fuse, 
motor, or static load) will be saved under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the circuit breaker to indicate that this is the 
breaker status under the specific configuration, i.e., you can have different operating status under 
different configurations. In the following example, status of a circuit breaker is shown closed 
under Normal configuration and open under Emergency configuration. 


Configuration Configuration 


= “a 


®) Close Close 
Status Status 
Open 


@) Open 


Real Time Status 


The data here are associated with the online (real-time) operation of the ETAP Real-Time 
module only. 


Scanned 
This displays the scanned status (Scanned or Not Scanned) of the switching device. 


Pin 
Click this button to pin the switching device to either the closed or open status. This option is 
provided to overwrite the actual status received from the real-time system. 


Control 
Click this button to control the status (open or closed) of the device. ETAP Real Time will 
request confirmation. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


11.36.3 Rating Page 


&é 
Low Voltage Circuit Breaker Editor - CB22 =x} 


Info | Rating | Tip Device | TCC kA | Model info | Reliability | Interlock | Checker | Remarks | Comment 


Square-D 0.6 kV max. 65kA @ 0.48kV 
NW20N 3 Pole Size | 2000 ¥ 


Square-D 
MICROLOGIC 6.0 


2000 


Standard 
@ ANSI 
Power CB 
IEC 


CB & Trip Device Library 


CB Overide 
42.86 


ST Withstand 


42 


1) 2) (oc) [creel 
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Standard 
Click on either the ANSI or IEC option button to select that standard. 


Note: Once the breaker is selected from the breaker Library Quick Pick the standard is set based 
on the library entry and is display only. 


Standard 


mM 


Type 

Select a type from the drop-down list and display the type of breaker. Low voltage circuit 
breakers include Molded Case, Power, and Insulated Case breakers. Once the breaker is selected 
from the breaker Library Quick Pick, the LVCB type is set based on the library entry and is 
display only. 


Circuit Breaker 
Type 


Molded Case 
Power CB 
Insulated Case 


CB and Trip Device library 
The low voltage circuit breaker data for a selected standard and type can be selected by clicking 
on the Library button. 


Exclude Trip Device 

Select this option to exclude the trip device selection from LVCB Library Quick Pick. The 
breaker Library Quick Pick will be launched without the trip device information. The Exclude 
Trip Device option setting is not a saved property of the editor and hence will reset to deselect 
once the Rating page is refreshed. 


CB & Trip Device Library 


Ske Tip Dov 


LV Circuit Breaker — Library Quick Pick 

To select a circuit breaker from the low voltage circuit breaker library click the Library button. 
ETAP displays the Library Quick Pick - LV Circuit Breaker dialog box. From the Library Quick 
Pick, select a circuit breaker by highlighting the Manufacturer name and breaker Model-Max 
kV-Pole, which is a unique record. Select the desired applied voltage and short-circuit 
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interrupting kA. Select the size and the desired trip device for that size. Then click the OK 
button to retrieve the selected data from the library and transfer it to the editor. 


After selection of the library data, the breaker manufacturer and model and trip device details are 
displayed in the editor header. If any changes have been made in the retrieved library data, the 
library header will be displayed in blue to indicate that the substituted library data has been 
modified. 


The information available in the breaker Library Quick Pick dialog box is described below. 


Standard 


Select either the ANSI or IEC option. The Standard selection in the breaker Library Quick Pick 
(and hence the breaker models displayed) will default to the selection made for the standard on 
the Rating page. The Standard selection can be changed in the Library Quick Pick dialog box, if 
desired. 


AC/DC 
Displays that the LV breaker is AC. This option is grayed out and is not available for editing. 


Type 
Select from the drop-down list to display the breaker type. The LV breaker types include Molded 
Case, Power, and Insulated Case breakers. 


Note: That the Type selection in the breaker Library Quick Pick (and hence the breaker models 
displayed) will default to the selection made for the breaker type on the Rating page. The breaker 
type selection can be changed in the Library Quick Pick dialog box, if desired. 

Manufacturer 

Manufacturer Name 


This displays a list of all AC LV breaker manufacturers included in the library for the selected 
breaker standard and type. Choose a manufacturer by selecting the manufacturer name. 
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( a 
Library Quick Pick - LV Circuit Breaker 


Circuit Breaker 
Type Manufacturer 


Power CB = Merlin Gerin Reference 

it visbila Schneider Electric 
Standard temens i 

Siemens-Allis = Link 


@ ANSI @ Ac SPD Technologies : _ 
. SauseD www. squared.com 


© IEC DC 


Model 


Size [Amps] a 
eference 


UnFused 


fay2000 


Brand Name Masterpact 


Application Low Voltage Switchgear 


Trip Device | Solid State Trip 


Manufacturer Rating ID 


MICROLOGIC 2.0 
MICROLOGIC 3.0 
MICROLOGIC 5.0 
MICROLOGIC 6.0 


[Hep ] (0K J] [ None | [Cancel | 


Reference 
This displays the Manufacturer reference, if available, for a selected manufacturer. For example, 


Westinghouse is the reference manufacturer for Cutler Hammer. 
Link 

This displays the Manufacturer web link or URL address. 

Lock Icon 


The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). The icon is selected if the entry is locked. 
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Model 


Model Name 

The Model group displays a list of all models for the selected standard, breaker type, and breaker 
manufacturer. The models are displayed in rows with values for Model, Max kV, and Pole. 
These values make up a unique record name in the breaker library. Select a Model, Max kV, and 
Pole row by clicking on it. 


Lock Icon 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked 
(user-specified). Locked entries have selected lock icons. 


Short-Circuit Data 


ANSI Short-Circuit Data 

When ANSI Standard is selected, the short-circuit data shows the applied voltage in kV, short- 
circuit interrupting current for the applied voltage in kA, and test power factor in %, for all 
breaker types. The short-circuit parameters are explained in more detail in the Ratings Section. 
Select an applied voltage and the short-circuit data by clicking the row. 


Short-Circuit Data 


Inter. kA, Test PF 


IEC Short-Circuit Data 

When the IEC Standard is selected, the short-circuit data shows the applied voltage in kV, 
ultimate breaking capacity in kA (Icu), service breaking capacity in kA (Ics), making capacity in 
kA (Icm), short time withstand in kA (Icw), short time in seconds (Tkr), and tripping time or 
delay in seconds, for all breaker types. The short-circuit parameters are explained in more detail 
in the Ratings Section. Select an applied voltage and the short-circuit data by highlighting it. 
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Short-Circuit Data 


Fused/UnFused 
This field displays whether the breaker is fused for unfused. 


Size 


Size 
This displays a list of all sizes available for the selected Model, Max. kV, and Pole record for the 
breaker. To select a size from the Library Quick Pick, highlight the size. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). Locked entries have selected icons. 


Model Info 


Additional information about the selected breaker is displayed using the parameters described 
below. 


Reference 
This displays the reference, if available, for selected breaker model. 


Brand Name 
This displays the brand name, if available, for the selected breaker model. 


Application 
This displays the application for the selected breaker model. 


Trip Device 

The trip device(s) assigned to the selected breaker, can be chosen by selecting the trip device 
type, manufacturer name, model name, and ID. The trip device types for LV breaker include 
Thermal Magnetic, Solid state, Motor Circuit Protector, and Electro-Mechanical. 
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Trip Device | Solid State Trip Y 
Manufacturer Model Rating ID 
[ABB : SACE PR111_ HM (a250 
SACE PR112 @ 400 
fay800 
Trip Device Type 


Select from drop-down list and display the trip device type for the selected breaker. 
Note: A circuit breaker may include different trip device types. 


Trip Device Manufacturer 
Highlight an item to select the trip device manufacturer from the drop-down list, for the selected 
trip device type. 


Trip Device Model 
Highlight an item to select the trip device model from the list, for the selected trip device 
manufacturer. 


ID 
Select the desired trip device ID from the list for the selected Model, Max kV, and Pole. 


Note: The ID is labeled as TM ID for Thermal Magnetic trip, Sensor ID for Solid State Trip, 
MCP ID for Motor Circuit Protector trip, and EM ID for Electro-Mechanical trip. 


When the Exclude Trip Device option is selected on the Rating page, the breaker Library Quick 
Pick is displayed as shown below. 


Note: The trip device assignment group is not displayed. 
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Library Quick Pick - LV Circuit Breaker 


Circuit Breaker 
Type Manufacturer 
7 ABB Reference 
ee 
Standard Brown Boveri 
Cutler-Hammer ee 
@ ANSI @ ac Federal Pacific Electric 


Federal Pioneer wiv. cutler-hammer.eaton.com/NA! 
© IEC DC General Flectric 


Model Short-Circuit Data 


—kY | Inter kA TestPF | 
DS-206 0.635 0.2: 15 

DS-2065 

DS-416 3 


DS-4165 0.635 
DS-420 0.635 


Size (Amps) 


inca Reference 


Brand Name 


Application Low Voltage Metal enclosed switchgear 


Trip Device | Solid State Trip 


Manufacturer Rating ID 


ler-H 4 1-4, rie Z 
Cutler-Hammer mptector Il- 
Westinghouse RMS 500 Series DS @ 1200 


RMS 500 Series DS (LI) a | 


BMS SON Series NS {1 S) 


[Hep | (COK_}) [None | [Cancel | 
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Ratings, ANSI Standard 

Click on ANSI Standard button and choose the breaker type to enter the ratings for LV circuit 
breaker in accordance with the ANSI/IEEE Standards. When a breaker is selected from Library 
Quick Pick, all parameters shown below will be set to their corresponding values chosen from 
the Quick Pick. With the exception of Size, changing the values after selecting a breaker from 
Library Quick Pick will turn the header blue to indicate that the substituted library data has been 
modified. 


Size 
Select an item from the drop-down list to display the size in amperes for the selected breaker. 


Note: The Size field will be empty when no breaker is selected from the breaker Library Quick 
Pick. 


Continuous Amp 

Select an item from the drop-down list or enter the continuous current rating for the low voltage 
circuit breaker in amperes. The Continuous Amp value will be set equal to the breaker size when 
a breaker is selected from the breaker Library Quick Pick. 


Rated kV 

Select an item from the drop-down list or enter the rated kV rating for the low voltage circuit 
breaker in kV. When a breaker is selected, the rated kV value will be set equal to the applied kV 
selected from Library Quick Pick. 


Test PF 

This is the power factor of test equipment on which the rating of the circuit breaker has been 
established. When a breaker is selected, the Test PF is set to the Test PF value selected from 
Library Quick Pick. 


If a breaker is not selected from the breaker Library Quick Pick, the Test PF value changes 
depending on the breaker type. The values for Test PF used for different breaker types are 
described below. 


For Molded Case and Insulated Case breakers, per UL 489: 
e If Interrupting kA <= 10, Test PF = 50% 

e If Interrupting 11<= kA <= 20, Test PF = 30% 

e If Interrupting kA > 20kA, Test PF = 20% 


For Power Breakers, per ANSI C37: 
e If breaker is fused, Test PF = 20% 
e If breaker is unfused, Test PF = 15% 


CB Override 


This field is display only and shows the breaker override in kA if the selected breaker Size and 
Rating ID of the assigned trip device has override amps modeled in library. The CB Override 


ETAP 11-863 ETAP 19.0 User Guide 


AC Elements Circuit Breaker, LV 


value displayed in Rating page is different than Instantaneous Override showed in Trip Device 
page as the former is part of breaker characteristics while latter is trip device characteristics. 


Fused 

When a breaker is selected from Library Quick Pick, the Fused checkbox is set to the status as 
selected from the Quick Pick. The value of Test PF will change appropriately for fused or 
unfused type, in case of power breakers. Select either fused or unfused by selecting or clearing 
the checkbox. 


Note: The checkbox is displayed only when no breaker is selected from the Library Quick Pick. 


Interrupting kA 

Select from the drop-down list or enter the Interrupting kA rating for the low voltage circuit 
breaker in kA. Note that when a breaker is selected, the interrupting kA value will be set equal 
to the kA value for selected applied kV from Library Quick Pick. 


Tkr 

Select an item from the drop-down list or enter the value of the short time (Tkr) in seconds. Note 
that when a breaker is selected, the Tkr value will be set equal to the Tkr value for the selected 
applied kV from the Library Quick Pick. Default is one second. 


ST Withstand 

The rated short-time withstand current of a device is the kA value of the short-time withstand 
provided by the manufacturer that the device (breaker) can carry without damage, under 
specified test conditions. 


Enter the value of the short-time withstand for the low voltage circuit breaker in kA. Note that 


when the associated trip device has a solid state unit with an override multiplier selected as “CB 
Withstand,” the rating ST Withstand kA in this field applies as base for override pickup current. 
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Rating, IEC Standard 

Click on IEC Standard and choose the breaker type to enter the ratings for LV circuit breaker in 
accordance with the IEC Standards. When a breaker is selected from Library Quick Pick, all 
parameters shown below will be set to their corresponding values chosen from the Quick Pick. 
With the exception of Size, changing the value(s) after selecting a breaker from Library Quick 
Pick will turn the header blue color to indicate that the substituted library data has been 
modified. 


Ratings 
Size Rated Amps Rated kV Min. Delay CB Ovenide 
2000. v | 2000 - 0.24 - 0.025 - 90.48 
Making Ultimate Service Tkr Tk ST Withstand 
Breaking Breaking 
220 ¥ 100 ¥ 100 ¥ 1 ¥ 1 85 
Size 


Select an item from the drop-down list and display the size in amperes for the selected breaker. 


Note: The Size field will be empty when no breaker is chosen from the breaker Library Quick 
Pick. 


Rated Amps 

Select an item from the drop-down list or enter the rated ampere rating of the low voltage circuit 
breaker in amperes. The Rated Amps value will be set equal to the breaker size when a breaker 
is selected from Library Quick Pick. 


Rated kV 

Select an item from the drop-down list or enter the rated kV rating of the low voltage circuit 
breaker in kV. When a breaker is selected, the Rated kV value will be set equal to the applied 
kV selected from Library Quick Pick. 


Min. Delay 

Select an item from the drop-down list or enter the minimum time delay, including circuit 
breaker and relay operating time, where available, in seconds. When a breaker is selected, the 
Min. Delay value will be set equal to the Tripping time of the circuit breaker selected from 
Library Quick Pick. 


CB Override 

This field is display only and shows the breaker override in kA if the selected breaker Size and 
Rating ID of the assigned trip device has override amps modeled in library. The CB Override 
value displayed in Rating page is different than Instantaneous Override showed in Trip Device 
page as the former is part of breaker characteristics while latter is trip device characteristics. 
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Fused 

When a breaker is selected from Library Quick Pick, the Fused checkbox is set to the status as 
selected from the Quick Pick. The value of Test PF will change appropriately for fused or 
unfused type, in case of power breakers. Select either fused or unfused by selecting or clearing 
the checkbox. 


Note: The checkbox is displayed only when no breaker is selected from the Library Quick Pick. 


Making 
The rated making capacity for a circuit breaker is determined by evaluation of the maximum 
possible peak value of the short-circuit current at the point of application of the circuit breaker. 


Select from the drop-down list or enter the peak value of the making capacity of the low voltage 
circuit breaker in kA. 


Note: When a breaker is selected, the making kA value will be set equal to the Icm (making 
capacity) kA value for selected applied kV from Library Quick Pick. 


Ultimate Breaking 

The rated ultimate short-circuit breaking capacity of a circuit breaker is the value of short-circuit 
breaking capacity in kA, provided by the manufacturer for rated operational voltage under 
specified test conditions. 


Select an item from the drop-down list or enter the value of the ultimate breaking capacity for the 
low voltage circuit breaker in kA. 


Note: When a breaker is selected, the ultimate breaking kA value will be set equal to the Icu 
(breaking capacity) kA value for selected applied kV from the Library Quick Pick. 


Service Breaking 

The rated service short-circuit breaking capacity of a circuit breaker is the value of service short- 
circuit breaking capacity in kA, provided by the manufacturer for rated operational voltage under 
specified test conditions. 


Select an item from the drop-down list or enter the value of the service breaking capacity for the 
low voltage circuit breaker in kA. Note that when a breaker is selected, the service breaking kA 
value will be set equal to the Ics (service capacity) kA value for selected applied kV from the 
Library Quick Pick. 


Tkr 

Select an item from the drop-down list or enter the value of the short time (Tkr) in seconds. Note 
that when a breaker is selected, the Tkr value will be set equal to the Tkr value for selected 
applied kV from the Library Quick Pick. 


Tk 
Enter the user defined short-time withstand duration in seconds. This value is used to determine 
Ith if the Thermal withstand is set to use Tk from the short-circuit study case. 
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ST Withstand 

The rated short-time withstand current of equipment is the kA value of the short-time withstand 
provided by the manufacturer that the equipment (breaker) can carry without damage, under 
specified test conditions. 


Select an item from the drop-down list or enter the value of the short-time withstand for the low 
voltage circuit breaker in kA. Note that when a breaker is selected, the short-time withstand kA 
value will be set equal to the Icw (ST withstand) value for selected applied kV from the Library 
Quick Pick. 
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11.36.4 Trip Device Page 


The trip devices for low voltage circuit breaker include Thermal Magnetic, Solid-State, Motor 
Circuit Protector, and Electro-Mechanical types. The trip device version of the Library Quick 
Pick allows selection and setting of these trip units. 


Library Quick Pick - Trip Device 


The Library Quick Pick - Trip Device dialog box is described in this section. 


Library Quick Pick - Trip Device |S) 


Type 
|Solid State Trip Cutler-Hammer;DS-420;0.635;3;20C 


Manufacturer 


Carriere Reference 


Cutler-H ammer 
Westinghouse Cutler-Hammer 


Link 


wavy. cutler-hammer.eaton.com/ 


Model Rating ID 


Amptector 1-4, 
Amptector |I-4 

RMS 500 Series DS 
RAMS 500 Series DS (Uy) 
RMS 500 Series DS [L 
RAMS 510 Series DS 


8 Reference 
Digitrip RMS 510/610/810/910, DS 


a) None Cancel 


Type 
Select an item from the drop-down list and display the trip device types. 


LVCB Info Box 

This displays the circuit breaker information for the selected trip device when circuit breaker is 
already selected in the LVCB Editor. For example, the Library Quick Pick shown above displays 
Solid-State Trip units assigned to a Cutler-Hammer DS-416 power breaker. If a breaker is not 
selected, the breaker information is not displayed. 
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Manufacturer 


Manufacturer Name 
This displays a list of manufacturer names for the selected trip device. Choose a manufacturer 
by selecting the manufacturer name. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). A library entry is locked if the lock icon is selected. 


Reference 
This displays the manufacturer reference, if available, for a selected manufacturer. In the figure 
above, for example, Cutler Hammer is the reference manufacturer for Westinghouse. 


Link 
This displays the manufacturer’s web link or URL address. 


Model 


Model Name 
This displays a list of model names for the selected manufacturer. Choose a model by selecting 
the model name. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). A library entry is locked if the lock icon is selected. 


Reference 
This displays the model reference, if available, for a selected model. 


Trip ID 

This displays a list of trip IDs (label depending on the trip device type) for the selected model. 
Select the trip ID by highlighting the ID. For example, the Quick Pick Library shown above 
displays Sensor ID 1600 for model RMS 510 Series DS. 
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LVCB & Trip Device Selection 

ETAP provides several options to retrieve circuit breaker and/or trip device from the library. The 
selection of the circuit breaker on the Rating page affects the trip device selection and the data 
displayed on the Trip device Library Quick Pick. The logic is as described below. 


Case 1 — Circuit Breaker and Trip Device 

When a circuit breaker is selected along with its associated trip unit from the Library Quick Pick 
on the Rating page of the Circuit Breaker Editor, the Trip Device page displays the selected trip 
unit (Manufacturer, Model, and ID). 


Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV Bi) 
Ds-420 3 Pole Size e 
Westinghouse 1600 = 
RMS 510 Series DS 
Trip Device 
Trip Device Type 
: 
| Solid State Trip x 
SST Manufacturer SST Model 
| Westinghouse x | RMS 510 Series DS 7 | 
Sensor ID (1600 Amps) Rating Plug (800 Amps) 
{1600 y| [ 800 oa 
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Library Quick Pick - Trip Device |e Som) 


Type 


Solid State Trip Sd Cutler-Hammer;DS-420;0.635;3;20C 


Manufacturer 


Carriere Reference 


Cutler-H ammer 
Westinghouse Cutler-Hammer 


Link 


ww. cutler-hammer.eaton.com/ 


Model Rating ID 


Amptector 1-4, f4 400 
Amptector II-4 

RMS 500 Series DS = at 
RMS 500 Series DS ty 

RAMS 500 Series DS [L 1200 
Bi SID Sees Ds cs 


& 2000 


a Reference 
Digitrip RMS 510/610/810/910, DS 


Cox | None Cancel 


Since the circuit breaker and its trip units are selected as a combination, the Trip Device Library 
Quick Pick list will be limited to trip devices assigned to the selected circuit breaker size. Thus, 
clicking on the Library button to access the Trip Device Library Quick Pick will display only the 
pre-assigned trip units. 


Case 2 — Circuit Breaker Only (Exclude Trip Device) 

When a circuit breaker is selected from the breaker Library Quick Pick on the Rating page with 
Exclude Trip Device box checked, the Trip Device page will not include the trip device 
information. “No Trip device selected” message would appear in the Trip Device page status 
line. 
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General Hectric 0.635 kV max. 130kA @ 0.24kV 8 


AKR-100 3 Pole Size (4000 y* 


No trip device is selected. 


To retrieve the pre-assigned trip device units for the selected circuit breaker, click on the Library 
button to launch the Library Quick Pick - Trip Device. Since the circuit breaker is previously 
selected, the Library Quick Pick - Trip Device is limited to the trip units assigned to the breaker. 


Library Quick Pick - Trip Device al 


Type 
Solid State Trip Cutler-Hammer;DS-420;0.635;3;200 


Manufacturer 


a Reference 
EATON 


Cutler-Hammer 
Westinghouse 


Link 


www. cutler-hammer.eaton.com/ 


Rating ID 


Amptector |-4 

Amptector II-4 

RMS 500 Series DS 
RMS 500 Series DS (LI) 
RMS 500 Series DS (LS) 
RMS 510 Series DS 


a Reference 
Power Breaker DS, DSL and DB 
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Case 3 — Trip Device Only 
When a circuit breaker is not selected from the circuit breaker Library Quick Pick on the Rating 
page, the Trip Device page is blank and status line will display: “No trip device is selected.” 


Trip Device 


= as 


No trip device is selected. 


The Library Quick Pick - Trip Device can be accessed by clicking on the Library button. Since 
no circuit breaker is selected, all trip device unit types, manufacturers, and models will be 
available for selection. 


Library Quick Pick - Trip Device 


Type 


Solid State Trip ¥ Cutler-Hammer:DS-420;0.635;3;200 


Manufacturer 


Carriere Reference 


Cutler-H ammer 
Westinghouse EATON 


Link 


ww. cutler-hammer.eaton.com/ 


Rating ID 


Amptector |-4 

Amptector II-4 

RMS 500 Series DS 
RMS 500 Series DS (LI) 
RMS 500 Series DS (LS) 
RMS 510 Series DS 


a Reference 
Power Breaker DS, DSL and DB 
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Thermal Magnetic Trip 
This Section describes the settings available for Thermal Magnetic trip unit on the Trip Device 
page. 


Low Voltage Circuit Breaker Editor - CB23 a (me Soom 
TCC kA | Model Info | Reliability | Interlock | Checker | Remarks | Comment 
ITE-Imperial 0.6 kV max. 130kKA@024kV 
a 1 sm (68s)? 
ITE por 
OD-600 (LI 5-15x) 
Trip Device 
Trip Device T 
<== 
| Electro-Mechanical 7| 
EM Manufacturer EM Model 
(ITE x| | OD-600 (LI 5-15x) x | 
EM ID 


4000 y | 4000 Amps 


as i le) i{c1ez =>) a (2! 


Trip Device 


Trip Device Type 
Select an item from the drop-down list, and display the trip device types. In this case, Thermal 
Magnetic trip type is selected. 


TM Manufacturer 
Select an item from the drop-down list, and display the manufacturer name for Thermal 
Magnetic trip type. 
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TM Model 
Select an item from the drop-down list, and display the model name for selected manufacturer. 


TM ID 

Select an item from the drop-down list and display TM ID for the selected Thermal Magnetic trip 
model. Next to TM ID field, the actual value of trip in amperes is displayed for the selected TM 
ID. 


Thermal 


The Thermal element of Thermal Magnetic trip unit can be set as fixed or adjustable trip. The 
settings available are described below. 


Fixed 

Fixed thermal indicates that the thermal element of the trip curve follows a fixed curve shape that 
cannot be adjusted. When the thermal trip is fixed, the Thermal group displays FIXED in the 
thermal Trip field. 


Thermal 


Adjustable 

Adjustable thermal indicates that the thermal element of the trip curve follows a fixed curve 
shape that can be adjusted. When the thermal trip is adjustable, the Thermal group displays a 
drop-down list of the available adjustable thermal trip in percent of trip device ampere rating. 
Also, next to the adjustable Trip drop-down list, the actual value of the trip in amperes is 
displayed. 


Thermal 


a8 v/% 220.00 Amps 


Magnetic 


The Magnetic element of Thermal Magnetic trip unit can be set as fixed, discrete adjustable, or 
continuous adjustable. The settings available are described below. 


Fixed 

Fixed magnetic indicates that the magnetic element of the trip curve is defined by fixed 
minimum and maximum settings that cannot be adjusted. When the magnetic trip is fixed, the 
Magnetic group displays FIXED in the magnetic Trip field. 
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Magnetic 
Trip 


FIXED 


Discrete Adjustable 

Discrete adjustable magnetic indicates that the magnetic element of the trip curve is defined by 
discrete values. When the magnetic trip is discrete adjustable, the Magnetic group displays a 
drop-down list of the available discrete magnetic settings in multiples of trip device ampere 
rating or in actual amperes. The actual value of the trip in amperes is displayed next to the 
discrete adjustable Trip drop-down list. 


Magnetic 
Trip 
(6.25 vy)! 780 Amps 


Continuous Adjustable 

Continuous adjustable magnetic indicates that the magnetic element of the trip curve is defined 
by continuously adjustable values between the low and high trip. When the magnetic trip is 
continuously adjustable, the Magnetic group displays a Trip field to enter the magnetic setting in 
multiples trip device ampere rating or in actual amperes. Next to the Trip field, the actual value 
of the trip in amperes is displayed. The trip range available for the selected trip unit is also 
displayed. 


Note: The Trip field is bounded by the Trip Range. 


Magnetic 
Trip Trip Range 


Ss | 1250 Amps 5-10 Multiples 


GFI/RCD 


GFI/RCD 
Pickup Time Delay 


| 100 yi mA 05 y | 500 ms 


Pickup 


Select a RCD selection from the Pickup drop-down list for the selected TM ID. The pickup 
settings are discrete values. 
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Time Delay 


Select a RCD selection from the drop-down list for the selected TM ID. The settings are discrete 
values. 


Note: GFI/RCD is utilized only by the shock protection calculation. 
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Low Voltage Solid State trip (LVSST) unit 


This Section describes the settings available for low voltage Solid State Trip unit (LVSST) on 
the Trip Device page. 


Low Voltage Circuit Breaker Editor - CB23 


Info _| Rating TCC kA | Model Info | Reliability | interlock | Checker | Remarks | Comment 


Cutler-Hammer 
DS-420 


Cutler-Hammer 
RMS 510 Series DS 
Trip Device 
Trip Device Type 
Solid State Trip Y 
SST Manufacturer 
|Cutler-Hammer ’ | 
Sensor ID (200 Amps) 


0.635 kV max. 65kA @ 0.48kV 4 


ao 9 


SST Model 
| RMS 510 Series DS 7| 
Rating Plug (100 Amps) 


Sd 100 aa 
Default field tags. These are editable from 
LYSST library. See User Guide Chapters 8 and 
Amps 7 


Trip Device 


Trip Device Type 
Click on the drop-down list to display the trip device types. In this case, the Solid State Trip type 
is selected. 


SST Manufacturer 
Click on the drop-down list to display the manufacturer names for the Solid State Trip type. 


ETAP 
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SST Model 
Click on the drop-down list to display the model name for selected manufacturer. 


Sensor ID 

Click on the drop-down list to display the Sensor ID for the selected Solid State Trip model. The 
actual value of trip in amperes is displayed next to the Sensor ID field for the selected Sensor ID. 
If the selected solid state unit is labeled as Frame, then the tag for this field would be “Frame 
ID” instead. 


Rating Plug 

The Rating Plug field is displayed only if the selected Sensor ID has rating plugs defined in the 
library. Rating plugs can be defined in amperes, multiples, or percent. Click the drop-down list to 
display the Rating Plug for the selected Sensor ID. The rating plug unit 
(amperes/multiples/percent) and the actual value of trip in amperes are displayed next to the 
Rating Plug field for the selected Rating plug. An example of rating plugs in multiples and the 
actual trip displayed is shown below. 


Trip Device 
sale 
Solid State Trip 7, 
SST Manufacturer SST Model 
Cutler-Hammer ’ | RMS 510 Series DS 7 | 
Sensor ID (200 Amps) Rating Plug (100 Amps) 
200 ’ | 100 7 | 


Phase Settings 

The Phase settings for Solid State trip unit include three elements: Long-Time, Short-Time, and 
Instantaneous (or Override). Each element is defined by its pickup and band settings. The 
settings available are described below. 


Long -Time 

Click on the Long-Time button to enable the Long-Time element for the selected Sensor ID. If 
the Long-Time element is not selected in the library for the selected Sensor ID, then long-time 
settings are not displayed in the editor. 


Pickup 


Select an item from the Pickup drop-down list or enter the long-time pickup setting for the 
selected Sensor ID. The pickup settings can be discrete values or continuously adjustable. The 
actual long-time pickup in amperes and pick up step (for continuously adjustable pickup) are 
displayed next to the Long-Time Pickup field. 
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Long - Time 
200.0 Amps 


LT Pickup | Fixed v LT Band) Min v 


Band 


Select an item from the Band drop-down list or enter the long-time band setting for the selected 
Sensor ID. The band settings can be discrete values or continuously adjustable. For continuously 
adjustable long-time band, the range of the band, the multiple at which the band is defined, the 
calibration reference for band setting (Average, Minimum or Maximum) and band step are 
displayed next to the Long-Time Band field. 


Long - Time 
50.0 Amps (4 - 36) Maximum 


@ 6 Multiples 


LT Pickup |0.5 | Step: 0.01 LT Band|4 |= Step: 0.01 


If the selected LVSST has a long time band as a curve shape with equation base, the time dial 
field shows as a subset of the long time band curve. The time dial setting can be either discrete 
or continuous adjustable, and this would shift the long time band curve vertically in Star TCC 
view. If the setting of the time dial field is continuously adjustable, then the increment steps are 
displayed next to the time dial field. 


Long - Time 


50.0 Amps LT Band| Standard Inv. ¥ 
LT Pickup |0.5 Step: 0.01 Time Dial 0.1 


(ail 


Step: 0.1 


\< > 


Short -Time 

Click on the Short-Time box to enable the Short-Time element for the selected Sensor ID. If the 
Short-Time element is not selected in the library for the selected Sensor ID, then short-time 
settings are not displayed in the editor. 


Pickup 


Select an item from the Pickup drop-down list or enter the short-time pickup setting for the 
selected Sensor ID. The pickup settings can be discrete values or continuously adjustable. Next 
to the Short-Time Pickup field, the actual short-time pickup in amperes and pick up step (for 
continuously adjustable pickup) are displayed. 


Short - Time 
100.0 Amps ST Band | Curve 1 wal 


| ac) Step: 0.01 
ST Pickup |1 * Step: 0.01 Time Dial |0.2 =~" 


||4)|\> 
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Band 


Select an item from the Band drop-down list or enter the short-time band setting for the selected 
Sensor ID. The band settings can be discrete values or continuously adjustable. For continuously 
adjustable short-time band, the band step is displayed next to the Short-Time Band field. 


If the selected LVSST has a short time band as a curve shape with equation base, the time dial 
field shows as a subset of the short time band curve. The time dial setting can be either discrete 
or continuous adjustable, and this would shift the long time band curve vertically in Star TCC 
view. If the setting of the time dial field is continuously adjustable, then the increment steps are 
displayed next to the time dial field. 


PT 


Select the short-time I*T band setting from the I’T drop-down list. The short-time IT band has 
IN and OUT settings., the default being set to OUT. The IN setting shifts the short-time band 
curve inward (sloped line) and the OUT setting shifts the short-time band curve outward (L- 
shaped). 


Long — Time Pickup & Short —Time Pickup Restrictions 

If the checkbox for “Block ST Pickup below LT Pickup” is checked in Model Edit Info page of 
selected solid state trip unit from library, then the short-time pickup setting cannot be equal or 
below the long-time pickup. Therefore any short-time pickup selection or data entry which 
conflicts with said logic, will be automatically corrected and jumps to first available pickup 
setting which is greater than long-time pickup to represent actual available setting in breaker. 


Manufacturer | ABB 


Model |PR222DS/P-LSIG (UL-T6) 
Model Info 


]OTI created library & 


Reference |PR222DS/P,PR222DS/PD-A for T6 | 


Description | Hlectronic trip unit functions against overload L, and short-circt| 


Label Sensor v 


Help OK Cancel 
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Similarly, any long-time pickup selection or data entry which conflicts with said logic, will be 
automatically corrected and jumps to first available pickup setting which is smaller than short— 
time pickup. 


In above cases, the “Short-Time pickup cannot be below or equal to Long—Time pickup” 
informative message is displayed in Trip Device section as displayed below. 


Trip Device 
Trip Device Type 
Solid State Trip v 
SST Manufacturer SST Model 
ABB v PR222DS/P-LSIG (UL-T6) v 
Sensor ID (600 Amps) 
600 (Electronic) v 
| Short-Time pickup cannot be below or equal to Long-Time pickup 
Instantaneous 


Select to enable the Instantaneous element for the selected Sensor ID. If the Instantaneous 
element is not selected in the library for the selected Sensor ID, then Instantaneous settings are 
not displayed in the editor. 


Pickup 


Select an item from the Pickup drop-down list or enter the instantaneous pickup setting for the 
selected Sensor ID. The pickup settings can be discrete values or continuously adjustable. The 
actual Instantaneous pickup in amperes and pick up step (for continuously adjustable pickup) are 
displayed next to the Instantaneous pickup field. 


Instantaneous 


Bekon 1600 Amps 


2 wi 


Instantaneous Override 

For LVSST models with Instantaneous Override function, the instantaneous pickup ampere value 
is displayed based on the circuit breaker rating. This function of the LVSST is activated when 
the Instantaneous pickup is disabled or not available. 


Instantaneous Overide 


17500 Amps 
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Ground Tab 


The Ground element settings for Solid State trip unit includes the Ground Pickup, Band, and I*T 
settings. These settings are described below. 


¥}| Ground 
Ground Pickup |p aa | 40 Amps 
Ground Band | = = 
Kt |IN v 
Ground 


Click the Ground box to enable the ground element setting for the selected Sensor ID. If the 
Ground element is not selected in the library for the selected Sensor ID, then Ground tab is not 
displayed in the editor. 


Pickup 


Select an item from the Pickup drop-down list or enter the ground pickup setting for the selected 
Sensor ID. The pickup settings can be discrete values or continuously adjustable. Next to the 
Short-Time pickup field, the actual short-time pickup in amperes and pick up step (for 
continuously adjustable pickup) are displayed. 


Band 


Select an item from the Band drop-down list or enter the ground band setting for the selected 
sensor ID. The band settings can be discrete values or continuously adjustable. For continuously 
adjustable Ground band, the band step is displayed next to the Ground band field, for your 
convenience. 


If the selected LVSST has a ground band as a curve shape with equation base, the time dial field 
shows as a subset of the ground band curve. The time dial setting can be either discrete or 
continuous adjustable, and this would shift the ground band curve vertically in Star TCC view. 
If the setting of the time dial field is continuously adjustable, then the increment steps are 
displayed next to the time dial field. 
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Ground 
Step: 0.1 
Ground PU-New | 1 ~ 50.0 Amps 
GND Band-New | Curve Gnd- new | 
Gnd Time Dial |1 — Step: 0.02 


PT 


Select the ground I*T band setting from the I*T drop-down list. The Ground I’T band has IN and 
OUT settings, the default being set to OUT. The IN setting shifts the ground band curve inward 
(sloped line) and the OUT setting shifts the ground band curve outward (L-shaped). 


Maintenance Tab 

The primary application for the Maintenance Mode is, applying the low setting temporarily in 
order to reduce the short-circuit level specially the arc flash incident energy level during the 
initially energizing the system and maintenance as well. So device coordination study is not the 
main concern for applying 


Arc Flash Study would evaluate the Maintenance Mode curves independent from the Standard 
LVSST curve. In this case, the report will show the FCT and the incident energy with the 
Maintenance mode curve and with the Standard curve for the same LVCB. Similarly, the 
Maintenance Mode curves re handled as separate curves from the Standard curves in Star 
Sequence-of-Operation analysis. 


Phase | Ground) Maintenance 


Phase 

Pickup | 6 ¥ | 6000 Amps 
Ground 

Pickup | 4 ~ | 4000 Amps 


Phase 
Click the Phase checkbox to enable the phase element setting for the Maintenance Mode. 
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Ground 


If the Ground setting is provided for the Maintenance Mode then the Ground section will be 
displayed. Click the Ground checkbox to enable the ground element setting for the Maintenance 
Mode. 


Pickup 


Select an item from the Pickup drop-down list or enter the pickup setting for the selected Sensor 
ID. The pickup settings are discrete values. Next to the pickup field, the actual pickup in amperes 
is displayed. 
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Motor Circuit Protector (MCP) unit 


This Section describes the settings available for Motor Circuit Protector trip device type on the 
Trip Device page. 


Low Voltage Circuit Breaker Editor - CB23 [eres 
[info | Rating | Trip Device | TCC kA | Model Info | Reliabilty | interlock | Checker | Remarks | Comment 

General Electric 0.6 kV max. 25kA @ 0.24kV Bi) 
AK-15 3 Pole Size 2 
General Electric 70 
SST 

Standard Type 

© ANSI 
Power CB 
IEC 
CB & Trip Device Library 


cot 


Ratings 
Size Continuous Amps Rated kV Test PF 


225 = 0.24 - 15 


a3)  (s) [Mi[cez =>) a (2! 


Trip Device 


Trip Device Type 
Select an item from the drop-down list and display the trip device types. In this case, the Motor 
Circuit Protector type is selected. 


MCP Manufacturer 
Select an item from the drop-down list and display the manufacturer name for Motor Circuit 
Protector. 
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MCP Model 
Select an item from the drop-down list and display the model name for selected manufacturer. 


MCP ID 

Select an item from the drop-down list and display the MCP ID for the selected Motor Circuit 
Protector model. The actual value of trip in amperes is displayed next to the MCP ID field for the 
selected MCP ID. 


Magnetic (Instantaneous) 


The Motor Circuit Protector unit can be set as discrete adjustable or continuous adjustable. The 
settings available are described below. 


Discrete Adjustable 

Discrete adjustable setting indicates that the magnetic element is defined by discrete values. 
When the magnetic trip is discrete adjustable, the Magnetic group displays a drop-down list of 
the available discrete magnetic settings in multiples of trip device ampere rating or in actual 
amperes. 


Magnetic 


Continuous Adjustable 

Continuous adjustable setting indicates that the magnetic element is defined by continuously 
adjustable values between the low and high trip. When the magnetic trip is continuously 
adjustable, the Magnetic group displays a Trip field for user to enter the magnetic setting in 
multiples of trip device ampere rating or in actual amperes. The trip range available for the 
selected trip unit is also displayed. 


Note: The Trip field is bounded by the Trip Range. 


Magnetic 
Trip Trip Range 
1355 | | 100-380 Amperes 
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Electro-Mechanical Trip unit 


This Section describes the settings available for Electro-Mechanical trip device type on the Trip 
Device page. 


Low Voltage Circuit Breaker Editor - CB23 a [meso 


SS 


0.6 kV max. 130kA @ 0.24kV 
Ls 


so se (000 =) 


4000 
OD-500 (LSI 5-15x) 


Trip Device 


idence 
| Electro-Mechanical 


EM Manufacturer EM Model 
[ITE [ OD-500 (LSI 5-15x) 
EMID 


J wie 


Trip Device 


Trip Device Type 
Select an item from the drop-down list and display the trip device types. In this case, the Electro- 
Mechanical trip type is selected. 


EM Manufacturer 
Select an item from the drop-down list and display the manufacturer name for Electro- 
Mechanical trip device type. 
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EM Model 
Select an item from the drop-down list and display the model name for selected manufacturer. 


EM ID 

Select an item from the drop-down list and display the EM ID for the selected Electro- 
Mechanical trip model. The actual value of trip in amperes is displayed next to the EM ID field 
for the selected EM ID. 


Long-Time 


Long -Time 

Click the Long-Time checkbox to enable the Long-Time element for the selected EM ID. If the 
Long-Time element is not selected in the library for the selected EM ID, then long-time settings 
are not displayed in the editor. 


Pickup 


Select an item from the Pickup drop-down list or enter the long-time pickup setting, for the 
selected EM ID. The pickup settings can be discrete values or continuously adjustable. Next to 
the Long-Time Pickup field, the actual long-time pickup in amperes and pickup step (for 
continuous adjustable pickup) are displayed. 


Long Time 


3200 Amps Ban d _ 


Pickup 08 i Step: 0.05 20 sec iv) 


Band 


Select the Long-Time band curve label from the Band drop-down list, for the selected EM ID. 
Each label for the long-time band is associated with a fixed point based curve that defines the 
shape of the long-time band curve. 


Short-Time 


Short -Time 

Click the Short-Time checkbox to enable the Short-Time element for the selected EM ID. If the 
Short-Time element is not selected in the library for the selected EM ID, then short-time settings 
are not displayed in the editor. 


Pickup 


Select an item from the drop-down list or enter the short-time pickup setting, for the selected EM 
ID. The pickup settings can be discrete values or continuously adjustable. The actual short-time 
pickup in amperes and pickup step (for continuous adjustable pickup) are displayed next to the 
Short-Time Pickup field. 
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Short -Time Band 

Select an item from the drop-down list or enter the short-time band setting for the selected EM 
ID. The band settings can be discrete or continuously adjustable. For continuously adjustable 
short-time band, the band step is displayed next to the Short-Time Band field. 


When the short-time band is discrete, it can be defined as a horizontal band (minimum/maximum 
clearing times) or as a point —based curve. The example below shows discrete short-time band 
defined as a horizontal band. 


Note: The field is labeled Horizontal Band. 


Short Time 


24000 Amps : 
Horizontal Band 


Pickup 6 = Step: 0.5 6 cycles v 


Another example with discrete short-time band defined as a curve is shown below. Note that the 


field is called Band. 
Short Time 
12000 Amps 
Band 


Pickup | 4x v Min v 


Instantaneous 


Instantaneous 
Check the Instantaneous box to enable the Instantaneous element for the selected EM ID. 


Note: If the Instantaneous element is not selected in the library for the selected EM ID, then 
instantaneous settings are not displayed in the editor. 
Pickup 


Select an item from the drop-down list or enter the instantaneous pickup setting for the selected 
EM ID. The pickup settings can be discrete values or continuously adjustable. The actual 
instantaneous pickup in amperes and pickup step (for continuous adjustable pickup) are 
displayed next to the Instantaneous Pickup field. 


Instantaneous 
20000 Amps 


Pickup 5 » Step: 1.0 
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11.36.5 TCC kA (Short-Circuit Clipping) Page 
lon Voge Creu raterttor-c023 


Cutler-Hammer 
DS-420 


Cutler-Hammer 
RMS 510 Series DS 


3-Phase Fault t [ZShowonTCC 38.71 


Line-Ground Fault 4 show on Toc 40.11 


TCC Minimum Current (Sym.) 
kA @ Base kV (0.48 kV) 
3-Phase Fault } [WZ] Show on TCC aT) 


Line-Ground Fault } [¥] Show on TCC 


Pin (Disable Short-Circuit Update) 


a fe (2) (2) (0K) (cence | 
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TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short- 
circuit current values at the connected bus to the element. The values will be updated when you 
run Short-Circuit Clipping kA from Star Mode. 


User-Defined 

Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line- 
ground kA values. By default, the user-defined kA values are set to calculated kA where 
available. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 


The short-circuit currents used for clipping the device curve in Star View are specified in the 
TCC Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to 
Asym. RMS option. Selecting the Sym. RMS option will display the ANSI % cycle symmetrical 
or IEC Maximum / User-defined symmetrical current as selected from the Star Mode Study 
Case Editor. The Asym. RMS option will display the corresponding asymmetrical current values. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star 
View. 


kA (3-Phase Fault) 
For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical short- 
circuit current. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in 
Star View. 
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kA (Line-Ground Fault) 
For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 
short-circuit current. For the User-Defined option, the Line-Ground Fault kA field is editable. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase minimum fault arrow in Star View. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase ANSI 30 cycle short-circuit current in 
kA or IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in the Star Mode Study Case Editor. For the User- 
Defined option, the minimum 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the minimum line-ground fault arrow in Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground ANSI 30 cycle short-circuit in 
kA or, IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in Star Mode Study Case Editor. For the User- 
Defined option, the Line-Ground Fault kA field is editable. 


Pin (Disable Short-Circuit Update) 

Select this option to disable updating of the system-calculated, short-circuit kA values for the 
selected element. Note that calculated Base kV values will be updated regardless of pinned 
status. 
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11.36.6 Model Info Page 


Low Voltage Circuit Breaker Editor - CB23 


Info__| Rating | Trip Device | TCC kA) Model Info | Reliability | interlock | Checker | Remarks | Comment 


Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV Bi) 
DS-420 3 Pole Size | 2000 ay 
“HH; 
RMS 510 Series DS 
Model Info 
Reference 
Brand Name 
Catalog # 1.B. 33-790-11 
Issue Date 10/1/1998 
Description Horizontal drawout magnetic air circuit breaker 
Application Low Voltage Metal enclosed switchgear 
es @) ) Wicez =>) BM ) (eK) [concet | 


Model Info 
Additional information regarding the selected breaker model is accessed on this page. 


Reference 
This displays the model reference, if available, for the selected breaker model. 


Brand Name 
This displays the brand name, if available, for the selected breaker model. 


Catalog # 
This displays the catalog number for the selected breaker model. 
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Issue Date 
This displays the date of issue of the catalog for the selected breaker model. 


Description 
This displays the description for the selected breaker model. 


Application 
This displays the application for the selected breaker model. 
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11.36.7 Reliability Page 


2 Low Voltage Circuit Breaker Editor - CB23 x 


Info = Rating Trip Device TCCkA Model Info Reliability Interock Checker Remarks Comment 


Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV 
DS-420 3 Pole Size | 2000 v o 


Westinghouse 

RMS 510 Series DS 
Reliability Parameters 

Aa |0.0096 


Ap {0.0144 


Source 


ean __| i | IEEE sia493-1990 


FOR |2.1917E-5 


MR 80 % 


[_] Replacement Available 


hr 


Reliability Parameters 


AA 

Aa is the active failure rate in number of failures per year per unit length. The active failure rate 
is associated with the component failure mode that causes the operation of the primary protection 
zone around the failed component and can therefore cause the removal of other healthy 
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components and branches from service. After the actively failed component is isolated, the 
protection breakers are reclosed. This leads to service being restored to some or all of the load 
points. However, the failed component itself (and those components that are directly connected 
to this failed component) can be restored to service only after repair or replacement. 


Ap 

Ap is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


Hy 
u is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 


(1 = 8760/MTTR). 


FOR 
FOR is the forced outage rate (unavailability) calculated based on MTTR, Aa and Ap (FOR = 
MTTR/(MTTR+8760/(Aa+Ap)). 


MTTEF 
MTTF is the mean time to failure in years calculated automatically based on Xa and Ap (MTTF = 
1.0/(Aa+Ap)). 


MTTR 
MTTR is the mean time to repair in hours. This is the expected time for a crew to repair a 
component outage and restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 
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Library 
Click the Library button to bring up the Library Quick Pick - Reliability Data dialog box. 


Library Quick Pick - Reliability Data |e 


Circuit Breaker, LV’ 
Type 


IEEE Std493-1990 
IEEE Std493-1997 Metalclad 


|] Class | Active Failure/yr | Passive Failure/yr | MTTR | Switch Time | Replace Time | 


0-0.6k¥, 0-6004, 0.0035 0.0052 4.00 4.00 2.00 
| 3} 0-0.6k¥, All A 6.00 6.00 

44.50 (44.50 

31.70 = (31.70 


Source 
This displays the source of the selected breaker reliability data. 


Type 
This displays the Type (for example, Fixed or Metal Clad) of breaker selected. 


Class 
This displays the class selected for reliability data. 


Replacement 


Available 
Select this option to enable rp. 


Fp 
rp is the replacement time in hours for replacing a failed element with a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


ETAP 11-898 ETAP 19.0 User Guide 


AC Elements Circuit Breaker, LV 


ETAP 11-899 ETAP 19.0 User Guide 


AC Elements Circuit Breaker, LV 


11.36.8 Checker Page 


Low Voltage Circuit Breaker Editor -CB23 |S 


Info__| Rating | Trip Device | TCC kA | Model Info | Reliability | interlock | Checker | Remarks | Comment 


Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV 4 


DS-420 3 Pole Size | 2000 ay |* 


“HH; 
Cutler-Hammer 200 8 
RMS 510 Series DS 


08-10-2011 


Checker 


07-15-2011 


J) wi 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 
This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 


ETAP 11-900 ETAP 19.0 User Guide 


AC Elements Circuit Breaker, LV 


Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays the date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 


11.36.9 Remarks Page 


Low Voltage Circuit Breaker Editor - B23 |S 
| Info| Rating | Trip Device | TCC kA | Model info | Reliabilty | Interlock | Checker| Remarks | Comment 
Cutler-Hammer 0.635 kV max. 65kA @ 0.48kV 4 


DS-420 3 Pole Size = 


Cutler-Hammer 200 8 
RMS 510 Series DS 


User Defined Info 
- 117 


01/01/2003 


01/01/2012 


as le) ei{cew “>| a (2! 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 
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Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


11.36.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 
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Low Vtage Crt rater ator-c823 


Cutler-Hammer 65kA @ 0.48kV 4 


DS-420 Size | 2000 v 
Cutler-Hammer 200 8 
RMS 510 Series DS 


Enter any additional data or comments regarding condition, maintenance, tests, or studies associated with this element. This field 
can be up to 64kb with a default size of 4kb. To increase the size of this field, referto the entries in the ETAPS.INI file. 


a fe (2 (2) (oc { conea 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.37 Recloser 


The properties associated with reclosers of the electrical distribution system can be entered in 
this editor. 


The Recloser Editor contains the following pages of properties with header information for each 
page: 


e = Info 

e Rating 

e Controller 
e —_ Reliability 


e TCCKA 
e Model Info 
e Checker 


e = Interlock 
e Remarks 
e Comment 


11.37.1 Header 


The header displays the selected recloser model and controller device information on each page 
of the Recloser Editor. 


Recloser 
Recloser Device Type Recloser SC 


Manufacturer Interrupting Data Lock Icon 


Recloser Model 12.5kA @ 15.5kV 
Phase Type 
Controller Schweitzer df) 
Manufacturer ‘we 
= 
Controller 
Model 


Recloser Manufacturer 
This is the manufacturer name of the recloser selected from the library. 


Recloser Model 
This is the model name of the recloser selected from the library. 


Recloser Device Type 
This displays the recloser type (Electronic, Hydraulic, or HVCB) of the selected model. 
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Phase Type 
This displays the number of phases the selected recloser is designed to protect (Single Phase or 
Three Phase). 


SC Interrupting data 
This displays the selected short-circuit interrupting kA at the applied voltage for the recloser. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified) depending on whether the icon is selected 


Controller Manufacturer 
This displays the manufacturer name of the selected controller. 


Controller Model 
This displays the model name of the selected trip device. 
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11.37.2 Info Page 


[We Tes) 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each recloser. The assigned IDs consist of the 
default recloser ID plus an integer, starting with the number one and increasing as the number of 
reclosers increase. The default recloser ID (REC) can be changed from the Defaults menu in the 
menu bar or from the System Manager. 


From & To 

Bus IDs for the connecting buses of a recloser are designated as From and To buses. Ifa 
terminal of a recloser (From or To) is not connected to any bus, a blank entry will be shown for 
bus ID. Ifa terminal of a recloser is connected to a branch (directly or indirectly), the ID of the 
branch will be displayed for the terminal connection. To connect or reconnect a recloser to a 
bus, select a bus from the list box. The one-line diagram will be updated to show the new 
connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the recloser resides, i.e., 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a recloser is connected to a bus through a number of protective devices, reconnection of the 


recloser to a new bus from this editor will reconnect the last existing protective device to the new 
bus, as shown below where REC2 is reconnected from Bus10 to Bus4. 


Busi0 Bus4 Busi0 Bus4 


cts foc) RS cts ioc) RS 
cTl2 f_ Ga) R6 cti2 ft _(Gca) RE 


REC2 REC2 
ETAP displays the nominal kV of the buses next to the From and To bus IDs for your 
convenience. 
Condition 
Service 
The operating condition can be set by clicking on the radio buttons for either In Service or Out of 


Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
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system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Configuration 


You can change the status of a recloser (for the selected configuration) by clicking on either the 
Close or Open option. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (circuit breaker, recloser, motor, or static 
load) will be saved under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the recloser to indicate that this is the recloser 
status under the specific configuration, i.e., you can have different operating status under 
different configurations. In the following example, status of a recloser is shown closed under 
Normal configuration and open under Emergency configuration. 


Configuration Configuration 


[| Nommat Emergency 


®@) Close 
Status Status 
Open 


@ Open 


Real Time Status 


The data here are associated with the online (real-time) operation of the ETAP Real-Time 
module only. 


Scanned 

This displays the scanned status (Scanned or Not Scanned) of the switching device. 

Pin 

Click this button to pin the switching device to either the closed or open status. This option is 
provided to overwrite the actual status received from the real-time system. 
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Control 
Click this button to control the status (open or closed) of the device. ETAP Real Time will 
request confirmation. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.37.3 Rating Page 


Standard 


Operation Intervals 
Time Unit 


Pen coe 


Interrupting Time Opening Time Release Delay 


Recloser 


v 45 vv 0.5 v 


Click on either the ANSI or IEC option button to select that standard. 


ETAP 


11-911 


5 


ESC iS (28 (2) (0 || cence | 


ETAP 19.0 User Guide 


AC Elements Recloser 


Note: Once the recloser is selected from the Recloser Library Quick Pick the standard is set 
based on the library entry and is display only. 


Standard 
@ ANSI 


IEC 


Type 

Select a type from the drop-down list and display the type of breaker. The recloser library 
includes Recloser—-Hydraulic, Recloser—Electronic, and HV Circuit Breaker. Once the recloser is 
selected from the Recloser Library Quick Pick, the recloser type is set based on the library entry 
and is display only. 


Type 


|Recloser- Electronic 


Recloser - Hydraulic 


Recloser and Controller Library 
The recloser data for a selected standard and type can be selected by clicking on the Library 
button. 


Recloser & Controller Library 


Library... |_| Exclude Controller 


Exclude Controller 

Select this option to exclude the controller selection from Recloser Library Quick Pick. The 
Recloser Library Quick Pick will be launched without the controller information. The Exclude 
Controller option setting is not a saved property of the editor and hence will reset to deselected, 
once the Rating page is refreshed. 


Note: This will have no effect if the recloser type is set to Recloser—Hydraulic. 


Recloser — Library Quick Pick 


To select a recloser from the recloser library click the Library button. ETAP displays the Library 
Quick Pick - Recloser dialog box. From the Library Quick Pick, select a recloser by highlighting 
the Manufacturer name and recloser Model, which is a unique record. Select the desired applied 

voltage and short-circuit interrupting kA. Select the desired controller for that model. Then click 
the OK button to retrieve the selected data from the library and transfer it to the editor. 
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Note: If the recloser type is Recloser—Hydraulic after selecting the model, the desired coil size 
needs to selected, followed by the desired applied voltage and short-circuit interrupting kA. 
Furthermore, no controller information needs to be selected. 


After selection of the library data, the recloser manufacturer, model, and controller details are 
displayed in the editor header. If any changes have been made in the retrieved library data, the 
library header will be displayed in blue to indicate that the substituted library data has been 
modified. 

The header can also turn into blue if default or calculated values are displayed instead of zero 
entries in the library. Refer to Ratings section for more details. 


The information available in the recloser Library Quick Pick dialog box is described below. 


Standard 


Select either the ANSI or IEC option. The Standard selection in the breaker Library Quick Pick 

(and hence the recloser models displayed) will default to the selection made for the standard on 

the Rating page. The Standard selection can be changed in the Library Quick Pick dialog box, if 
desired. 


Manufacturer 
Manufacturer Name 


This displays a list of all recloser manufacturers included in the library for the selected standard. 
Choose a manufacturer by selecting the manufacturer name. 
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Library Quick Pick - Recloser [rere 


Standard Manufacturer 


© ANSI 
Cooper 

© IEC FKI Switchgear Asea Brown Boveri 
G&w Electric ; 
Joslyn Link 
S&C Electric Company 


Reference 


http: //www.abb.com 


Model 
Device Type Reference 
Recloser - Electronic 7’ RS146,RS141 
Tal Type Brand Name 
J - | 

OVA-1 (RS18x) a Single Phase ovR 

OVA-1 (RS24x) — 

OVA-1 (RS28x) ema 

OVA-3 (R111) Application 

ia 2 Hit ! = ¥ Designed for pole-mounted applications 
Rating 

MakingkA Peak | | 
Controller 
Manufacturer Type Model 
ABB | Microprocessor RA 


(oii) (ace 


Reference 
This displays the Manufacturer reference, if available, for a selected manufacturer. For example, 
Asea Brown Boveri is the reference for ABB. 


Link 
This displays the Manufacturer web link or URL address. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). The icon is selected if the entry is locked. 


Model 
Device Type 


Select from the drop-down list the recloser type to display. The recloser device types include 
Recloser-Hydraulic, Recloser-Electronic, and HV Circuit Breaker. 
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Note: That the Device Type selection in the Recloser Library Quick Pick (and hence the recloser 
models displayed) will default to the selection made for the device type on the Rating page. The 
device type selection can be changed in the Library Quick Pick dialog box, if desired. 


Model Name 
The Model group displays a list of all models for the selected standard, manufacturer, and device 
type. Choose a model by selecting the model name. 


Reference 
This displays the reference, if available, for selected recloser model. 


Type 
This displays the number of phases the selected recloser model is designed to protect (Single 
Phase or Three Phase). 


Brand Name 
This displays the brand name, if available, for the selected recloser model. 


Application 
This displays the application for the selected recloser model. 


Lock Icon 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked 
(user-specified). Locked entries have selected lock icons. 


Rating 


Coil 
This displays the available coils for the selected recloser model. 


Note: This only appears if the Device Type is set to Recloser-Hydraulic. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). Locked entries have selected icons. 


Note: This only appears next to the Coil ID. 


ANSI Short-Circuit Data 

When ANSI Standard is selected and device type is Recloser-Hydraulic or Recloser-Electronic, 
the short-circuit data shows the applied voltage in kV, short-circuit interrupting current for the 
applied voltage in kA, test X/R, Making kA rms (asymmetrical), and Making kA Peak 
(asymmetrical). These short-circuit parameters are explained in more detail in the Ratings 
Section. Select an applied voltage and the short-circuit data by clicking the row. 
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Rating 


Test X/R MakingkA Peak |_| 
2.4 6 0 


When ANSI Standard is selected and device type is HV Circuit Breaker, the short-circuit data 
shows the applied voltage in kV, short-circuit interrupting current for the applied voltage in kA, 
C&L rms, and C&L Peak. These short-circuit parameters are explained in more detail in the 
Ratings Section. Select an applied voltage and the short-circuit data by clicking the row. 


Rating 


curek [ 


IEC Short-Circuit Data 

When the IEC Standard is selected and device type is Recloser-Hydraulic and Recloser- 
Electronic, the short-circuit data shows the applied voltage in kV, short-circuit breaking current 
for the applied voltage in kA, test X/R, Making kA rms (asymmetrical), and Making kA Peak 
(asymmetrical). The short-circuit parameters are explained in more detail in the Ratings Section. 
Select an applied voltage and the short-circuit data by highlighting it. 


Rating 


Test X/R MakingkA Peak |_| 
fd 0 0 


12.5 milla: 


When the IEC Standard is selected and device type is HV Circuit Breaker, the short-circuit data 
shows the applied voltage in kV, short-circuit breaking current for the applied voltage in kA, 
Making kA rms (asymmetrical), and Making kA Peak (asymmetrical). The short-circuit 


parameters are explained in more detail in the Ratings Section. Select an applied voltage and the 
short-circuit data by highlighting it. 
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Rating 


kV Breaking kA, Making kA, rms Making k&, Peak 


Controller 


The controller(s) assigned to the selected recloser model, can be chosen by selecting the 
manufacturer name, controller type, and model. The controller types include Microprocessor and 
Static. 


Note: This portion of the Recloser Library Quick Pick windows is not visible when the device 
type is set to Recloser-Hydraulic. 


Controller 
Manufacturer Type Model 
S&C Electric Compan | Microprocessor 7 a 
Vista (K Speed) 


Vista (Main Interrupter] 
Vista (SEL Relay Curves] 


(Mista [Tan Intern inter! 


Controller Manufacturer 
Highlight an item to select the controller manufacturer from the list. 


Controller Type 
Select from drop-down list and display the controller type for the selected recloser. 


Note: Selection is limited according to the controller assigned to the recloser model. 


Controller Model 
Highlight an item to select the controller model from the list, for the selected controller 
manufacturer. 


Operation Intervals 

Select a standard and device type to enter the operating intervals for the recloser in accordance to 
these selections. When a recloser is selected from Library Quick Pick, the Time Unit and 
Interrupting Time fields will be filled in with the values defined in the library. Changing these 
values after selecting a recloser from Library Quick Pick will turn the header blue to indicate that 
the substituted library data has been modified. The Opening Time, Release Delay, and CPT are 
user-defined and can be edited without turning the header blue. 


Note: A relationship of Opening Time + Release Delay = CPT is always maintained, therefore, 
changing one of these values will cause the others to be updated. 
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Time Unit 

Select the time unit (Cycle or Millisecond) according to which the Interrupting Time, Opening 
Time, Release Delay, and CPT are entered. When a recloser is selected from the Recloser 
Library Quick Pick the time unit is set based on the library entry and is display only. 


Note: When the standard is ANSI and the recloser Type is set to HV Circuit Breaker the 
selection is fixed Cycle. 


Interrupting Time 

Select an item from the drop-down list or enter the interrupting time for the recloser. When a 
recloser is selected from the Library Quick Pick the interrupting time is set to the value in the 
library. The interrupting time cannot be less than the opening time. When the standard is set to 
IEC this field is labeled as Break Time. 


Note: When the standard is ANSI and the recloser Type is set to HV Circuit Breaker the 
selection is limited to the values in the drop-down list. 


Opening Time 

Select an item from the drop-down list or enter the opening time for the recloser. This is 
nonessential data and is not stored in the library. The opening time cannot be greater than the 
interrupting time. When the standard is set to IEC this field is labeled as Top. 


Release Delay 

Select an item from the drop-down list or enter the release delay for the recloser. This is 
nonessential data and is not stored in the library. When the standard is set to IEC this field is 
labeled as Tr. 


Note: When the standard is ANSI and the recloser Type is set to HV Circuit Breaker the field is 
labeled as Tripping Delay. 


CPT 

Select an item from the drop-down list or enter the contact parting time (CPT) for the recloser. 
This is nonessential data and is not stored in the library. When the standard is set to IEC this field 
is labeled as Min. Delay. 


Note: When the standard is ANSI and the recloser Type is set to HV Circuit Breaker the 
selection is limited to the values in the drop-down list. 


Ratings 

Select a standard and device type to enter the ratings for the recloser in accordance with these 
selections. When a recloser is selected from Library Quick Pick, all parameters shown below will 
be set to their corresponding values chosen from the Quick Pick. If any of the Interrupting / 
Breaking kA, Test X/R, Making kA rms, or Making kA Peak entries in the selected recloser 
model from library are zero then these values may be automatically replaced with default or 
calculated values as explained in respective sections. Therefore the header will turn blue as the 
indication of difference between library entries and editor displayed and replaced values. 


ETAP 11-918 ETAP 19.0 User Guide 


AC Elements Recloser 


Similarly, manual changing of the values after selecting a recloser from Library Quick Pick will 
also turn the header blue to indicate that the substituted library data has been modified. 


When ANSI or IEC is selected as the standard and device type is set to Recloser-Hydraulic 
or Recloser-Electronic, the rating data will display the rated kV, maximum continuous amps , 
impulse withstand rating, Interrupting kA, test X/R, making kA rms (asymmetrical), making kA 
peak (asymmetrical), short-time withstand kA, and short-time withstand durations as explained 
below. 


1.01 v 0 v 0 v 


Interrupting kA Test X/R MakingkAmms Making kA Peak 


0 v 0 v 0 v 0 v 
ST Withstand Tkr 
0 v 1 v 


Recloser Ratings — ANSI Standard 


Ratings 
kV Max. Amps BIL Limit 
1.01 v 0 v 0 v 
Breaking kA Test X/R MakingkAmms Making kA Peak 
0 v 0 v 0 v 0 v 
tthr Tke a 
0 v 1 v 1 


Recloser Ratings — IEC Standard 


kV 

Select a value from the drop-down list or enter the rated kV rating for the recloser in kV. The 
rated kV value will be set equal to the applied kV defined in the library when selected from 
Library Quick Pick. 


Max. Amp 

Select a value from the drop-down list or enter the maximum continuous current rating for the 
recloser in amperes. The Max. Amp value will be set equal to the value defined in the library 
when selected from the Library Quick Pick. 
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BIL Limit 

Select a value from the drop-down list or enter the rated basic impulse withstand rating for the 
recloser in kV. The BIL Limit value will be set equal to the value defined in the library when 
selected from the Library Quick Pick. 


Interrupting kA / Breaking kA 

Select a value from the drop-down list or enter the interrupting / Breaking kA rating for the 
recloser in kA. When the IEC Standard is selected this field is renamed to Breaking kA. The 
Interrupting / Breaking kA value will be set equal to the value defined in the library when 
selected from the Library Quick Pick. 


Test X/R 

Select a value from the drop-down list or enter the test X/R rating for the recloser. The Test X/R 
value will be set equal to the value defined in the library when selected from the Library Quick 
Pick. 


If Test X/R, Making kA rms, and Making kA Peak are all zero in selected model from library 
then it will be automatically filled with minimum standard Test X/R based on below table. 


Default Table for Recloser Minimum X/R based on Interrupting Medium type and Interrupting kA 


<= 1.25 


1.25 < Int. kA <= 2 


2 < Int. kA <=4 


X/R = 14 for 50 Hz and 17 for 60 Hz for a time 


< 
4< Int. kA constant of 45 ms 


<=2 


Vacuum & Gas 2 < Int. kA <=6 


X/R = 14 for 50 Hz and 17 for 60 Hz for a time 


6 < Int, kA iene constant of 45 ms 


Reference: IEC 62271-11 - 2005 / C37.60 - 2003 Standard 


If Test X/R is zero but either of Making kA rms or Making kA Peak have non-zero value in 
selected model from library then Test X/R will be automatically calculated and updated. 
The calculation is based on below presented equations for either of these non-zero data fields. 
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Making kA rms 

Select a value from the drop-down list or enter the making kA rms asymmetrical rating for the 
recloser in kA. The Making kA rms value will be set equal to the value defined in the library 
selected from the Library Quick Pick. 


If Making kA rms is zero in selected model from library then it will be automatically calculated 
and updated based on Interrupting / Breaking kA and Test X/R values, using 


Laomarms.asym a ME, ;mom.rms.sym 


where MF,, is the momentary multiplying factor, calculated from 


where MF,, is the momentary multiplying factor, calculated from 


_ 2m 
MF, =.J1+2e */® 


Similarly, Making kA rms will be calculated based on user entered Interrupting / Breaking kA 
and Test X/R values if recloser model is not selected from library (editor header is blank). 


Making kA Peak 

Select a value from the drop-down list or enter the making kA peak asymmetrical rating for the 
recloser in kA. The Making kA Peak value will be set equal to the value defined in the library 
when selected from the Library Quick Pick. 


If Making kA Peak is zero in selected model from library then it will be automatically calculated 


and updated based on Interrupting / Breaking kA and Test X/R values, using the following 
equation. 
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LE nom.peak,asym = ME, | mom.rms,sym 


where MF, is the peak multiplying factor, calculated from 
pes 
MF, = v2(1 +e aR) 


Similarly, Making kA Peak will be calculated based on user entered Interrupting / Breaking kA 
and Test X/R values if recloser model is not selected from library (editor header is blank). 


ST Withstand / Ithr 

Select a value from the drop-down list or enter the short-time withstand rating for the recloser in 
kA. The ST Withstand value will be set equal to the value defined in the library when the 
recloser is selected from the Library Quick Pick. 


Tkr 

Select a value from the drop-down list or enter the short-time withstand duration for the recloser 
in seconds. The Tkr value will be set equal to the value defined in the library when selected from 
the Library Quick Pick. 


User-defined Tk (IEC) 

Enter the user defined short-circuit duration in seconds. In the short-circuit study case, the user 
has an option to use the rated short-circuit duration (Tkr) or the user-defined duration when IEC 
standard is selected. 


When ANSI is selected as the standard and device type is set to HV Circuit Breaker, the 
rating data will display the rated kV, maximum continuous amps, impulse withstand rating, 
interrupting kA, close and latch rms, close and latch peak, short-time withstand kA, short-time 
withstand duration, time constant, percent dc, and S factor. 


Ratings 
kV Max. Amps BIL Limit 
15.5 Sa 1120 a 150 ¥ 
Interrupting kA Test X/R MakingkAmms Making kA Peak 


12 ¥ 15 ¥ 18.26 ¥ 30.73 ¥ 
ST Withstand Tkr 
12 v 3 v 
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kV 

Select a value from the drop-down list or enter the rated kV rating for the breaker in kV. The 
rated kV value will be set equal to the applied kV defined in the library when selected from 
Library Quick Pick. 


Max. Amp 

Select a value from the drop-down list or enter the maximum continuous current rating for the 
breaker in amperes. The Max. Amp value will be set equal to the value defined in the library 
when selected from the Library Quick Pick. 


BIL Limit 

Select a value from the drop-down list or enter the rated basic impulse withstand rating for the 
breaker in kV. The BIL Limit value will be set equal to the value defined in the library when 
selected from the Library Quick Pick. 


Rating Std. 

Select symmetrical (SYM) or total (TOT) from the drop-down list to specify the breaker type. 
Select SYM if the breaker is rated on a symmetrical current basis, or TOT if the breaker is rated 
on a total current basis. The Rating Std. value will be set equal to the value defined in the library 
when elected from the Library Quick Pick. 


Interrupting kA 

Select a value from the drop-down list or enter the interrupting kA rating for the recloser in kA. 
When the IEC Standard is selected this field is renamed to Breaking kA. The Interrupting kA 
value will be set equal to the value defined in the library when selected from the Library Quick 
Pick. 


C&L rms 

Select a value from the drop-down list or enter the close and latch (C&L) rms asymmetrical 
rating for the breaker in kA. The C&L rms value will be set equal to the value defined in the 
library when a breaker is selected from the Library Quick Pick. 


Note: If the value in this field is initially zero, when the Interrupting kA or C&L Peak is changed 
this field will automatically update to a value according to the following equations. 


When Int kA is entered the C&L rms will be automatically calculated as 
C&L rms = Int kA * 1.6 


When C&L Peak is entered the C&L rms will be automatically calculated as 
C&L rms = C&L Peak * 1.6/2.7 


C&L Peak 

Select a value from the drop-down list or enter the close and latch (C&L) peak asymmetrical 
rating for the breaker in kA. The C&L Peak value will be set equal to the value defined in the 
library when the breaker is selected from the Library Quick Pick. 
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Note: If the value in this field is initially zero, when the Interrupting kA or C&L rms is changed 
this field will automatically update to a value according to the following equations. 


When Int kA is entered the C&L Peak will be automatically calculated as 
C&L Peak = Int kA * 2.7 


When C&L rms is entered the C&L Peak will be automatically calculated as 
C&L Peak = C&L rms * 2.7/1.6 


ST Withstand 

Select a value from the drop-down list or enter the short-time withstand rating for the breaker in 
kA. The ST Withstand value will be set equal to the value defined in the library when selected 
from the Library Quick Pick. 


Tkr 

Select a value from the drop-down list or enter the short-time withstand duration in seconds. The 
Tkr value will be set equal to the value defined in the library when selected from the Library 
Quick Pick. 


Tk 
Enter the user defined short-time withstand duration in seconds. This value is used to determine 
Ith if the Thermal withstand is set to use Tk from the short-circuit study case. 


Time Constant 

This field is available only for a breaker rated on a symmetrical current basis. It displays the 
time constant for the dc component of asymmetrical capability of a circuit breaker. The value 
displayed equals 45 ms for a regular high voltage circuit breaker, based on IEEE Std C37.010- 
1999, and 133 ms for a generator circuit breaker based on IEEE Std C37.013-1997. 


S Factor 

This field is available only for a circuit breaker rated on a symmetrical current basis. The 
displayed S factor reflects the symmetrically rated, breaker’s ability to interrupt fault current 
with dc component. It is defined as the ratio of asymmetrical interrupting rms rating over 
symmetrical interrupting rms rating of a breaker. 


% dc 

This field is available only for a breaker rated on a symmetrical current basis. The %dc 
interrupting capability of a breaker is calculated based on the contact parting time and the time 
constant of dc component. 


When IEC is selected as the standard and device type is set to HV Circuit Breaker, the 
rating data will display the rated kV, maximum continuous amps, impulse withstand rating, 
transient recovery voltage, breaking kA, making kA rms (asymmetrical), making kA peak 
(asymmetrical), first-pole-to-clear factor, short-time withstand kA, and short-time withstand 
duration. 
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Ratings 

kV Max. Amps BIL Limit 

155 ¥ 1120 ¥ 150 v 

Breaking kA Test X/R MakingkAms Making kA Peak 

12 ¥ 15 ¥ 18.26 ¥ 30.73 Sd 

Ithr Tkr User-defined 
Tk 
12 ¥ 3 ¥ 1 


kV 

Select a value from the drop-down list or enter the rated kV rating for the breaker in kV. The 
rated kV value will be set equal to the applied kV defined in the library when selected from 
Library Quick Pick. 


Max. Amp 

Select a value from the drop-down list or enter the maximum continuous current rating for the 
breaker in amperes. The Max. Amp value will be set equal to the value defined in the library 
when selected from the Library Quick Pick. 


BIL Limit 

Select a value from the drop-down list or enter the rated basic impulse withstand rating for the 
breaker in kV. The BIL Limit value will be set equal to the value defined in the library when 
selected from the Library Quick Pick. 


TRV 
Enter the transient recovery voltage for the breaker in kV. The TRV value will be set equal to the 
value defined in the library when selected from the Library Quick Pick. 


Breaking kA 

Select a value from the drop-down list or enter the breaking kA rating for the recloser in kA. 
The Breaking kA value will be set equal to the value defined in the library when selected from 
the Library Quick Pick. 


Making kA rms 

Select a value from the drop-down list or enter the making kA rms asymmetrical rating for the 
breaker in kA. The Making kA rms value will be set equal to the value defined in the library 
when selected from the Library Quick Pick. 


Making kA Peak 

Select a value from the drop-down list or enter the making kA peak rating for the breaker in kA. 
The Making kA Peak value will be set equal to the value defined in the library when selected 
from the Library Quick Pick. 
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FPC Factor 

First-Pole-to-Clear (FPC) factor represents the Transient Recovery Voltage (TRV) capability of 
the breaker and has application for switching overvoltage studies. For now this is just an 
informative parameter for the HVCB and Recloser elements in ETAP when IEC standard is 
selected in editor or library. 


Selection of this factor is primarily dependent on the system neutral grounding. Select a value 

from the drop-down list for the first-pole-to-clear (FPC) factor of the breaker. The FPC Factor 

value will be set equal to the value defined in the library when selected from the Library Quick 
Pick 


Ithr 

IthrSelect a value from the drop-down list or enter the rated short-time withstand currentcurrent 
in kA. The ST Withstand value will be set equal to the value defined in the library when selected 
from the Library Quick Pick. In the IEC 62271 standard, the short-time withstand current is 
defined as Ix 


Tkr 

Select a value from the drop-down list or enter the rated duration of short-circuitcircuit in 
seconds. The Tkr value will be set equal to the value defined in the library when selected from 
the Library Quick Pick. In the IEC 72271 standard, the rated duration of short-circuit is defined 
as tk 


User-defined Tk 
Enter the user defined short-circuit duration in seconds. In the short-circuit study case, the user 
has an option to use the rated short-circuit duration (Tkr) or the user-defined duration. 
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11.37.4 Controller Page 


The controllers for recloser include Hydraulic, Static, and Microprocessor types. The layout and 
settings available on this page will depend on the type of controller selected. 


Controller Info 


The recloser data for a selected standard and type can be selected by clicking on the Library 
button. 


Controller Info 
Electronic - Microprocessor | Info... 
Manufacturer | Cooper om | Model | Form 4C ¥ | 


(Controller is selected, but recloser is not specified 


Controller Type 

When a controller is selected from the Library Quick Pick, the controller type is displayed here. 
The possible values are Hydraulic-Three Phase, Hydraulic-Single Phase, Electronic- 
Microprocessor, and Electronic-Static. 


Info 
Information about the controller and curves can be obtained by clicking on the Info button. 


Controller Lib 
To select a controller from the controller library click the Controller Lib button. ETAP displays 
the Library Quick Pick — Electronic Controller dialog box. 


Note: This button is hidden when a hydraulic recloser is selected. 


Manufacturer 
Select a manufacturer from the drop-down list to select the manufacturer of the controller. 


Note: The manufacturers in this list are limited to those which have controller models assigned 
to the recloser selected from the Library Quick Pick. This field is hidden when a hydraulic 
recloser is selected. 


Model 
Select a model name from the drop-down list to select the model of the controller. 


Note: The models in this list are limited to those which are assigned to the recloser selected from 
the Library Quick Pick. This field is hidden when a hydraulic recloser is selected. 


Control Info 


To view further information about the controller selected click on the Info button. ETAP displays 
the Control Info dialog box. The manufacturer name, model, controller type, model reference, 
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brand name, catalog number, issue date, description, and application of the controller are 
displayed. Furthermore, the manufacturer TCC ID, revision, and notes can be obtained for 
different curve types available in the model selected. 


Control Info. 


Manufacturer Model 


Cooper Form 4C 
Controller Info 


Type Electronic - Microprocessor 


Reference F4C 


Brand Name Kyle 
Catalog # 280-77 
Issue Date April 2003 
Description Microprocessor-based electronic recloser control 


Application Provide complete system protection and control 


TCC Curve Info 


Curve Type | 101 
TCCID TCC-634F 


Revision October 2004 


Notes Tests conducted at 25C 


Controller Info 


The controller type, reference, brand name, catalog number, issue date, description, and 
application of the selected controller model are displayed here. 


Type 
This displays type of controller selected. Possible values are Electronic-Static, Electronic- 
Microprocessor, Hydraulic-Single Phase, and Hydraulic-Three Phase. 


Reference 
This displays the model reference, if available, for the selected controller model. 


Brand Name 
This displays the brand name, if available, for the selected controller model. 
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This displays the catalog number for the selected controller model. 


Issue Date 
This displays the date of issue of the catalog for the selected controller model. 


Description 
This displays the description for the selected controller model. 


Application 
This displays the application for the selected controller model. 


TCC Curve Info 
The TCC ID, revision, and notes of the curves entered for this model are displayed here. 


Note: Any changes made to the curve selection do not affect the selected curve on the main 
controller page. 


Curve Type 
Select a curve from the drop-down list to display the TCC ID, revision, and notes for. 


TCC ID 
This displays the time-current characteristic (TCC) curve ID assigned by the manufacturer for 
the curve selected. 


Revision 
This displays the revision date for the curve selected. 


Notes 
This displays any notes for the curve selected. 
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Controller — Library Quick Pick 


To select a controller from the controller library click the Controller Lib button. ETAP displays 
the Library Quick Pick — Electronic Controller dialog box. From the Library Quick Pick, select a 
controller by highlighting the Manufacturer name, the controller type (microprocessor or static), 
and Model, which is a unique record. Then click the OK button to retrieve the selected data from 
the library and transfer it to the editor. 


Note: If a recloser is already selected the manufacturer and model lists will be limited to those 
assigned to that recloser. 


After selection of the library data, the controller manufacturer and model are displayed in the 
editor header. 


The information available in the recloser Library Quick Pick dialog box is described below. 


Library Quick Pick - Electronic Controller 


Manufacturer 


ABB im a Reference 
FKI Switchgear a Cooper Power Systems 
Joslyn 7 ; 

Nu-Lec Link 


S&C Electric Company 2 http://www. cooperpower.com 
Schuieitver 


Model 
Type 


Microprocessor ¥ | 


Reference 


Form 5 F4C 
Form 5 Triple-Single 
Form 6 


Form 6 Triple-Single Brand Name 
FRA, 


Kyle 
FXa/EXR 


Help None | Cancel 


Manufacturer 
Manufacturer Name 


This displays a list of manufacturer names available for selection. Choose a manufacturer by 
selecting the manufacturer name. 


Note: If a recloser is already selected this list will be limited to those manufacturers that have a 
model assigned to the selected recloser. 
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Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). A library entry is locked if the lock icon is selected. 


Reference 
This displays the manufacturer reference, if available, for a selected manufacturer. In the figure 
above, for example, Cooper Power Systems is the reference manufacturer for Cooper. 


Link 
This displays the manufacturer’s web link or URL address. 


Model 


Type 
Select the controller type, Microprocessor or Static, from the drop-down list to display the 
models of that particular type. 


Note: If a manufacturer does not have a model for a type, that type will not be available for 
selection. 


Model Name 
This displays a list of model names for the selected manufacturer and type. Choose a model by 
selecting the model name. 


Note: If a recloser is already selected this list will be limited to those models that are assigned to 
that recloser. 


Lock Icon 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). A library entry is locked if the lock icon is selected. 


Reference 
This displays the model reference, if available, for a selected model. 


Brand Name 
This displays the brand name, if available, for the selected model. 
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Recloser & Controller Selection 


ETAP provides several options to retrieve recloser and/or controller from the library. The 
selection of the recloser on the Rating page affects the controller selection and the data displayed 
on the Controller Library Quick Pick. The logic is as described below. 


Case 1 — Recloser and Controller 

When a recloser is selected along with its associated trip unit from the Library Quick Pick on the 
Rating page of the Recloser Editor, the controller page displays the selected controller 
(Manufacturer, Model, and Type). 


G&W Hectric Hlectronic 12.5kA @ 15.5kV 4 
Viper-G (15.5kV) Three Phase 

Schweitzer 4 
351R 

Controller Info 


| Electronic - Microprocessor Controller Lib... 
Manufacturer | Schweitzer 2 Model | 351R ¥ 


Library Quick Pick - Electronic Controller |e Som) 


Manufacturer 


Cooper Reference 


itch 
con ia SEL Inc. 


Nu-Lec Link 


S&C Electric Compan 
EE a http: 4/wiww.selinc.com 


Model 


Type 


Microprocessor bd 


651R 


Reference 


Brand Name 


SEL 


None Cancel 
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Since the recloser and its controller are selected as a combination, the Controller Library Quick 
Pick list will be limited to controllers assigned to the selected recloser. Thus, clicking on the 
Controller Lib button to access the Controller Library Quick Pick will display only the pre- 
assigned trip units. The manufacturer and model drop-down lists on the controller page will also 
exhibit the same behavior. 


Case 2 — Recloser Only (Exclude Controller) 

When a recloser is selected from the recloser Library Quick Pick on the Rating page with 
Exclude Controller box checked, the Controller page will not include the controller information. 
“No controller is selected” message would appear in the Controller page status line. 


Cooper Electronic 12.5kA @ 144kV tp) 
NOVA1-15 (800A) Three Phase 
ry 
Controller Info 
[ Controller Lib... | 
Manufacturer | +] Model | y) 


To retrieve the pre-assigned controllers for the selected recloser, click on the Controller Lib 
button to launch the Library Quick Pick — Electronic Controller. Since the recloser is previously 
selected, the Library Quick Pick — Electronic Controller is limited to the controllers assigned to 
the recloser. 
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Library Quick Pick - Electronic Controller |p S| 
Manufacturer 


ABB A Reference 
Cooper 

FKI Sachse Cooper Power Systems 
Joslyn ; 

Nu-Lec Link 


S&C Electric Company http://www. cooperpower.com 
Schieitzer 


Model 
Type 


Microprocessor Y 


= Reference 
Form 5 F4C 
Form 5 Triple-Single 
Form 6 

Form 6 Triple-Single Piselee 
PA, 


Kyle 
Pxié JEX'R 


Case 3 — Controller Only 


When a recloser is not selected from the Recloser Library Quick Pick on the Rating page, the 
Controller page is blank and status line will display: “No controller is selected.” 


The Library Quick Pick — Electronic Controller can be accessed by clicking on the Controller 


Lib button. Since no recloser is selected, all controller types, manufacturers, and models will be 
available for selection. 
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Library Quick Pick - Electronic Controller |S 


Manufacturer 


Reference 


FKI Swichaes Joslyn Hi-Voltage 
Nu-Lec Link 


S&C Electric Company http://www. joslpnhivoltage. com? 
Schieitzer 


Microprocessor ad 


a Reference 


Faultmaster 2500 
PowerMax 100 


Brand Name 


When a controller is selected from the Controller Library Quick Pick, the controller page 
displays the selected controller (Manufacturer, Model, and Type), and status line will display: 


“Controller is selected, but recloser is not specified.” 


Joslyn 4 
3 
Controller info 


| Blectronic - Microprocessor Controller Lib... 
Mandate Node 5M) 


(Controller is selected, but recloser is not specified 


Operation 
The settings available in the Operation section of the Controller page are described below. 


Operation 


Level Fast ~  [¥) Enabled Sequence Coordination 


[¥] Block TOC by HC & combine for this level 


ETAP 11-935 


ETAP 19.0 User Guide 


AC Elements Recloser 


Level 

Electronic (Static or Microprocessor) reclosers can have multiple Time Overcurrent (TOC) 
and/or High Current (HC) elements that can be simultaneously and independently set in the 
library. The Level displays a Drop-down list of the TOC and HC levels that are available for the 
selected recloser model. 


Enabled (checkbox) 
This field is displayed if the selected controller type is Electronic-Microprocessor. Check this 
box to enable the parameters for selected level. 


Block TOC by HCHC & combine for this level (checkbox) 

This field is displayed only if the selected controller type is Electronic (Static or Microprocessor) 
and “Independent TOC/HC” checkbox is checked in the Model Info page of the Electronic 
Controller Library. Check this box to accomplish the followings if it is available as part of 
recloser logic. 


Block the TOC by HC for the selected level. This logic is applied to all available trip elements 
for selected level. When checked, the definite delay time of HC will take over the TOC delay, 
starting from the HC pickup and the TOC+HC will be combined as a single curve in Star View 
TCC. The Sequence-Of-Operation and Arc Flash will calculate the trip time based on the 
displayed curve and respective bolted or arcing fault currents. 


The impact of this checkbox, if any, will be reported in Sequence and Arc Flash Viewer. 
For example in the Cooper 4C curve shown below, Block TOCby HC & combine for this level is 


unchecked in the Recloser Editor. Hence, the TOC and HC curves are shown as two independent 
curves. 
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5 1 3 5 10 x 50 100 300 500 1K aK SK 10K 


Indepedent TOC/HC checked in Electronic 
Controller Library. 

Block TOC by HC & combine for this level 
unchecked in Recloser editor. 


| RE - P- HO 
Cooper 
Form 4C 
High Current = 2 (1 - 30 xTOC Pickup) 
Time Delsy = 7.47 Cycles 
Interrupting Time = 5 Cycles 
Clesring 


spuosas 


REC1-P-TOC 

TeCt 

Cooper 

Form 4 

115 

Pickup = 25 (25 - 800 Primary) 
Interrupting Time = 5 Cycles 

3x =0.302 s, 5x= 0.1325, 8x =0.0996 s 
Clesnng 


Seconds 


5 1 3 5 10 a) 100 30 SO 1K “x K 10K 
Amps X 10 (Plot Ref. kV=0.48) 


a 


For the curve shown below, Block TOC by HC & combine for this level is checked. Hence, the 
TOC and HC curves are combined as one curve. 
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$28 RO RQ BE eS Gath x ochis 


Amps X 10 (Plot Ref. kV=0.48) 


5 1 3 5 10 x E) 100 300 500 mK mK aK 10K 


Indepedent TOC/HC checked in Electronic Controller 
Library. 

Block TOC by HC & combine for this level checked in 
Recloser editor. 


Seconds 
spuovas 


Pickup = 25 (25 - 800 Primary) 

High Current = 2 (1 - 30 xTOC Pickup) 
Time Delsy = 7.47 Cycles 

Interrupting Time = 5 Cycles 

3x =0.302 s, 5x= 0.1325, 8x =0.0996 s 
Clesning 


5 1 3 5 10 x xn 100 300 500 K MK xK 10K 
Amps X 10 (Plot Ref. kV=0.48) 


Sequence 
Click on this button to open the Sequence Editor where the number of operations performed on 


the first enabled curve and the total number of operations for each trip element can be defined. 
Coordination 

Click on this button to open the Coordination Editor where there a number of coordination 
curves that be shown on the Star View. 


Note: This button is not available for microprocessor controllers that have more than two levels, 
and/or have “Enforce same settings for all HC levels” unchecked in the library. 
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Sequence 

To set the operating sequence of the controller selected click on the Sequence button. ETAP 
displays the Sequence dialog box. The number of operations on the fast curve (or first enabled 
curve) and total number of operations for each trip element can be set here. Furthermore, the 
reclosing duration, and reset time can also be set here. 


Note: These settings are not part of the library and must be entered properly for Sequence-of- 
Operation Analysis. 


Sequence - REC1 


Operation 


Phase Ground Sen. Ground 


Operation 1st TCC | 2 7 | 2 aa 2 y| 
Operation to Lockout | 4 ¥ l4 7| 4 + | 


Duration 


#1 #2 #3 


Reclosing Duration [sec] 0 ¥ 0 ¥ 0 ¥ 


Reset Time [sec] 30 Sa 


| Hel | | Cancel 


Operation 
The number of operations the fast curve or first enabled level and the total number of operations 
for each trip element are defined here. 


Operation 1** TCC 

Select an item from the drop-down list for the number of operation(s) on the first enabled level 
or fast curve. The available values are 0, 1, 2, 3, and 4. This selection must be made for each trip 
element. The value selected will affect the Sequence-of-Operation Analysis. For example, if 2 is 
selected for phase, then for the first two operations the phase fast curve will be considered. If 0 is 
selected then the phase fast curve will be ignored for all operations. 


Operation to Lockout 

Select an item from the drop-down list for the operation at which the recloser will go to lockout 
if the specific trip element’s curves are used for tripping. The available values are 0, 1, 2, 3, and 
4. This selection must be made for each trip element. When running Sequence-of-Operation 
Analysis, if any of the trip element’s curves are used for the operation selected then the 
controller will go to lockout. 


For controllers of type Electronic-Static, Hydraulic-Single Phase, and Hydraulic-Three Phase the 
number selected for Operation 1° TCC will equal the number of operations the fast curve will be 
considered for that trip element. The delayed curve will be considered for the remaining 

operations until the value selected for Operation to Lockout is reached. For example if Operation 
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1* TCC is 1 and Operation to Lockout is 4, then the fast curve will be considered for the first 
operation, and the delayed curve will be considered for the second, third and fourth operations. 


For controllers of type Electronic-Microprocessor, the number selected for Operations 1** TCC 
will equal the number of operations the first enabled level will be considered for that trip 
element. The second enabled level will be considered once, and so on until the last enabled level 
is reached which will be considered for any remaining operations. For example, suppose a 
microprocessor controller is selected with four levels, and the second, third and fourth levels are 
enabled. The value selected for Operation 1 TCC is 1 and Operation to Lockout is 4. The 
second level will be considered for the first operation, the third level will be considered only for 
the second operation, and the fourth level will be considered for the third and fourth operations. 


Duration 


The time the recloser should remain open between operations, and the time after the fault has 
been removed the recloser should reset its operations counter are defined here. 


Reclosing Duration #1 

Enter the time in seconds the recloser should stay open after the first operation. This value is 
reported in the Sequence Viewer, and hence, it affects Sequence-of-Operation Analysis. 

Note: This is assuming the recloser does not lockout after the first operation. 

Reclosing Duration #2 

Enter the time in seconds the recloser should stay open after the second operation. This value is 
reported in the Sequence Viewer, and hence, it affects Sequence-of-Operation Analysis. 

Note: This is assuming the recloser does not lockout after the second operation. 

Reclosing Duration #3 

Enter the time in seconds the recloser should stay open after the third operation. This value is 
reported in the Sequence Viewer, and hence, it affects Sequence-of-Operation Analysis. 

Note: This is assuming the recloser does not lockout after the third operation. 

Reset Time 

Enter the time in seconds after the fault has been removed the recloser should close and reset its 


operations counter. 


To see the effect of the Operation and Duration settings on the Sequence-of-Operation Analysis, 
consider the following example settings in the Sequence Editor shown below. 
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Sequence - REC1 


Operation 


Phase Ground 


Recloser 


Sen. Ground 


Operation to Lockout [4 


Duration 
#1 


Reclosing Duration [sec] 0 


Reset Time [sec] 30 


When an L-G fault is placed and Sequence-of-Operation ran on the system with a recloser, the 
result in normalized view with the phase clearing curves visible in ground mode is shown below. 
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G@ Star2 (Normalized for Line-to-Ground (Sym) fault at Sub2A) 


galfalle| [S /Q/Q/ Ea RE elf S| Bl xX) alee xe 

Per Unit 

5 1 
iNormalized(shifted)TCC = — ; 
:Line-to-Ground (Sym) fault 0.406kA @ 14.154kV ? 
:Faulted Bus: b2 ; 
:SQOP File: 
?Data Rev: 
: Configuration: 


REC1-G ————> 
Delayed Delayed 


4 
ee kV i 0.368 kA @ 14.154 kV 
Sees t1: 0.497 s 


REC1-P 

Fast 

0.368 kA @ 14. kV 
t1: 0.0533 s 


REC1-G ————> 
Fast 


0.406 kA @ 14.154 kV 
t1: 0.0462 5 


3 5 1 


Per Unit 


Due to the settings in the Sequence Editor, the first operation will compare the Phase-Fast and 
Ground-Fast curves, with the one tripping fastest being used. The recloser will then experience 
its first reclosing duration (2 secs). The second operation will compare the Phase-Fast and 
Ground-Delayed curves, and trip using the fastest curve. The recloser will then experience its 
second reclosing duration (2 secs). The third operation will compare the Phase-Delayed and 
Ground-Delayed curves, and trip on the faster of the two. The recloser will then experience its 
third and final reclosing duration (5 secs). The fourth operation will then compare the Phase- 
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Delayed and Ground-Delayed curves again, and tripping and locking out on the faster of the two. 
Below is the result in the Sequence Viewer. 


Note: During Sequence-of-Operation Analysis, the fault cannot be removed, hence, the recloser 
will not reset. Furthermore, other elements upstream or downstream may trip while the recloser 
is open, since they still experience the fault. 


GR Sequence-of-Operation Events - Output Report: SQOP-Sub2A Xx 


| Line-to-Ground (Symmetrical) fault on bus: Sub2A 


Data Rev.: Base Config: Normal Date: 03-17-2008 


Condition 

ist Operation - Ground - Fast - TOC 
ist Redoser 

2nd Operation - Phase - Fast - TOC 
2nd Recloser 


3rd Operation - Phase - Delayed - TOC 
3rd Recloser 
4th Operation - Lockout - Phase - Delayed - TOC 


Coordination 


To view coordination curves in the recloser Star View click on the Coordination button. ETAP 
displays the Coordination dialog box. The K Factor, Cumulative Sequences, or User-Defined 
coordination curve can be enabled and set from here. 


Note: Only one type of coordination curve can be enabled. Coordination Editor is not available 
for Microprocessor Controllers having more than two levels, or having “Enforce same settings 
for all HC levels” unchecked in the library. 


K Factor 


Coordination between a recloser and fuse links can be achieved by viewing the time-current 
curves adjusted by a multiplying factor known as the K Factor. The K Factor coordination curves 
can be used for source side or load side fuse coordination (Source: Electrical Distribution — 
System Protection; 2005 - by Cooper Power Systems). The fast or delayed clearing curve is 
multiplied by a factor found by considering the number of operations on the first TCC, the total 
number of operations, and the reclosing durations. 


Note: The coordination curve for phase and ground curves are independent from each other. 


ETAP 11-943 ETAP 19.0 User Guide 


AC Elements Recloser 


Coordination - REC1 


® K Factor 


~-) Cumulative Sequences [7] Show Load Side 


-) User-Defined 
(¥] Show Source Side 


Show Load Side 

Check this box to calculate and display the coordination curve for load side fuse links. For 
“Show Load Side” the fast clearing curve will be shifted vertically (time multiplier) by the 
applicable K Factor as shown in the table below. The intersection of the coordination curve with 
fuse minimum melting time curve determines the maximum coordinating current. The settings 
which affect the K Factor selected are the number of Operation to Lockout, Operation 1“ TCC, 
and Reclosing Duration #1. 
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faliale| [S MQ) Ql ey [Eee f | Lal x) Bale! es] 
Amps Sub2A (Nom. kV=13.8, Plot Ref. kV=13.8) 


100 xO SO 1K 


REC1-P 

Fast 

K-Factor 

Time Shift = 1.35 
Clearing 


100 mw SO K 


Amps Sub2A (Nom. kV=13.8, Plot Ref. kV=13.8) 


Project: Example Date: 03-04-2008 


For Operation to Lockout # 0 and Operation 1* TCC > 0, the following K Factors apply: 


Reclosing Duration One Fast Operation Seer 
#1 (Cycles) (Operation 1% TCC = 1) Oe eee 
t< 60 1.25 1.80 
60 <t< 90 1.25 Loo 
90 <t < 120 1.25 1.35 
t> 120 1.25 1.35 
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For Operation 1 TCC = 0 or Operation to Lockout = 0 the coordination curve is not displayed in 
Star View. 


Show Source Side 

Check this box to calculate and display the coordination curve for source side fuse coordination. 
For “Show Source Side” the delayed clearing curve will be shifted vertically (time multiplier) by 
the applicable K Factor as shown in the table below. The intersection of the coordination curve 
with fuse minimum melting time curve determines the maximum coordinating current. The 
settings which affect the K Factor selected are Operation to Lockout, Operation 1*' TCC, and 
Reclosing Duration. 


Note: The reclosing duration used depends on the value of Operation 1° TCC. 


falialie| [R Ql Qleal (Eells x) Bl x) Slee! es 


Amps Sub2A (Nom. kV=13.8, Plot Ref. kV=13.8) 


100 Et) 1K 


REC1-P —— 


Delayed REC1-P 


Delayed 
K-Factor 
Time Shift = 1.4 
Clearing 


100 xO S00 


Amps Sub2A (Nom. kV=13.8, Plot Ref. kV=13.8) 


Project: Example Date: 02-04-2008 
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For Operation to Lockout = 4, the following K Factors apply: 


Rediasine Column 1 Column 2 Colum 3 
meena No Fast Operations One Fast Operation Two Fast Operations 
(Cases (Operation de TCC =0, (Operation 1 TCC = 1, (Operation i TCC =2, 

Reclosing Duration #1) Reclosing Duration #2) Reclosing Duration #3) 
t< 30 Bal 3.2 20 
30 <t<60 3.5 3.1 2.6 
60 <t<90 2 25 2.1 
90 <t< 120 22 2.1 1.85 
120 <t < 240 1.9 1.8 7, 
240 <t < 600 1.45 1.4 1.4 
t> 600 1.35 1.35 1335 


For Operation to Lockout = 4, the K Factors in Columns 1, 2, and 3 of the above table apply. 
For Operation to Lockout = 3, Columns 1 and 2 apply. 

For Operation to Lockout = 2, only Columns 1. 

For Operation to Lockout < 2, no coordination curve is plotted in Star View. 


Cumulative Sequences 

The cumulative sequence is defined as the fast and delayed curves multiplied (time shifted) by 
the number of operations assigned to the respective curves. This will only be done on the 
clearing curves. The resulting curves can be displayed individually or summed together to 
display a total clearing curve. The number of operations assigned to each curve is defined in the 
Sequence Editor. 


ETAP 11-947 ETAP 19.0 User Guide 


AC Elements Recloser 


Coordination - REC1 


K Factor 
Phase Curves 
® Cumulative Sequences 


iV) Show Fast and Slow 
User-Defined 


(¥| Show Total Time (Fast + Slow] 


Ground Curves 


4) Show Fast and Slow 


¥\ Show Total Time (Fast + Slow) 


Help Cancel 


When “Show Fast and Slow” and/or “Show Total Time (Fast + Slow)” are checked in the Phase 
Curves section the cumulative sequence coordination curves will appear for the Phase trip 
element. 


When “Show Fast and Slow” and/or “Show Total Time (Fast + Slow)” are checked in the 
Ground Curves section the cumulative sequence coordination curves will appear for the Ground 
and Sensitive Ground trip elements. 


Show Fast and Slow 

When “Show Fast and Slow” is checked, two coordination curves will appear in Star. One will 
be the fast curve multiplied by the number of operations assigned to it, the other will be the 
delayed curve multiplied by the number of operations assigned to it. 


Fast cumulative sequence coordination curve: 
Fast curve * Operation 1° TCC 


Delayed cumulative sequence coordination curve: 
Delayed curve * (Operation to Lockout — Operations 1° TCC) 


Show Total Time (Fast + Slow) 

When “Show Total Time (Fast + Slow)” is checked, coordination curve will appear in Star. This 
will be the summation of the fast curve multiplied by the number of operations assigned to it and 
the delayed curve multiplied by the number of operations assigned to it. 


Total clearing coordination curve: 


(Fast curve * Operations TCC#1) + (Fast curve * (Operations to Lockout — Operations 
TCC#1)) 
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User-Defined 


The user-defined coordination curve is created by defining a current shift, time shift, and 
constant time adder, which are applied to either the clearing or response curve of the fast and 
delayed curves. 


Coordination - REC1 |p| 


K Factor Speed / Level 


Phase Curves 


Cumulative Sequences een ieee 


® User-Defined Time Multiplier 


Constant Time Adder [sec] 


Ground Curves 


Current Multiplier 
®@ Apply to Clearing Curve 
Time Multiplier 


Apply to Response Curve 
Constant Time Adder [sec] 
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The settings entered in the Phase Curves section will be applied to the Phase trip element. The 
settings entered in the Ground Curves section will be applied to the Ground and Sensitive 
Ground trip elements. 


Current Multiplier 

Enter a value for the current multiplier which will be applied to the selected curve to obtain the 
coordination curve. This has the affect of creating a coordination curve which is the selected 
curve shifted horizontally (in amps) by the factor entered. 


Time Multiplier 

Enter a value for the time multiplier which will be applied to the selected curve to obtain the 
coordination curve. This has the affect of creating a coordination curve which is the selected 
curve shifted vertically (in time) by the factor entered. 


Constant Time Adder 

Enter a value, in seconds, for the constant time adder which will be applied to the selected curve 
to obtain the coordination curve. This has the affect of creating a coordination curve which is the 
selected curve with the time entered added to it. 


Note: The constant time adder is applied after the time multiplier. 
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Apply to Clearing Curve 


Recloser 


When selected the coordination curve will be created by applying the settings entered to the 
clearing curve of the selected speed/level. 


Apply to Response Curve 


When selected the coordination curve will be created by applying the settings entered to the 
response curve of the selected speed/level. 
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Overcurrent Elements 


The different elements for the overcurrent function are Phase, Ground, and Sen. Ground 
(Sensitive Ground). These elements are defined as separate tabs on the Overcurrent page. The 
selection of controller determines the overcurrent element tabs that will be displayed. 


Phase 

The Time Overcurrent, High Current, and High Current Lockout for the Phase trip element can 
be entered in the Phase element tab. Alternate Trip, Modifiers, and High Current operating 
sequence where applicable can be entered here as well. 


Ground 

The relay has a Ground element if the device provides ground fault protection. The Time 
Overcurrent, High Current, and High Current Lockout for the Ground trip element can be entered 
in the Ground element tab. Alternate Trip, Modifiers, and High Current operating sequence 
where applicable can be entered here as well. 


Sen. Ground 

Sensitive Ground elements are typically used for detecting low level ground faults. The Time 
Overcurrent, High Current, and High Current Lockout for Sensitive Ground trip element can be 
entered in the Sensitive Ground element tab. Alternate Trip, Modifiers, and High Current 
operating sequence where applicable can be entered here as well. 
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Overcurrent (51) Settings 


The Time overcurrent settings available for Phase, Ground, and Sensitive Ground are described 
below. 


When the selected controller type is Hydraulic-Single Phase or Hydraulic-Three Phase the fast 
curve, delayed curve, and the coil ID can be assigned to the overcurrent protection of a trip 
element. 


7] Overcurrent 
Curve Type | 7 (Atemate Tip] 
Trip Range | 7 ee 

Time Dial 0 


Overcurrent 
Check this box to enable the time overcurrent settings for selected trip element. 


Fast Curve 
Select from the drop-down list the fast time overcurrent curve type for the selected model and 
trip element. 


Delayed Curve 
Select from the drop-down list the delayed time overcurrent curve type for the selected model 
and trip element. 


Coil 
Select from the drop-down list the Coil ID for the selected curves. 


Note: This is an ID which represents the coils amps and minimum trip amps to use for the 
curves. 


Coil Amps 
The coil rating in amps for the selected Coil ID is displayed. 


Trip Amps 
The minimum trip (or pickup) for the selected Coil ID is displayed. This will be the pickup of the 
selected fast and delayed curves. 


When the selected controller type is Electronic-Static the fast curve, delayed curve, and the trip 


plug can be assigned to the overcurrent protection of a trip element. Furthermore, the alternate 
trip and/or modifiers, if available, can be defined. 
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Overcurrent 


Fast Curve A v 


Delayed Curve B v 


Trip Plug | 100 (Yellow label) v | 100 Amps 


Overcurrent 
Check this box to enable the time overcurrent settings for selected trip element. 


Fast Curve 
Select from the drop-down list the fast time overcurrent curve type for the selected model and 
trip element. 


Delayed Curve 
Select from the drop-down list the delayed time overcurrent curve type for the selected model 
and trip element. 


Trip Plug 
Select from the drop-down list the Trip Plug ID for the selected curves. 


Note: This is an ID which represents the trip plug amps to use for the curves. 


Trip Plug Amps 
The minimum trip (or pickup) for the selected Trip Plug ID is displayed. This will be the pickup 
of the selected fast and delayed curves. 


Alternate Trip 
Click on this button to open the Alternate Trip Editor for the selected trip element where the 
alternate trip can be selected. 


Note: This button is hidden if “Alternate Trip” is unchecked in the library of the selected 
controller model. 


Modifiers 
Click on this button to open the Modifiers Editor for the selected trip element where the vertical 
shift multiplier, constant time adder, and minimum response time, if available, can be defined. 


When the selected controller type is Electronic-Microprocessor the curve type, trip range, trip, 
and time dial can be defined for the selected level and trip element. Furthermore, the alternate 


trip and/or modifiers, if available, can be defined. 


Note: If “Enforce same setting for all TOC levels” is checked in the library then any changes 
made to the trip range or trip settings in one level will be reflected to all levels. 
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Overcurrent 
Curve Type C1 -IEC Standard Inverse Vv 


Trip Range | 0.1 - 19200 Primary | Amps 
Trip | 04 |" Step: 0.01 
Time Dial 0.05 ~ Step: .01 


Overcurrent 
Check this box to enable the time overcurrent settings for the selected level and trip element. 


Curve Type 
Select from the drop-down list the time overcurrent curve type for the selected level and trip 
element. 


TCC Group 
Select from the drop-down list the TCC group to use. This will limit the curve types to those 
assigned to the selected group. 


Note: If “All” is selected then curve type will contain all curves available in the controller. If a 
curve is not assigned to any group in the library then when “All” is selected it will be listed in 
curve type. 


Trip Range 
Select from the drop-down list the time overcurrent trip range for the selected curve. The trip 
range is specified in amperes of the primary current. 


Trip 

For the selected trip range, select or enter the time overcurrent trip setting. The trip setting can 
be discrete values or continuously adjustable. This value represents the pickup of the recloser 
curve. 


Time Dial 
Select and display the Time Dial for the selected curve type. The time dial can be discrete values 
or continuously adjustable. 


Alternate Trip 
Click on this button to open the Alternate Trip Editor for the selected level and trip element 
where the alternate trip can be selected. 


Note: This button is hidden if “Alternate Trip” is unchecked in the library of the selected 
controller model. 


Modifiers 
Click on this button to open the Modifiers Editor for the selected level and trip element where 


the vertical shift multiplier, constant time adder, and minimum response time, if available, can be 
defined. 
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Alternate Trip 

To select an Alternate Trip for the selected trip element, click on the Alternate Trip button. 
ETAP displays the Alternate Trip dialog box. The alternate trip can be enabled and selected from 
here. 


Note: This editor is not available for Hydraulic-Single Phase and Hydraulic-Three Phase 
controller types, and if “Alternate Trip” is unchecked in the library of the selected Electronic- 
Static or Electronic-Microprocessor types. 


Alternate Trip - REC1 (Phase) 


V Alternate Trip Rating / Setting 


Altemate Trip 100 
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Alternate Trip Rating / Setting 
Check this box to enable the alternate trip to be applied to the time overcurrent settings for the 
selected trip element. 


Alternate Trip 
Select the Alternate Trip to be applied to the time overcurrent curves for the selected trip 
element. 


Modifiers 


To apply Modifiers to the time overcurrent curves of the selected trip element, click on the 
Modifiers button. ETAP displays the Modifiers dialog box. The modifiers can be enabled, and 
the vertical shift multiplier, constant time adder, and minimum response time, if available, can be 
defined. 


Note: This editor is not available for Hydraulic-Single Phase and Hydraulic-Three Phase 
controller types. 
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Modifiers - REC1 (Phase) {eS 
¥) TCC Modifier 


Constant Time Adder 

Select or enter the Constant Time Adder, in seconds or cycles, to be applied to the time 
overcurrent curves of the selected level and trip element. The constant time adder can be 
discrete values or continuously adjustable. 


Note: The vertical shift multiplier is applied to the curve first. 


Minimum Response Time 

Select or enter the Minimum Response Time, in seconds or cycles, to be applied to the time 
overcurrent curves of the selected level and trip element. The minimum response time can be 
discrete values or continuously adjustable. 


Note: The vertical shift multiplier and constant time adder have no affect on this value. 


Vertical Shift Multiplier 

Select or enter the Vertical Shift Multiplier to be applied to the time overcurrent curves of the 
selected level and trip element. The vertical shift multiplier can be discrete values or 
continuously adjustable. 

Note: The vertical shift multiplier is applied before the constant time adder. 
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High Current (50) Settings 


The High Current settings available for Phase, Ground, and Sensitive Ground are described 
below. 


Note: If the controller type of the selected controller is Hydraulic-Single Phase or Hydraulic- 
Three Phase then these settings will not be available. 


Note: If “Enforce same setting for all HC levels” is checked in the library then any changes 
made to the high current setting in one level will be reflected to all levels. 


High Current 


Trip Range |1-49.99xTOC Pickup | Multiples 
Trip | 49.99 * Step: 0.01 
= Oper./ Lockout 
Delay Range | 0- 16000 v) oye 
Delay [cyc]} [ 0 | — Step: 0.25 


High Current 
Check this box to enable the High Current settings for the selected trip element. 


Trip Range 

Select from the drop-down list the high current trip range for the selected trip element. The trip 
range is specified in amperes of the primary current or multiples/percent of the overcurrent 
pickup. 


Trip 
For the selected trip range, select or enter the high current trip setting. The trip setting can be 
discrete values or continuously adjustable. 


Delay Range 
Select from the drop-down list the high current delay range for the selected trip element. The 
delay range is specified in seconds or cycles. 


Delay 

Select or enter the intentional delay for the high current. The delay can be in seconds or cycles, 
depending on the selection of the delay range. The delay can be in the form of discrete values or 
continuously adjustable. 


Oper./Lockout 

Click on this button to open the High Current Operation / Lockout Editor for the selected level 
and trip element. The operations the high current is considered and the high current lockout 
settings can be defined here. 
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High Current Operation / Lockout 

To define the operations the high current is considered for a level and trip element, and the high 
current lockout settings, click on the Oper. / Lockout button. ETAP displays the High Current 
Operation / Lockout dialog box. 


Note: This editor is not available for Hydraulic-Single Phase and Hydraulic-Three Phase 
controller types, and if the selected trip element does not have high current defined. 


High Current Operation / Lockout - REC1 (Phase) 
High Current Operation # Lockout 
Active Trip Number to Operate 3.4 


¥) HC Lockout 
Trip Range | ¥ 


Lockout Trip 0 


Active Trip Number to Lockout | 4 = | 


Active Trip Number to Operate 

Enter the operations the high current for the selected level and trip element is to be considered. 
For example, if 3,4 is entered then the high current for that level and trip element will be 
considered for tripping during the third and fourth operations. 


Note: If this field is blank then the high current will be considered for all operations. 


HC Lockout 
Check this box to enable the High Current Lockout settings for the selected trip element. 


Note: The settings entered below affect all levels of the selected trip element. 


Trip Range 

Select from the drop-down list the high current lockout trip range for the selected trip element. 
The trip range is specified in amperes of the primary current or multiples/percent of the 
overcurrent pickup. 


Lockout Trip 


For the selected trip range, select or enter the high current lockout trip setting. The trip setting 
can be discrete values or continuously adjustable. 
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Active Trip Number to Lockout 

Select from the drop-down list the operation from which to start considering the high current 
lockout. For example, if 3 is selected then the high current lockout will be considered for the 
third and remaining operations. 
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Reliability Parameters 


Aa 

ia is the active failure rate in number of failures per year per unit length. The active failure rate 
is associated with the component failure mode that causes the operation of the primary protection 
zone around the failed component and can therefore cause the removal of other healthy 
components and branches from service. After the actively failed component is isolated, the 
recloser is reclosed. This leads to service being restored to some or all of the load points. 
However, the failed component itself (and those components that are directly connected to this 
failed component) can be restored to service only after repair or replacement. 


Ap 

Ap is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of reclosers 
and therefore does not have an impact on the remaining healthy components. Repairing or 
replacing the failed component will restore service. Examples of passive failures include 
opening circuits and inadvertent opening of reclosers. 


y 
u is the mean repair rate in number of repairs per year, calculated automatically based on MTTR 


(1 = 8760/MTTR). 


FOR 
FOR is the forced outage rate (unavailability) calculated based on MTTR, Aa and Ap (FOR = 
MTTR/(MTTR+8760/(Aa+Ap)). 


MTTF 
MTTF is the mean time to failure in years calculated automatically based on Aa and Ap (MTTF = 
1.0/(Aa+Ap)). 


MTTR 
MTTR is the mean time to repair in hours. This is the expected time for a crew to repair a 
component outage and restore the system to its normal operating state. 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Library 
Click the Library button to bring up the Library Quick Pick - Reliability Data dialog box. 
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Source 
This displays the source of the selected recloser reliability data. 


Type 
This displays the Type (for example, Fixed or Metal Clad) of recloser selected. 


Class 
This displays the class selected for reliability data. 


Replacement 


Available 
Select this option to enable rp. 


rp 
rp is the replacement time in hours for replacing a failed element with a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 
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TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short- 
circuit current values at the connected bus to the element. The values will be updated when you 
run Short-Circuit Clipping kA from Star Mode. 


User-Defined 

Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line- 
ground kA values. By default, the user-defined kA values are set to calculated kA where 
available. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 
The short-circuit currents used for clipping the device curve in Star View are specified in the 
TCC Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to 
Asym. RMS option. Selecting the Sym. RMS option will display the ANSI % cycle symmetrical 
or IEC Maximum / User-defined symmetrical current as specified in the Star Mode Study Case 
Editor. The Asym. RMS option will display the corresponding asymmetrical current values. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star 
View. 


kA (3-Phase Fault) 
For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical short- 
circuit current. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in 
Star View. 
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kA (Line-Ground Fault) 
For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 
short-circuit current. For the User-Defined option, the Line-Ground Fault kA field is editable. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase minimum fault arrow in Star View. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase ANSI 30 cycle short-circuit current in 
kA or IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in the Star Mode Study Case Editor. For the User- 
Defined option, the minimum 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the minimum line-ground fault arrow in Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground ANSI 30 cycle short-circuit in 
kA or, IEC minimum initial symmetrical or IEC minimum steady state current based on the 
selection for minimum short-circuit current in Star Mode Study Case Editor. For the User- 
Defined option, the Line-Ground Fault kA field is editable. 


Pin (Disable Short-Circuit Update) 

Select this option to disable updating of the system-calculated, short-circuit kA values for the 
selected element. Note that calculated Base kV values will be updated regardless of pinned 
status. 
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11.37.7 Model Info Page 
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Model Info 
Additional information regarding the selected recloser model is accessed on this page. 
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Control 
This displays the recloser type (Recloser-Hydraulic, Recloser-Electronic, or HV Circuit Breaker) 
for the selected recloser mode. 


Type 
This displays the number of phases (Single Phase or Three Phase) the selected recloser operates 
on. 


Reference 
This displays the model reference, if available, for the selected recloser model. 


Brand Name 
This displays the brand name, if available, for the selected recloser model. 


Catalog # 
This displays the catalog number for the selected recloser model. 


Issue Date 
This displays the date of issue of the catalog for the selected recloser model. 


Description 
This displays the description for the selected recloser model. 


Application 
This displays the application for the selected recloser model. 
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Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 
This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 


Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays the date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 
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11.37.9 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.37.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Recloser - REC1 _ ' |p Som 


Enter any additional data or comments regarding condition, maintenance, tests, or studies 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


When entering information on this page, use Ctri+Enter to start a new paragraph. Standard key 
combinations such as Ctr+X, Ctr+C, and Ctrl+V can be used to cut, copy and paste information. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.38 Ground Switch 


The properties associated with Ground Switch in the electrical distribution system can be entered 
in this editor. 


The Ground Switch Editor includes the following pages of properties and header information. 


Info Page 
Checker Page 
Interlock Page 
Remarks Page 
Comment Page 


11.38.1 Header 


The header does not display any information and is always blank 
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11.38.2 Info Page 
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From Utility 


To Main Bus 


Equipment 


Tag# GS-1 


Name SUB8GS 


oe Grounding Switch for the Main feeder of 
Description Substation 4 


Real-Time Status 
Scanned Pin Control 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each Ground Switch. The assigned IDs consist of 
the default Ground Switch ID plus an integer, starting with the number one and increasing as the 
number of Ground Switches increases. The default Ground Switch ID (GroundSwitch) can be 
changed from the Defaults menu in the menu bar or from the System Manager. 
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To 

Connection from above the Ground Switch to the element below is displayed in the ‘From’ and 
the ‘To’ field. If the Ground Switch does not have a connection downstream, a blank entry will 
be shown for ‘To’ field 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.38.3 Checker Page 
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Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 
This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 
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11.38.4 Interlock Page 


In SSM mode, each switching device (i.e: HVCB, LVCB, DPST, SPST, Contactor, or Ground 
Switch), for either the open or close action, has a pre-logic condition to determine the eligibility 
to change its own status either from one state to another state (ex: Close/Open). 


Additionally, as each status change is implemented, this will trigger other devices to change 
status based on the post-action logic. 


The following Sections will be covered: 
e Pre Switching Logic 
e Post Switching Logic 


e Miscellaneous buttons and fields 


Ground Switch(GSW) Editor - GSW1 | | 
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Add 
When a row is selected in the “Pre Switching Logic” or the “Post Switching Logic” sections, 
click this button to add a row beneath the selected row. 


Delete 
Click the Delete button to remove the selected row in the “Pre Switching Logic” or the “Post 
Switching Logic” sections. 


Pre Switching Logic 


Active 

Clicking on this function will enable the Precondition Logic that you have entered. The Active 
function will always be grayed out unless the logic syntax requirements have been met. Further 
help with the logic syntax is provided in the tutorial sections. 


Action 

This is a display only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row 
with the ‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. 
The same procedure is applied with the ‘Close’ action. 


Logic Operator (Blank Header) 
This field gives you a choice of { AND }, {( }, { ) }, or { OR } to enter as part of the logic 
syntax 


Type 
This drop down menu gives you the choice of the type of device you would like to utilize in your 
logic. 


Note: The Int. function is not utilized in this release of ETAP and will be utilized in a future 
release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field 
will drop down to give you the available devices to choose from that type. 


Logic Operator 
This field gives you a choice of { = }, or { != }to enter as a part of the logic syntax 


Status 

This field gives you the option to either set ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole 
switch, ‘Ground’ or ‘Open’ for the Ground Switch, a numerical value for the Multi-Meters, or 
‘Open’ or ‘Close’ for the rest of the devices. 


Logic Operator (Blank Header) 
This field gives you a choice of {AND}, { (} ,{ ) }, or { OR } to enter as part of the logic syntax 
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Post Switching Logic 


Active 

Clicking on this function will enable the Post Switching Logic that you have entered. The Active 
function will always be grayed out unless the logic syntax requirements have been met. Further 
help with the logic syntax is provided in the tutorial sections. 


Action 

This is a display only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row 
with the ‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. 
The same procedure is applied with the ‘Close’ action. 


Delay 
This field is entered in Milli-Seconds. ETAP will apply this delay before this Post Action logic is 
entered. 


Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {(}, {) }, { OR} to 
enter as part of the logic syntax. 


Type 
This drop down menu gives you the choice of the type of device you would like to utilize in your 
logic. 


Note: The Int. function is not utilized in this release of ETAP and will be utilized in a future 
release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field 
will drop down to give you the available devices to choose for that type. 


Logic Operator (Blank Header) 
This field gives you a choice of { = }, { != }, or { > } to enter as part of the logic syntax Status. 


Status 

If the “Logic Operator” field before this field is set to { = }, { =! }, or { @ }, then this field gives 
you the option to set to either ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole switch, 
‘Ground’ or ‘Open’ for the Ground Switch, a numerical value for the Multi-Meters, or ‘Open’ or 
‘Close’ for the rest of the devices. 


Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {( }, {) }, { OR} to 
enter as part of the logic syntax. 


Logic Description 


This is a text field that allows you to describe the logics entered above and you can type up to 
255 characters. 
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11.38.5 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 


ETAP 11-987 ETAP 19.0 User Guide 


AC Elements Ground Switch 


11.38.6 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


f- = 7 
Ground Switch(GSW) Editor - GroundSwitch1 So} 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


(23) (GB) (x) [K) [Groundswtcht >) #2 


XM 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information 
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11.39 Overload Heater 


The properties associated with Overload Heater of the electrical distribution system can be 
entered in this editor. 


Note: The editor for a overload heater connected to induction motor, synchronous motor, static 
load or MOV, can also be accessed from the Cable/Vd page of the respective Motor/Load Editor. 


The Overload Heater Editor includes the following pages of properties and header information. 


Info Page 

Rating Page 

TCC kA (Short-Circuit Clipping) page 
Model Info Page 

Checker Page 

Remarks Page 

Comment Page 


11.39.1 Header 


The header displays the selected overload heater Manufacturer name and Model name on every 
page of the Heater Editor. 
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11.39.2 Info Page 


Overload Heater Editor - OL1 |S 


Info| Rating | TCC kA | Model Info | Checker | Remarks | Comment | 


General Electric 
CR123 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each Overload heater. The assigned IDs consist of 
the default Overload heater ID plus an integer, starting with the number one and increasing as the 
number of Overload heaters increase. The default Overload heater ID (OL) can be changed from 
the Defaults menu in the menu bar or from the System Manager. 
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To 

The Overload heater can be connected in between a bus and a load (Motor load, Static load or 
MOV) only. The connection from the overload heater to the load is displayed by the ‘To’ field. 
If the overload heater is not connected to any load, a blank entry will be shown for ‘To’ field. If 
the overload heater is connected to a load (directly or indirectly), the ID of the load will be 
displayed in the ‘To’ field. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.39.3 Rating Page 


Overload Heater Editor - OL1 — |_| 
[info _| Rating | TCCKA | Model info | Checker | Remarks | Comment | 


Allen-Bradley 
Bulletin 105-TypeJ 


Library Info 
Starter 00 431-431 


Type In-Line Application Open 


Heater Unit | J19_00_Open_In-Line (4.31 - 4.31) ’ 


sank. Dae 


Library Info 


Starter 
Displays the starter type for the selected heater model. 


FLA Range 
Displays the range of full load amperes for the selected heater model. 


Type 
Displays the type (In-Line or CT) for the selected heater model. 
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In-line type heater is the type of heater directly connect in the path of flow of the current, when 
in-line type overload heater is selected, resistance section will be displayed with ohm, range and 
% tolerance field which will be used for calculation of load flow and short circuit current. 


CT type heater is the type of heater connect to the system through a CT and heater itself is not in 
the path of flow of the current, when a CT type heater is selected Resistance field will be hidden 
and resistance will be ignored in calculation. 


Overload Heater Editor - OL3 x 


Info Rating TCCkA Model Info Checker Remarks Comment 


Allen-Bradley iQ) 
Bulletin 105-TypeJ a 
Library Info 
Stater| 00 |_--*FLARange 431-431 
Type CT Application Open 
Heater Unit | J19_00_Open_CT (4.31 - 4.31) v 
Resistance 


CT Type OLH - Resistance ignored 


Thermal 
@ Lib. Curve Curve | wi 
O Typical Curve oo 4957 _ 
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Application 
Displays the application for the selected heater model. 


Heater Unit 

Select and display from the drop-down list the heater unit for the selected heater model. The 
heater units available are displayed in the format ‘Heater ID_Starter_Application_Type (FLA 
Range)’. 


Library 

To access the Overload Heater library data, click on the Library button. Clicking the Library 
button displays the Overload Heater library Quick Pick. From the Library Quick Pick, select the 
Overload Heater by highlighting the Manufacturer name, Model name and desired heater unit. 
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Then click on the OK button to retrieve the selected data from the library and transfer it to the 
editor. 


Library Quick Pick 


The information available in the Overload Heater Quick Pick is described below. 


Library Quickpick - Overload Heater |p| 


Manufacturer 


Allen-Bradley a Reference 
Arrow-Hart ; 
Cutler Hammer Rockwell Automation 
General Electric 
ITE 

Klockner Moeller 
Westinghouse Www. ab.com 


Model 


J 
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Bulletin505-Typew 
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BulletinS06-T ype | In-Line 
Bulletin507-TypeJ |Open (In-Line 
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a Reference Brand Name 


Industrial Controls Et 
Application 


Trip Amp = 1.15 * FLA 


| None | | Cancel | 


Manufacturer 


Manufacturer Name 
Displays list of all overload heater manufacturers included in the library. Select a manufacturer 
by highlighting the manufacturer name. 


Reference 
This displays the manufacturer reference, if available for the selected manufacturer. For 
example, Rockwell Automation in the reference manufacturer for Allen-Bradley. 


Link 
This displays the web link for the selected manufacturer or URL address. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 
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Model 


Model Name 
This displays list of available models for the selected manufacturer. Select a model by 
highlighting model name. 


Reference 
This displays the model reference, if available for selected model. 


Brand Name 
This displays the brand name, if available for selected model. 


Application 
This displays the application for the selected model. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


ID 
This displays the heater ID for the selected heater unit. 


Starter 
This displays the starter type for the selected heater unit. 


App 
This displays the application for the selected heater unit. 


Nom. R 
This displays the nominal value of resistance for the selected heater unit. 


%Tol. 
This displays the available tolerance for resistance in percent, for the selected heater unit. 


Min Amp 
This displays the minimum value of ampere range for the selected heater unit. 


Max Amp 
This displays the maximum value of ampere range for the selected heater unit. 


Resistance 


Ohm 
Enter the resistance value in ohm for the selected heater unit. 


Note: When a heater is selected form the library, the ohm value is set to the nominal value of 


resistance for the selected heater unit. If a range is available for the resistance value, then the 
ohm value entered is bounded by the range displayed. 
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When no overload heater is selected from the Quick Pick, the ohm field is user-editable and a 
resistance value can be entered. 


Range 

Displays the range of the resistance value in the form ‘Min R — Max R’ in ohms for the selected 
heater unit. If the range is available, then the ohm value entered should be within the range 
displayed. This field is non-editable and is blank when no heater is selected from library. 


% Tolerance 
Enter the tolerance for the resistance in percent. 


Note: When a heater is selected form the library, the tolerance value is set to the % Tolerance of 
the selected heater unit. Changing the tolerance after selecting a heater from library Quick Pick 
will turn the header to blue color, to indicate that the substituted library data has been modified. 


Thermal Curve 


Thermal (Checkbox) 
Check to enable the thermal curve data. 


Library Curve 
Select this option to display the curve data for the selected heater from library. The default 
selection for thermal curve is set to library curve. 


Typical Curve 
Select this option to display curve data for typical overload heater curves (Class 10, Class 20, 
etc.). 


Curve 
Displays the thermal curve type for the selected overload heater. 


If Library Curve is selected, the Curve field is blank when no heater is selected and displays the 
name of curve, when a heater is selected. In some cases, the name of the curve is displayed as 
‘Not available’, indicating that the curve data is not available for selected heater unit. 


If the Typical Curve is selected, the Curve field changes to a list box and you can select a Class 
10 or Class 20 curve. 


Trip Amps 
Display or enter the trip current in amperes for the selected overload heater. The Trip amps field 
functions as described below. 


If no overload heater model is selected from the library, the Trip amps field is editable and you 
can enter a value of trip current. Default value is 0. 
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If no overload heater model is selected from the library, and if the heater is connected to a 
motor/load, then the full load amperes for the connected motor/load is displayed in the Trip amps 
field. The field is editable, so the current value can be changed if desired. 


If an overload heater is selected from the library, and the Library Curve option is selected, the 
Trip amps field displays the value of the Trip Amps in the library for the selected heater unit. 
Furthermore, the Trip amps field is non-editable or editable, depending on the Fixed or 
Adjustable option selected in the library for the heater unit. 


If an overload heater is selected from the library, and the Typical Curve is selected, the Trip 
Amps field is editable and you can enter a value of trip current. 
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11.39.4 TCC kA Page 
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TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short- 
circuit current values at the connected bus to the element. The values will be updated when you 
run Short-Circuit Clipping kA from Star Mode. 


User-Defined 

Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line- 
ground kA values. By default, the user-defined kA values are set to calculated kA where 
available. 
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Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 


The short-circuit currents used for clipping the OLH curves in Star View are specified in the 
TCC Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to 
Asym. RMS option. Selecting the Sym. RMS option will display the 42 cycle symmetrical 
current for ANSI Standard and Max or User-defined symmetrical current based on the selection 
for short-circuit current for IEC Standard in the Star Mode Study Case Editor. The Asym. RMS 
option will display the corresponding asymmetrical current values. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star 
view. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical 1-cycle 
short-circuit current in kA for ANSI Standard and Max or User-defined short-circuit current in 
kA for IEC Standard. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in 
Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 12- 
cycle short-circuit current in kA for ANSI Standard and Max or User-defined short-circuit 
current in kA for IEC Standard. For the User-Defined option, the Line-Ground Fault kA field is 
editable. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow in Star View. 
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kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for 
ANSI Standard and minimum initial symmetrical or minimum steady state current based on the 
selection for minimum short-circuit current for IEC Standard in the Star Mode Study Case 
Editor. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow in Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for 
ANSI Standard and minimum initial symmetrical or minimum steady state current based on the 
selection for minimum short-circuit current for IEC Standard in the Star Mode Study Case 
Editor. For the User-Defined option, the Line-Ground Fault kA field is editable. 


Pin (Disable Short-Circuit Update) 


Select this option to disable updating of the system-calculated, short-circuit kA values only for 
the selected OLH. Note Base kV values will be updated regardless of pinned status. 
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11.39.5 Model Info Page 
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Model Info 
Additional information regarding the selected Overload Heater model is displayed on this page. 


Brand Name 
This displays the brand name, if available, for the selected Overload Heater model. 


Catalog # 
This displays the catalog number for the selected Overload Heater model. 


Issue Date 
This displays the date of issue of the catalog for the selected Overload Heater model. 
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Thermal Unit 
This displays the thermal unit type for the selected Overload Heater model. 


Description 
This displays the description for the selected Overload Heater model. 


Application 
This displays the application for the selected Overload Heater model. 
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Edited by 


User Name 


This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 


ETAP 


11-1003 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 
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11.39.7 Remarks Page 


Overload Heater Editor - OL1 


Info| Rating | TCC kA | Model Info | Checker 


Allen-Bradley 
Bulletin 105-TypeJ 
User Defined Info 


Eq. Ref. 


Last Maint. 


Next Maint. 


Tests Reg. 


UD Field A5 


UD Field A6 


UD Field A7 


7 (numeric) 


01/11/2011 


01/15/2012 


11/11/2011 


12 chars 


12 chars 


18 chars 


Overload Heater 


Benku -D aR lex! 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 


menu bar. 


UD Field 1 (Num. Field) 


This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 


ETAP 


11-1005 
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UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.39.8 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Overload Heater Editor - OL1 |r Sn 


Info _| Rating | TCC kA | Model Info | Checker | Remarks 


Allen-Bradley 
Bulletin 105-TypeJ 


Enter any additional data or comments here. 


Senko =D BP) Colco) 


When entering information in the page, use Ctrl+Enter to start anew paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.40 In-line Overload Relay 


The properties associated with the In-line Overload relay can be entered in this editor. The In- 
line Overload Relay Editor includes the following pages of properties. 


Info Page 
Setting Page 
TCC kA Page 
Model Info Page 
Checker Page 
Remarks Page 
Comment Page 


11.40.1 Header 


The header displays the selected In-line overload relay Manufacturer name and Model name on 
every page of the Heater Editor. 
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11.40.2 Info Page 


Ga ¥ 
In-Line Overload Relay Editor - OLIMV-11 ==) 


Info | Setting | TCC kA | Model info | Checker | Remarks | Comment 
Allen Bradley 4 
825-P 


: 


ID OLIMV-11 


Revision Data 


To | Base 


(2a) (GB) (9) (<) (cum DL 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each In-line relay. The assigned IDs consist of the 
default relay ID plus an integer, starting with the number one and increasing as the number of 
relay increase. The default In-line relay ID (OL) can be changed from the Defaults menu in the 
menu bar or from the System Manager. Note that In-line Overload Relay and Overload Heater 
elements use the same default properties. 
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To 
Displays the connected bus. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 
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11.40.3 Setting Page 


Ga ¥ 
In-Line Overload Relay Editor - OLMV-11 se 


[info | Setting [TCC kA | Model Info | Checker | Remarks | Comment | 
Allen Bradley 


Acceleration | Instantaneous | Jam _| Ground | 
Thermal 
pe (Ove) 


Trip Range | 1.01 - 1.5 xFLA + | Multiples 
Trip 
Trip Amps 
Run State Time 


(2a) (9) (<) (ums Daa [2 


\ 


Device Parameters 


Displays the reference parameters for selected or user defined device (equipment / apparatus). 
These parameters can be used as reference for the relay settings. 


Selected Device 
Select this option to choose the device from the protection zone(s) which the relay is a member 
of. The provided list is displayed under the Device ID when the relay is connected to supported 
equipment types. 
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User Defined 

Select this option to choose the Type of device from the provided list displayed under the Type. 
The user defined device parameters fields will be displayed based on device Type selection for 
data entry to be used by relay, if applicable. 


Device ID 

Displayed when the Selected Device option is chosen and shows the list of device IDs from the 
protection zone(s) which the relay is a member of. The list is displayed when the relay is 
connected to supported equipment types. 


Type 
Displays the equipment type of selected Device ID when Selected Device option is chosen. If 
User Defined option is selected then the dropdown list displays the supported equipment types. 


FLA 

Displays only the FLA (Full Load Amps) of selected device ID when Selected Device option is 
chosen. If User Defined option is selected then the FLA of selected equipment type can be 
entered here. 


LRC 

Displays only the LRC (Locked Rotor Current in percent) of selected device ID when Selected 
Device option is chosen and Type is motor (induction or synchronous) or lump load. If User 
Defined option is selected then the LRC of selected motor (induction or synchronous) or lump 
load equipment type can be entered here. 


SF 

Displays only the SF (Service Factor) of selected device ID when Selected Device option is 
chosen and Type is motor (induction or synchronous). If User Defined option is selected then the 
SF of selected motor (induction or synchronous) equipment type can be entered here. 


Relay Library 


Library 
To access the In-line Overload library data, click on the Library button. 


Integrated Curves 
Check this box to integrate the Thermal and Instantaneous curves. 
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Library Quick Pick - Tabular 


Clicking the Library button displays the relay library Quick Pick in Tabular format by default. In 
the Tabular format, Manufacturer, Model, and other relay model information is displayed under 
separate columns next to each other, representing all available models. 


Clicking on any header will open the dialog box for sort, search, and filer based on content of the 
selected column. 


Select a relay by selecting the row for Manufacturer name, Model, etc. then click OK button to 
retrieve the selected data from the library and transfer it to the editor. 


Library Quickpick - In-Line Relay xs 
= oe eference Manufacturer | Model | — v pera = | ueuncion v oom = i 
Gu Sort AtoZ Hectronic Motor Overload Inline 
ae rill Sort Z toA Blectronic Motor Overload Inline 
RS ARaREREE Bectronic Motor Overload Inline 
. [Electronic Motor Overload Inline SMP 
Model =|} Blectronic Motor Overload Inline SMP E 
a Reference Blectronic Motor Overload Inline SMP 
Bulletin 825-P Blectronic Motor Overload Inline Gemstart 
Blectronic Motor Overload Inline 
dias Electronic Motor Overload Inline | CEP7 
Protection of Motors Bectronic Motor Overload Inline CEP7 
Bectronic Motor Overload Inline 
nee 14: w ae ~ |Hectronic Motor Overload Inline 
71075 D 
Motor Overload Inline 
Motor Overload Inline 
Motor Overload Inline 
Motor Overload Inline 
23 | Moeller 2812-04 Blectro-Mechanical | Motor Overload Inline ZB12 
24 | Moeller ZB12-0.6 Blectro-Mechanical | Motor Overload Inline ZB12 
25 | Moeller ZB12-0,16 Blectro-Mechanical | Motor Overload Inline ZB12 - 
| Help | Cox] None [ Cancel | ea Higterctome| 


Manufacturer 

Displays all relay manufacturers included in the library or manufacturer names filtered as per 
selection or search criteria. The Reference and Link of selected manufacturer is displayed on the 
left if available. 


Model 

Displays a list of all relay models included in the library or models filtered as per selection or 
search criteria. The Reference and Application of selected model is displayed on the left if 
available. 


Relay Type 


Displays the relay type if it is Electronic or Electro-Mechanical. This field is used for Star Auto 
Evaluation applicable coordination time interval. 
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Protection Type 
Display the applicable type of protection by relay. 


Function 
This displays all functions associated with selected relay model. 


Brand Name 
This displays the brand name, if available, for the selected relay model. 


Application 
This displays the application for the selected relay model. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 
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Library Quick Pick - Hierarchy 


Click on the Hierarchy button at the bottom left corner of dialog box to change the interface of 
Library Quick Pick — In-Line Relay from Tabular to Hierarchy or tree view format. In Hierarchy 
format, select the relay by highlighting the Manufacturer name and Model name. Then click on 
the OK button to retrieve the selected data from the library and transfer it to the editor. 


F \ 
Library Quickpick - In-Line Relay =) 


Manufacturer 


& Reference 
Comeca 
Cutler-H ammer 
Eaton 
Moeller Link 
Siemens 
Sprecher + Schuh http: 4/www.ab.com 


odel 


133-4 & Functions 
193-ED 
193-EE Overload Inline 
193-ES 
592-EE 
825 SMM 


825-P 


Reference Brand Name 


Bulletin 825-P Application 


Protection of Motors 


Help | None | | Cancel) | Tabular | 


A 


Manufacturer 


Manufacturer Name 
Displays a list of all relay manufacturers included in the library. Select the manufacturer by 
highlighting the manufacturer name. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 
Displays the Manufacturer reference, if available, for a selected manufacturer. 
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Link 
This displays the Manufacturer web link or URL address. 


Model 


Model Name 
Displays a list of all relay models or models filtered as per selection criteria, for the selected 
manufacturer. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Functions 
This displays all functions associated with selected relay model. 


Reference 
Displays the reference, if available, for the selected model. 


Brand Name 
This displays the brand name, if available, for the selected relay model. 


Application 
This displays the application for the selected relay model. 
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Thermal Settings 


Thermal | Acceleration | Instantaneous | Jam | Ground | 
¥| Thermal 


Type | Overload v 


Trip Range | 1.01-1.5 xFLA + | Multiples 


Trip 1.5 * Step: 0.01 


Trip Amps 134.55 


Run State Time 1 ~ Step: 1 


The settings for thermal trip unit can be entered in the Thermal element tab. 


Thermal 
Check the box to enable the parameters for the thermal trip unit. 


Type 
Select from the drop-down list and display the thermal curve type for the selected relay. 


Trip Range 
Select from the drop-down list and display the trip range for the thermal element. The trip ranges 
can be specified in amperes. 


Trip 
For the selected trip range, select or enter the Thermal trip setting. The trip setting can be 
discrete values or continuously adjustable. 


Trip Amps 
This field displays the relay current in amperes, for the selected trip setting. 
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Acceleration Settings 
The settings for Acceleration trip unit can be entered in the Acceleration element tab. 


7) Acceleration 
Type | Locked Rotor 7 | 
Trip Range |2.5-2.5 xFLA 7 | Multiples 
Trip [25 7 | 


Trip Amps 224.25 


Locked Rotor 1 * Step: 0.1 
Time 
Accel Factor a3 * Step: 0.01 


Acceleration 
Check the box to enable the parameters for the acceleration trip unit. 


Type 
Select from the drop-down list and display the acceleration curve type for the selected relay. 


Trip Range 


Select from the drop-down list and display the trip range for the acceleration element. The trip 
ranges can be specified in amperes. 
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Instantaneous 


Thermal Acceleration | Instantaneous | Jam | Ground | 


¥| Instantaneous 
Trip Range |4-12 xFLA + | Muttipies 
Trip 4 * Step: 0.01 
Trip Amps 358.8 
Delay (sec) 0 = Step: 0.01 


Trip Range 
Select from the drop-down list and display the trip range for the selected element. The trip ranges 
can be specified in amperes. 


Trip 
Select or enter the element trip setting for the selected trip range. The trip setting can be discrete 
values or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Time Delay 

Select and display the Time Delay in seconds or cycles. The time delay can be discrete values or 
continuously adjustable. Note: If an additional built-in delay is specified in the library, it will be 
added to the value selected. 
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Jam (50 
Thermal | Acceleration | Instantaneous Jam —_| Ground | 
¥| Jam 
Trip Range | 1-6 xFLA ~ | Multiples 
Trip 6 rz Step: 0.01 
Trip Amps 538.2 

Delay (sec) 0.1 = Step: 0.1 

Trip Range 


Make a selection from the drop-down list to display the trip range for the selected element. The 
trip ranges can be specified in amperes. 


Trip 
For the selected trip range, select or enter the element trip setting. The trip setting can be discrete 
values or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Time Delay 

Select and display the Time Delay in seconds or cycles. The time delay can be discrete values or 
continuously adjustable. Note: If an additional built-in delay is specified in the library, it will be 
added to the value selected. 
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Ground Settings 


| Themal | Acceleration | Instantaneous | Jam | Ground | 
¥} Ground 
Trip Range |0.01-25 Primary | Amps 


Trip 0.01 = Step: 0.01 
Trip Amps 0.01 
Delay (sec) 0.1 * Step: 0.01 


Trip Range 
Select from the drop-down list and display the trip range for the selected element. The trip ranges 
can be specified in amperes. 


Trip 
For the selected trip range, select or enter the element trip setting. The trip setting can be discrete 
values or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Time Delay 

Select and display the Time Delay in seconds. The time delay can be discrete values or 
continuously adjustable. Note: If an additional built-in delay is specified in the library, it will be 
added to the value selected. 
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11.40.4 TCC kA Page 


In-Line Overload Relay Editor - OL2 [sro 


S 


TCC kA | Model Info | Checker | Remarks | Comment | 


kA @ Base kV (0 kV) 
\¥| Show on TCC 0 


Show on TCC 


TCC Minimum Current (Sym.} 
kA @ Base kV (0kV) 


Line Fault } (¥] 0 


Line-Ground Fault } 


[-] Pin (Disable Short-Circuit Update) 


Se5 he =D) WP) Golo) 


TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short- 
circuit current values at the connected bus to the element. The values will be updated when you 
run Short-Circuit Clipping kA from Star Mode. 


User-Defined 

Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line- 
ground kA values. By default, the user-defined kA values are set to calculated kA where 
available. 
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Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in 
reference to the Star View Plot kV. 


Calculated 

Selecting the Calculated option displays the system-calculated Base kV value at the connected 
bus to the element. The value will be updated when Short-Circuit Update is performed from Star 
Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 


The short-circuit currents used for clipping the trip device curves in Star View are specified in 
the TCC Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to 
Asym. RMS option. Selecting the Sym. RMS option will display the 42 cycle symmetrical 
current for ANSI Standard and Max or User-defined symmetrical current based on the selection 
for short-circuit current for IEC Standard in the Star Mode Study Case Editor. The Asym. RMS 
option will display the corresponding asymmetrical current values. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star 
View. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical 12-cycle 
short-circuit current in kA for ANSI Standard and Max or User-defined short-circuit current in 
kA for IEC Standard. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in 
Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 12- 
cycle short-circuit current in kA for ANSI Standard and Max or User-defined short-circuit 
current in kA for IEC Standard. For the User-Defined option, the Line-Ground Fault kA field is 
editable. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow in Star View. 


ETAP 11-1024 ETAP 19.0 User Guide 


AC Elements In-Line Overload Relay 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for 
ANSI Standard and minimum initial symmetrical or minimum steady state current based on the 
selection for minimum short-circuit current for IEC Standard in the Star Mode Study Case 
Editor. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow in Star View. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for 
ANSI Standard and minimum initial symmetrical or minimum steady state current based on the 
selection for minimum short-circuit current for IEC Standard in the Star Mode Study Case 
Editor. For the User-Defined option, the Line-Ground Fault kA field is editable. 


Pin (Disable Short-Circuit Update) 


Select this option to disable updating of the system-calculated, short-circuit kA values only for 
the selected trip device. Note Base kV values will be updated regardless of pinned status. 
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11.40.5 Checker Page 


G , 
In-Line Overload Relay Editor SOL = 


OT 


08-11-2015 


Bi iji<jo2 Daal [2 


ML 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 
This field displays the date of change. The format for the date can be changed from the Projects 
menu in the menu bar. 


ETAP 11-1026 ETAP 19.0 User Guide 


AC Elements In-Line Overload Relay 


Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays date when the data was checked. The format for the date can be changed 
from the Projects menu in the menu bar. 
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11.40.6 Remarks Page 


Drawing / Diagram 


One-Li Drawing ABC-123 


Reference Sub OLV ABC-456 


Manufacturer 


Equipment 
Name Manufacturer 


——e 01/02/00) 


aos i _))) aia 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 


UD Field 1 (Num. Field) 
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This is a number field with the default name Num. Field. You can change the name of this field 
and enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 

This is an alphanumeric field with the default name Install Date. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 5 

This is an alphanumeric field with the default name UD Field 5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 6 

This is an alphanumeric field with the default name UD Field 6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 7 

This is an alphanumeric field with the default name UD Field 7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.40.7 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Enter any additional data or comments regarding condition, maintenance, tests, or studies 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


When entering information in this page, use Ctr+Enter to start a new paragraph. Standard key 
combinations such as Ctr+X, Ctrl+C, and Ctri+V can be used to cut, copy, and paste 
information. 


Sen.) BP) Colco) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.41 Single-Throw Switch 


The properties associated with a single-throw switch of the electrical distribution system can be 
entered in this editor. 


The Single-Throw Switch Editor contains the following pages of properties: 
Info 

Reliability 

Interlock 


Remarks 
Comment 


11.41.1 Info Page 
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Single-Throw Switch Editor - $2 |e om| 


"Info| Reliability | Interlock | Remarks | Comment 


Real-Time Data 
Scanned Status Pin 


Not Scanned a | 
Control 
[—WeTesy [=| 
Application/Association 


— 


|_| Association 


Seu We =) (BA) (2) CO] (coreet 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each switch. The assigned IDs consist of the default 

switch ID plus an integer, starting with the number one and increasing as the number of switches 
increase. The default switch ID (SW) can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


From & To 

Bus IDs for the connecting buses of a switch are designated as From and To buses. If a terminal 
of a switch (From or To) is not connected to any bus, a blank entry will be shown for bus ID. If 
a terminal of a switch is connected to a branch (directly or indirectly), the ID of the branch will 
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be displayed for the terminal connection. To connect or reconnect a switch to a bus, select a bus 
from the list box. The one-line diagram will be updated to show the new connection after you 
click on OK. 


Note: You can only connect to buses that reside in the same view where the switch resides, i.e., 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a switch is connected to a bus through a number of other protective devices, reconnection of 
the switch to a new bus from this editor will reconnect the last existing protective device to the 
new bus, as shown below where SPST10 is reconnected from Bus10 to Bus2. 


Bus10 Bus2 Buslo Bus2 


SPST10 SPST10 


Next to the From and To bus IDs, ETAP displays the nominal kV of the buses for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 
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Configuration 

You can change the status of a switch (for the selected configuration) by clicking on Closed or 
Open options. Once a configuration status is selected for a one-line presentation, any subsequent 
manipulation of the status of an element (switch, fuse, motor, or static load) will be saved under 
the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the 
configuration status is shown above the status of the switch to indicate that this is the switch 
status under the specific configuration, i.e., you can have different operating status under 
different configurations. 


In the following example, status of a switch is shown to be closed under Configuration Status 
Normal and open under Configuration Status Open Tie. 


Configuration Configuration 
Normal Open Tie 
®@) Close Close 
Status Status 
Open @) Open 
Rating 
kV 


Enter the rated voltage of the switch in kV or select the rating from the list box. 


Cont. Amp 
Enter the rated continuous current of the switch in amperes or select the rating from the list box. 


BIL 
Enter the basic impulse level in kV. 


Momentary 

Enter the momentary (bracing) or making short-circuit rating of the switch in kA. As the switch 
does not have an ANSI or IEC standard designation. This value is used in both ANSI and IEC 
device duty calculations. In ANSI device duty calculation, it is assumed to be the rated 
asymmetrical bracing (momentary) rms current in KA. In IEC device duty calculation, it is 
assumed to be the rated making peak current in kA. 


Equipment 
Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 


characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Real-Time Data 
The data here are associated with the online (real-time) operation of ETAP (Real-Time). 


Scanned Status 
This displays the scanned status (open or closed) of the switching device. 


Pin 
Click on this button to pin the switching device to either closed or open status. This option is 


provided to overwrite the actual status received from the real-time system. 


Control 
Click on this button to control the status (open or closed) of the device. Real-Time will request 
confirmation. 
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11.41.2 Remarks Page 


Drawing / Diagram 


. 12345 (numeric) : 
One-Li Drawing ABC-123 


01/01/02 


So Reference Sub OLV ABC-456 


Full 


User Defined 


User Defined 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The 
names of the User-Defined (UD) fields can be changed from the Settings option in the Project 
menu in the menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.41.3 Reliability Page 


2 Single-Throw Switch Editor - $2 x 


Info —- Reliability Interlock Remarks Comment 


———— 


Reliability Parameters Library 


Ap | 0.0061 


AL | 174.8503 
- [IEEE Std493-1990 


FOR | 6.9769E-5 


MR 80 


Replacement Available 


13.7 hr 


Reliability Parameters 

LON 

This is the active failure rate in number of failures per year per unit length. The active failure 
rate is associated with the component failure mode that causes the operation of the primary 
protection zone around the failed component and can therefore cause the removal of other 
healthy components and branches from service. After the actively failed component is isolated, 
the protection breakers are reclosed. This leads to service being restored to some or all of the 
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load points. It should be noted, however, that the failed component itself (and those components 
that are directly connected to this failed component) could be restored to service only after repair 
or replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


This is the mean repair rate in number of repairs per year, calculated automatically based on 
MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa and Ap (MT TF 
= 1.0/(Aa+ApP)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR 
= MTTR/(MTTR+8760/(Aa+AP)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 
Check this box to enable rp 


rp 
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This is the replacement time in hours for replacing a failed element by a spare one. 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.41.4 Comment Page 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Seu 0&2 7) 8R) Galea) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 


combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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11.42 Double-Throw Switch 


The properties associated with a single pole double-throw (DT) switch of the electrical 
distribution system can be entered in this editor. 


The Double-Throw Switch Editor contains the following pages of properties: 


Info 
Reliability 
Interlock 
Remarks 
Comment 


11.42.1 Info Page 
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Double-Throw Switch Editor - DT-S1 [ere Sem 


Senko FBR Galo) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each switch. The assigned IDs consist of the default 
switch ID plus an integer, starting with the number one and increasing as the number of switches 
increase. The default switch ID (2SW) can be changed from the Defaults menu in the menu bar 

or from the System Manager. 


From & To 
Bus IDs for the connecting buses of an SPDT switch are designated as From and To buses. Ifa 
terminal of a switch (From or To) is not connected to any bus, a blank entry will be shown for 
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bus ID. If a terminal of a switch is connected to a branch (directly or indirectly), the ID of the 
branch will be displayed for the terminal connection. 


Bus5 Bus3 Bus5 Bus3 


= 


| | 


Bus6 Bus? Bus6 Bus? 


To connect or reconnect a switch to a bus, select a bus from the list box. The one-line diagram 
will be updated to show the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the switch resides, i.e., 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If an SPDT switch is connected to a bus through a number of other protective devices, 
reconnection of the switch to a new bus from this editor will reconnect the last existing 
protective device to the new bus, as shown below where SPDT10 is reconnected from Bus10 to 
Bus2. 


Unlike SPST switch, the SPDT switch has to be connected to a bus before being connected to 
loads and branch elements. 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states 


Configuration 


Status is not a part of the engineering properties. For this reason, the name of the configuration 
status is shown above the status of the switch to indicate that this is the switch status under the 
specific configuration, i.e., you can have different operating status under different configurations. 
In the following example, status of a switch is shown to be in position A under Configuration 
Status Switch A and position B under Configuration Status Switch B. 


Configuration 
[Normal Normal 
@P A 
ie osition 7 


Position B 


Configuration 


Stage 1 
Position A j 
Status 


@) Position B 


Status 


You can change the status of an SPDT switch (for the selected configuration) by clicking on the 
Position A or Position B. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (switch, fuse, motor, or static load) will be 
saved under the specified configuration. 


Rating 


kV 
Enter the rated voltage of the SPDT switch in kV or select the rating from the list box. 


Cont. Amps 
Enter the rated continuous current of the SPDT switch in amperes or select the rating from the 
list box. 


BIL 
Enter the basic impulse level in kV. 


Momentary 


Enter the momentary (bracing) or making short-circuit rating of the switch in kA. As the switch 
does not have an ANSI or IEC standard designation. This value is used in both ANSI and IEC 
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device duty calculations. In ANSI device duty calculation, it is assumed to be the rated 
asymmetrical bracing (momentary) rms current in KA. In IEC device duty calculation, it is 
assumed to be the rated making peak current in kA. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric 
characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only expect condition information. The user can 
change condition information (service & state) even though the element properties are locked. 


Real-Time Data 
The data here are associated with the online (real-time) operation of ETAP (Real-Time). 


Scanned Status 
This displays the scanned status (Position A or Position B) of the switching device. 


Pin 

Click on this button to pin the switching device to either Position A or Position B status. This 
option is provided to allow you to overwrite the actual status received from the Real-Time 
system. 


Control 


Click on this button to control the status (Position A or Position B) of the device. Real-Time will 
request confirmation. 
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11.42.2 Reliability Page 


Double-Throw Switch 


? Double-Throw Switch Editor - DT-S1 


Info Reliability Interlock Remarks 


Comment 


——————— 


Reliability Parameters 


NA 
Ap 


A 


FOR 


MR 


0.0032 


0.0032 


14.1748 


4.513E-4 


80 


[_] Replacement Available 


10 hr 


Bes wos 


Reliability Parameters 


Aa 


This is the active failure rate in number of failures per year per unit length. The active failure 
rate is associated with the component failure mode that causes the operation of the primary 
protection zone around the failed component and can therefore cause the removal of other 
healthy components and branches from service. After the actively failed component is isolated, 
the protection breakers are reclosed. This leads to service being restored to some or all of the 
load points. It should be noted, however, that the failed component itself (and those components 


ETAP 
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that are directly connected to this failed component) could be restored to service only after repair 
or replacement. 


Ap 

This is the passive failure rate in number of failures per year per unit length. The passive failure 
rate is associated with the component failure mode that does not cause the operation of 
protection breakers and therefore does not have an impact on the remaining healthy components. 
Repairing or replacing the failed component will restore service. Examples of passive failures 
include opening circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a 
component outage and/or restore the system to its normal operating state. 


This is the mean repair rate in number of repairs per year, calculated automatically based on 
MTTR (pu = 8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on Aa and Ap (MT TF 
= 1.0/(Aat+A)). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa and Ap (FOR 
= MTTR/(MTTR+8760/(Aa+ApP)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This 
rate is only associated to the momentary index calculation. When active failure occurs on the 
element, the MR percent of the element’s active failure will be considered as momentary and the 
failed element will be restored in a short time. The Momentary Rate is not applicable to passive 
failure. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Replacement 


Available 

Check this box to enable rp 

rp 

This is the replacement time in hours for replacing a failed element by a spare one. 
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Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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11.42.3 Remarks Page 


Drawing / Diagram 


One-Li Drawing ABC-123 


Reference Sub OLV ABC-456 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The 
names of the User-Defined (UD) fields can be changed from the Settings option in the Project 
menu in the menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 
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Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.42.4 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Double-Throw Switch 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file | 


Se0 02 DBR) Gala) 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 


information. 


ETAP 
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11.43 Ground Grid 


The properties associated with ground grid design of the electrical distribution system can be 
entered in this editor. The ground grid system (GGS) has its own presentation composed of Top 
View, Soil View, and 3D View. 


To create a GGS presentation, a ground grid must first be added to the One-Line Diagram. Click 
on the Ground Grid component located on the AC toolbar, and drop the GGS symbol anywhere 


on the One-Line Diagram. 
ile 
a<— 


gla 
Right-click on any location inside the ground grid box, and select Properties to bring up the 
Grid Editor. The Grid Editor dialog box is used to specify grid information, grid styles, 


equipment information, and to view calculation results. Click on the Grid Presentation button to 
bring up a GGS presentation. 


Grid Editor - Grid2 | 


Results | Remarks | Comment | 


FDR Tag Feeder Number 


Name Name of the equipment 


Description Description of the equipment 


Se hee 3) We | 


For more information, see the Ground Grid Systems Chapter. 
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11.44 Transformer, Scott-T 


The properties associated with Scott-T transformers of the electrical system can be entered in this 
editor. 


The Scott-T Transformer Editor includes the following pages of properties: 


Info 
Rating 
Impedance 
Remarks 
Comment 
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11.44.1 Info Page 


Within the Info page, specify the Scott-T transformer ID, In/Out of Service, Primary, Secondary, 
and Tertiary Buses, Feeder Tag, Name, Description, and phase type. 


ScottT Transformer Editor - T1 


Info Rating Impedance Remarks Comment 


100 OMVAI 130 55 kV 


State 


Input Connection 
@ 3Phase 
2-Phase 
Output Connection 
3Phase [_]Ground 


@ 2Phase 


Seu ws 0) BB a [ce 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the 
default transformer ID plus an integer, starting with the number one and increasing as the 
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number of transformers increase. The default transformer ID (T) can be changed from the 
Defaults menu in the menu bar or from the System Manager. 


Primary, Secondary and Tertiary 

Bus IDs for the connecting buses of a Scott-T transformer are designated as Primary, Secondary, 
and Tertiary buses. Primary is the 3-phase connection of the transformer. Secondary and Tertiary 
are the secondary connection of Teaser and Main transformer. If the primary, secondary, or 
tertiary terminal of a transformer is not connected to any bus, a blank entry will be shown for bus 
ID. To connect or reconnect a transformer to a bus, select a bus from the list box. The one-line 
diagram will be updated to show the new connection after you click OK. 


Note: you can only connect to buses that reside in the same view where the transformer resides, 
i.e., you cannot connect to a bus that resides in the Dumpster or in another composite network. 


Teaser 


H: Primary 
Y: Secontary 
X: Tertiary 


Connection 


Displays the transformer phase connection type. Currently Scott-T Transformers are 3 Phase at 
input and 2 phase at output only. The output phase types can be T2W, T2WN, T3WN and 
T3WB. The ground option is available for T2W, T3WN and T3WB. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any 
system studies. When the continuity check is activated, an Out of Service element is 
automatically color coded with the deenergized color (theme manager). The default color for a 
deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you 
can set a branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service 
status like As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain 
states have fixed service status like Removed, Warehouse, Abandoned, Repair Shop and Other 
are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are 
locked, all engineering data is displayed as read-only except condition information. The user can 
change condition information (Service & state) even though the element properties are locked. 
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11.44.2 Rating Page 


Within the Rating page, specify the Scott-T transformer ratings. 


ScottT Transformer Editor - T1 


Info Rating Impedance Remarks Comment 


Cumulative 


Non-Cumulative 


Rating 


Prim - Sec kV Rating 
Enter primary and secondary voltage ratings of the Scott-T transformer in kilovolts. 


Note: When connecting a transformer to a bus, the kV of the winding (if it is equal to zero) is set 


equal to the bus nominal kV. ETAP uses the voltage at the lowest-numbered swing system as 
the base voltage and calculates the other base voltages using the transformer ratios. ETAP gives 
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an error message when it detects inconsistent voltage bases in parallel or looped systems during 
system analysis. 


Prim - Sec MVA Rating 

Enter primary and secondary MVA or kVA ratings of the Scott-T transformer. The MVA rating 
of the primary winding is the Teaser transformer rating and secondary is Main transformer 
rating. The MVA rating is used as the base MVA for all transformer impedances. 


Max MVA Capability 

These values, if non-zero, are used to calculate the percent overload of the transformer windings. 
If the maximum MVA capability of the transformer is greater than zero, the branch will be listed 
on the overload summary page of the load flow output report, i.e., ETAP will ignore this value if 
it is set to zero and this branch will not be included in the overload summary report. 


FLA 
This displays the FLA of the primary and secondary windings in amperes. 


Connected Bus 
This displays the nominal kVs of the connected buses to the primary and secondary windings. 


Alert/Sizing 


Based on the duty class selection MVADb a, b, c, duration and interval values will be updated. 
The MVAa, b, c, duration and interval values for each duty class can be modified in Transformer 
Duty Classes for ANSI and IEC.xlsx in Tables folder of the ETAP installation folder. 


MVAb a, b, c 
Critical limit in percent of rated MVA. 


Duration 
The time duration for which RMS MVA needs to be calculated. Alert and sizing are based on 
average RMS values for this duration. 


Interval 
The maximum allowed time between two alerts. 


Type/Class 


Type 
Transformer type is not considered in calculation in the current version. 


Duty Class 
Select the duty class of the transformer to get MVAD a, b, c, duration and interval values. 
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11.44.3 Impedance Page 


Scott-T Transformer 


Within the Impedance page, specify the Scott-T transformer impedance and its variation, the 


tolerance and tap data. 


ScottT Transformer Editor - T1 


Impedance 
Positive 
%Z xX/R 


psi[_ 2 |[ 4 | 
rs2{_2 |_| 


Fixed Tap 


kV Tap Tum Ratio 
Pim.[ 0 | [110 [1 


Info = Rating Impedance Remarks Comment 


20 OMVAVI 110 55 kV 


Z Variation 
@-5%Tap 


MVA Base [0 | % 


@+5%Tap 


aes in 


Impedance 


Positive Sequence Impedances 


|) GAL) (0K [core | 


These are the positive sequence impedances of Teaser transformer and Main transformer at the 
nominal tap setting, in percent, with the Teaser transformer MVA and kV ratings as the base 
values. These values correspond to the nominal positive impedance, which are subject to 
manufacturer tolerance limits and tap position. 


ETAP 
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X/R and R/X Ratios 
Enter the transformer X/R ratio. These values are used in ETAP to calculate the transformer 
winding resistances and reactances from the given percent impedances. 


Z Variation 


Enter transformer impedance variations with respect to the tap settings. If these values are not 
zero, then the final transformer impedance will be calculated based on the nominal tap 
impedance values (entered for Positive and Zero Sequence Impedances, %Z fields), transformer 
primary, secondary, and tertiary winding tap positions (from both the fixed tap and the LTC tap 
settings), and impedance variation at —-5% tap and +5% tap. A linear interpolation is used to 
calculate the final transformer impedance. 


+— Zt at Nominal Tap 


“5 0 +5 


% Tap Position 


% Variation @ -5% Tap 

Enter transformer impedance variation at —5% tap position, in percent of the transformer 
impedance at nominal tap position. This value is used to adjust the transformer impedance due 
the primary winding tap changes. 


Zt at -5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ —5% Tap)/100 
% Variation @ +5% Tap 
Enter transformer impedance variation at +5% tap position in percent of the transformer 


impedance at nominal tap position. This value is used to adjust the transformer impedance due 
the primary, winding tap changes. 
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Zt at +5% Tap = (Zt at Nominal Tap) * (100 + % Variation @ +5% Tap)/100 
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Z Tolerance 


Enter the transformer impedance tolerance as a percentage of the nominal value. This value 
should be zero for an existing transformer with a known impedance value. For a new 
transformer with a designated impedance value this should be the impedance tolerance range 
specified by the manufacturer. The value of the tolerance must be entered as a positive value and 
ETAP will automatically use the positive or negative value for all the impedance which will 
result in a conservative solution. 


Tolerance 
Negative | Positive 
(Traction Power xX 


Fixed Tap 

Enter the transformer primary tap setting in percent while the button is set on % Tap, or click the 
Tap button for kV tap selection and enter the transformer tap setting in percent or kV. In either 
case, ETAP calculates the equivalent value for the other tap setting entry format. 


ETAP allows modeling a tap off-load (fixed tap) changer on primary side of the transformer. The 
transformer is treated as a simple circuit impedance for transformers without voltage taps or 
where the tap is set at a nominal value (n = 0). 


Per Unit Turn Ratio 
Display the transformer turn ratio in per unit, using the fixed tap setting. 


Per Unit Turn Ratio = 1.0 - %Tap/100 


Winding Tap 
The Main and Teaser taps are fixed at 50% and 86.6% due to the design of Scott-T transformer. 
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11.44.4 Remarks Page 


| 10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 
User Defined Info Drawing / Diagram 
Eq. Ref. 12345 = (numeric) 


One-Li Drawing ABC-123 


Last Maint. 01/01/02 


Sub OLV ABC-456 
Next Maint. 6/16/11 Reference 


Tests Req. Full 


UD Field A5 User Defined 


UD Field AS User Defined 


UD Field A? User Defined 


aas ig) 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of 
the User-Defined (UD) fields can be changed from the Settings option in the Project menu in the 
menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and 
enter the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 

This is an alphanumeric field with the default name Last Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 3 (Next Maint.) 

This is an alphanumeric field with the default name Next Maint. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this 
field and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 

This is an alphanumeric field with the default name UD Field A5. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of 
this field and enter any additional data for this element here, using up to 12 alphanumeric 
characters. 


UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of 
this field and enter any additional data for this element here, using up to 18 alphanumeric 
characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 
50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 
alphanumeric characters. 
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Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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11.44.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


4.16 kV 600 Amps 


Rene eee ene ee maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
ssid diaetabl refer to the entries in the ETAPS.INI file | 


eeu 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste 
information. 
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Instrumentation Elements 


This chapter addresses editors for all Instrumentation elements in the One-Line Diagram. Except for the 
element IDs, bus connections, and status, all other data that appear in the editors are considered 
engineering properties, which are subject to Base & Revision Data. The following table lists all the 
Instrumentation elements in ETAP as seen from the Instrumentation (Inst) toolbar. 


Transformers Current Transformer Potential Transformer 
Voltmeter Ammeter 
Meters : 
Multimeter 
Voltage Relay Reverse Power Relay 
Relays Frequency Relay MV Solid State Trip Relay 
Motor Relay Overcurrent Relay 
Differential Relay Multi-Function Relay 
Tag Link 
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12.1 Current Transformer 


You can enter the properties associated with current transformers (CT) of the electrical distribution 
system in this editor. The Current Transformer Editor contains the following pages of properties. 


Info Page 
Rating Page 
Checker Page 
Remarks Page 
Comment Page 


12.1.1 Info Page 


Current Transformer(CT) Editor - CT9 | 


| Info | Rating | Checker | Remarks | Comment 


Tag# Feeder Tag Number 
Name Name of the equipment 


Description Description of the equipment 


Reverse Polarity 


© Ground 


sa5kta pan 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each current transformer. The assigned IDs consist of the 
default current transformer ID plus an integer, starting with the number one and increasing as the number 
of current transformers increase. The default current transformer ID (CT) can be changed from the 
Defaults Menu in the menu bar or from the System Manager. 


From & To 

Bus IDs for the connecting buses of a current transformer are designated as From and To buses. If a 
terminal of current transformer (From or To) is not connected to any bus, a blank entry will be shown for 
bus ID. If a terminal of a current transformer is connected to a branch (directly or indirectly), the ID of 
the branch will be displayed for the terminal connection. To connect or reconnect a current transformer to 
a bus, select a bus from the list box. The one-line diagram will be updated to show the new connection 
after you click on OK. Note that you can only connect to buses that reside in the same view where the 
current transformer resides, i.e., you cannot connect to a bus that resides in Dumpster or in another 
composite network. 


If a current transformer is connected to a bus through a number of other protective devices, reconnection 


of the current transformer to a new bus from this editor will reconnect the last existing protective device 
to the new bus, as shown below where CT2 is reconnected from Bus10 to Bus4. 


Busl0 Bus4 Bus10 Bus4 


al I 


Crt 


ETAP displays the nominal kV of the buses next to the From and To bus IDs for your convenience. 


Reverse Polarity 


Check the Reverse Polarity box to change the polarity of the current transformer. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Standard 
Select from either ANSI or IEC standard. 


Type 


Current transformers can be defined as Phase or Ground type. 


Note: Phase CT can detect the phase and ground currents whereas Ground CT detects only the ground or 
3Io component of the current (i.e. zero-sequence CT). 


The symbol for current transformer changes when the type is changed from Phase to Ground. A CT 
placed in the grounding element of a transformer or generator is by default a ground CT. 


Phase CT Ground CT Td weue (eee) 
a. o/5 
Ground CT by CT2 


default 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.1.2 Rating Page 


Current Transformer(CT) Editor - CT1 


Info Rating Checker Remarks Comment 


Ratio 


Primary 
Enter the primary rating of current transformer in amperes. 


Secondary 
Enter the secondary rating of current transformer in amperes. 


Current Ratio 
This field displays the current ratio of current transformer. 


Turn Ratio 
This field displays the turn ratio of current transformer. 
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Burden 

Burden 

Enter the burden of current transformer in VA or ohm. This value is use for CT sizing and calculating CT 
saturation. 

Designation 


Select the burden designation of current transformer from the list-box. 
Note: The CT burden value is updated based on the burden designation selection. 


12.1.3 Checker Page 


Current Transformer(CT) Editor - CT2 [eee Some 


07-13-2011 


Checker 


07-15-2011 


See Oe 2) @ 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects Menu in 
the menu bar. 
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Checked by 


User Name 


Current Transformer 


This field displays the name of the person who logs in as a Checker and checks the data. 


Date 


This field displays date when the data was checked. The format for the date can be changed from the 


Projects Menu in the menu bar. 


12.1.4 Remarks Page 


Current Transformer(CT) Editor - CT2 


| Info _| Rating | Checker | Remarks 


User Defined Info 
Eq. Ref. 


Last Maint. 


Next Maint. 


Tests Reg. 


UD Field A5 


UD Field A6 


UD Field A7 


1 


23 |) (5) [Kj 


>) @e 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 


This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


ETAP 
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UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.1.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Current Transformer(CT) Editor - CT2 | 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated + 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of 
this field, refer to the entries in the ETAPS.INI file | 


sentn pan 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.2 Potential Transformer 


The properties associated with potential transformers (PT) of the electrical distribution system can be 
entered in this editor. 


The Potential Transformer Editor contains the following pages of properties. 


e Info Page 
e Remarks Page 
e Comment Page 


12.2.1 Info Page 


cr ; 
Potential Transformer Editor - PT1 =a) 


To | Sub2B wv| 13.8kV 


Phase Connection 


Not Scanned 


Ses We 0) 8B 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each potential transformer. The assigned IDs consist of the 
default potential transformer ID plus an integer, starting with the number one and increasing as the 
number of potential transformers increase. The default potential transformer ID (PT) can be changed 
from the Defaults Menu in the menu bar or from the System Manager. 


From & To 


The primary terminal of the potential transformer has two pins as From and To which can be connected 
directly to buses or in between branch elements. These primary pins are located on top of each other. 


Also, if the primary terminal of a potential transformer is connected to a From bus, the ID of the To bus 
will be hidden and visa versa. To connect or reconnect a potential transformer to a bus, select a bus from 


the list box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: you can only connect to buses that reside in the same view where the branch resides, i.e., you 
cannot connect to a bus that resides in Dumpster or in another composite network. 


EE: do Ee 


The secondary terminal of a PT has only one pin, which can be connected to voltmeters, multimeters, 
overcurrent relays, multi-function relays, motor relays, frequency relays, and voltage relays. 


©) 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
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continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Phase Connection 


The Connection dropdown menu can be used to define primary winding connection of the potential 
transformer. The user can select either of the two connection type (LG or LL). 


Connection 

If L-G or Line to ground connection is selected, then the primary of each PT winding is assumed to be 
connected between phase and ground. In such case, the Primary rating (Vp) represents the primary Line to 
Ground voltage of potential transformer. 


If L-L or Line to Line connection is selected, then the primary of each PT winding is assumed to be 
connected between two phases. In such case, the Primary rating (Vp) represents the primary Line to Line 
voltage of potential transformer. 


The Secondary of the PT is assumed to be always connected Line to Line. Thus for any kind of 
connection type selected from the dropdown menu, the secondary rating (Vs) represents the secondary 
Line to Line Voltage of the Potential Transformer. 
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Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name, using up to 50 alphanumeric characters. 


Description 
Enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.2.2 Rating Page 


fi \ 
Potential Transformer Editor - PT1 =a) 


Ses a >) ae 


XL 


Voltage Rating 


Primary 

The Primary Rating (Vp) of the PT can either be entered in the box or selected from the dropdown menu. 
The entered primary voltage is given in kV and represents the voltage rating of potential transformer 
primary winding. The default value of the primary rating is the nearest Bus Reference kV. 


Secondary 

The Secondary Rating (Vs) of the PT can either be entered in the box or selected from the dropdown 
menu. The entered secondary voltage is given in Volts and represents the voltage rating of potential 
transformer secondary winding. The default value of secondary rating is 220 Volts 
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Ratio 
The Ratio field displays the actual turn ratio of the potential transformer based on the selected primary 
and secondary rating and is independent of the Connection Type. 


Phase angle shift between primary and secondary of PT, if any, is not considered and ignored in 
calculation. 
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12.2.3 Remarks Page 


f= \ 
Potential Transformer Editor - PT1 (ee So 


Ses ie >) ae 


XL 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 


This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.2.4 Comment Page 

Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


cr = = . 
Potential Transformer Editor - PT1 =a) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, a 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


eeu Ke. 7) ae 


XM 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.3 Voltmeter 


The properties associated with voltmeters can be entered in this editor. 
The Voltmeter Editor contains the following pages of properties. 
e Info Page 


e Remarks Page 
e Comment Page 


12.3.1 Info Page 


Voltmeter Editor - VM1 |e. 


20) 


Revision Data 


Equipment 
Tag# Feeder Tag Number 


Name Name of the equipment 


Description Description of the equipment 


Voltage 
Set Point Std. Dev. 


Operating 
[Volts 0 1 
Be hue > we 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each voltmeter. The assigned IDs consist of the default 
voltmeter ID plus an integer, starting with the number one and increasing as the number of voltmeters 
increase. The default voltmeter ID (VM) can be changed from the Defaults Menu in the menu bar or 
from the System Manager. 


ETAP 12-19 ETAP 19.0 User Guide 


Instrumentation Elements Voltmeter 


PT 

Voltmeters have one pin, which can be connected to a potential transformer (PT). A blank entry will be 
shown for the PT if the terminal of the voltmeter is not directly connected to a PT. If the terminal of a 
voltmeter is connected to a PT, the ID of the PT will be displayed for the terminal connection. 


Ratio 
This is the turn ratio of the potential transformer connected to the voltmeter. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Voltage 


Operating 
This field displays the operating voltage in volts. This field is updated when used with the ETAP Real- 
Time module. 


Set Point 
Enter the set point value of the meter. This is used for ETAP Real-Time module only. 


Std. Deviation 
Enter the standard deviation of the meter. This is used for ETAP Real-Time module only. 


Real-Time Data 
The data here are associated with the online (real-time) operation of ETAP Real-Time module. 


Scanned 
Displays the scanned value of the meter as it is obtained from the system. 


Pinned 


In ETAP Real-Time, you can pin a value for the meter that may be different from the real-time data. This 
option is provided to overwrite the actual scanned value for the system. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.3.2 Remarks Page 


Voltmeter Editor - VM1 dl 


01/01/2011 


01/01/2012 
01/01/2013 


12 character 
Name ACME 


12 character 


Purchasing 
18 characters Date 08/05/11 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.3.3 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Voltmeter Editor - VM1 , : [Somes 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with this 
element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, you need 


to change the entries in the ETAPS INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 


ETAP 12-24 ETAP 19.0 User Guide 


Instrumentation Elements Ammeter 


12.4 Ammeter 


The properties associated with ammeters can be entered in this editor. 
The Ammeter Editor contains the following pages of properties. 
e Info Page 


e Remarks Page 
e Comment Page 


12.4.1 Info Page 


Ammeter Editor - AM1 ~~ |e Som 


Real-Time Data 


Pinned 


Scanned 
a 


Equipment 
Tag # Feeder Tag Number 
Name Name of the equipment 


Deacsigtion Description of the equipment| 


ESyC he aa) (2) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each ammeter. The assigned IDs consist of the default 
ammeter ID plus an integer, starting with the number one and increasing as the number of ammeters 
increase. The default ammeter ID (AM) can be changed from the Defaults Menu in the menu bar or from 
the System Manager. 


CT 

Ammeters have two pins, one of which can be connected to a current transformer (CT) and the other pin 
can be connected to other relays and/or meters. A blank entry will be shown for the CT if the terminal of 
the ammeter is not connected directly to a CT or indirectly through other relays and/or meters. If the 
terminal of an ammeter is connected to a CT or to a relay, which is connected to a CT, the ID of the CT 
will be displayed for the terminal connection. 


Ratio 
This is the turn ratio of the current transformer connected to the ammeter. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Current 


Operating 
This field displays the operating current in amperes. This field is updated when it is used with the ETAP 
Real-time module. 


Set Point 
Enter the set point value of the meter. This is used for ETAP Real-Time Module only. 


Std. Dev. 
Enter the standard deviation of the meter. This is used for ETAP Real-Time Module only. 


Real-Time Data 
The data here are associated with the online (real-time) operation of ETAP Real-Time Module. 


Scanned 
Displays the scanned value of the meter as it is obtained from the system. 
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Pinned 
When used with ETAP Real-time, you can pin a value for the meter that may be different from the real- 
time data. This option is provided to overwrite the actual scanned value for the system. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name, using up to 50 alphanumeric characters. 


Description 
Enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


ETAP 12-27 ETAP 19.0 User Guide 


Instrumentation Elements Ammeter 


12.4.2 Remarks Page 


Ammeter Editor - AM1 [eee Somes) 


Eq. Ref. 
Last Maint. 01/01/2011 
Next Maint. 01/01/2012 
Tests Reg. 01/01/2013 
UD Field A5 12 character 
Name ACME 


UD Field A6 12 character 


Purchasing 
UD Field A718 characters Date (28/05/11 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.4.3 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Ammeter Editor - AM1 _ dl 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with | 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file | 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.5 Multimeter 


The properties associated with multimeters of the electrical distribution system can be entered in this 
editor. 


The Multimeter Editor includes the following pages of properties. 


Info Page 
Associations Page 
Remarks Page 
Comment Page 


12.5.1 Info Page 


1D /MM1 
cit —t—~—C.....CSSCSSS SR 
PTE Ratio a 
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| 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each multimeter. The assigned IDs consist of the default 
multimeter ID plus an integer, starting with the number one and increasing as the number of multimeters 
increase. The default multimeter ID (MM) can be changed from the Defaults Menu in the menu bar or 
from the System Manager. 


+ 
/ \ Voltage Pin 
Current Pin 
Multimeters have three connection pins: two current pins that can be connected to a current transformer 
(CT) and relays/meters, and a voltage pin, which can be connected to a PT. 


CT 

A blank entry will be shown for the CT if the CT terminal of the multimeter is not directly connected to a 
CT or indirectly through other relays and/or meters. If the CT terminal of a multimeter is connected to a 
CT or to a relay/ammeter, which is connected to a CT, the ID of the CT will be displayed for the terminal 
connection. 


PT 

A blank entry will be shown for the PT if the PT terminal of the multimeter (bottom pin) is not directly 
connected to a PT. If the terminal of a multimeter is connected to a PT, the ID of the PT will be displayed 
for the terminal connection. 


G7) 


Ratio 
The turn ratio of the current and/or potential transformer connected to the multimeter is shown here. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Operating 


Displays the operating/metered values for selected multimeter functions. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 
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12.5.2 Online Page 


Refer to ETAP Real Time Help File for more information. 
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12.5.3 Associations Page 


[| Interchange 
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The Associations page allows the association of various device types to the Multimeter. This feature is 
mainly used by ETAP Real-Time application to provide link between the meter and the one-line diagram 
elements. 
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12.5.4 Remarks Page 


Multi-Meter Editor - MM1 ’ |e S| 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 


This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Install Date.) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.5.5 Comment Page 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with this 
element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to 
the entries in the ETAPS.INI file. 


Multi-Meter Editor - MM1 i dl 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated with this 
element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to the 
entries in the ETAPS.INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.6 Protective Relay 


The properties associated with protective relays of the electrical system can be entered in this editor. 


Protective relays are classified in two categories: single or multiple functions. A single function relay 
consists of only one protective feature such as overcurrent (i.e. ABB CO relay) where as a multi-function 
relay may include several protective features such as overcurrent, overload, distance, differential, voltage, 
frequency, reverse power etc. (ex SEL 421). 


In addition to functional classification of the protective relays, the application must be considered when 
selecting the relay type. For the above reasons, ETAP provides several protective relay elements 
categorized based on their functionalities and applications: Multi-Function relay (R), Overcurrent relay 
(OCR), Motor relay (MR), Distance Relay (21) and Differential Relay (87). 


Relay Editor 


Relay Types 


Multi-Function Relay 


Function / Application 


All applicable functions 


Page(s) 


OCR / OLR, etc. 


Overcurrent Relay Overcurrent OCR 

Motor Relay Overload OLR 

Differential Relay Differential DIF 
Distance Relay Distance Distance 


It should be noted that the various protective relay types, except Voltage, frequency, reverse power and 
MY Solid State Trip relay, share common editor properties and library data. A multi-function relay can be 
modified to an overcurrent or a motor relay type or vice versa based on the Relay Library Quick Pick 
selection. 


The Relay Editor includes the following pages of properties and header information for each page. 


e Header 

e Info Page 

e Input Page 

e Output Page 


e OCR Page 
e OLR Page 
e DIF Page 


e Distance Page 

e TCCKkKA Page 

e Model Info Page 
e Checker Page 

e Remarks Page 

e Comment Page 
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12.6.1 Header 


Manufacturer & Model 


The header displays the selected relay Manufacturer name and Model name on every page of the Relay 
Editor. 


Settings Group 

The header also displays the settings Group drop down list and Copy button for OCR, OLR, DIF, and 
Distance page of relay editor ONLY if the number of groups is more than one in selected model from 
library. 


Multi-Function Relay Editor - L1-Tom230 


Info Input = Output OCR = StarZ| Distance Scheme Logic TCCkA Model Info Checker Remarks Comment 


Cera 
(_] Integrated Curves 
[_] Block TOC by IOC & combine for this level 


nm ns 


Pressing the Copy... button next to Settings Group opens a new window for copying the settings group 
from one group to another group within the same relay. The new copied settings group becomes active 
and displayed on header after clicking OK button. 


Copy Settings Group 


To: Group 2 v 
a 


Only one setting group can be active in a relay at a time per selection in Settings Group drop-down list. 
Therefore the device settings report will display only the settings for active group. 


12.6.2 Info Page 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each relay. The assigned IDs consist of the default relay ID 
plus an integer, starting with the number one and increasing as the number of relay increases. The default 
relay ID (Relay) can be changed from the Defaults Menu in the menu bar or from the System Manager. 


Display Tag 
Enter a display tag for the relay up to 12 alphanumeric characters in length. 


The display tag can be utilized to show a user-definable annotation on the one-line diagram for the 
selected relay such as relay trip element designations (i.e. 50/51/49). The relay display tag can be 
displayed on the one-line diagram via the Display Options Editor. 


i-Function R itor - RL- . 
Multi-Function Relay Editor - RL-TH [nts Display Options - Edit 


Info [input _[ Output | OCR | OLR | TCCkA | Model info | Checker | Remarks | Comment | “ (paebe | aian 


ABB a | 
SPAM 150C ID Rating kV 
AC 
Generator 
Info PowerGrid [¥] [¥ 
eat 
{R) Motor [¥ 
Load / Panel 


TH 
od ac Revision Data Composite CSD 


Display Tag 50/51/49 | 


Equipment Condition 
Tag # 
Service 
Name 
State [As-Built : - 
Description iv 


ama 
Ss sh 


Cable / Bus Duct [¥] 


Composite Motor [7] 
Composite Net [¥] 


Se? 


[P] Use Default Options [| Show Eq 


S8 Sa 10 @ @ 


RL-TH 
50/51/45 


Revision Data 
Displays the revision name which the relay properties is saved in or read from. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
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continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.6.3 Input Page 


Overcurrent Relay Editor - RL-FDR1 x 


Info ‘Input Output OCR SchemeLogic TCCkA Model Info Checker Remarks Comment 


GE Muttilin 
750/760 
Current Voltage Digital Base 


Phase 
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The Input page is consisting of Current, Voltage, Digital, and Base tabs. The Current and Voltage tabs are 
representing the physical analog inputs to the relay. The Digital tab is for defining digital input signals to 
the relay and is only used for StarZ mode for now. Digital inputs represent relay contact inputs or digital 
signals input to the relay through communication system. The Base tab defines additional reference 
parameters for relay. 


Relay symbols have three pins, i.e. Current IN, Current OUT, and Voltage. The Current IN pin can be 
connected to one or multiple Current Transformers (CT) or Current OUT of other current/power relays. 
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Current OUT pin can be connected to Current IN of other current/power relays. The Voltage Pin can be 
connected to Potential Transformers (PT). 


In addition to direct connection of Current CT / PT to relay, such connections can be made through 
remote connector as well. 


Cwrent IN Pin R Cwrent OUT Pin 


Voltage Pin 


Current Tab 


The current tab displays the available current transformer terminal types of relay (i.e., Phase, Ground, 
etc.) and connection of CTs to these terminals. The available current terminal types of relay depends on 
the number of Phase and Ground CT Inputs defined in selected model from the library. 


The maximum number of current transformer terminal types (CT Inputs) is defined in Relay 
Library>Model>Edit Info>Inputs and is limited to 8 for phase and 4 for ground and treated in program as 
follows. 


Single CT input relays 

When the number of Phase CT Inputs = 1 and the Ground CT Input = 0 in the model selected from the 
library (i.e. ABB CO relay), it is assumed that the relay has single CT input. In such case, the current 
terminal name is designated as “CT Input” by default which can be assigned to a Phase or Ground type 
current transformer. 


If the assigned CT Type is Phase, a Residual checkbox is displayed. Checking the Residual box means the 


Phase CT has residual connection and relay is detecting the residual current (310). By definition, a 
residually connected CT measures ground/earth fault currents fed to relay. 
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Current Voltage Digital Base 


Multiple CT input relays 

When the number of Ground CT Input = 1 in the relay model from library, it has a ground terminal in 
addition to phase. But if Ground CT Input = 2, it is assumed that the relay has separate Ground and 
Sensitive Ground terminals. For multiple current input relays, the current terminals are named by default 
as “Phase”, “Ground” and, “Sen. Ground” (Sensitive Ground). 


If the number of Phase CT Inputs are more than one in selected model from library, the default editable 
Terminal names will be Phase 1, Phase 2, Phase 3, etc. In such case, there may be a source mapping table 
for assignment of CT Inputs to protection elements as explained in Source tab. 


Current Voltage Digital Source Base 


Phase 


Similarly, when the number of Ground CTs are more than 2, the default editable Terminal names will be 
Ground1, Ground2, Ground3, etc. In such case, no distinction is made between ground and sensitive 
ground inputs in Current tab and source assignment to protection elements in Source tab defines the 
application of CT. 
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Ground 


Current Summer - Phase 

The Current Summer checkbox is displayed under the Input or Phase section when differential function 
(DIF page) is not available in relay editor. Check the current summer box to connect the phase CT 
terminal to a set of CTs connected in parallel. The number of parallel CTs is user definable through the 
displayed drop down list box. The overcurrent relay element will then use the current summation of the 
paralleled CTs to operate on. The current summer directional relay uses the direction of the current 
through the first CT. This feature can be used for modeling a partial differential relay. 


Notes: 
- The current summer CTs must have the same ratio as the phase CT. The assigned CTs with 
mismatch ratio will be marked with “*” and ignored in current summation as displayed in 
message. 


- When the selected relay model from library has multiple Phase CT Inputs then the current 
summer checkbox (external current summation) will be available for each input. In such case, the 
list of Phase CTs for current summation will be unique for each terminal and the external 
summation currents are independent. 


Current Summer 
Phase Terminal Phase CTs connected in parallel 3. | 


* CT ratio mismatch! The marked CT terminals are not considered for current summation. 
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Current Summer - Ground 

When the Current Summer checkbox is checked in Phase section and the same phase CT ID is assigned to 
available Ground or Sen. Ground Terminal of relay, a display only check box is showed for either of 
ground terminals. In such case, it is assumed the parallel connected phase CTs have residual connection 
and feed the residual current (310) of phase current summation to relay. 


Current Summer 
Phase Terminal Phase CTs connected in parallel — iy 


Terminal ID Type Prim Amp | Sec Amp 
Ig1 Ground cT1 'x| Phase 300 5 


| SnGont (Cos) Gud | 5 |S 


SM 


Current Summer Handling for SQOP 

The Current Summer function can be enabled from the relay editor Input page where the current 
transformer (CT) assignment for current summer are specified. The relay operation is determined through 
vector summation of the through current for each valid Current Summer CT. 


Note the following when modeling the current summer: 


e The flow of current with respect to the Current Transformer (CT) polarity will determine how the 
currents are added. If the currents are entering into the CT on the same side as the polarity 
indicator, the currents can be considered as positive. If the currents are entering into the CT on 
the opposite side as the polarity indicator, the currents can be considered as negative. The 
currents are then summed up taking into account the polarity. 
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ETAP 


In the example below, the direction of current flow in CT1 is the opposite of CT2 with respect to 
their polarities. Therefore, the current summation is the difference between the currents through 
CT1 and CT2. 


U1 Genl 
200 MVAsc 10 MW 
Vv ¥V 
43-35 ‘ B.36 48° 
Bus-1 4.09 es Bus-3 ae 
40.768 81.3 CB6 [4 : 
cT1 + : 4 CT2 
Relayl 
Tl ADA = 
50 MVA ryyw 
Cablel 
*V 
CB3[] Fusel i 9.28 
Bus-2 44.42 43:36 


CTs connected to the relay should be assigned as current summing CTs in the relay editor Input 
page. 


Switching device (i.e. circuit breaker) interlocks should be specified in the relay editor Output 
page. 


All summing CTs must have the same ratio. CTs that do not have the same ratio as the Phase 
Terminal CT are not considered for summation. 


The phase elements (i.e. Phase, Thermal, Acceleration, Jam, and Instantaneous) operate on 
highest summed phase current (Ia, =Ip, or ZIc). 


The neutral element will trip on the summation of zero sequence currents. 
When a phase CT is assigned to the Ground / Sensitive Ground Terminal of the relay (i.e. residual 


ground) and is also assigned as the first summing CT, the ground elements will trip on the 
summation of the zero sequence current. Note: If a summing CT, which is not the first one, is 
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assigned to Ground / Sensitive Ground Terminal, the Ground / Sensitive Ground element will not 
operate based on current summation. 


Differential 
The Differential will replace Current Summer section when differential function (DIF page) is available 
in relay editor. 


The differential section provides the user interface for defining the CT connections for either of the 
following cases. 


High Impedance Differential (Parallel CT Connection) 

When High Impedance is selected in DIF page, the Differential section in Current tab allows for parallel 
connection of multiple connected CTs to single terminal and their currents are summed. Note that the 
number of CTs in parallel is user-definable. 


Differential 


CTs connected in parallel 3 ¥ 


Percentage Differential (Multiple CT Connection) 

Multiple differential CT input terminals are used when Percentage is selected as the Differential Type on 
DIF page of relay. Note that the number of CT Terminals is user-definable when DIF relay is not selected 
from the library, otherwise this field is display only. The CT ratios in such case can be different as the 
current summation of CTs are based on primary current. 


Differential 


CT Assignment 
The above sections are used for assignment of CTs to available relay terminal with following columns. 
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Terminal 
The selection of the relay from library determines the default names and number of terminals displayed in 
the Terminal column. 


ID 

The ID column displays the current transformers identifier that can be assigned to the selected terminal of 
the relay. If the terminal is not connected to any CT, a blank entry will be shown for the terminal ID. To 
connect or reconnect a Relay to a CT, select a CT from the list box. 


Note: The terminal ID list box only displays those CTs that are connected to the relay on the one-line 
diagram. Once a terminal ID is selected the type and ratio of the connected CT is displayed for the 
selected terminal. By default, the first connected CT is assigned to applicable current terminals of the 
relay. 


Type 
The Type column displays the type of the connected CT (Phase or Ground). 


Ground 


Prim Amp | Sec Amp > 


The following logic is used to allow connection of CT types to various Current Terminals. 


Terminal Phase Type CT Ground Type CT 
CT Input Allowed Allowed 
Phase Allowed Not Allowed 
Ground Allowed Allowed 
Sen. Ground Allowed Allowed 


Note: By definition, a Ground or Sen. Ground terminal of a relay connected to a Phase type CT will 
detect the residual current of the phase CT. This means the Phase CT has residual connection and 
measures ground/earth fault currents fed to relay. 


Prim. Amp 
Prim Amp column displays the primary rating of the connected current transformer. 


Sec. Amp 
Sec. Amp column displays the secondary rating of the connected current transformer. 


If a relay is not graphically connected to any CT via the one-line diagram, the Prim, Amp and Sec. Amp 
values are user-definable. 


Summation 
Represent the applicable phase or ground summation of assigned CT in Current Summer section. 
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Voltage Tab 
The voltage tab displays the assigned PTs to relay. 


Single PT input relays 
For relays, which have only one potential transformer input, the terminal name is internally designated as 
“PT Input”. 


Curent Voltage Digital Base 


Prim. kV 


13.80 


Two PT input relays 
For relays that have two potential transformer inputs, the terminal names are internally designated and 
displayed as “Phase” and “Sync”. 


Curent Voltage Digital Base 


Multiple PT input relays 
For relays that have more than two potential transformer inputs, the default editable terminal names are 
“Phase1”, “Phase2” and “Phase3”. 


Curent Voltage Digital Base 


PT Assignment 
The Voltage tab is used for assignment of PTs to available relay terminal with following columns. 
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Terminal 
The Terminal column displays the names of terminals of the Relay for assigning PT inputs. The selection 
of the relay determines the names and number of terminals displayed in the Terminal column. 


ID 

The ID column displays the ID of the potential transformers that can be assigned to the terminals of the 
Relay. If the terminal is not connected to any PT, a blank entry will be shown for the terminal ID. Select 
a PT form the pull-down list to connect or reconnect a Relay to a PT. 


Note: The terminal ID pull-down list only displays those PTs that are connected to the relay on the one- 
line diagram. 


Once a terminal ID is selected the type and ratio of the connected PT is displayed for the selected 
terminal. By default, the first connected PT is assigned to applicable current terminals of the relay. 


Type 
The Type column displays the type of the potential transformer assigned to the terminals of the Relay. 


Prim. kV 
Prim. kV column displays the primary rating of the connected potential transformer. 
Sec. Volts 


Sec. Volts column displays the secondary rating of the connected potential transformer. 


If a relay is not graphically connected to any PT via the one-line diagram, the Prim. KV and Sec. Volts 
values are user-definable. 


Note: When the PT ratio is entered manually, the connection type is assumed to be L-L. 


Digital ‘Tab 
Digital tab is representing the input signals from other device types (HVCB, Relay, LVCB, SPST, and 
contactor). The Digital table columns are explained below. 


Curent Voltage Digital Source Base 


Digital 


Input Device Assignment Signal 

ID Type ID Type 
<7 San 
2 Dor 
3 D3 Sas 
‘ Di PnOn 
5 ps «| conaar vf cot din 
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Input ID 

The Digital Input ID is an editable field which is used in Scheme Logic page as identification name of 
received signal from other devices. The Input ID should be unique within relay context. There are certain 
limitations in defining input ID. Relay editor always checks Input ID to ensure that it is valid i.e. it cannot 
be empty, start with a number, include space, or have special characters. 


Device Assignment - Type 

Select and display the device type from the drop down list. The input digital signal can be received from 
five types of devices which are High-Voltage Circuit Breaker (HVCB), Relay (OCR, OLR, DIF, and 
Distance), Low Voltage Circuit Breaker (LVCB), Single-Pole Single Throw switch (SPST), and 
Contactor. 


Device Assignment - ID 
Select and display the ID of the device from the drop down list. This drop-down list displays the ID of 
existing devices in the project within the selected type. 


Signal Type 
Select and display the input signal type from the drop down list. The Signal Types will be limited to 
followings depending on the Device Type. 


For Switching Devices (HVCB, LVCB, SPST, and contactor), the following selections is available in 
dropdown list and passed to Scheme Logic. 


Pin Off: Force the input signal state to OFF or 0 (False) 
Pin On: Force the input signal state to ON or 1 (True) 
Status: Input signal state is determined based on simulation / calculated state of selected device 


ID and leads to one of above types. It is important to note here that the Status of 
switching devices does not change within the analysis even if they receives trip signal or 
closing command. 


For Relay (OCR, OLR, DIF, and Distance), the drop down list includes: 


Pin Off: Force the input signal state to OFF or 0 (False) 

Pin On: Force the input signal state to ON or 1 (True) 

Digital Output: Displays the list of available Output IDs in Output page of selected relay. If the Output 
ID is removed or deleted in the selected relay, the Digital Input Signal Type would switch 
to Pin Off. 


Add 
Click on this button to add a new row to digital input. 


Insert 
Click on this button to add a new row above the selected digital input. 


Delete 
Click on this button to delete the selected row from digital input. 
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Source Tab 


When the selected relay model from library has more than one phase CT or more than two ground CT or 
PT inputs, it is possible that source mapping table is enabled in library model. The Source Mapping table 
is for assignment of CT and PT inputs to protection elements as a substitute reference to Terminal. 


Additionally, the Source tab is used to represent the internal current summation of Phase CTs, if available 
in selected model from library. 


The Source Mapping table is consisting of display only columns for Type and Label defined in library but 
the Source column has drop-down list for selection of available source IDs representing the relay input 
terminals in Current and Voltage tab of Input page. The source label and selected IDs will also be 
displayed in respective OCR and OLR protection elements. 


Curent Voltage Digital Source Base 


Source Mapping 


Source Mapping Table 
The source mapping table can have up to 4 rows where each row is representing the available source type, 
associated descriptive label, and source assignment in relay model as explained below. 


Source Types and Assignment 
The source Type in first row of table can display one of below items depending on selected model from 
library. 


Current-Phase: representing the source of phase current coming from selected Phase CT input ID in the 
Source column (Ip1, Ip2, Ip3, ...) 


Current-Phase + Summer: representing the source of phase current coming from individual selected Phase 
CT input ID or summation of them (Ip1, Ip2, Ip3, Ip1+Ip2, Ip1+Ip3, Ip2+Ip3, ...). 

In addition to drop down selection, the summation expression can also be typed in for existing phase 
current input IDs (such as Ip1+Ip2+Ip3). 


The rest of the rows can represent the ground current and voltage sources as follows. 


Current-Ground: representing the source of ground current (310) coming from selected Ground CT input 
ID in the Source column (Ig1, Ig2, Ig3, ...). 


Current-Sen. Ground: representing the source of sensitive ground current (310) coming from selected 
Ground CT input ID in the Source column (Ig1, Ig2, Ig3, ...). 
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Voltage: representing the source of voltage coming from selected PT input ID in the Source column (V1, 
V2, V352a)! 


Current Voltage Digital Source Base 


Sains Go “con. | 
Phase Curent Summation Base: Max CT Primary Amps 


Phase Current Summation Base 

When Current-Phase + Summer is displayed as the source Type and summation expression is selected or 
typed in Source column, Phase Current Summation Base and its value will be displayed at the top of 
table. The displayed base is used as pickup reference for calculation of equivalent current by phase 
protection elements. 


Note: The application of Phase Current Summation Base is for summation of CTs with different current 
ratio. 


The Phase Current Summation Base can be one of the followings. 


First Phase CT Ratio: Use and display the current ratio of CT connected to first phase terminal 
ID (ipl) as reference for current pickup of phase protection elements, even if the Ip1 is not 
included in source summation set. 


Max CT Primary Amps: Use the CT with largest primary amps from all the CTs included in 
source summation set, and display the Primary Amps as reference. 


Ibase Amps: Use the Base Current available in Base tab of Input page as the reference for each 
protection elements and display the Ibase Amps if Ibase is global. 


Settings Group 
The Settings Group drop down list and Copy button for source mapping table is displayed ONLY if the 
number of groups is more than one in selected model from library. 


Pressing the Copy... button next to Settings Group opens a new window for copying the settings group 


from one group to another group within the same relay. The new copied settings group becomes active 
and displayed on Source tab and header of OCR, OLR, DIF, and Distance page after clicking OK button. 
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Copy Settings Group 


Copy: | Group 1 


To: Group 2 


Cancel 


Only one setting group can be active in a relay at a time per selection in Settings Group drop-down list. 


Base Tab 


Base tab is used to define the protected device or equipment parameters as reference for relay settings and 
applicable multipliers as described below. 


Device Parameters 
Select from the below options to choose the device or equipment parameters. 


Selected Device 

Select this option to choose the Device ID from list of elements which the relay is a member of their 
protection zone. The reference device parameters will be read and displayed next to Device ID based on 
the selection and also showed up on OCR and OLR pages. 


Device Parameters 
(@ Selected Device (©) User Defined 


IMV-13 7 Induction Motor 


User Defined 
Select this option to select elements Type from the drop down list and enter the user defined parameters. 
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Ibase 
The Ibase is an additional multiplier which can be displayed in this section if it is available in selected 
relay model from library. The multiplier can be applied to OCR and OLR page of relay as described 
below. 


Label 
Displays the defined label in the library for Ibase. 


Function 
Displays the applicable function. 
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Unit 
Displays the unit of Ibase. 


Range 
Displays the range of Ibase. 


Step 
Displays the step of Ibase. 


Setting 
Enter the Ibase setting to be used for calculation of Base Amps. 


Base Amps 
Displays the calculated Base Amps to be used in OCR and OLR settings. 
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12.6.4 Output Page 


Multi-Function Relay Editor - L1-Tom230 


Info Input Output OCR  StarZ| Distance Scheme Logic TCC kA Model Info Checker Remarks Comment 


GE Muttilin 
Dé0 


Output 


Output ID 

The Output ID is an editable field which is used in Scheme Logic page as identification name of the relay 
output signal. The Output ID should be unique within relay context. There are certain limitations in 
defining Output ID. Relay editor always checks Output ID to ensure that it is valid i.e. it cannot be empty, 
start with a number, include space, or have special characters. 
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Relay Element 
Select the relay element from drop down list box. Note that the Relay Element field is updated based on 
the library selection and will include the Logic but the “Logic” is considered only in StarZ mode for now. 


Relay Level 
Select the relay level or stage for the desired action. Note that the Level or stage field is updated based on 
the library selection. 


Add 
Click on this button to add a new Output ID. 


Delete 
Click on this button to delete the selected Output ID. 


Interlock 


Add 
Click on this button to add Interlock for selected Output. 


Delete 
Click on this button to delete the selected interlock. 


Device 
Select the device type to be interlocked with selected Output. 


Device ID 
Select and display the ID of the interlocked device type from the drop down list. 


Action 
Select interlock action (Open, Close, or None). 
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12.6.5 Overcurrent (OCR) Page 


|W] Integrated Curves 
[] Block TOC by IOC & combine for this level 


Pcp Range (O05: 20xCTSee ir) Mules 


Pickup 10 * Step: 0.01 


Dey Re (9:60) 


Delay (sec) 05 * Step: 0.01 


[Directional { 67 | [Voltage | 51V | 


S88 wen ID BB OG (coe) 


Library 

To access the overcurrent relay library data, click on the Library button. Clicking the Library button 
displays the relay library Quick Pick. From the Library Quick Pick, select the relay by highlighting the 
Manufacturer name and Model name. Then click on the OK button to retrieve the selected data from the 
library and transfer it to the editor. 
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Ibase 


The Ibase is an additional multiplier which can be displayed in this section if it is available in selected 
relay model from library. The multiplier can be applied to OCR and OLR settings. 


OC Level |Base (| Base) Library Info 
oct =] ies (tbey 
(| Integrated Curves Prim. Amps 186.00 


Block TOC by IOC & combine for this level 


Device Parameters 
Displays the reference device parameters based on the selection in Base tab of Input page. Some of these 
parameters can be used as reference in protective device settings for OCR or OLR page 


Device Parameters 
Selected Device ID Type FLA % LRC SF 


IMV-13 Induction Motor 186.01 650 1 


OC level 


Overcurrent relays can have multiple Time overcurrent (TOC) and/or Instantaneous overcurrent (IOC) 
elements that can be simultaneously and independently set in the relay library. The OC level displays a 
Drop-down list of the maximum number of overcurrent levels that are available for the selected relay. 


For example, the Schweitzer 551 relay has 2 Phase TOC and 6 Phase IOC elements and only 1 Ground 
TOC and 2 Ground IOC levels. In this case, the maximum number of OC levels set to 6, as these levels 
are applicable to the model as a whole, and not to individual trip elements. 


Enabled (checkbox) 
Check this box to enable the parameters for selected OC level. 


Block TOC by IOC and combine for this level (check box) 
This field is displayed only if “Independent TOC/IOC” checkbox is checked in the Model Info page of 
the Relay Library. Check this box to accomplish the followings if it is available as part of relay logic. 


Block the TOC by IOC for the selected OC level. This logic is applied to all available trip elements for 
selected OC level. When checked, the definite delay time of IOC will take over the TOC delay, starting 
from the IOC pickup and the TOC+IOC will be combined as a single curve in Star View TCC. The 
Sequence-Of-Operation and Arc Flash will calculate the trip time based on the displayed curve and 
respective bolted or arcing fault currents. 


The impact of this checkbox, if any, will be reported in Sequence and Arc Flash Viewer and status of it 
will be reported in Device Settings Report. 


Note: This check box has no impact on TOC if the IOC has short-time curve. 
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For example in the ABB DPU-2000R curve shown below, “Block TOC by IOC and combine for this 
level” and “Integrated Curves” are unchecked in the OCR editor. Hence, the TOC and IOC curves are 


shown as two independent curves. 


Amps X 10 Bus-SEC-U1 (Nom. kV=13.8, Plot Ref. kV=13.8) 
5 1 3 5 10 xo) 100 300500 1K “KK 10K 


RL-1-P-51 
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DPU-2000R 

CT Ratio 800:5 

ANS] - Extremely Inverse 

Pickup = 0.08 (0.08 -2.4 Sec- 1A) 
Time Dis! = 6.4 

3x=7.76 5s, 5x=2.745,8x=1.195 


Seconds 
spuovas 


—_—_— RL-1- P- 50 
oct 
ABB 
DPU-2000R 
CT Ratio 800:5 
Inst = 16 (0.5-40 x51 Pickup) 
Time Delsy = 0.06 5 
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For the curve shown below, “Block TOC by IOC and combine for this level” is checked and “Integrated 
Curves” is unchecked in the OCR editor. Hence, the TOC and IOC curves are combined. 


Amps X 10 Bus-SEC-U1 (Nom. kV=13.8, Plot Ref. kV=13.8) 
5 1 3 5 10 xo) 100 300500 1K “K 10K 


DPU-2000R 

CT Ratio 800:5 

ANS| - Extremely Inverse 

Pickup = 0.08 (0.08 -2.4 Sec- 1A) 


Time Dis! = 6.4 

3x =7.76 5, 5x=2.745,8x=1.195 
Inst = 16 (0.5-40 x51 Pickup) 
Time Delsy = 0.06 5 
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In the ABB DPU-2000R curve shown below, “Block TOC by IOC and combine for this level” and 
“Integrated Curves” are unchecked in the OCR editor. Hence, the TOC and IOC curves are combined. 


Seconds 


ETAP 
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In the ABB DPU-2000R curve shown below, “Block TOC by IOC and combine” for this level is checked 
and “Integrated Curves” are unchecked in the OCR editor. Hence, the IOC definite time delay is taking 
over the TOC delay curve and the curves are combined. 


Amps X 10 Bus-SEC-U1 (Nom. kV=13.8, Plot Ref. kV=13.8) 
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Integrated Curves (check box) 

Check this box to enable the integration of all active OC level curves to a single curve in Star view. For 
relay models with multiple OC levels, you may integrate curve levels to display one single curve. Also, 
for relay models with single OC level, you may integrate the TOC with the IOC to display one single 
curve. 


For example in the Alstom P121 curve below, “Integrated curves” is disabled and the “Block TOC by 
IOC and combine” are unchecked for both OC1 and OC2. Hence all the curves are shown as independent 
curves. 


Amps X 10 @ 0.48 kV 
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For the curve shown below, the Integrated Curves is enabled and “Block TOC by IOC and combine” are 
unchecked for both OC1 and OC2. Hence, the curve is shown as single integrated curve. When an 
integrated curve is unselected on the Star view, Star will display a single integrated curve based on the 
lowest time at each value of current. 


; Amps X 10 @ 0.48 kV 
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When an integrated curve is selected on the Star view, all individual OC level curves are displayed, 
allowing you to graphically adjust their settings as shown below. 


Amps X 10 @ 0.48 kV 


5 1 3 ] 10 a sa 100 im [mw 1K 3K OSK 10K 


iPickup =0.1(0.1-25 xCT Sec) 
Time Dial =0.9 
13x = 3.28 s, 5x=1.17 5, 8k =0.512s 
tInst = 3.3 (0.5- 40 xCT Sec) 
iTime Delay = 0.08 s 

oc2 
iInst = 5.09 (0.5- 40 xCT Sec) 


Seconds 
spuosas 


Integrated Curves enabled. 


Relayl 


=) 1 3 s 10 x 1) sa 100 


Amps X 10 @0.46 k¥ 
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Note that, when both “Block TOC by IOC and combine” and “Integrated Curves” checkboxes are both 
checked for relay models with single OC level, then “Block TOC by IOC and combine” takes precedence 
over the “Integrated Curves” for all cases except for the case when the IOC is defined as a Short Time. 
The curve below shows such a case wherein the short time curve is integrated and linked with TOC. 


Amps @ 0.46 kv 


5 1 3 $ 10 xt] sa 100 mm lm 1K 3K OSK 10K 


“Block TOC by IOC and combine” and 
“Integrated Curves” checkboxes are both checked 
but IOC is Short Time 


+————————— Relay1 - P 
OC1 
ABB 
DPU-2000R 
CT Ratio 300:1 
ANSI - Extremely Inverse 
Pickup = 0.08 (0.08 - 2.4 Sec - 1A) 
Time Dial =7.1 
3x = 8.66 s, 5x =3.06s, 8x =1.335 
Short time 
ANSI - Short Time Ext. Inverse 
Pickup = 5.1(0.5- 40 x51 Pickup) 
Time Dial = 1.9 


Seconds 
spuolas 


5 1 3 $ 10 x 1] Et 100 mm [om 1K 3K OSK 10K 


Amps @ 0.46 ki’ 
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Overcurrent Elements 


The different elements for the overcurrent function are Phase, Neutral, Ground, Sen. Ground (Sensitive 
Ground) and Neg. Seq. (Negative Sequence). These elements are defined as separate tabs on the 
Overcurrent page. The selection of relay determines the overcurrent element tabs that will be displayed. 


Phase 

The Time overcurrent, Instantaneous and directional settings for Phase trip element can be entered in the 
Phase element tab. Voltage restraint (51V) settings are applicable and can be entered only for the Phase 
element. 


Neutral 
The relay has a Neutral element if the residual current is calculated internally by the device from the 
phase current transformers, for ground fault protection. 


The Time overcurrent, Instantaneous and directional settings for Neutral trip element can be entered in the 
Neutral element tab. 


Ground 
The relay has a Ground element if the device has a separate input for the ground current, for ground fault 
protection. 


The Time overcurrent, Instantaneous and directional settings for Ground trip element can be entered in 
the Ground element tab. 


Sen. Ground 

Sensitive Ground elements are typically used for detecting low level ground faults. The Time overcurrent, 
Instantaneous and directional settings for Sensitive Ground trip element can be entered in the Sensitive 
Ground element tab. 


Neg-Seq 

Negative Sequence elements are used for detecting negative sequence currents. The Time overcurrent, 
Instantaneous and directional settings for Negative Sequence trip element can be entered in the Negative 
Sequence element tab. 
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Overcurrent (51) Settings 


The Time overcurrent settings available for Phase, Neutral, Ground, Sensitive Ground and Negative 
Sequence are described below. 


(¥] Overcurrent 
Curve Type | ANSI Extremely Inverse Sg Terminal {CT input = 
Pickup Range 1 -2500 x| Base v| % Relay Amps Prim. Amps 
Pickup 100 * Step: 1.0 3.72 186 
Time Dial 05 * Step: 0.01 
Overcurrent 


Check this box to enable the Time overcurrent settings for selected element. 


Curve Type 
Select from drop-down list and display the Time overcurrent curve type for the selected model. 


Pickup Range 

Select from drop-down list and display the Time overcurrent Pickup range for the selected curve. The 
pickup range can be specified in amperes of the secondary or primary current rating. It can also be in 
multiples/percent of the CT secondary. 


Pickup Setting 
For the selected pickup range, select or enter the Time overcurrent pickup setting. The pickup setting can 
be discrete values or continuously adjustable. 


Relay Amps 
This field displays the relay secondary current in amperes, for the selected pickup setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected pickup setting. 


Time Dial 
Select and display the Time Dial for the selected curve type. The time dial can be discrete values or 
continuously adjustable. 


Terminal / Source 
Based on selected model from library, displays either the CT Terminal or current Source which is used for 
measuring of input current. 


Overcurrent 
Curve Type JAC Extreme Inverse = Source | Source (Phase CT) (Ip1) 
cs = qi v Mi ti 
Pickup Range 0-30 xCT Sec ultiples Relay Amps Prim. Amps 
Pickup 1 © Step: 0.001 5 1000 
Time Dial 03 : Step: 0.01 
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Instantaneous (50) Settings 


The Instantaneous settings available for Phase, Neutral, Ground, Sensitive Ground and Negative 
Sequence are described below. 


Instantaneous 
Check this box to enable the Instantaneous settings for selected element. 


Instantaneous / Short time 

Some relays like ABB DPU-2000R have the capability to set a level between the Time overcurrent and 
Instantaneous, in addition to the Instantaneous settings. This element is referred to as Short time and 
provides a curve-based instantaneous operation. If the relay selected has the Short time feature, you can 
choose between Instantaneous or Short time element using the drop-down list. 


(¥] Instantaneous 
Instantaneous ¥ 
Terminal | Phase = 
Pi Ri 0.5-40 x51 Pickup | Multiples 
oe ) Relay Amps Prim. Amps 
Delay Range |0-9.99 ¥ sec 
Delay (sec) 05 * Step: 0.01 
(¥] Instantaneous 
| Short time v¥ 
Curve Type | ANSI - Short Time Ext. Inverse 7 — - 
Pi 0.5-40 x51 Pi Multiples 
sada fon x) Relay Amps Prim. Amps 


Time Dial 1 * Step: 0.1 


vr 


Curve Type 

This field with a drop-down list of curves is available only if the selected relay has Short time feature and 
if the Short time is selected. Select from the drop-down list and display the Short time curve type for the 
selected model. 


Pickup Range 

Select from the drop-down list and display the Instantaneous Pickup range (for the selected curve in case 
of Short time). The pickup range can be specified in amperes of the secondary or primary current rating. 
It can also be in multiples/percent of the CT secondary or 51 pickup. 
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Pickup Setting 
For the selected pickup range, select or enter the Instantaneous pickup setting. The pickup setting can be 
discrete values or continuously adjustable. 


Relay Amps 
This field displays the relay secondary current in amperes, for the selected pickup setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected pickup setting. 


Delay Range 
This field is available only if the relay has Instantaneous function. Select from the drop-down list and 
display the Instantaneous Delay range. The delay range could either be in seconds or cycles. 


Delay 

Select or enter the intentional delay for the instantaneous. The Delay can be in seconds or cycles, 
depending on the selection of relay. The delay can be in the form of discrete values or continuously 
adjustable. Note: If an additional built-in delay is specified in the library, it will be added to the value 
selected. 


Time Dial 

This field is available only if the selected relay has Short time feature and if the Short time is selected. 
Select or enter the Time Dial for the selected curve type. The time dial can be discrete values or 
continuously adjustable. 


Terminal / Source 


Based on selected model from library, displays either the CT Terminal or current Source which is used for 
measuring of input current. 


Instantaneous 


Source | Source (Phase CT) (Ip 1) 


Pickup Range 0-30 xCT Sec ~ Multiples 


Relay Amps Prim. Amps 
Pickup 9.973 . Step: 0.001 49.36 | 9973 
Delay Range 0-600 vv sec 
Delay (sec) 0.05 > Step: 0.01 
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Directional (67) Settings 


The Directional settings available for Phase, Neutral, Ground, Sensitive Ground and Negative Sequence 
are described below. These settings are used if a specific relay function is set as a directional element. 


Multi-Function Relay Editor - L3-Tim 


Info Input ~=Output OCR  StarZ| Distance Scheme Logic TCCkA Model Info Checker Remarks Comment 


or Settinas G Gan 


Setting Base Library Info 
Secondary-5A 


a2, PositiveSequence Restraint Factor, 12/11 
+hme k2, ZeroSequence Restraint Factor, |2/10 
ZOF, Forward directional 20 threshold 

ZOR, Reverse directional Z2 threshold 


a a> Ab Ab > Ab Me Ab 


aed 


Direction 
Select the relay pickup current direction either in Forward or in Reverse. 


Note: If the value selected here does not match the direction of the flow of current through the CT (when 


running Sequence of Operation or Arc Flash), then the 51/50 curve will be ignored for the selected trip 
element. 
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Directional - L1-Tom230 


Direction 


For ETAP StarZ module, refer to StarZ Calculation Methods 
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Voltage Restraint / Control (51V) Settings 


Relays with Voltage Restraint / Control are primarily used for backup protection of generator. Their 
application is essential in cases where it is difficult to differentiate between normal overloads (no fault 
condition) and abnormal operating conditions (faults), on the basis of current sensing only. Since the 
system voltage drops considerably during faulted conditions, the system voltage along with the current 
would give a clear indication of the operating state of the system. 


Relays with Voltage Restraint / Control have a voltage input (from a PT) and a current input (from a CT). 
The operating characteristics of these devices are a function of both voltage and current. Depending upon 
the sensed voltage, the TCC of the device is modified to adjust the sensitivity of the relay. 


Note: The connection type of the PT (L-L or L-G) affect the value of the voltage used for relay operation. 


For PT connection L-L (Line to Line), both primary and secondary of PT are assumed to be connected 
Line to Line. Then, for any fault in the system, the Three Phase Line to Line Voltage (Vab, Vbc, Vca) 
values of the closest connected bus are calculated. The least value of Vab, Vbc and Vca is assigned as 
operating voltage for relay. 


For PT connection L-G (Line to Ground), the primary of PT is assumed to be connected Line to Ground, 
whereas secondary is connected Line to Line. Then, for any fault in the system, the Three Phase Line 
Voltage (Va, Vb, Vc) values of the closest connected bus are calculated. The least value of Va, Vb and 
Vc is assigned as operating voltage for relay. 


If no PT is externally connected to the relay, PT rating can be designated internally on the Input page of 
the Overcurrent Relay Editor and PT ratio is calculated based on Prim. kV and Sec. Volts. In such case, 
the PT Connections are assumed to be always L-L (Line to Line) on primary and secondary. 


The settings for voltage-controlled and voltage-restrained overcurrent relay types are described below. 


Voltage Control/Restraint - Relay4 


Voltage Setting | 100-230 y | Volts 


¥ Voltage Restraint | 120 ¥ | 


| Help| | Cancel | 


Voltage 
Check this box to enable Voltage Restraint / Control element. 
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Voltage Setting 
Select and display the setting in volts, multiples or percent based on library selection. 


Voltage Control 
Enter the voltage control setting for the selected voltage setting. The voltage setting can be discrete values 
or continuously adjustable. The units can be in volts or multiples/percent of the PT secondary rating. 


In these types of devices, the operating torque or trip signal is controlled by the voltage element. The 
voltage setting on this element can be adjusted over a range. When the input voltage (from the system) is 
above the voltage setting, the relay does not operate, regardless of the current magnitude. When the 
voltage falls below the setting, the overcurrent relay operates according to its normal TCC. A clear 
distinction can thus be made between normal no-fault conditions and abnormal, faulted conditions. 


During the Sequence of Operation Analysis, the voltage measured through the PT input will be compared 
to the Voltage Control settings. If the measured voltage is below the setting, the relay will use the 51 
curve. However, if the measured voltage is above the setting, the relay will ignore the 51 curve. 


Note: If no PT is connected or no PT ratio defined, the 51 operation will ignore the voltage control 
settings. 


Voltage Restraint 

The voltage restraint relay may or may not have adjustable voltage restraint setting. If such adjustable 
setting is not available, enter the secondary voltage of PT from Input page as the voltage restraint setting. 
Otherwise, enter the available voltage restraint setting for the selected voltage setting. The voltage setting 
can be discrete values or continuously adjustable. The units can be in volts or multiples/percent of the PT 
secondary rating. 


A restraining coil takes the voltage input in these types of devices. The voltage on this restraining coil, as 
the name suggests, produces a (restraining) torque that opposes the operating torque produced by the 
current coil. This restraining torque is proportional to the voltage on the restraining coil and it effectively 
controls the pickup current of the relay. The current required to operate the relay for a particular tap 
setting drops with a corresponding drop in the restraining voltage. During faulted conditions, the system 
voltage drops significantly, with a subsequent drop in the restraining voltage, thus making the relay more 
sensitive. 


The voltage setting on the restraining coil can be varied over a range. The relation between the voltage on 
the restraining coil (as percentage of the setting) and the pickup current of the relay (as percent of the tap 
setting) is typically piecewise linear. These characteristics are pre-defined and selectable in the 
overcurrent relay library. A typical restraint characteristic is shown below. 
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Typical Restraint characteristic 


110 
100 


Pickup as % of Tap setting 


0 10 20 30 40 50 60 70 80 90 100 110 


Voltage as % of setting 


During the Sequence of Operation Analysis, the voltage measured through the PT input is compared to 
the Voltage Restraint settings. If the operating voltage is less than Voltage settings, Relay pickup current 
shift percentage is calculated based on voltage ratio. The pickup of the 51 curve is then adjusted 
according to the linear characteristic of the device, and the trip time will be determined using this adjusted 
curve. 


Note: If no PT is connected or no PT ratio defined, the 51 operation ignores the voltage restraint settings. 
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An example of Voltage restraint characteristic plotted in STAR View for GE Multilin 750/760 relay is 
shown below. 


Amps @ 0.46 ki 


5 1 3 s 10 a so 100 a lm 1K 3K OSK 10K 


10% X Pickup 


+ Relay - P 


0c1i-V 

GE Multilin 

750/760 

CT Ratio 300:1 

ANSI - Extremely Inverse 

Pickup = 0.05 (0.05 - 20 xCT Sec) 
” Time Dial = 4.61 cn 
3 3x = 3.045, 5x =1.145, 8k =O0.5795 o 
So Inst = 2.91 (0.05- 20 xCT Sec) S 
D Time Delay = 0.045 = 
ea) wo 

s 1 3. S$ 10 x oa 1m a ow 1K 3K OSK 10K 
Amps @ 0.46 kv 
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Voltage Control and Voltage Restraint 

Typically, only one of the voltage control (51VC) or voltage restraint (51 VR) functions can be enabled on 
a relay which has both capabilities. The below behavior is followed when user decides to enable both of 
51V functions (Voltage Control and Voltage Restraint) at the same time. 


¥\ Voltage Control = =-110 * Step: 0.1 


(¥| Voltage Restraint 120 * Step: 0.1 


If operating voltage is less than Voltage Control setting (primary), Voltage Restraint logic will be used to 
decide the relay trip settings. Otherwise, if operating voltage is greater than Voltage Control setting 
(primary), the phase TOC function of the relay will be blocked. In such case, the relay can still trip on its 
Instantaneous (50 function) or any other available function except phase TOC (51 function). 
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12.6.6 Overload (OLR) Page 


Motor Relay Editor - RL1 


Info = Input» Output OLR Scheme Logic TCCkA Model Info Checker Remarks Comment 


GE Muttlin 

469 

Curve Display Library Info 
Integrated Curves 


Device Parameters 
Selected Device ID Type FLA % LRC SF 


[ IMV-1 | [Induction Motor | 186 450 [1 | 


Thermal Acceleration Instantaneous Jam  Ground/Neutral 


] Thermal 
Type Standard Overload Curve - 


Trip Range | 1.01 - 1.25 xFLA v | Muttiples 


Trip 1.15 © Step: 0.01 


Tip Amps | 4.278 | Prim. Amps | 2139 | 


Curve Multiplier 2 . Step: 1 


Library Info 


Library 

To access the Overload/Motor relay library data, click on the Library button. Clicking the Library button 
displays the relay library Quick Pick. From the Library Quick Pick, select the relay by highlighting the 
Manufacturer name and Model name. Then click on the OK button to retrieve the selected data from the 
library and transfer it to the editor. 
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Curve Display 


Integrated Curves 
Check this box to integrate the Thermal and Instantaneous curves. 


Ibase 


The Ibase is an additional multiplier which can be displayed in this section if it is available in selected 
relay model from library. The multiplier can be applied to OCR and OLR settings. 


Curve Display \Base (| Base) Library Info 


[¥] Integrated Curves Prim. Amps 1.00 = 


Device Parameters 


Displays the reference device parameters based on the selection in Base tab of Input page. Some of these 
parameters can be used as reference in protective device settings for OCR or OLR page. 


For example, the device parameters of connected motor is displayed below. 


Device Parameters 
Selected Device ID Type FLA % LRC SF 


IMV-1 Induction Motor 186 450 1 


IMv-1 
1500 HP 
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Overload Elements 


The different elements for overload function are Thermal, Acceleration, Instantaneous, Jam and Ground. 
These elements are defined as separate tabs on the Overload page. The selection of relay determines the 
overload element tabs that will be displayed and the input current (Terminal or Source). 


Thermal (49) Settings 


The settings for thermal trip unit can be entered in the Thermal element tab. 


Thermal Acceleration Instantaneous Jam § Ground/Neutral 


Thermal 
Type Standard Overload Curve ve 
Trip Range | 1.01- 1.25 xFLA ~ | Multiples 
Trip 1.15 © Step: 0.01 
Trip Amps! 4.278 ~=| Prim. Amps | 213.9 
Curve Multiplier 2 : Step: 1 
Thermal 
Thermal 
Type Thermal v 
Trip Range |0.1-4 xFLA | Multiples 
Trip 1.05 (Step: 0.01 
Trip Amps 2.021 Prim. Amps 404.25 
Time Constant 5 + Step: 0.1 
Ipre/*IN Range | 0.00 - 0.99 v 
Ipre/k*IN 0.75 © Step: 0.01 
Thermal 


Check the box to enable the parameters for the thermal trip unit. 


ETAP 12-84 


Tenninal 


Phase 


HIL (Ip 1) 
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Type 
Select from the drop-down list and display the thermal curve type for the selected relay. 


Trip Range 

Select from the drop-down list and display the trip range for the thermal element. The trip ranges can be 
specified in amperes or as multiples/percent of the relay current rating, CT primary rating or the full load 
amperes of the protected device. 


Trip 
For the selected trip range, select or enter the Thermal trip setting. The trip setting can be discrete values 
or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected pickup setting. 


Curve Multiplier 
Select and display the Curve Multiplier for the selected curve type. The Curve multiplier can be discrete 
values or continuously adjustable. 


Note: The field display and name is controlled from the Relay Library. For example, the curve multiplier 
can be specified as Heating Time constant, t6x time, Time multiplier, Stall time, etc. If the time 
multiplier data is not defined for a selected relay from the relay library, then the time multiplier field is 
not displayed. 


k Multiplier 

Select and display the k Multiplier for the selected curve type. The k multiplier can be discrete values or 
continuously adjustable. Based on the value defined for the k multiplier in the OLR editor, the min 
multiple for the curve in Star will be shifted by 1.0001 * K. 


Note: The field display and name is controlled from the Relay Library. For example, the k multiplier can 


be specified as k factor, Overload Constant (k) etc. If the k multiplier data is not defined for a selected 
relay from the relay library, then the k multiplier field is not displayed. 
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Acceleration Settings 


The settings for Acceleration trip unit can be entered in the Acceleration element tab. 


Thermal Acceleration instantaneous Jam § Ground/Neutral 


| Acceleration 
Type | Start Up Curve ~ Terminal 
Trip Range 1-1 x49 Pickup ~ Multiples | Phase 
Trip |1 v 
Tip Amps { 4278 |Prim.Amps{ 2139 
Acceleration Time 10 le Step: 0.1 
Acceleration 


Check the box to enable the parameters for the acceleration trip unit. 


Type 
Select from the drop-down list and display the acceleration curve type for the selected relay. 


Trip Range 

Select from the drop-down list and display the trip range for the acceleration element. The trip ranges can 
be specified in amperes or as multiples/percent of the relay current rating, CT primary rating or the full 
load amperes of the protected device or Thermal (49) pickup. 


Trip 
For the selected trip range, select or enter the Acceleration trip setting. The trip setting can be discrete 
values or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected pickup setting. 


Acceleration Time 
Select and display the Acceleration Time for the selected curve type. The acceleration time can be 


discrete values or continuously adjustable. 


Note: The field display and name is controlled from the Relay Library. For example, the acceleration time 
can be specified as Time Multiplier, Heating Time constant, t6x time, Curve multiplier, Stall time, etc. If 
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the acceleration time data is not defined for a selected relay from the Relay Library, then the time 
multiplier field is not displayed. 


k Multiplier 

Select and display the k Multiplier for the selected curve type. The k multiplier can be discrete values or 
continuously adjustable. Based on the value defined for the k multiplier in the OLR editor, the min 
multiple for the curve in Star will be shifted by 1.0001 * K. 


Note: The field display and name is controlled from the Relay Library. For example, the k multiplier can 


be specified as k factor, Overload Constant (k) etc. If the k multiplier data is not defined for a selected 
relay from the relay library, then the k multiplier field is not displayed. 
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Instantaneous 
The settings for Instantaneous trip unit can be entered in the Instantaneous element tab. 


Thermal Acceleration Instantaneous Jam § Ground/Neutral 


Instantaneous 
Trip Range 2-20 xCT Pri | Multiples Terminal 
Trip 65 |S Step: 0.1 Phase 
Trip Amps [ 325 | Prim. Amps 1625 
Delay (sec) 0.1 : Step: 0.01 
Trip Range 


Select from the drop-down list and display the trip range for the selected element. The trip ranges can be 
specified in amperes or as multiples/percent of the relay current rating, CT primary rating, the full load 
amperes of the protected device, or Thermal (49) pickup. 


Trip 
Select or enter the element trip setting for the selected trip range. The trip setting can be discrete values 


or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Delay (sec) 
Select and display the Time Delay in seconds or cycles. The delay can be discrete values or continuously 


adjustable. 


Notes: The field display and name is controlled from the Relay Library. For example, the Delay (sec) can 
be specified as Time Delay, etc. 


If an additional built-in delay is specified in the library, it will be added to the value selected. 
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Jam (50) 


The settings for Jam trip unit can be entered in the Jam element tab. 


Thermal Acceleration Instantaneous Jam = Ground/Neutral 


MV Jam 
Trip Range | 101-3 xFLA v | Muttiples Terminal 
Trip | 13 |S Step: 0.01 'Phase 
Tip Aes Pin. Ano 
Delay (sec) | 12 | Step: 1 
Trip Range 


Make a selection from the drop-down list to display the trip range for the selected element. The trip 
ranges can be specified in amperes or as multiples/percent of the relay current rating, CT primary rating, 
the full load amperes of the protected device, or Thermal (49) pickup. 


Trip 
For the selected trip range, select or enter the element trip setting. The trip setting can be discrete values 


or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Delay (sec) 
Select and display the Time Delay in seconds or cycles. The delay can be discrete values or continuously 


adjustable. 


Notes: The field display and name is controlled from the Relay Library. For example, the Delay (sec) can 
be specified as Time Delay, etc. 


If an additional built-in delay is specified in the library, it will be added to the value selected. 
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Ground / Neutral 


The settings for Ground or Neutral trip unit can be entered in the Ground / Neutral element tab. The 
definition of Ground or Neutral protection element in Overload function is similar to overcurrent function 
as explained below. 


The relay has a Ground element if the device has a separate input for the ground current. If the residual 


current is calculated internally by the device from the phase current transformers, the relay has a Neutral 
element. 


Thermal Acceleration Instantaneous Jam § Ground/Neutral 


Ground/Neutral 
Trip Range 0.1-1 xCT Pr | Multiples Terminal 
Trip 06 © Step: 0.01 Ground 
Trip Amps 3 Prim. Amps 60 
Delay (sec) 0.1 © Step: 0.001 
Trip Range 


Make a selection from the drop-down list to display the trip range for the selected element. The trip 
ranges can be specified in amperes or as multiples/percent of the relay current rating, CT primary rating, 
the full load amperes of the protected device, or Thermal (49) pickup. 


Trip 
Select or enter the element trip setting from the selected trip range. The trip setting can be discrete values 
or continuously adjustable. 


Trip Amps 
This field displays the relay secondary current in amperes, for the selected trip setting. 


Prim. Amps 
This field displays the relay primary current in amperes, for the selected trip setting. 


Time Delay 

Select and display the Time Delay in seconds or cycles. The time delay can be discrete values or 
continuously adjustable. Note: If an additional built-in delay is specified in the library, it will be added to 
the value selected. 
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12.6.7 Differential (DIF) Page — Protective 


Differential Relay Editor - Relay-DIF 


Info Input Output DIF Scheme Logic TCCkA Model Info Checker Remarks Comment 


—_—eeeerwesorvw-—— 


Differential Type 


ahs 


@ ) (Q)Reaor 


The DIF page provides the means to model a differential relay. The differential trip is considered in Arc 
Flash evaluation study as well as Star PD Sequence-of-Operation analysis. 


Library 
Library Info 
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To access the Differential relay library data, click on the Library button. Clicking the Library button 
displays the Relay Library Quick Pick. From the Library Quick Pick, select the relay by highlighting the 
Manufacturer name and Model name. Then click on the OK button to retrieve the selected data from the 
library and transfer it to the editor. 


Differential Type 


If not, the differential relay is selected from the library the Differential Type selection can be Percentage 
or High Impedance. For relay libraries with Differential element this field will be display only. 


Differential Type 
| High Impedance = 
Differential 
¥_ Differential 
Operation Time 5 Seconds 


Operating Time 
This is a user-definable operating time for differential trip in seconds. Note that the differential box must 
be checked in order for the differential relay to be considered in the studies. 


Differential Relay Model for SQOP 


In ETAP Star Module, Differential Relays operate by comparing the difference of currents. The program 
utilizes the positive sequence currents I; to determine if the fault is placed inside the zone of protection of 
the differential relay. The program collects the necessary currents from the connected current 
transformers; however, it neglects the current transformer turn ratio. If the difference in the positive 
sequence currents is zero, this indicates that the fault is external and the relay does not trip. If the 
difference in the positive sequence current is not equal to zero, the differential relay will trip. This is the 
case for internal faults. 


The ETAP Differential Relay model has the capability to operate for unbalanced faults as well (Line-to- 
Ground, Line-to-Line and Line-to-line-ground). Since the differential relay model can detect the direction 
of positive sequence current flows and also the phase shift angles associated with unbalanced faults, it can 
determine whether the unbalanced fault is internal or external as long as there is positive sequence current 
flow. If the system is ungrounded (i.e. 3lo = 0 kA), there is no positive sequence current flow and the 
relay does not trip. 


This algorithm can be considered as generic model for simulating the operation of differential relays, and 
it will work well for 3-phase, Line-to-Ground, Line-to-Line and Line-to-line-ground faults as long as the 


following conditions are met: 


e The Current Transformer (CT) polarities must be pointing away from the element which they 
protect. For example, if the relay is a bus differential, then all CT polarity markings must be 
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pointing away from the protected bus. If the CT polarities are not configured as shown in the 
images below, then it is possible that the relay will trip on external faults as may be the case in 
real life operation of differential relays. 


T8 


NAL) 
aa 


aa“ 
<¢ 


Bus Differential CT Polarity 


ree |—{87 T) 
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Transformer Differential CT Polarity Configuration 


e All the CTs must be connected to the differential relay and all the circuit breakers must be 
interlocked to the device as well. The differential relay will not operate if it only has one current 
transformer connected to its input. It needs at least two CT connections to operate. 


e The differential relay operating time must be specified. The default value is zero seconds. 
However, it is recommended that you enter a value between 10 to 30 msec. This value should be 
obtained from the relay manufacturer documentation and it should be applied in a conservative 
fashion. The differential relay operating time may change depending on the severity of the fault. 


The operating time of a differential relay may be a lot higher for unbalanced faults. The longest 
possible operating time should be used. 


Info = Input» Output DIF = Scheme Logic TCCkA Model Info Checker Remarks Comment 


———— 


Differential Type Library Info 


= 


Differential 


Operation Time | 0.02 Seconds 


e The total fault clearing time for a differential relay will be the sum of the Operating time plus the 
breaker time. In the case of three cycle breakers, the FCT = 0.020 + (3/60) = 0.070 sec. 


e The selection of Percentage or High Impedance from the Differential Type drop-down list does 
not make any difference in the way the program determines if the fault is internal or external to 


the differential relay. This field will be utilized in future versions of the sequence of operation 
program when the internal operation of the differential relay is modeled. 


For ETAP StarZ Module, refer to chapter StarZ Calculation Methods. 
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12.6.8 StarZ | Distance Page 


This page allows user to enter settings related to distance protection function as well as directional 
element(s) associated with distance protection application, load encroachment and etc. Settings in this 
page are based on the selected library model. 


Multi-Function Relay Editor - L6-Tony 


Schweit : 
a Sater n Geist MC | 


Setting Base Library Info 


Line Current Source 


Z1MAG, PositiveSequence Line Impedance 
Z1ANG, PositiveSequence Line Impedance ... |86.2 


) 


£21MG, Mho Ground Distance Protection Z... | 3 
E2UG,GuadiatealGound Dsance Zones No 
ECDTD Dance Benert Connon Tee. 


Library Info 


Library 
To access the relay library data, click on the Library button. Clicking the Library button displays the 
relay library Quick Pick. From the Library Quick Pick, select the relay by highlighting the Manufacturer 
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name and Model name. Then click on the OK button to retrieve the selected data from the library and 
transfer it to the editor. 


Setting Base 

Select the Setting Base for the relay settings. The available setting based depend on the relay model. The 
possible options are Primary, Secondary, Secondary 5A, Secondary 1A, Primary 5A, Primary 5A. 
Typically one option is available for most of the relay models. However, there are some relays that few 
options are available that user can select (For Ex. SEL 411L, Siemens 7SA64 etc.). Setting base is 
common for all ‘Settings Group’. 


Category 


List the categories for the settings table. Select a category to show the settings belonging to that category. 
A setting can be common between multiple categories. Select Category “All” to show all settings for any 
selected relay model. 


Settings 


Label 
Shows the label/name of the setting. 


Value 

Select or enter the value for the selected settings label. It can be a discrete value or continuously 
adjustable based on the step size. The default setting value is based on the library. The values can be 
different per ‘Setting Base’ and per ‘Settings Group’. It is important to first pick the right Setting Base 
and Settings Group before entering any setting. 


Units 
Shows the unit of the setting corresponding to the label. 


Description Box 


Shows categories, description, range and step size for the selected settings row. 
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12.6.9 Relay Library Quick Pick 


Library Quickpick - Relay [pre 


Manufacturer 


a Reference 
Allen Bradley : 
ALSTOM Asea Brown Boveri 
AREVA 
Basler Electric Link 
BBC 
Beckwith Electric http://www. abb.com 


Selection 


|| Protection Type | Function 


Model 


a 
50D Functions 
50H Overcurrent 
51D with 50 (60H2) 
51D with 501 (60Hz) 
SIE with 50 (60Hz) 
BIE with 50! (60Hz) 


Reference Brand Name 


Application 


| None | | Cancel | 


The Relay Library Quick Pick allows the selection and setting of single or multiple functions relays with 
different protection types. Relays of all function and protection types such as overcurrent relay, 
differential relay, overload and motor protection relays are stored in the same library and can be selected 
from same Quick Pick. The Quick pick also allows selection of relays by filtering them on basis of 
Protection Type and Function Type. 


Manufacturer 


Manufacturer Name 


Displays a list of all relay manufacturers included in the library. Select the manufacturer by highlighting 
the manufacturer name. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 
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Reference 
Displays the Manufacturer reference, if available, for a selected manufacturer. For example, GE 
Industrial Systems is the reference manufacturer for GE Multilin. 


Link 
This displays the Manufacturer web link or URL address. 


Model 


Model Name 
Displays a list of all relay models or models filtered as per selection criteria, for the selected 
manufacturer. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Functions 
This displays all functions associated with selected relay model. 


Reference 
Displays the reference, if available, for the selected model. For example model reference for ABB SPAM 
150C relay is SPCJ 4D34. 


Brand Name 
This displays the brand name, if available, for the selected relay model. 


Application 
This displays the application for the selected relay model. 


For Multi-Function relay, the relay selection in the Quick Pick is defaulted to allow the selection of relays 
with multiple functions and protection types. Furthermore, if the relay selected is only for Overcurrent 
protection, the Multi-Function relay editor displays only the overcurrent page and changes the element 
symbol to an Overcurrent relay (OCR). If the relay selected is only for motor protection, the Multi- 
Function relay editor displays only the overload page and changes the element symbol to a Motor relay 


(MR). 


Multi-Function Relay 


Selection 


Protection Type Function 
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Alternatively, if you drop an Overcurrent relay (OCR) element on the one-line view, the relay selection in 
the Quick Pick is defaulted to filter by Overcurrent function. This allows selection of all overcurrent 


function relays. 


Overcurrent Relay 


Selection 
Protection Type ¥) Function 
|| Distance - 
¥| Overcurrent [3 
Overload = 


If you drop a Motor Relay (MR) element on the one-line view, the relay selection in the Quick Pick is 
defaulted to filter by Motor protection type. This allows selection of only motor protection relay models. 
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12.6.10 Scheme Logic Page 


Check the Scheme Logic Checkbox to enable the page and create logic. If checkbox is unchecked, 
Scheme Logic will not be evaluated for StarZ Study. Scheme Logic is common for all the settings group. 


Multi-Function Relay Editor - L8-Ben 


Info Input = Output OCR  StarZ| Distance Scheme Logic TCCkA Model Info Checker Remarks Comment 
GE Muttlin 
Dé60 


| Scheme Logic (Used for STARZ only) 


GND_DIST_Z1_ | AND | ORT NOT | _XOR | 
— 
| : (PH_DIST_Z1_OP OR PH_DIST_Z2 OP OR 


GND DIST Z4.. PH_DIST_Z3 OP OR PH_DIST_Z4 OP OR 


GND_DIST_Z1_OP OR GND_DIST_Z2_ OP OR 
GND_DIST_Z5_... GND_DIST_Z3_OP OR GND_DIST_Z4 OP) 


GND_DIST_Z2._... 
GND_DIST_Z3.... Bk2_In CB24_S 
GND_DIST_Z4.... Delay R_Op 
GND_DIST_Z5.... CB23_Fail Delay AND Bk1_In 
GND_DIST_Z1_... CB24 Fail Delay AND Bk2_In 
GND_DIST_Z2_... 

GND_DIST_Z3.... 

GND_DIST_Z4_... 

GND_DIST_Z5.... 


PH DIST Z1 OP | PHD 
< > 


| Insert Delete | Find & Replace | 
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Protection element 


s_Forward Dis. forward Multiple Zones 


Dee Dis. Z1 LIE 
Oe ee. Z2 Dis. Pickup Z2 
Pickup_Z 


4 Dis. ae Z4 Zone 4 

5 penn os Dis. Pickup Z5 Zone 5 

Dis_Pickup_Z6 Dis. Pickup Z6 Zone 6 
ID 


Shows the ID of the protection element which can be used in the Logic Expression. 


Description 
Shows the description detail of the protection element for corresponding ID. 


Function 
Shows the Function type (i.e. Zone, TOC/IOC Level, Load Encroachment etc.) of the protection element. 


If relay has a distance function, the Protection element IDs are the outputs defined in the distance relay 


library. If relay has no distance function, the Protection element IDs are Generic Element IDs based on 
the available relay functions. 


Input 


ID 


ID 
Shows the ID of the Input which can be used in the Logic Expression. These are listed based on the 
Digital Inputs. 


Timer 
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Add 
Click on +) to add a new Timer row. 


Delete 
Click on 2 to delete an existing Timer row. 


ID 

Shows the ID of the Timer which can be used in the Scheme Logic. Right click on the ID and select 
Rename to change the ID or select Purge to delete the row. The Time ID should be unique within the 
relay context. There are some restrictions applied i.e. it cannot be empty, start with a number, include 
space, or have special characters. 


Pickup Delay 
Enter the Pickup Delay value in seconds. 


Dropout Delay 
Enter the Dropout Delay value in seconds. 


Description 
Enter the description for the selected Timer ID. 


Latch 


Add 
Click on +) to add a new Latch row. 


Delete 
Click on @ to delete an existing Latch row. 


ID 

Shows the ID of the Latch which can be used in the Scheme Logic. Right click on the ID and select 
Rename to change the ID or select purge to delete the row. The Latch ID should be unique within the 
relay context. There are some restrictions applied i.e. it cannot be empty, start with a number, include 
space, or have special characters. 
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Purge 


Description 
Enter the description for the selected Latch ID. 


Control Variable 


Add 
Click on +) to add a new Control Variable row. 


Delete 
Click on i) to delete an existing Control Variable row. 


ID 

Shows the ID of the Control Variable which can be used in the Scheme Logic. Right click on the ID and 
select Rename to change the ID or select purge to delete the row. The Control Variable ID should be 
unique within the relay context. There are some restrictions applied i.e. it cannot be empty, start with a 
number, include space, or have special characters. 


Description 
Enter the description for the selected Control Variable ID. 
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Output 


ID 
Shows the possible output IDs of the relay based on the Output Page. 


Logic Variables 
AND OR NOT} | XOR 


Scheme Logic can use four logic variables: AND, OR, NOT and XOR in the logic expression. Select the 
logic expression row and single click on Logic Variable which need to be inserted. You may also type 
logic variables as needed. 


Logic Validation 


Logic Validation is used to error check the logic for possible issues. Press Logic Validation button to 
open Error Check Log and review the issues with the added logic. For the StarZ Study to run correctly for 
a given relay, it is important to have no Alerts in the Error Check Log. 


a. | Error Check Log 


ip 
Row 6- Alert Invalid expression term. missing ‘Parenthesis/Braces'. 
Row 6- Alert Invalid Syntax - There may be multiple operands without an operator or multiple operators without an operand. 
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Scheme Logic Table 


Output 
Enter the Output ID of the logic expression. Only one single ID should be entered in this field. 


Logic Expression 
Enter the logic expression which can be combination of Inputs, Timers, Latches, Control Variables and 
Logic variables. 


Description 
Enter the description for the entered logic expression. Adding description to logic expression is optional. 


Protection Elements and Inputs can only be used as inputs to the logic expression. Select a Logic 
Expression field and double click on the protection element or Input row to add the ID of protection 
element or Input to the logic expression. 


Timers, Latches and Control Variables can be output and inputs to the Scheme logic. 
e Assign them as an output by selecting the output field and double clicking on the respective ID. 
These should be only used once as an output. 
e Assign them as an input by selecting a Logic Expression field and double click on the ID to add 
them as Input to the logic expression. These can be used multiple times as an expression input. 


Outputs are always output to the Scheme Logic. Select an Output field and double click on the output ID 
in the stencil to add to scheme logic. 


For Example, the following logic 


Dis_Pickup_22 


TT_IN 


CtrlVarO1 


With, 
e Timer ‘Delay’ of 0.01sec Pickup Delay, 
e Digital Input “TT_IN’ 
e Protection Element ‘Dis_Pickup_Z2’ 
e Control Variable ‘Ctrl Varl01’ 


e Output ‘DOI’ 
can be entered in the scheme logic page as shown below: 
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UUUPSERREETE 2 Scher Lovic (Used STAR? ony 


Dis_TimeOut_T1 OR Dis_TimeOut_T2 OR 
Dis_TimeOut_T3 


Add 


Click to add a new row at the end of the scheme logic table. 


Insert 
Click to insert a new row above the selected row in the scheme logic table. 


Delete 
Click to delete the selected row of the scheme logic table. 


Find & Replace 


Find 

Click to search anything within the logic table. If a single field is selected in scheme logic table, Find 
option searches the entire table. If multiple fields or row(s) are selected, Find option searches the selected 
fields or row(s). 


Find and Replace 


Press Find Next to highlight the next possible search result. Press Cancel to Close Find and Replace 
Editor. 
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Replace 

Click to search and replace anything in the logic table. If a single field is selected in scheme logic table, 
Replace option replaces in the entire table (one at a time using Replace button, or all using Replace All). 
If multiple fields or row(s) are selected, Replace option searches and replaces based on the selected fields 
or row(s) only. 


ES) Find and Replace 


Find Replace 


Ce 
Replecewih| SS 


| Replace | Replace All| Find Next | Cancel 
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12.6.11 TCC kA Page 


ar 
Differential RelayEditor-DIFL x 


3-Phase kA 
@ Base kV 


36.21 


Pin (Disable Short-Circuit Update) 


8 8 eo GoD BB) OG) (coe) 


TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short-circuit 
current values at the connected bus to the element. The values will be updated when you run Short- 
Circuit Clipping kA from Star Mode. 
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User-Defined 
Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line-ground kA 
values. By default, the user-defined kA values are set to calculated kA where available. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in reference to the 
Star View Plot kV. 


Calculated 
Selecting the Calculated option displays the system-calculated Base kV value at the connected bus to the 
element. The value will be updated when Short-Circuit Update is performed from Star Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


TCC Clipping Current 


The short-circuit currents used for clipping the relay curves in Star View are specified in the TCC 
Clipping Current section. 


TCC Clipping Current 
@ Sym. RMS O Asym. RMS 
inal 3-Phase kA Line-Ground 
Tewing CTID @ Base kV kA Base kV 
Phase CTP-10 8.52 9.58 13.8 
Ground CTG-11 9.58 13.8 
Sen. Ground CTG-15 9.58 13.8 
TCC Clipping Current 
@ Sym. RMS O Asym. RMS 
3-Phase kA + Line-Ground 
Phase Ip1 8.52 9.58 13.8 
Ground Ig1 9.58 13.8 
Sen. Ground Ig2 9.58 13.8 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to Sym. RMS 
option. Selecting the Sym. RMS option will display the 4 cycle symmetrical current for ANSI standard 
and Max or User-defined symmetrical current based on the selection for Short Circuit Current for IEC 
standard in the Star Mode Study Case Editor. The Asym. RMS option will display the corresponding 
asymmetrical current values. 
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Terminal / Type 
The Terminal or Type displays the relay terminals or type of the source (i.e. Phase, Ground, Sen. Ground 
or CT input) for the selected relay mode! from library and is non-editable. 


CT ID / Source 

The CT ID displays the ID of the current transformers assigned to the terminals for the selected relay and 
is non-editable. The short-circuit kA of CT adjacent bus is passed to the relay based on the type of current 
transformer. If the selected relay model has source then Source ID is displayed instead. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star view. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical % cycle short- 
circuit current in kA for ANSI standard and Max or User-defined short-circuit current in kA for IEC 
standard. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in Star view. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 1% cycle 
short-circuit current in kA for ANSI standard and Max or User-defined short-circuit current in kA for IEC 
standard. For the User-Defined option, the Line-Ground Fault kA field is editable. 


Base kV 
The Base kV for the Calculated option is display only and calculated from the STAR Mode Short-Circuit. 
For the User-Defined option Base kV is editable. 


Notes: 
If external summation box is checked for any terminal in Current tab of Input page then the fault 
current and Base kV of adjacent bus for respective CT will be displayed. 


If internal summation is selected in Source tab of Input page then the fault current and Base kV of 
adjacent bus for assigned CT to first Source ID in the summation list will be displayed. 


The selected device curve is plotted in reference to its base kV value. For example, if a device 


base kV equals 4 and the Star View plot kV is set to 4.16, the device curve will be shifted by a 
factor of Base kV/Plot kV or 0.962. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 
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TCC Minimum Current (Sym.)} 
Terminal CTID 3-Phase kA Line-Ground 
Phase CTP-10 Oo} 7.85 CJ | 887 13.8 
Ground CTG-11 OO} 887 13.8 
Sen. Ground CTG-15 C 897 13.8 
TCC Minimum Current (Sym.)} 
Type Sou 3-Phase kA Line-Ground 
Phase Ip] O} 7.85 Cl | 887 13.8 
Ground Ig1 OO} 887 13.8 
Sen. Ground Ig2 C) | 887 13.8 
Terminal / Type 


The Terminal or Type displays the relay terminals or type of the source (i.e. Phase, Ground, Sen. Ground 
or CT input) for the selected relay model from library and is non-editable. 


CT ID / Source 

The CT ID displays the ID of the current transformers assigned to the terminals for the selected relay and 
is non-editable. The short-circuit kA of CT adjacent bus is passed to the relay based on the type of current 
transformer. If the selected relay model has source then Source ID is displayed instead. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for ANSI 
standard and minimum initial symmetrical or minimum steady state current based on the selection for 
minimum short circuit current for IEC standard in the Star Mode Study Case Editor. For the User-Defined 
option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow in Star view. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for ANSI 
standard and minimum initial symmetrical or minimum steady state current based on the selection for 
minimum short circuit current for IEC standard in the Star Mode study case editor. For the User-Defined 
option, the Line-Ground Fault kA field is editable. 


Base kV 
The Base kV for the Calculated option is display only and calculated from the STAR Mode Short-Circuit. 
For the User-Defined option Base kV is editable. 


Note: The selected device curve is plotted in reference to its base kV value. For example, if a device base 


kV equals 4 and the STAR View plot kV is set to 4.16, the device curve will be shifted by a factor of 
Base kV/Plot kV or 0.962. 
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Pin (Disable Short-Circuit Update) 
Select this option to disable updating of the system-calculated short-circuit kA values only for the 
selected relay. Note Base kV values will be updated regardless of pinned status. 
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12.6.12 Model Info Page 


1MRS 750637-MUM EN 


Versatile multifunction motor protection relay 


Protection and monitoring of three-phase AC motors 


Se0 ven BB OO (ow) 


Model Info 


Additional information regarding the selected relay model is displayed on this page. 


Reference 
This displays the model reference, if available, for the selected relay model. 


Brand Name 
This displays the brand name, if available, for the selected relay model. 
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Catalog # 
This displays the catalog number for the selected relay model. 


Issue Date 
This displays the date of issue of the catalog for the selected relay model. 


Description 
This displays the description for the selected relay model. 


Application 
This displays the application for the selected relay model. 
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12.6.13 Checker Page 


08-19-2015 


Checker5S 


07-06-2015 


Sea Wend BB} (co) 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects Menu in 
the menu bar. 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 


This field displays date when the data was checked. The format for the date can be changed from the 
Projects Menu in the menu bar. 
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12.6.14 Remarks Page 


P 
Multi-Function Relay Editor - RL-TH =) 


[info | input | Output ]OCR | OLR | TCCKA | Model info | Checker| Remarks | Comment | 


ABB 
SPAM 150C 


User Defined Info 


_ (17 | (Numeric) 
01/01/2011 
01/01/2012 
01/01/2013 
12 character 
12 character 


18 characters 


Name 


Purchasing Date 


a @ bb Wn JD) 2) S| (cor) 


A 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.6.15 Comment Page 

Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


a =. 
Multi-Function Relay Editor - RL-TH se 


| Info| Input | Output | OCR | OLR | TCCkA| Model Info | Checker | Remarks | Comment 
uae 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with this element. This field 
can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to the entries in the ETAPS.INI file. 


Se @ b in =D) A 2) (04) (conca 


XL 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.7 Voltage Relay 


The properties associated with voltage relays are specified in Voltage Relay Editor. 


Voltage relays can be used in transient stability study and Star SQOP. According to the specified circuit 
breaker control interlock functions and settings, transient stability program will check the monitored 
system quantities and compare them with the relay settings. When the control conditions are met, the 
associated control actions will be triggered. 


For Star SQOP, if the voltage setting and/or the voltage restraint conditions are met, the voltage relay will 
trip and the associated tripping information will be displayed in the Output Report. 


Voltage relays should be connected to a bus via a potential transformer. 
The Voltage Relay Editor contains the following pages of information. 
Info Page 

Setting Page 


Remarks Page 
Comment Page 


12.7.1 Info Page 


Voltage Relay Editor - VR1 (neon 


Description 


Ben ha WB Colo) 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each voltage relay. The assigned IDs consist of the default 
voltage relay ID plus an integer, starting with the number one and increasing as the number of voltage 
relays increase. The default voltage relay ID (VR) can be changed from the Defaults Menu in the menu 
bar or from the System Manager. 


PT 
Displays the connected PT ID. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.7.2 Setting Page 


Voltage Relay Editor - VR1 [eon 


[info _| Setting | Remarks | Comment 
————— 


OverVoltage (59) Control Interlock 


Setting Unit CB ID 
V% CB2 


UnderVoltage (27) Control Interlock 


Setting Unit CB ID 


Delete 


“> ae 


Over Voltage (59) Control Interlock 


Set and display the over-voltage control interlock data. 


Add Button 
Click on this button to open the Voltage Relay Control Interlock Editor to set parameters for a new over- 
voltage control interlock. 


Edit Button 
Click on this button to open the Voltage Relay Control Interlock Editor and edit the settings of an existing 
over-voltage control interlock. 


Delete Button 
Click on this button to delete the highlighted over-voltage control interlock. 


UnderVoltage (27) Control Interlock 


Set and display the under-voltage control interlock data. 
Add Button 


Click on this button to open the Voltage Relay Control Interlock Editor to set parameters for a new under- 
voltage control interlock. 
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Edit Button 
Click on this button to open the Voltage Relay Control Interlock Editor and edit the settings of an existing 
under-voltage control interlock. 


Delete Button 
Click on this button to delete the highlighted under-voltage control interlock. 


Voltage Relay Control Interlock Editor 


Voltage Relay Control Interlock Editor [perm 
Setting Unit Circuit Breaker ID Action Time Delay 
110 IV % +| |CB5 y| {Open | 0.1 


Help Cancel 


Setting 
Enter the setting for overvoltage or undervoltage control interlock in percent of the selected unit. 
Voltage relay setting is based on the nominal bus kV. 


Unit 
Select the unit for relay setting in V% or V/Hz%. 
Note: V/Hz% is not considered in Sequence of Operation. 


Circuit Breaker ID 
Select the ID of the circuit breaker to be controlled. 


Action 
Select action type of the circuit breaker, i.e., Open or Close. 


Time Delay 


This is the time delay of the control action in seconds. The relay action will be reset if the operating 
voltage falls within the limit during the time delay period. 
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12.7.3 Remarks Page 


Voltage Relay Editor - VR1 [=| 


| Info | Setting | Remarks | Comment 
User Defined Info Drawing / Diagram 


Eq. Ref. 12354 (numeric) 
One-line ABC-123 
Last Maint. 01/01/11 


Next Maint. 01/01/12 Reference Reference 


Tests . Full 
ae Manufacturer 


UD Field A5 
Name Equipment 


UD Field A6 


Purchasi 
UD Field A7 atin 01/02/03 


SES ie Be Galee) 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is anumber field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.7.4 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Voltage Relay Editor - VR1 me) 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


3e0 We) BR) (o|[come | 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.8 Frequency Relay 


The properties associated with frequency relays are specified in Frequency Relay Editor. 


Same as voltage relays, frequency relays can be used in Transient Stability Study. According to the 
specified circuit breaker control interlock functions and settings, transient stability program will check the 
monitored system quantities and compare them with the relay settings. When the control conditions are 
met, the associated control actions will be triggered. 


Frequency relays should be connected to a bus via a potential transformer. 
The Frequency Relay Editor contains the following pages of information. 
Info Page 

Setting Page 


Remarks Page 
Comment Page 


12.8.1 Info Page 


Frequency Relay Editor - FR1 [pS 


Revision Data 
i  : 
Equipment Condition 


Tag # 


Name 


Description 


Ben km >) ae 
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Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each frequency relay. The assigned IDs consist of the default 
frequency relay ID plus an integer, starting with the number one and increasing as the number of 
frequency relays increase. The default frequency relay ID (FR) can be changed from the Defaults Menu 
in the menu bar or from the System Manager. 


PT 
Display the connect PT ID. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.8.2 Setting Page 


Frequency Relay Editor - FRL [=e Sum) 


UnderFrequency Control Interlock 
Setting Unit CB ID 


aes ie 1D) G2) (ox)|[ ces) 


Over-Frequency Control Interlock 


Set and display the over-frequency control interlock data. 


Add Button 
Click on this button to open the Frequency Relay Control Interlock Editor to set parameters for a new 
over-frequency control interlock. 


Edit Button 
Click on this button to open the Frequency Relay Control Interlock Editor and edit the properties of an 
existing over-frequency control interlock. 


Delete Button 
Click on this button to delete the highlighted over-frequency control interlock. 


Under-Frequency Control Interlock 


Set and display the under-frequency control interlock data. 
Add Button 


Click on this button to open the Frequency Relay Control Interlock Editor to set parameters for a new 
under-frequency control interlock. 
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Edit Button 
Click on this button to open the Frequency Relay Control Interlock Editor and edit the settings of an 
existing under-frequency control interlock. 


Delete Button 
Click on this button to delete the highlighted under-frequency control interlock. 


Frequency Relay Control Interlock Editor 


Frequency Relay Control Interlock Editor [=e sm) 
Setting Unit Circuit Breaker ID Action Time Delay 
104 %Hz | |CB4 x| |Open >| 5 


Help Cancel 


a a 


Setting 
Enter the setting for under-frequency or over-frequency relay in percent of the selected unit in this field. 


Unit 
Select the unit for relay setting in Hz% or Hz/sec% from the drop-down list. 


Circuit Breaker ID 
Select the ID of the circuit breaker to be controlled from the drop-down list. 


Action 
Select action type of the circuit breaker, i.e. Open or Closed from the drop-down list. 


Time Delay 


Enter the time delay of the control action in seconds in this field. The relay action will be reset if the 
operating voltage falls within the limit during the time delay period. 
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12.8.3 Remarks Page 


Frequency Relay Editor - FR1 (=e) 


| Info | Setting Remarks | Comment | 


User Defined Info 
Eq. Ref. 


Last Maint. 01/01/11 


Next Maint. 01/01/12 


Tests Reg. Full 


UD Field A5 
Name Equipment 


UD Field A6 


Purchasi 
UD Field A7 tin 01/02/03 


Be We 1D) IB) (0K) conee | 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


ETAP 12-131 ETAP 19.0 User Guide 


Instrumentation Elements Frequency Relay 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.8.4 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Frequency Relay Editor - FR1 |S) 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Benue. DAR 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.9 Reverse Power Relay 


The properties associated with reverse power relays of the electrical distribution system can be entered in 
this editor. 


The Reverse Power Relay Editor includes the following pages of properties. 


Info Page 
Setting Page 
Remarks Page 
Comment Page 


12.9.1 Info Page 


Reverse Power Relay - Relay32-1 |S 


Setting | Remarks | Comment | 


ID Relay32-1 
CT 


Interlock 


BRS Wee) A) alco) 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 
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ETAP automatically assigns a unique ID to each reverse power relay. The assigned IDs consist of the 
default reverse power relay ID plus an integer, starting with the number one and increasing as the number 
of reverse power relay increase. The default reverse power relay ID (RP) can be changed from the 
Defaults Menu in the menu bar or from the System Manager. 


CT 

Reverse power relays have two pins, one of which can be connected to a current transformer (CT) and the 
other pin can be connected to other current/power relays. A blank entry will be shown for the CT if the 
terminal of the reverse power relay is not directly connected to a CT or indirectly through other relays. If 
the terminal of a reverse power relay is connected to a CT or to a relay, which is connected to a CT, the 
ID of the CT will be displayed for the terminal connection. 


Ratio 
This field displays the relay connected CT ratio. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Interlock 


Add 
Click on this button to open the reverse power Interlock Editor to set parameters for a new reverse power 
control interlock, including Device type, device ID, and control Action. 


Edit 


Click on this button to open the reverse power Interlock Editor and edit the settings of an existing reverse 
power control interlock. 


ETAP 12-135 ETAP 19.0 User Guide 


Instrumentation Elements Reverse Power Relay 


Delete 
Click on this button to delete the selected control interlock. 


Interlock Editor 


Device 
Select and display the device to be controlled by the reverse power relay. 


ID 
Select and display the ID of the interlock device. 


Action 
Select interlock action (Open or Close). 
Interlock Editor 
Device Action 
LVCB 
HVCB ———_— 
SPST He | OK Cancel 
Contactor _oK | 
Equipment 
Tag # 


Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.9.2 Setting Page 


Reverse Power Relay - Relay32-1 |e) 


| Info| Setting | Remarks | Comment | 
$A T 
Setting 
®) Real Power 


-) Reactive Power 


(¥] Over Power 
Pickup 


Time Delay 
(| Under Power 
Pickup 


Time Delay 


SP ik 


Setting 


Real Power 
Select this option if real power is used as trip setting. Enter the Pickup power base in MW. 


Reactive Power 
Select this option if reactive power is used as trip setting. Enter the Pickup power base in Mvar. 


Over Power 


Over Power (check box) 
Check to enable over power trip settings. 


Pickup 


Enter the setting for over power trip. If the measured power exceeds this value, the relay will trip. The 
setting is entered in percentage of the pickup power base. 


ETAP 12-137 ETAP 19.0 User Guide 


Instrumentation Elements Reverse Power Relay 


Time Delay 
Enter the intentional relay time delay for over power trip in second. 


Under Power 


Under Power (checkbox) 
Check to enable under power trip settings. 


Pickup 
Enter the setting for under power trip. If the measured power drops below this value, the relay will trip. 
The setting is entered in percentage of the pickup power base. 


Time Delay 
Enter the intentional relay time delay for under power trip in second. 


12.9.3 Remarks Page 


Reverse Power Relay - Relay32-1 |S 


12354 (numeric) 
int. 01/01/11 


int. 06/06/11 


. Full 


Purchasing 
Date 01/02/03 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.9.4 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Reverse Power Relay - Relay32-1 |S 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of 
this field, refer to the entries in the ETAPS INI file. 


BRS Wee) A) o|[co) 


When entering information in the page, use Ctrl+Enter to start new paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.10 MV Solid State Trip Relay 


The properties associated with MV Solid-State Trip Relays of the electrical distribution system can be 
entered in this editor. 


The MV Solid State Trip Relay Editor (MVSST) includes the following pages of properties and header 
information. 


Info Page 

Input Page 
Output Page 
Setting Page 
TCC KA Page 
Model Info Page 
Checker Page 
Remarks Page 
Comment Page 


12.10.1 Header 


The header displays the selected MVSST Relay Manufacturer name and Model name on every page of 
the MVSST Relay Editor. 
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12.10.2 Info Page 


MV Solid State Trip Relay - SST1 7 [pre 


‘Info| input | Output | Setting | TCC kA | Model Info | Checker | Remarks | Comment | 


i iene loa 
es Wi 


Info Revision Data 


ID SST1 


e560 ae 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each MVSST relay. The assigned IDs consist of the default 
MVSST relay ID plus an integer, starting with the number one and increasing as the number of MVSST 
relays increase. The default MVSST relay ID (SST) can be changed from the Defaults Menu in the menu 
bar or from the System Manager. 
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CT 

MVSST relays have two pins, one of which can be connected to a current transformer (CT) and the other 
pin can be connected to other current/power relays. A blank entry will be shown for the CT if the 
terminal of the MVSST relay is not directly connected to a CT or indirectly through other relays. If the 
terminal of a MVSST relay is connected to a CT or to a relay, which is connected to a CT, the ID of the 
CT will be displayed for the terminal connection. 


=o gd RP1 AM1 


Ratio 
This field displays the relay connected CT ratio. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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12.10.3 Input Page 


MV Solid State Trip Relay - SST1 ~~ = 
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The Input page is used to define Phase and Ground current transformers inputs to the MV Solid-State Trip 
Relay. 


Current 
Terminal 


The Terminal column displays the names of terminals of the MVSST relay for assigning CT inputs. The 
terminal names are internally designated as ‘Phase’ and ‘Ground’. 
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ID 

The ID column displays the current transformers identifier that can be assigned to the selected terminal of 
the MVSST relay. If the terminal is not connected to any CT, a blank entry will be shown for the 
terminal ID. To connect or reconnect a MVSST relay to a CT, select a CT from the list box. 


Note: The terminal ID list box only displays those CTs that are connected to the MVSST relay on the 
one-line diagram. 


Once a terminal ID is selected the type and ratio of the connected CT is displayed for the selected 
terminal. By default, the first connected CT is assigned to applicable current terminals of the MVSST 
relay. 


Type 
The Type column displays the type of the connected CT (Phase or Ground). 


Current Transformer 


The following logic is used to allow connection of CT types to the Phase/Ground current Terminals. 


Terminal Phase Type CT Ground Type CT 
Phase Allowed Not Allowed 
Ground Allowed Allowed 


Prim. Amp 
Prim Amp column displays the primary rating of the connected current transformer. 


Sec. Amp 
Sec. Amp column displays the secondary rating of the connected current transformer. 


If a MVSST relay is not graphically connected to any CT via the one-line diagram, the Prim. Amp and 
Sec. Amp values are user-editable. 


Current Transformer 
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12.10.4 Output Page 


MV Solid State Trip Relay - SST1 _ | 


[info [Input | Output | Setting | TCC kA | Model Info | Checker | Remarks | Comment | 


Interlock 
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Interlock 


Add 
Click on this button to open the solid state trip Interlock Editor to set parameters for a new MVSST 
control interlock, including Device type, device ID, and control Action. 


Edit 


Click on this button to open the solid-state trip Interlock Editor and edit the settings of an existing 
MVSST control interlock. 
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Delete 
Click on this button to delete the selected control interlock. 


Interlock Editor 


Relay Element 
Select the solid-state relay element (Phase or Ground) for the tripping action. 


Device 
Select and display the device to be controlled by the MVSST relay. 


ID 
Select and display the ID of the interlock device. 


Action 
Select interlock device action (Open or Close). 


Interlock Editor (eS 


Relay Element Device Action 


Phase ~| |HvcB. x| ‘| cB4 ~| |Open | 


Help Cancel 


Tripping time 


If a HV circuit breaker is interlocked with MVSST, the total tripping time will be MVSST operating time 
plus breaker interrupting / breaking time. 
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12.10.5 Setting Page 


MV Solid State Trip Relay - SST1 — ll |S 


Pickup |1 ¥ 
Curve Type (I?t) | NONE ’ 
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Library Info 


Library 

Click on the Library button to access the MV Solid-State Trip Library data. Clicking the Library button 
displays the MVSST Library Quick Pick. From the Library Quick Pick, select the MVSST relay by 
highlighting the Manufacturer name and Model name. Then click on the OK button to retrieve the 
selected data from the library and transfer it to the editor. 
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Library Quick Pick 


The information available in MV Solid-State Trip Relay Library Quick Pick is described below. 
Library Quickpick - MV Solid State Trip Relay [=e mn) 


Manufacturer 


Westinghouse Reference 


Cutler Hammer 


Link 


http: //www.ch.cutler-hammer.com/ 


Model 
Digitrip 3000 


Digitrip MY Reference 


Application 


Static Trip Relay for Medium Voltage Breaker 


| None | | Cancel | 


Manufacturer 
Manufacturer Name 
This displays list of manufacturers included in the library. To select a manufacturer, highlight the 


manufacturer name. 


Reference 
This displays the manufacturer reference for the selected manufacturer, if available. 


Link 
This displays the manufacturer web link or URL address. 


Model 


Model Name 
This displays list of models for the selected manufacturer. Select a model by highlighting it. 


Reference 
This displays the reference for the selected model, if available. 


Application 
This displays the application of the selected model. 
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Phase Settings 
The Phase element of the MV Solid-State Trip Relay can be set using the Phase page. 


Long -Time 
Check this box to enable the Long-Time element. 


Long -Time Pickup 

Select from drop-down list or enter the Long-Time pickup setting for the selected curve type. The pickup 
settings can be discrete values or continuously adjustable. For continuously adjustable Long-Time pickup, 
the pickup step is displayed next to the Long-Time pickup field. 


Curve Type 
Select the Curve Type (ANSI MOD, FLAT, I°T, etc.) for the Long-Time band. 


Long -Time Band 

Select from drop-down list or enter the Long-Time band setting, for the selected curve type. The band 
settings can be discrete values or continuously adjustable. For continuously adjustable Long-Time band, 
the band step is displayed next to the Long-Time band field. 


Short -Time 
Check the box to enable the Short-Time element. 


Short-Time Pickup 

Select from drop-down list or enter the Short-Time pickup setting. The pickup settings can be discrete 
values or continuously adjustable. For continuously adjustable Short-Time pickup, the pickup step is 
displayed next to the Short-Time pickup field. 


Curve Type (I’t) 
Select the Curve Type for the Short-Time band. 


Short -Time Band 

Select from drop-down list or enter the Short-Time band setting. The band settings can be discrete values 
or continuously adjustable. For continuously adjustable Short-Time band, the band step is displayed next 
to the Short-Time band field. 


Instantaneous 
Check to enable the Instantaneous element. 


Instantaneous Pickup 

Select from drop-down list or enter the Instantaneous pickup setting. The pickup settings can be discrete 
values or continuously adjustable. The pickup step is displayed next to the Instantaneous pickup field for 
continuously adjustable Instantaneous pickup. 


Ground Settings 


The Ground element of the MV Solid-state trip relay can be set using the Ground page. The Ground page 
has a ‘Ground’ checkbox to enable the parameters for Ground element. 


The Long-Time, Short-Time and Instantaneous element settings for Ground are identical to Phase, and 
can be set as described above for the Phase element. 
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12.10.6 TCC kA Page 


MV Solid State Trip Relay - SST1 _— - |e 


@ Asym. RMS 


3PhasekA 4b Line-Ground kA 
chad ro @Basekv _Base kV 


cT1 36.22 42.2 34.5 


42.2 34.5 


3-Phase kA | Une Gourds 
@ Base kV @Basekvy BasekV 


21.04 24.89 34.5 


34.5 


IM Pin (Disable Short-Circuit Update) 
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TCC kA 


Calculated 

Selecting the Calculated option displays the system-calculated 3-phase and line-ground short-circuit 
current values at the connected bus to the element. The values will be updated when you run Short- 
Circuit Clipping kA from Star Mode. 
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User-Defined 
Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line-ground kA 
values. By default, the user-defined kA values are set to calculated kA where available. 


Reference kV 


Star will plot the TCC curve based on the Calculated Base kV or the User-Defined kV in reference to the 
Star View Plot kV. 


Calculated 
Selecting the Calculated option displays the system-calculated Base kV value at the connected bus to the 
element. The value will be updated when Short-Circuit Update is performed from Star Mode. 


User-Defined 
Selecting the User-Defined option allows the user to enter the base kV value. 


Selecting the User-Defined option allows the user to enter the short-circuit 3-phase and line-ground kA 
values. By default, the user-defined kA values are set to calculated kA where available. 


TCC Clipping Current 


The short-circuit currents used for clipping the MVSST curves in Star View are specified in the TCC 
Clipping Current section. 


Sym. rms and Asym. rms 

These options are displayed only when the Calculated option is selected. The default is set to Asym. RMS 
option. Selecting the Sym. RMS option will display the 4% cycle symmetrical current for ANSI standard 
and Max or User-defined symmetrical current based on the selection for Short-Circuit Current for IEC 
Standard in the Star Mode Study Case Editor. The Asym. RMS option will display the corresponding 
asymmetrical current values. 


Terminal 
The Terminal displays the MVSST terminals (i.e. Phase, Ground or CT input) for the selected MVSST 
and is non-editable. 


CT ID 

The CT ID displays the ID of the current transformers assigned to the terminals for the selected MVSST 
and is non-editable. The short-circuit kA of for faulted buses are passed to the MVSST based on the type 
and location of the CT connected to the MVSST. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the 3-phase fault arrow and clip the curve in Star view. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase symmetrical or asymmetrical 14-cycle short- 
circuit current in kA for ANSI standard and Max or User-defined short-circuit current in kA for IEC 
Standard. For the User-Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow and clip the curve in Star view. 
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kA (Line-Ground Fault) 

For the Calculated option, this field displays the line-to-ground symmetrical or asymmetrical 14-cycle 
short-circuit current in kA for ANSI standard and Max or User-defined short-circuit current in kA for IEC 
standard. For the User-Defined option, the Line-Ground Fault kA field is editable. 


Base kV 

The Base kV for the Calculated option is display only and calculated from the Star Mode Short-Circuit. 
For the User-Defined option Base kV is editable. 

Note: The selected device curve is plotted in reference to its base kV value. For example, if a device base 
kV equals 4 and the STAR View plot kV is set to 4.16, the device curve will be shifted by a factor of 
Base kV/Plot kV or 0.962. 


TCC Minimum Current (Sym) 


The minimum short-circuit currents are specified in the TCC Minimum Current (Sym) section. 


Terminal 
The Terminal displays the MVSST terminals (i.e. Phase, Ground or CT input) for the selected MVSST 
and is non-editable. 


CT ID 

The CT ID displays the ID of the current transformers assigned to the terminals for the selected MVSST 
and is non-editable. The short-circuit kA of for faulted buses are passed to the MVSST based on the type 
and location of the CT connected to the MVSST. 


3-Phase Fault (Show on TCC) 
Select the Show on TCC check box to enable the 3-phase fault arrow in STAR view. 


kA (3-Phase Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for ANSI 
standard and minimum initial symmetrical or minimum steady state current based on the selection for 
minimum short circuit current for IEC Standard in the Star Mode Study Case Editor. For the User- 
Defined option, the 3-Phase Fault kA field is editable. 


Line-Ground Fault (Show on TCC) 
Select the Show on TCC checkbox to enable the line-ground fault arrow in Star view. 


kA (Line-Ground Fault) 

For the Calculated option, this field displays the 3-phase 30 cycle short-circuit current in kA for ANSI 
standard and minimum initial symmetrical or minimum steady state current based on the selection for 
minimum short circuit current for IEC Standard in the Star Mode Study Case Editor. For the User- 
Defined option, the Line-Ground Fault kA field is editable. 


Base kV 
The Base kV for the Calculated option is display only and calculated from the Star Mode Short-Circuit. 
For the User-Defined option Base kV is editable. 


Note: The selected device curve is plotted in reference to its base kV value. For example, if a device base 


kV equals 4 and the STAR View plot kV is set to 4.16, the device curve will be shifted by a factor of 
Base kV/Plot kV or 0.962. 
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Pin (Disable Short-Circuit Update) 
Select this option to disable updating of the system-calculated short-circuit kA values only for the 
selected MVSST. Note Base kV values will be updated regardless of pinned status. 


12.10.7 Model Info Page 


MV Solid State Trip Relay - SST1 (=u) 


[Info| Input | Output | Setting | TOC kA| Model info | Checker | Remarks | Comment | 


Westinghouse Digitrip MV 


Reference 


Brand Name 


Catalog # |.B. 33-740-1B 


Issue Date 97-08 


Description Used for Overcurrent protection, operates from secondary CT rated In = 


Application Static Trip Relay for Medium Voltage Breaker 
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Model Info 
Additional information regarding the selected MV Solid-State Trip Relay model is displayed on this page. 


Reference 
This displays the model reference, if available, for the selected MV solid-state trip relay model. 
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Brand Name 
This displays the brand name, if available, for the selected MV solid-state trip relay model. 


Catalog # 
This displays the catalog number for the selected MV solid-state trip relay model. 


Issue Date 
This displays the date of issue of the catalog for the selected MV solid-state trip relay model. 


Description 
This displays the description for the selected MV solid-state trip relay model. 


Application 
This displays the application for the selected MV solid-state trip relay model. 
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12.10.8 Checker Page 


MV Solid State Trip Relay - SST1 = |_| 


| Info | Input | Output | Setting | TOC kA | Model info | Checker | Remarks | Comment | 


| Westinghouse Digitrip MV 


Edited by 


User Name jennifer. marinas 


Date 08-16-2011 


12-31-1969 
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Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 
This field displays the date of change. The format for the date can be changed from the Projects Menu in 
the menu bar. 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 
This field displays date when the data was checked. The format for the date can be changed from the 
Projects Menu in the menu bar. 


12.10.9 Remarks Page 


MV Solid State Trip Relay - SST1 |r 


[info [input [Output | Setting | TCC kA | Model info [ Checker| Remarks |Comment] 
User Defined Info 
Eq. Ref. 0 (Numeric) 


Last Maint. 


Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 
UD Field A7 
Drawing / Diagram 


One-Line 


Reference 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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12.10.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


MV Solid State Trip Relay - SST1 = Sew) 
| Info| Input | Output | Setting | TOC kA | Model info | Checker | Remarks | Comment 


Westinghouse Digitrip MV 


Enter any extra data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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12.11 Tag Link 


The properties associated with a Tag Link of the electrical distribution system can be entered in this 
editor. The Tag Link is an element used by ETAP Real-time module only to display monitored data not 
related to state estimation. It can also be used to send commands out to control specific devices. 


When you double click on the Tag Link icon, the Real Time Tag Link Database Path editor may appear if 
no tag database is associated with this project Otherwise the Tag link editor opens. 


TL1 
Real-Time - Tagfile Database Path 


Real-Time T aafile Path 


Path 


The Tag Link Editor includes one page of properties and header information. 
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12.11.1 Info Page 
(Fagtink Editor TLE =x) 


Display Symbol © Digital © © Analog 


Courier Regular 10 
Symbol _C:\ETAP\Example-ANSI\Symbols\TagLink \AnalogT 
DCS Tag 


Digital 


Online Status 


Display 
False =I 


aa Alarm Text Symbol 


True | fr v Sound * Color aaa + 
False Sound = Color —T 7 
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ID 
Enter a unique ID name with up to 25 alphanumeric characters. 


Type 
Click the check box to specify if the meter or other monitoring device uses control. 


Digital or Analog 
Click the appropriate button to specify if the monitoring device is digital or analog. 


Display 
Enter the text to be displayed, using up to 32 characters 


Font 
These fields display the currently selected font, its style and size. 
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Font button 


Click this button and the Font editor appears, allowing you to specify a font, its style and size. The 


Sample area shows the font’s appearance. The Pull-down Script list below Sample allows you to choose a 
script option. 


Font (Sou 


: Font style: 
Regular 
Courier “ 
Courier New bf rere 
Carl MT Bold 
DYMO Symbols fold Ob 16 
ECCENTRIC 51h ¥ 


Sample 


AaBbY yZz 


Symbol 


Type the path to the Tag link device, or click the Browse button to navigate to the device and set the path 
in this manner. 


DCS Tag 
The DCS tag appears in this field. 


Digital 


If the Digital button is checked, the Digital area appears and allows you to edit the status and alert 
indicators. 


Digital 
Online Status 
Display 
True = 
False =] 
Alerts 


Alarm Text Symbol 


True [Vv Sound (eau Color hi v 
False [- | [Vv Sound uaa} Color Ds = 
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Online Status 
The status of the Tag link device appears in this field. 


True 
Enter a description of the True condition in this field, using up to 20 characters. 


False 
Enter a description of the False condition in this field, using up to 20 characters. 


Alerts 
Use this area to define the alert indicators. 


True 
Use this area to specify the sound and color to be assigned to this alert condition. 


Sound 
Type a file name or navigate to .WAV alert sound for the True condition. 


Color 
Select a color for the True condition from the drop-down list. 


False 
Use this area to specify the sound and color to be assigned to this alert condition. 


Sound 
Type a file name or navigate to a.WAYV alert sound for the False condition. 


Color 
Select a color for the False condition from the drop-down list. 


Analog 
If the Analog button is checked, the Analog area appears and allows you to edit the Upper and Lower 
bound ranges and their alert indicators. You can also specify a color for the Between Bounds alert. 


Analog 
Format: | OO00.x 7 | Multiplier 1 Unit 


Display 4) Online Value 
Control ¥alue =e 
Alerts 


Alarm Text Symbol 


¥| Upper 0 Sound * Color Ls ae + 
¢ Lower 0 Sound (umm ia i=l nf 
v Between Bounds Color ts = 


Format 
Select the format from the drop-down list. 
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Multiplier 
The multiplier appears in this field. 


Unit 
Check the box to display the unit name and type an identifier in the field, using up to 10 characters. 


Online Value 
Enter Online value in this field, using up to 20 characters. 


Control Value 
The Control value will be displayed in this field. 


Alerts 
Specify the upper, lower, and between bounds ranges, sounds and colors in this area. 


Upper Bound 
Specify the Upper bound range in this field, using up to 6 characters. 


Sound 
Type a file name or navigate to a .WAV alert sound for the False condition. 


Color 
Select a color for the Upper Bound from the drop-down list. 


Lower Bound 
Specify the lower bound range in this field, using up to 6 characters. 


Sound 
Type a file name or navigate to a .WAV alert sound for the False condition. 


Color 
Select a color for the Lower Bound from the drop-down list. 


Between Bounds 
Select a color for the Between Bounds alert from the drop-down list. 
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AC-DC Elements 


Editors are available for each element type in the one-line diagram and in the underground raceway 
system. Except for the element IDs, bus connections, and status, all other data that appear in the editors 
are considered engineering properties. 


One-Line Diagram Element Editors 


Each element available on the One-Line Diagram toolbar has a customized editor. This chapter addresses 
the AC-DC Element Editors: 


DC Edit |e] 


Keehn Uninterruptible Power Supply (UPS) Variable Frequency Drive (VFD) 


Charger Inverter 
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13.1 UPS (Uninterruptible Power Supply) 


The properties associated with an UPS (Uninterruptible Power Supply) of the electrical system can be 
entered in this editor. A UPS consists of two AC terminals (input & output) and one DC terminal. The 
DC terminal is located on the side and can be connected to a DC bus (node). 


AC Busi AC Bus2 
0.48 kV 0.48 kV 
4 iad 
vest fq mer? Ht 
c Bus 
24 V Batteryl 


The UPS Editor contains the following pages of information: 


Info Page 
Rating Page 
Loading Page 
SC Imp Page 
Duty Cycle Page 
Harmonic Page 
Reliability Page 
Remarks Page 
Comment Page 
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13.1.1 Info Page 


Within the Info page, specify the UPS ID, connected Bus, In/Out of Service, Equipment Tag #, Name, 
Description, Data Type, Load Priority, Configuration Status, AC Connections, and Demand Factor. 


UPS Editor - UPS-1 (ene 


“io | Rating [Loading [SC inp | Duy Gyle [Harmonic | Relabity | Remarks | Comment 


| AC Input 0.48kV Output 0.48kV 200kW DC 125 V 


Info 


ID UPS-1 


In Bus Bus2 


Out Bus Bus4 Hein Tite 


DC Bus DcBus4 


Data Type Estimate 
Priority Critical 
Demand Factor 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each UPS. The default IDs consist of the word UPS plus an integer, starting with the number one 
and increasing as the number of UPS increases. 


The default ID (UPS) for UPS elements can be changed from the Defaults menu in the menu bar or from 
the System Manager. 
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In Bus, Out Bus and DC Bus 

These are the IDs of the connecting buses for the UPS. If the terminal is not connected to any bus, a blank 
entry will be shown for the bus ID. To connect or reconnect a UPS to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the UPS to AC & DC buses that reside in the same view where it 
resides, or you can connect to buses that reside in other views by connecting the external and internal pins 
of the composite networks. You cannot connect to buses that reside in the Dumpster. 


If a UPS is connected to a bus through a number of protective devices, reconnection of the UPS to a new 


bus in this editor will reconnect the last existing protective device to the new bus, as shown below where 
Ups! is reconnected from Bus10 to Bus4. 


Busl0 Bus4 Busl0 Bus4 


Bus? DPcBus3 Bus? PcBus3 


ETAP displays the nominal kV in AC terminal buses and nominal V in DC terminal buses next to the bus 
ID for your convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Configuration 


Select the operating status of the UPS(s) for the selected configuration status from the list box. Options 
for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the UPS is 
determined for Load Flow Studies. 


Note: Status is not a part of the UPS engineering properties. For this reason, the name of the 
configuration status is shown, indicating the UPS status under the specific configuration, i.e., you can 
have a different operating status under each configuration. In the following example, status of a UPS is 
shown to be Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal Emergency 
Status |Continuous + | Status | Spare ~| 
Equipment 
Tag # 


Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the list box. As the data is updated, this field can be changed to reflect 
the source of the latest data. There are a total of 10 load types and you can change their name from the 
Project menu under Settings and Data Type. 


Priority 

Select the load priority of this UPS from the list box. This field can be used for load priority, operating 
priority, load shedding priority, etc. Ten different priorities are provided to select from. Priority names 
can be changed from the Project menu under Settings and Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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AC Connection 


3-Phase 
For this release of ETAP, the connection type for the AC input is set to 3-Phase. 


Demand Factor 
Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
The Demand factor is the amount of time the UPS is actually operating. The Demand factor affects the 
calculation of UPS loads for different Loading Categories. 

Load kW = Rated kW * % Loading * Demand Factor 


The Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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13.1.2 Rating Page 
You can specify the UPS ratings and select the UPS Operating Mode and type in this page. 


UPS Editor - UPS-1 (ere-Soo| 


| Info| Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliability | Remarks | Comment | 


| AC Input 0.48kV Output 048kV 200kW DC 125 V 


Bypass Switch Status 
Load Flow Analysis 


Be0keu Dan 


AC Rating 


kW 

Enter the kW rating of the UPS (output power at full load). Click on the kW/MW button to choose either 
kW or MW units for entering and displaying output power ratings of the UPS. When the kW rating is 
modified, the rated power factor (including the operating load and losses for all Loading Categories) is 
recalculated in order to keep the rated kVA fixed. ETAP limits the entry of kW/MW in such a way that 
the power factor cannot exceed 100% or be below 1%. 
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kVA 
Enter the rated output kVA (or MVA) of the UPS. When the kVA rating is modified, the rated kW and 
full load current of the UPS are recalculated. 


% Eff 

Enter the rated efficiency of the UPS in percent. When the efficiency is modified, the full load currents 
for the AC input and DC sides are recalculated. Efficiency cannot exceed 100% or be below 10%. It 
defaults to 90%. 


% PF 
Enter the rated power factor of the UPS output power. When the power factor is modified, the rated kW 
is recalculated. Power factor cannot exceed 100%. It defaults to 85%. 


Output 


kV 
Enter the rated AC output voltage of the UPS in kV. The rated AC output full load current is calculated 
based on this value. 


FLA 
The rated AC output full load current of the UPS in amperes is displayed here. 


Input 


kV 
Enter the rated AC input voltage of the UPS in kV. The rated AC input full load current is calculated 
based on this value. 


FLA 
The rated AC input full load current of the UPS in amperes is displayed here. 


DC Rating 


Vv 
Enter the rated DC input voltage of the UPS in volts. The rated DC full load current is calculated based 
on this value. 


FLA 
The rated DC full load current of the UPS in amperes is displayed here. 


Imax 

Enter the maximum DC output current of the UPS in percentage of the rated DC full load current. The 
UPS becomes a constant current source when the DC load current exceeds the Imax in DC Load Flow 
Studies. ETAP uses Imax as the constant current source value. Imax defaults to 150%. 
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DC Operating Voltage 

When you select this option, the rated DC voltage is used as the regulated voltage source of the UPS for 
DC Load Flow Studies. With these options, the user can use rated DC voltage or define a value by 
selecting User-Defined. 


DC System Charging 


Blocked by Auction Diode 

When the Auction Diode option is selected, the UPS is treated as a DC load in the DC system, i.e., DC 
power can only flow into the UPS. In this case, the UPS will not provide power to the DC system for 
Load Flow , Short-Circuit, or Shock Protection studies. 


Pet] 


Without the auction diode, DC power can flow in or out of the UPS. 


Bypass Switch Status 

When the Bypass Switch status is selected as Closed, the UPS is treated as a shorted branch crossed 
between AC input and output terminals. If Bypass Switch is selected as Open, the UPS is not treated as 
bypassed. 


Load Flow Analysis 
The Bypass Switch affects all AC Load Flow type studies. 


Short Circuit Analysis 
The Bypass Switch only affects all AC Short-Circuit type studies. 


Note: In the editor mode, if any bypass switch is selected as closed, the bypass switch will be displayed in 
the One Line Diagram. In any load flow type study mode, the bypass switch will be displayed only when 
the bypass switch is selected as closed for Load Flow Analysis. In any short circuit type study mode, the 
bypass switch will be displayed only when the bypass switch is selected as closed for Short Circuit 
Analysis. 


IEE 


Bypass Switch displayed in One Line Diagram 
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13.1.3 Loading Page 


In this page, specify the percent output loading of the UPS for all Loading Categories. The kW and kvar 
input load of the UPS based on the specified efficiency and power factor are calculated and displayed 
here. Also, the DC operating load and losses in kW are displayed here. 


UPS Editor - UPS-1 (ome Summ) 


UPS Load Based on Operating Input PF 


@ Loading Category pose 
ia () User-Defined 
©) Connected Load 


Loading Category for UPS Load 


a eis a8) (2) 


UPS Load Based on 


This section is used to specify the loading at UPS input side. When Loading Category is selected, the 
UPS will be treated as a pure constant load and its output side will be de-energized. 


UPS Output Side Is De-energized 
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Loading Category 

This selection is used to assign a percent loading to each one of the ten Loading Categories for AC 
loading and DC loading of this UPS, i.e., each UPS can be set to have a different operating loading level 
for each Loading Category. To edit the values of the percent loading, click on any one of the edit fields 
under the % Loading column. 


Note that you can select any of these Loading Categories when conducting AC or DC Load Flow Studies. 
To edit the Loading Category names, select Loading Category from the Project menu. 


Connected Load 


This selection is used to reflect UPS output loading onto the UPS input side. Refer to Chapter 19.4 for 
details of modeling of UPS. 


Operating Input PF 


Rated 
The UPS rated input power factor will be used to reflect the UPS output loading to its input side. 


User-Defined 
This selection is used for user to enter the power factor to reflect the UPS output loading to its input side. 


Connected Load 
The reactive power of the UPS output loading will be reflected to the UPS input side directly. 
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13.1.4 SC Imp Page 


Within the SC Imp page, specify the AC and DC short-circuit multiplication factors and the grounding 
resistance of the UPS, and view calculated AC and DC short-circuit contribution currents. 


UPS Editor - UPS1 —_—_ 


AC Input0.6kV Output0.6kV 20kW DC 1000 V 


SC Contribution to AC System 


SC Contribution to DC System 


Kde 150 % 


Isc | 3167 A 


AC Secondary Grounding DC Grounding 
|_| Grounded Rg 0 Ohm |v Grounded Rg 02 Ohm 
Earthing Type Earthing Type 


[1.- Individual» _ ine NEC 


‘@) >) & (ves 


=I) OB) (0K | (cones 
= 
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SC Contribution to AC System 


Kac 

Enter the AC short-circuit multiplication factor in percent of the output FLA. ETAP uses this value to 
calculate short-circuit current contribution from the UPS to the AC output side. The AC multiplication 
factor defaults to 150%. 


Isc 
The AC short-circuit current contribution from the UPS to the output side is calculated and displayed here 
in amperes. 
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SC Contribution to DC System 

Kdc 

Enter the DC short-circuit multiplication factor in percent of DC FLA. ETAP uses this value to calculate 
short-circuit current contribution from the UPS in DC Short-Circuit Studies. The DC multiplication 


factor defaults to 150%. 


Isc 
The DC short-circuit current contribution from the UPS is calculated and displayed here in amperes. 


AC Secondary Grounding 


Grounded 
Check if the UPS offers grounding to the AC system. 


Note: In unbalanced load flow studies, the grounding check box is ignored and the UPS is always 
considered grounded. 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Resistance to Ground/Earth 
Enter the resistance to ground in Ohms 


DC Grounding 


Grounded 
Check if the UPS offers grounding to the DC system 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Resistance to Ground/Earth 
Enter the resistance between the element’s chassis and ground in Ohms. 


ETAP 13-13 ETAP 19.0 User Guide 


AC-DC Elements UPS 


13.1.5 Duty Cycle Page 


Within the Duty Cycle page, specify the Duty Cycle Category and load profile for each duty cycle. 
ETAP displays the load profile for random and non-random loads for viewing and printing. The data in 
this page are used in Battery Sizing Studies. 


UPS Editor - UPS-1 A. osama 


| Info _| Rating | Loading | SC imp | Duty Cycle 


11250 16.875 


eek ae 


Duty Cycle 


This section is used to specify load profile for each one of the five Duty Cycle Categories. 


Based on Amp/%Loading 

This option specifies how the duty cycle is specified. When the Amp option is selected, the duty cycle is 
specified as amperes and the %Load will be calculated. When the %Load option is selected, the duty 
cycle is specified as percentage of FLA and the ampere values will be calculated. 
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The selection of this option also determines the column to be updated when the load FLA is changed. 
When the Amp option is selected, if the load FLA is changed, the %Load column will be updated 
according to the Amp values specified. In contrast, when the %Load option is selected, if the load FLA is 
changed, the Amp column will be updated according to the %Load values specified. 


Duty Cycle Category 

Select a Duty Cycle Category from the list box and view the load profile for it in this page. Each load can 
have up to five Duty Cycle Categories with independent load profiles. You can name the Duty Cycle 
Categories from the Project menu bar. 


Load Profile 
To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 


To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list box. Enter a load name, current in amperes, start time in seconds, and duration in seconds 
for this segment of load. After the data of a row is entered, this segment of load curve will be drawn on 
the Non-Random or Random window. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or click the Delete key. 


Click on either the <-Print or Print-> button, and the displayed load profile curve (random & non- 
random) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 
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13.1.6 Harmonic Page 


Within the Harmonic page, specify the harmonic source type of the UPS and view the harmonic source 
waveform and frequency spectrum of the UPS. 


UPS Editor - UPS-1 (3) [Urs ecitor- ups =) 
| Info _ | Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliabilty | Remarks | Comment | | Info _| Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliability | Remarks | Comment | 
[AC input O48kV OutputO48kV 200KW”~*~<CS~‘“s~*~S~*CS TE [ ACinputO48kV OutputO48kv 200KWt”*~<CS~*~‘“C~*C« TB 
» Harmonic Library Library @ IEEE 519 Equation @ Harmonic Library IEEE 519 Equation | 
Library Parameters Library 
Pulse # |g ~| Shift Angle 0 Type Current Source 
Alpha 15 Beta 30 MFR TypicalEEE 
Xe % 5 Max Order 50 Model [12 Pulse2—— 
interharmonics 
Print Wave Form (Print. } Wave Form 


Be wes >) BE) | (cee) | | SH wus =D) (A) 2) (OK ( concet| 


Harmonic Library 

Select this option to define the content of the harmonics of this device by selecting a model from the 
library (by clicking the Library button). When this option is selected, the Library group is activated while 
the Parameters group is grayed out. 


Library 


This group displays the properties of the library selected such as type, manufacturer, and model. 


IEEE 519 Equation 


Select this option to define the content of harmonics of this device by the pulse level and the rectifier 
injection angle of the device. When this option is selected, the Library group is grayed out and the 
Parameters group is active. 


Parameters 


Pulse # 
Select the converter pulse modulation. 


Shift Angle 


Enter the transformer shift phase angle. ETAP enters the standard shift angles for different pulse 
modulation when the pulse number is selected: 
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Pulse Shift Angle 


12 30° 
24 15° 
48 ho 


Note: The phase shift is not taken into consideration for the harmonic generation model for 6 pulse. 


Alpha 


Enter the rectifier’s firing angle. 


Beta 
Enter the advance angle in degrees. 


Xc% 
Enter the commutation reactance in percent of the rated reactance. 


Max Order 
Maximum harmonic order to be modeled 
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13.1.7 Time Domain Page 


The Time Domain page allows you to specify the data type of the UPS used in Time Domain Unbalanced 
Load Flow calculation. The available time domain data types include Fixed Category / Constant, Sector, 
External Data, and Composite Sector. 


Note: UPS time domain data type would only apply if: (1) UPS Load is selected as based on Loading 
Category at Loading page of UPS editor, and (2) UPS is not converting power between AC and DC. 


UPS Editor - UPS-1 


Info Rating Loading SCimp DutyCycle Harmonic Time Domain Reliability Remarks Comment 


| AC Input 0.48kV Output 0.48kV 200kW DC 125V 


Data Type 

@ Fixed Category / Constant 
O Sector 

O Extemal Data 


O Composite Sector 


[) ves a [OR] corce | 


Fix Category/Constant 


This is a default option for a device, which means loading category in loading page of study case is used 
in calculation just like Unbalanced Load Flow. 


Sector 


This option specify a sector profile for UPS to use in load flow calculation. Sector was set in Sector 
Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile Library and 
Section 58.8.2 — Sector Library. 
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UPS Editor - UPS-1 


Info —- Rating. Loading SC Imp DutyCycle Harmonic Time Domain Reliability Remarks Comment 


AC Input 0.48kV Output 0.48kV 200kW DC 125V 


Data Type 

O Fixed Category / Constant 
@ Sector 

O Extemal Data 


O Composite Sector 


Multi-Year Forecasting 


Energize Monday , January 01,2018 v 
Out of Service Friday . January 01,2038 wv 


9) 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecasting 
e Energize: when did/will this UPS be in service. 
e Out of Service: when did/will this UPS be out of service. 


External Data 

This option allows user to use an External Data file as data entry for the UPS. When External Data type is 
selected, the data in an excel sheet with the path specified in Time Domain Loading page of the study 
case will be used in calculation. 


For examples of external data format, refer to Section 58.8.3 - External Data. 
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UPS Editor - UPS-1 


Info Rating Loading SC Imp DutyCycle Harmonic Time Domain Reliability Remarks Comment 


| AC Input 0.48kV Output 0.48kV 200kW DC 125V 


Data Type 

O Fixed Category / Constant 
O Sector 

@ Extemal Data 


ee 


© Composite Sector 


Multi-Year Forecasting 


Energize Monday . January 01,2018 v 
Out of Service Friday . January 01,2038 wv 


Data Gap Options 
@ Maintain and use last value 


O Switch to study case loading category 


EI aR [ox | 


Data Gap Options 
Data gap options specify how to handle the missed data in external file. If the data in external file is 


inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 


Composite Sector 


This option allows users to select a composite sector from the pull-down menu. The composite sectors 
should be set in Sector Library, with the Sector Type “Composite”. Composite sector can be 
combinations of multiple single sectors. 
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Info Rating Loading SCimp DutyCycle Harmonic Time Domain Reliability Remarks Comment 


AC Input 0.48kV Output 0.48kV 200kW DC 125 V 


Data Type 
O Fixed Category / Constant 
O Sector 


O Extemal Data 


@ Composite Sector 
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13.1.8 Reliability Page 
UPS Editor - UPS-1 7 | =reSrmen| 


| Info | Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliability | Remarks | Comment | 
[ AC input 0.48kV Output 048kV 200kW DC 125V 


Reliability Parameters 


AA 0.02 Failure Ayr 
Ap 0 Failure /yr 
Ab 175.2 Repair/yr 


FOR 1.1414E-4 


>) AP 


Reliability Parameters 


Aa 

This is the Active Failure Rate in number of failures per year. The Active Failure Rate is associated with 
the Component Failure Mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of other healthy components and branches from service. 
It should be noted that the failed component itself (and those components that are directly connected to it) 
could be restored to service only after repair or replacement of the failed component. 


p 
This is Mean Repair Rate in number of repairs per year is automatically calculated and based on MTTR 


(u = 8760/MTTR). 
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FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa 
(FOR = MTTR/(MTTR+8760//,). 


MTTFEF 
This is the Mean Time To Failure in years is automatically calculated and based on Aq (MTTF = 1.0/Ka). 


MTTR 


This is the Mean Time To Repair in hours is the expected time necessary for a crew to repair a failed 
component and/or restore the system to its normal operating state. 


Alternative Supply 
Switching Time 


This is time in hours necessary to isolate a failure. It is the period of time starting from the moment a 
switching operation is requested until the operation is completed. 


Replacement 


Available 
Check this box to enable rp 


rP 
This is the replacement time in hours needed to replace a failed component with a spare. 


Library 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 


Interruption Cost 


Load Sector 
Select the Load Sector name for the load. The Load Sector information is used to obtain interruption cost 
information from the Reliability Cost library in order to calculate Expected Interruption Costs. 
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13.1.9 Remarks Page 


UPS Editor - UPS-1 (eee 


| Info _ | Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliability | Remarks | Comment 
[ AC Input 0.48kV Output 048kV 200kW DC 125V 


User Defined Info Drawing / Diagram 


a. | One-Line 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 


3a Wes >) Ae 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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13.1.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


UPS Editor- UPS-1 — « (ome 
| Info | Rating | Loading | SC imp | Duty Cycle | Harmonic | Reliability | Remarks | Comment 


AC Input 0.48kV Output 0.48kV 200kW DC 125 V 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file. 


eeoke ae 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 


ETAP 13-26 ETAP 19.0 User Guide 


AC-DC Elements VED 


13.2 VFD (Variable Frequency Drive) 


The properties associated with VFDs (Variable Frequency Drive) of the electrical system can be entered 
in this editor. 


The Variable Frequency Drive Editor contains the following pages of information: 


Info Page 

Rating Page 
Loading Page 
Start Device Page 
Control Page 
Harmonic Page 
Reliability Page 
Remarks Page 
Comment Page 


13.2.1 VFD Connection and Phase Type 


VED Connection 


ETAP allows flexible connection between a VFD and other elements. Some typical VFD connections are 
shown in the figure below. On the input side, it can be connected to a bus or a branch, such as a cable, a 
2-winding transformer, a line, or an impedance, etc. In order to represent connection of 12, 18 and 24 
pulse VFD, the input of a VFD can be directly connected to the secondary and tertiary of a 3-winding 
transformer or be directly connected to 2, 3 or 4 2-wingding transformers. 


The output side of a VFD can be directly connected to a bus or a two-terminal branch. When you attempt 
to connect an induction motor directly to the output side of a VFD, a node will be inserted automatically. 
Please note that in the previous version of ETAP, it was allowed to connect a VFD between a motor and a 
bus. When a project with such connections is converted to the current version of ETAP, the original 
connection will be maintained as it is. However, if you disconnect the load and reconnect it to the VFD, a 
node will be inserted. 


In some industrial applications, such as submerged oil drilling, VFDs provide electric power to a sub- 
system that includes power distribution elements. These types of systems can also be easily represented 
in ETAP. As shown in the picture below, you may set up a radial system on the output side of VFD with 
buses and branches. The only elements that are not allowed are 3-winding transformer and power sources 
(power grid, generator, etc). In the current version of ETAP, it also limits loads in a VFD-powered sub- 
system to only one energized motor for system studies. 


VED Phase Type 


Most of VFDs for industrial applications are 3-phase VFD. Single phase VFD exists only for very small 
ratings, in the range of fraction of horse power. When a VFD is directly connected to a single-phase load, 
it becomes a single-phase VFD. In this version of ETAP, VFD editor pages are designed specifically for 
3-phase VFDs. When a VFD is connected to a single-phase load, many fields in the VFD editor do not 
apply. In the Rating page, only the rated capacity, output kV and rated efficiency are applicable. The 
parameters in the Loading, Start Dev, and Control pages are not used in the calculations. 
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In system calculations, ETAP handles a single-phase VFD the same way as the previous version. In all 
load flow types of calculations, only the VFD rated efficiency is considered in the calculations. In short- 
circuit types of calculations, if the bypass switch for short-circuit analysis is closed, the connected 
motor/lump load will make short-circuit contributions to a fault. If the bypass switch is open, the 
motor/lump load will be excluded in the short-circuit calculations. 


Cable-1 
3 300 ft 
- TA T2 T3 TA 1-31C 250 
1MVA 1MVA 1MVA 
wa 1055MVA | 4 ul TMA mab 
VFD-2 biskutsd 
1500 HP 3500 HP wd TAI 


AS 
orn 1.5 MVA 


Bus12 
13.8 kV 


: 
3 
3 
3 
3 


¢ 8 mile 
1500 HP 3 1-3/C 250 
vat T-A2 


Mtr-3 rope 
4500 HP 1.5 MVA 


Mtr-4 
1000 HP 
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13.2.2 Info Page 


Within the Info page, specify the VFD ID, Connected Bus, branch and Load IDs, In/Out of Service, State, 
Equipment FDR (feeder) Tag, Name, Description, Data Type, and Load Priority. 


Variable Frequency Drive Editor - VFD-1 = (ramon 


Info| Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment | 


4.16kV 500HP 


fl i 


Og (Sa 41840 
Bus 


Equipment 
Tag # Tag on VFD 1 
Name Name of VFD 1 


Descrioti Description of VFD 1 


Data Type | Typical 4 


Prot Or) 


a3 is) <)ior ID) a2 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each VFD. The assigned IDs consist of the default ID plus an integer, starting with the number one 
and increasing as the number of VFDs increases. 
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The default ID (VFD) for VFD elements can be changed from the Defaults menu in the menu bar or from 
the System Manager. 


Input/Output Element 

These are the IDs of the connecting elements for the VFD. If the terminal is not connected to any 
element, a blank entry will be shown for the ID. If the input of a VFD is connected to a bus, it can be 
changed by selecting a different bus from the list box. The one-line diagram will be updated to show the 
new connection after you click on OK. If the input of a VFD is connected to one or multiple branches, 
the connected branches are displayed in the list and the connection cannot be modified from the editor. 
The element connected on the output side is also displayed in the section and it cannot be changed from 
the editor either. 


Note: You can connect the terminals of the VFD to AC buses that reside in the same view where it 
resides, or you can connect to buses that reside in other views by connecting the external and internal pins 
of the composite networks. You cannot connect to buses that are in the Dumpster. 


If the input side of a VFD is connected to a bus through a number of protective devices, reconnection of 
the VFD to a new bus in this editor will reconnect the last existing protective device to the new bus, as 
shown below where Vfd1 is reconnected from Bus10 to Bus4. 


Bus10 Bus4 Busl0 Bus4 
Es — 
CBl cBl 
Fuse3 Fuse3 
Vtdl Vtdl 
Merl Merl 


ETAP displays the nominal kV next to the bus ID for your convenience. 


Revision Data 


The name of the currently selected revision is displayed in the field. All parameters, except configuration 
related ones, shown in the editor are for the revision. Note that if a record has not been created for the 
element in the revision, its revision data will be identical to the Base. The displayed revision should be 
the same as the revision selected from the Revision Data list box. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
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continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the list box. As the data is updated, this field can be changed to reflect 
the source of the latest data. There are a total of ten load types and you can change their name from the 
Project menu under Settings and Data Type. 


Priority 

Select the load priority of this VFD from the list box. This field can be used for load priority, operating 
priority, load shedding priority, etc. Ten different priorities are provided to select from. Priority names 
can be changed from the Project menu under Settings and Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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13.2.3 Rating Page 


In this page, you can specify the VFD input and output ratings, short-circuit contribution and select the 
VED bypass switch. 


"Variable Frequency Drive Editor - VFD-1 a (ee sme| 
[info | Rating | Loading | Start Dev | Control | Harmonic | Reliabilty | Remarks | Comment | 


416kV 500HP 


Output Input 


ese kie Dae 


Output Rating 


HP/kW 

Enter the VFD output rating in horsepower (HP) or kW. You can choose from these two options by 
clicking on the HP/kW button. The output HP/kW is also related to input kVA through input power factor 
and efficiency 
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kVA 

Enter the rated output kVA. This rated kVA is related to HP/kW, FLA, and PF by certain binding 
equations. When a new kVA value is entered, the FLA and PF will be recalculated while the HP/kW 
value stays unchanged. 


kV 
Enter the rated output voltage in kV. 


Max Voltage 
Enter the maximum operating output voltage in percent of rated output kV. 


Frequency 
Enter the rated output frequency in Hz. This value is the base of operating frequency values entered from 
other pages. 


Max Frequency 
Enter the maximum operating frequency in percent of the rated output frequency. 


Min Frequency 
Enter the minimum operating frequency in percent of the rated output frequency. 


FLA 
Enter the output full load ampere of the VFD. Once a new value is entered, the output kVA and PF 
values will be recalculated. 


PF 
The rated output power factor of the VFD is displayed in this field. This only reflects the power factor 
under rated condition and the actual operating power factor is determined by loads connected to the VFD. 


Max Output Current 
Enter the maximum output current in percent of the output FLA. This value is used to calculate threshold 
for VFD over-current alert in load flow calculations. 


Input Rating 


kVA 

Enter the rated Input kVA. This rated kVA is related to kV, FLA, and PF by certain binding equations. 
When a new kVA value is entered, the FLA and PF will be recalculated. The input kVA is also related to 
output HP/kW through input power factor and efficiency. 


kV 

Enter the rated input voltage in kV. The rated input and output kV values do not have to be the same. 
When they are not equal to each other, it is assumed that a dedicated transformer is located on the input 
or output side of the VFD and the transformer loss is included in the VFD efficiency. 


Frequency 


The rated input frequency of VFD is displayed in this field. The value is always equal to the project 
frequency specified from the Project Standards dialog. 
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FLA 
Enter the input full load ampere of the VFD. Once a new value is entered, the input kVA and PF values 
will be recalculated. 


PF 
Enter the rated input power factor of VFD in percent. Once a new value is entered, the input kVA and 
FLA values will be recalculated 


EFF 

Enter overall efficiency of VFD in percent. The output HP/kV and rated input real power are related by 
the efficiency value. If there is a dedicated transformer within the VFD unit, its loss is also included in 
this efficiency. 


Bypass Switch 

The Bypass Switch only affects AC Studies. When Bypass Switch is closed, the VFD is treated as a 
shorted switch crossed between input and output terminals of a VFD as shown in the one-line diagram. If 
the input and output rated kV values are not equal, the bypass switch option will be hidden, since a direct 
bypass switch will not be applicable in the case. 


There are two bypass switch status flags used for load flow and short circuit type of studies respectively. 


Load Flow Analysis Bypass Switch Flag 

This flag applies to the Edit mode and the modes for load flow type of studies, including Load Flow, 
Motor Starting, Harmonic Analysis, Transient Stability, Unbalanced Load Flow, Optimal Power Flow, 
Reliability, Optimal Capacitor Placement, and Switching Sequence Management, etc. 


Short Circuit Analysis Bypass Switch Flag 
This flag applies to the modes for short circuit type of studies, including Short Circuit and STAR — 
Protective Device Coordination. 


SC Contribution to Output Terminal 
In the current version of ETAP, it considers VFD short circuit contributions to only a fault on the output 
side of the VFD. 


K 
Enter the AC short-circuit multiplication factor in percent of the output FLA. ETAP uses this value to 
calculate short-circuit current contribution from the VFD to the output side. This factor defaults to 150%. 


Isc 

The AC short-circuit current contribution from the VFD to the output side is calculated and displayed 
here in amperes. This is the short circuit contribution to a fault at the output terminal of the VFD and the 
contribution decreases as the fault location moves away from the VFD terminal. 


Output Grounding 
Check if the VFD offers grounding to the system 


Note: In unbalanced load flow studies, the grounding check box is ignored and the VFD is always 
considered grounded. 
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Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Rg 
Enter the resistance between the element’s chassis and ground in Ohms. 


13.2.4 Loading Page 


You can specify VFD operating parameters from the Load page, including VFD output frequency, V/Hz 
ratio, and input operating power factor. The operating load of the VFD is also displayed in this page after 
load flow calculations. These parameters apply to normal operating VFD in load flow type calculations. 


Variable Frequency Drive Editor- VFD1 |S 
[info | Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment | 
[ 048kV 200HP 


Operating Input PF 


~) Rated 
@ User-Defined 
© Connected Load 


VFD Loading (Output) 


3850 ie DD We 2ol[o=) 
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Operating Input Power Factor 

The VED operating input power factor is specified in this section. The option selected will determine the 
VED input reactive power which can be very different from the output reactive power. There are three 
options: Rated PF, User-Defined PF, and Connected Load PF. 


Rated PF 
Select this option to use the rated input power factor defined in the Rating page as the input operating 
power factor. When this option is selected, the rated input power factor is displayed in the section. 


User-Defined PF 
Select this option to specify an operating input power factor. When this option is selected, the Operating 
Input PF field is enabled for you to enter a value. 


Connected Load PF 

Select this option to determine VFD input reactive power based on the output reactive power. When this 
option is selected, the input reactive power will be equal to the output reactive power, while the input real 
power will be equal to the output real power divided by the VFD rated efficiency. 


Operating Input PF 
This field is enabled when the User-Defined option is selected. The range for the input PF is from -100% 
to 100%. 


VED Loading (Output) 


The VFD operating output frequency and voltage for the 10 loading categories are specified in this 
section. It also displays the VFD connected loads under the specified operating frequency values. 


V/Hz % 

Specify operating V/Hz in percent for calculation of operating output voltage of the VFD. This value is 
defined as 100 multiplied by the ratio of output voltage over output frequency, both in per unit based on 
the rated output voltage or output frequency specified in the Rating page. 


This value is used together with the operating frequency defined in each loading category to establish the 
operating output voltage of VFD. In Load Flow studies, a VFD will maintain its output voltage at the 
specified value. 


% Frequency 
Specify operating output frequency in percent based on VFD rated output frequency. This value will be 
used to determine load power based on load frequency characteristics. 


%V 

This column displays VFD output operating voltage in percent based on rated output voltage, calculated 
using the V/Hz and operating frequency specified for each category. This is the voltage that VFD 
maintains in Load Flow studies. 


%Load on VFD Base 
This column displays VFD connected load in percent based on VFD output rated kVA. 


%Load on Connected Load Base 
This column displays VFD connected load in percent based on the rated kVA of the connected loads. 
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Load kW & kvar 

These two columns display the real and reactive power of all energized connected loads powered by 
VFD. The calculated load considers the operating frequency, but does not include any losses for any 
branch elements involved in the sub-system powered by the VFD. 


VED Loading Calculation Method 


The load kW and kvar displayed in the loading page of the VFD editor include the effect of the operating 
frequency on the VFD. The motor load equipment cable loss is considered in this calculation, but losses 
on other branches in the sub-network powered by the VFD are not included. If a load is directly 
connected to a VFD, the equipment cable loss is calculated based on the rated VFD output voltage. If a 
load is connected to a bus, the initial voltage entered in the Bus editor is used in the loss calculation. 


Motor Load Calculation --Frequency Factor 

As the frequency of voltage applied on a motor load is changed, the motor operating speed and output 
power will change accordingly. The motor load at different operating frequency values is calculated 
based on the motor load curve. In VFD load calculation, if a motor has a load torque curve specified in 
the editor, this load curve will be used. If no load torque curve is specified, the quadratic load torque 
curve will be used as default. 


The figure below shows a typical motor load curve. As shown in the figure, at the operating speed wop, the 


output torque is top and the output power will be wop* top. When calculating the motor load at a different 
operating frequency, the frequency factor is used to consider operating frequency. In determining the 
frequency factor, the load torque curve is first adjusted so that at the synchronous speed the torque value 
is equal to 100%. This adjustment is needed only if on the given curve the load torque value at 


synchronous speed, tsyn is not equal to 100%. The curve is adjusted by multiplying every point on the 


curve by tsyn/100. Then based on the adjusted curve the frequency factor for an operating frequency fop is 
calculated as 


Frequency Factor = fop,pu* top, pu 


where both frequency and torque values are in per unit and top, pu is the load torque in per unit at foppu on 
the load torque curve. 


Once the frequency factor is calculated, it is multiplied to the load percent for a loading category to give 
the actual operating load in percent under the specified operating frequency. The rest of the calculation 
for motor input power is the same as under the rated frequency. Note that the rated operating frequency is 
the system frequency defined in ETAP Project Standard. It can be seen that if the operating frequency is 
the same as the rated frequency, the frequency factor is equal to 1. 
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Torque 


Pout,op = 100%*(Top*Wop)/(T100*Ws) 
Pout(w) = w T(w) 


7\ 100% Pout 
roa T1 -- Constant Torque . 


T2 @50% Pout a 
“| 50% Pout 


W @ 50%Pout Wop Ws Speed 
W @ 100% Pout 


Lump Load Calculation 

The load under different operating frequency from a lump load is calculated based on the Model Type of 
a lump load specified in the Nameplate page to the lump load. For the Conventional model type, the 
constant Z portion is adjusted based on the operating frequency, while the constant kVA portion is not 
adjusted. For Unbalanced motor type, the Constant Z portion is adjusted for the applied operating 
frequency, while the Constant kVA and Constant I portions are not adjusted. For the Exponential, 
Polynomial, and Comprehensive model types, the operating frequency is applied in the load model 
directly to calculate the load power. Note that the rated operating frequency is the system frequency 
defined in ETAP Project Standard. 


ETAP 
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13.2.5 Starting Device Page 


The Start Device page provides parameters used for VFD control during motor starting. You can select 
VFD control type and specify the control curve. Note that in the current version of ETAP, a VFD can be 
used to start only one motor and parameters entered in this page are related to motor started using the 


VED. 
Vaal Frequency Dv ator VEO 
[ 048kV 200HP 
Type : 
Type Vite erable 
Frequency (36) va. Tims (282,) 
me 
& 
ing 
g 
B75 
BS) (#82) (OK }| [cancel | 
Type of VED Start Device 


This group allows you to specify VFD control type for motor starting. 
Type 


Select the control type for VFD during motor starting. Currently the list includes two types: None and 
Frequency Control. When the Frequency Control type is selected, you can specify VFD output frequency 
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and voltage as function of time. During motor starting simulations, the VFD output will follow the curve 
specified. If the option None is selected, in motor starting simulations, the VFD output will maintain at 
the rated output frequency and voltage. When the option None is selected, all other fields will be hidden 
in the page because they are not applicable anymore. 


Note that one special handling related to the option “None” is when a motor is connected to a bus through 
a VED, that is, there is no bus between the motor and VFD. This is the only connection allowed for VFD 
in previous versions of ETAP and users may have entered starting device parameters in the motor editor 
for motor acceleration. In order to provide the same simulation results as in the previous version of 
ETAP, if a motor is connected to a bus through a VFD, in motor acceleration simulation, the starting 
device specified in the motor editor will be considered. In other cases, the starting device in the motor 
editor is considered in motor acceleration simulations only when the VFD bypass switch is closed. 


V/Hz 

The Volt per Hz ratio of the VFD for motor starting can be specified in one of the two options. When the 
Fixed V/Hz option is selected, the ratio is entered in the first line of Control Scheme section and the same 
value will be displayed in the rest of lines. If the Variable V/Hz option is selected, you can specify V/Hz 
ratio for each line in the Control Scheme. 


Current Limit 

This field is for you to enter the current limit permitted by the starting motor. The value is in percent 
based on the FLA of the starting motor. During motor starting simulation, the motor current will be 
limited to this value. In case the limit will be violated if VFD would be operating based on the specified 
control scheme, the VFD output voltage will be reduced to limit motor current. In other words, the VFD 
frequency curve will be followed, but the V/Hz curve will be compromised to meet the current limit 
requirement. 


Control Scheme 
This section allows you to specify the VFD control curve used for motor acceleration. 


Active 
Check (or uncheck) the field to indicate whether the corresponding line will (or will not) be used in 
studies. The uncheck line will keep the data, but will not be included in the simulations. 


Time 

Enter the time in seconds for the control parameters to apply. Note that the first line always has a value 
of zero. The last time is only used to have a cut-off point to show the control curve in the graph and there 
will be no change in VFD output frequency and voltage beyond this time. 


Frequency in Percent 
Enter the VFD output frequency in percent based on the VFD rated output frequency. 


V/Hz in Percent 

Specify V/Hz in percent in this column. It is defined as 100% multiplied by the ratio of VFD per unit 
output voltage over per unit output frequency. The per unit voltage and frequency values are based on 
VED rated output voltage and frequency respectively. Note that if Fixed V/Hz is selected, only the first 
row is editable. 
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Control Type 

Two options can be selected from the list: Fixed and Ramp. When the Fixed option is selected, the 
frequency and V/Hz values will be constant from the time in the current control step to the time in the 
next control step. When the Ramp option is selected, the frequency and V/Hz values will be linearly 
changed from the value in the current control step to the value in the next control step. 


Add 


Click the button to add a new line to the control scheme list. 


Insert 
Click the button to insert a new row above the currently highlighted row. 


Delete 
Click the button to delete the currently selected line. 


Print 
Click the button to print the waveform of the control scheme. 
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13.2.6 Control Page 


This page is only used by Transient Stability analysis module, when VFD Frequency Change is selected 
as an action in study case. 


Variable Frequency Drive Editor - VFO1 2 


0.48kV 200HP 


Control 


Cot Toe 


Kp Ki 


8) 2) 


Control 
Control block diagram of the VFD is shown below. 
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Control Type 
Represents type of control that the block diagram represents. 


Kp 
Represents proportional gain of VFD’s PI controller in per unit. 


Ki 
Ki is integral gain of VFD’s PI controller in per unit. 


Tr 
Tr is the speed sensor time constant in second. 


Wref 
Wref represents the reference speed. 


dw High/dw Low 
dw High and dw Low are high and low limits of the wind-up limiter on PI controller. 


DC Line 


R 
Losses of VFD can be entered into the DC Link resistance of R. Unit of this parameter is Ohm. 
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13.2.7 Harmonic Page 


You can specify the harmonic source type of the VFD, and display the harmonic source waveform and 
frequency spectrum of the UPS within the Harmonic page. 


Frequency Drive Editor - 
Info__| Rating | Loading | Start Dev | Control| Harmonic | Reliabiity | Remarks | Comment | 


Variable Frequency Drive Editor - VF 


Info__| Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment 


} 0.48kV 200HP 048kV 200 HP 
Parameters 
Use Library Data Pulse # Shit Angle 0 © Use Library Data 
© IEEE 519 Equation Alpha 15 Beta 30 ©» IEEE 519 Equation 
Xe 5 Max Order 50 
Harmonic Library Harmonic Library 


Type Manufacturer Model 
Current Source Rockwell 6 Pulse VFD 


Interharmonics 


Spectrum Print Wave Form Spectrum 
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Harmonic Library 


Select this option to define the content of the harmonics of this device by selecting a model from the 
library (by clicking the Library button). When this option is selected, the Library group is activated while 
the Parameters group is grayed out. 


Library 


This group displays the properties of the library selected such as type, manufacturer, and model. 
Library Button 


Click on the Library button to pick up the VFD harmonic source data including harmonic source type, 
device type, and manufacture/model. 
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Library Quick Pick - Harmonic \ 


Harmonic Type (Spectrum) 


® Current Source Voltage Source 


Manufacturer Model 


Rockwell ACS600 12P 
Toshiba ACS600 6P 
Typical DCS500 6P 
Typical IEEE 


| Help | None | | Cancel | 


Type 
This area displays the VFD harmonic source type picked up from the Harmonic Library. 


Manufacturer 
This area displays the VFD device type picked up from the Harmonic Library. 


Model 
This area displays the VFD Manufacturer/model picked up from the Harmonic Library. 


Waveform 
This area displays the harmonic source waveform of the VFD. 


Spectrum 
This area displays the harmonic frequency spectrum of the VFD. 


Print Buttons 
Click on the Print buttons to print out the waveform or frequency spectrum of the VFD. 


IEEE 519 Equation 


Select this option to define the content of harmonics of this device by the pulse level and the rectifier 
injection angle of the device. When this option is selected the Library group is grayed out and the 
Parameters group is active. 


Parameters 


Pulse # 
Select the converter pulse modulation. 


Shift Angle 


Enter the transformer shift phase angle. ETAP enters the standard shift angles for different pulse 
modulation when the pulse number is selected: 
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Pulse Shift Angle 


12 30° 
24 15° 
48 ho 


For 6 pulse, the phase shift is not taken into consideration for the harmonic generation model. 


Alpha 


Enter the rectifier’s firing angle. 


Beta 
Enter the advance angle in degrees. 


Xc% 
Enter the commutation reactance in percent of the device rating. 


Max Order 
Maximum harmonic order to be modeled 
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13.2.8 Reliability Page 
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| Info _| Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment | 


Reliability Parameters 
Aa 0.003 Failureyr 


dp 0.003 Failure/yr 


416kV 500HP 


Library 
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Reliability Parameters 


ON 


VED 


This is the Active Failure Rate in number of failures per year. The Active Failure Rate is associated with 
the Component Failure Mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of other healthy components and branches from service. 
It should be noted that the failed component itself (and those components that are directly connected to it) 
can be restored to service only after repair or replacement of the failed component. 
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Ap 

This is the Passive Failure Rate in number of failures per year. The Passive Failure Rate is associated with 
a Component Failure Mode that does not cause the operation of the primary protection zone around the 
failed component, and therefore, does not have an impact on the remaining healthy components and 
branches of the system. Repairing or replacing the failed component will restore service. 


This is the Mean Repair Rate in number of repairs per year is automatically calculated and based on 
MTTR (ut = 8760/MTTR). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa 
(FOR = MTTR/(MTTR+8760//a). 


MTTF 
This is the Mean Time To Failure in years is automatically calculated and based on Aq (MTTF = 1.0//a). 


MTTR 


This is the Mean Time To Repair in hours is the expected time necessary for a crew to repair a failed 
component and/or restore the system to its normal operating state. 


Alternative Supply 
Switching Time 


This is the time in hours necessary to isolate a failure. It is the period of time starting from the moment a 
switching operation is requested until the operation is completed. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours needed to replace a failed component with a spare. 


Library 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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13.2.9 Remarks Page 
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VED 


Info _| Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment 


User Defined Info 


Eq. Ref. 


Last Maint. 


Next Maint. 


Tests Req. 


UD Field A5 


UD Field A6 


UD Field A7 


4.16kV 500HP 


1 


04/25/11 


04/25/12 


Drawing / Diagram 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


ETAP 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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13.2.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


" Variable Frequency Drive Editor - VFD-1 x) 


| Info _| Rating | Loading | Start Dev | Control | Harmonic | Reliability | Remarks | Comment 


416kV 500HP 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


a3 Bio) <)iorn =D) aa) 


k 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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13.3 Charger 


The properties associated with DC chargers of the electrical system can be entered in this editor. 
The Charger Editor contains the following pages of information: 


Info Page 

Rating Page 

Loading Page 

Regulation Page (Only for Rectifier) 
SC Page 

Harmonic Page 

Reliability Page 

Remarks Page 

Comment Page 
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13.3.1 Info Page 


Within the Info page, specify the Charger ID, Connected Bus, In/Out of Service, Equipment FDR (feeder) 
Tag, Name, Description, Data Type, Load Priority, Configuration Status, Operating Type, and Demand 
Factor. 


DC Charger Editor - Charger1 


sa 
—— 


Info | Rating | Loading | SC | Harmonic | Reliability | Remarks | Comment | 


AC 048kV 500kVA DC 250V 1530A 


cd 


Revision Data 


Demand Factor 
Continuous Intermittent Spare @ 3 Phase 
100 50 0 % © 1 Phase 


SS 8 Wet) WB) | (eee) 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each charger. The default IDs consist of the word charger plus an integer, starting with the number 
one and increasing as the number of chargers increases. 


The default ID (Charger) for chargers can be changed from the Defaults menu in the menu bar or from 
the System Manager. 
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AC Bus and DC Bus 

These are the IDs of the connecting buses for the charger. If the terminal is not connected to any bus, a 
blank entry will be shown for the bus ID. To connect or reconnect a charger to a bus, select a bus from 
the list box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the charger to AC & DC buses that reside in the same view where 
it resides, or you can connect to buses that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot connect to buses that are in the Dumpster. 

If a charger is connected to a bus through a number of protective devices, reconnection of the charger to a 
new bus in this editor will reconnect the last existing protective device to the new bus, as shown below 


where Charger1 is reconnected from Bus10 to Bus4. 


Busl10 Bus4 Busl10 Bus4 


CBl 


Fuse3 


Chargerl 


Chargerl 


DcBus? DeBus? 


ETAP displays the nominal kV of the AC terminal bus and nominal V of the DC terminal bus next to the 
bus ID for your convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Configuration 


Select the operating status of the charger(s) for the selected configuration status from the list box. 
Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the charger is 
determined for AC Load Flow Studies. 


Note: Status is not a part of the charger engineering properties. For this reason, the name of the 
configuration status is shown, indicating the charger status under the specific configuration, i.e., you can 
have a different operating status under each configuration. In the following example, status of a charger 
is shown to be Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal Emergency 
Status |Continuous + | Status | Spare ~| 
Connection 
3-Phase 


For this release of Power Station the 3-phase connection type cannot be selected by the user, but it used 
by ETAP to model the device. 


1-Phase 
For this release of Power Station the 1-phase connection type cannot be selected by the user. 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of 10 load types and you can change their name from 
the Project menu under Settings and Data Type. 


Priority 

Select the load priority of this inverter from the pull-down list. This field can be used for load priority, 
operating priority, load shedding priority, etc. Ten different priorities are provided to select from. 
Priority names can be changed from the Project menu under Settings and Load Priority. 
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Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Type 


Select operating type as charger, converter or rectifier. 


Demand Factor 


Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
Demand factor is the amount of time the charger is actually operating. Demand factors affect the 
calculation of the charger load. 


Load kW = Rated kVA * PF * % Loading * Demand Factor 
Load kvar = Rated kVA * RF * % Loading * Demand Factor 


Where the PF & RF are rated power factor and reactive factor of the charger. 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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13.3.2 Rating Page 


Charger and Converter 


In this page, you can specify the charger ratings and DC voltage limits, and select the Charger Operating 
Mode. 


DC Charger Editor - Charger1 |S) 


| Info| Rating | Loading | SC | Harmonic | Reliability | Remarks | Comment | 
[ AC 048kV S500kVA DC 250V 1530 A 
AC Rating 


500 “%EFF 90 


kV 


Operating Mode DC Voltage 

@ Constant Voltage Vde | 2525 V 
@ Flat Max.Limt 110 % 
© Equalize Min.Limt 90 % 


© Fixed Firing Angle 


BeH Ce =>) WB) ec] 


AC Rating 


kVA 

Enter the kVA rating of the charger. Click on the kVA/MVA button to choose from kVA and MVA units 
for entering and displaying kW/MW and kvar/Mvar data of the charger. When the value of the kVA is 
modified, the rated DC power, rated DC full load current, rated AC full load current and the operating 
load and losses for all Loading Categories of the charger are recalculated. 
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kV 
Enter the rated AC voltage of the charger in kV. The rated AC full load current is calculated based on 
this value. 


FLA 

Enter the rated AC full load current of the charger in amperes. When the rated AC full load current is 
modified, the rated kVA, rated efficiency and the operating load and losses for all Loading Categories of 
the charger are recalculated. ETAP limits the entry of rated AC full load current in such a way that the 
rated efficiency cannot exceed 100% or be below 10%. 


% Eff 

Enter the rated efficiency of the charger in percent. The rated kVA, rated AC full load current, and the 
operating load and losses for all Loading Categories of the charger are recalculated when the efficiency is 
modified. Efficiency cannot exceed 100% or be below 10%. It defaults to 90%. 


% PF 

Enter the rated power factor of the charger in percent. When the power factor is modified, the rated kVA, 
rated AC full load current, rated firing angle, and the operating load and losses for all Loading Categories 
of the charger are recalculated. Power factor cannot exceed 100%. It defaults to 85%. 


Alpha 
The rated firing angle of the charger is calculated based on the rated power factor is displayed here in 
degrees. 


DC Rating 


kW 

Enter the DC kW rating of the charger. When the rated kW is modified, the rated kVA, rated AC full load 
current, rated DC full load current, and the operating load and losses for all Loading Categories of the 
charger are recalculated. 


Vv 
Enter the rated DC voltage of the charger in volts. The rated DC full load current is calculated. 


FLA 

Enter the rated DC full load current of the charger in amperes. When the rated DC full load current is 
modified, the rated DC kW, rated kVA, rated AC full load current, and the operating load and losses for 
all Loading Categories of the charger are recalculated. 


Imax 

Enter the maximum DC output current of the charger in percentage of the rated DC full load current. The 
charger becomes a constant current source when DC load current exceeds the Imax in DC load flow 
study. ETAP uses Imax as the constant current source value. Imax defaults to 150%. 


Operating Mode 


Constant Voltage 
When you select this option, a constant voltage is used as the voltage source value of the charger in DC 
Load Flow Studies. The constant voltage Vdc is calculated as follows: 
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° Select Float: Vdc = V * %Vfloat/100 
° Select Equalize: Vdc = V * %Veq/100 


Fixed Firing Angle 
When you select this radio button, the voltage source value of the charger in DC Load Flow Studies is 
calculated using a fixed firing angle (Alpha) and the input bus voltage. 


DC Voltage 


Vdc 


Displays the voltage source value of the charger in volts. 


Max Limit 

The Max Limit Equalize voltage threshold of the charger in percent or volts can be entered when 
Equalize is selected. ETAP limits the entry of Vequalize in such a way that Vequalize cannot exceed the 
Max. Limit threshold. 


The Max Limit Float voltage threshold of the charger in percent or volts can be entered when Float is 
selected. ETAP limits the entry of Vfloat in such a way that Vfloat cannot exceed the Max. Limit 
threshold. 


Min Limit 

When Equalize is selected, the Min. Limit Equalize voltage threshold of the charger in percent or volts 
can be entered. ETAP limits the entry of Vequalize in such a way that Vequalize cannot be less than the 
Min. Limit threshold. 


When Float is selected, the Min. Limit Float voltage threshold of the charger in percent or volts can be 


entered. ETAP limits the entry of Vfloat in such a way that Vfloat cannot be less than the Min. Limit 
threshold. 


Rectifier 
In this page, you can specify the rectifier rating. 
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Rectifier - Rectfier1 x 
Info Rating Loading Regulation SC Harmonic Time Domain Reliability Rem ‘|| 
AC 0.795kV 1960.8kVA DC 795V 1887 A 


AC Rating 
COE 
FLA | 1424 | Apha[ 318 Deg. 
DC Rating 
Voltage 
ww [TBH] We [785] 
FLA| 1887 | Max| 110 |% 


ine [150] tin ["H] 


(Pectin (BAIR 0 | corce | 


Standard 
The standard will be based on model selected from the library. 


Library 
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Power Rectifier Quick Pick x 
Standard Manufacturer 
@ANsI Reference 
Olec | | 
Link 
Model 
seis ae = Overload Class 
pana liars ti Heavy Traction Service 
DCTrain 3000 Uncontrolled 
DCTrain1 795 Uncontrolled Brand Name 
Reference 
Curve Assignment 
Application 


Help None Close 


To select rectifiers from the Power Rectifier Library, click on the Library button and the Power Rectifier 
Quick Pick will appear. From the Library Quick Pick select the Rectifier Library manufacturer and 
model. 


AC Rating 


kVA 

Enter the kVA rating of the rectifier. Click on the kVA/MVA button to choose from kVA and MVA 
units for entering and displaying kW/MW and kvar/Mvar data of the charger. When the value of the kVA 
is modified, the rated DC power, rated DC full load current, rated AC full load current and the operating 
load and losses for all Loading Categories of the rectifier are recalculated. 


kV 
Enter the rated AC voltage of the rectifier in kV. The rated AC full load current is calculated based on 
this value. 


FLA 


Enter the rated AC full load current of the rectifier in amperes. When the rated AC full load current is 
modified, the rated kVA, rated efficiency and the operating load and losses for all Loading Categories of 
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the rectifier are recalculated. ETAP limits the entry of rated AC full load current in such a way that the 
rated efficiency cannot exceed 100% or be below 10%. 


% PF 

Enter the rated power factor of the rectifier in percent. When the power factor is modified, the rated 
kVA, rated AC full load current, rated firing angle, and the operating load and losses for all Loading 
Categories of the rectifier are recalculated. Power factor cannot exceed 100%. It defaults to 85%. 


Alpha 
The rated firing angle of the rectifier is calculated based on the rated power factor is displayed here in 
degrees. 


DC Rating 


kW 

Enter the DC kW rating of the rectifier. When the rated kW is modified, the rated kVA, rated AC full 
load current, rated DC full load current, and the operating load and losses for all Loading Categories of 
the rectifier are recalculated. 


Vdc 
Enter the rated DC voltage of the rectifier in volts. The rated DC full load current is calculated. 


FLA 

Enter the rated DC full load current of the rectifier in amperes. When the rated DC full load current is 
modified, the rated DC kW, rated kVA, rated AC full load current, and the operating load and losses for 
all Loading Categories of the rectifier are recalculated. 


Imax 

Enter the maximum DC output current of the rectifier in percentage of the rated DC full load current. The 
charger becomes a constant current source when DC load current exceeds the Imax in DC load flow 
study. ETAP uses Imax as the constant current source value. Imax defaults to 150%. 


Max 
Enter the maximum float voltage in percent. 


Min 
Enter the minimum float voltage in percent. 
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13.3.3 Loading Page 


You can specify loading percentage of the charger for all Loading Categories, and view updated AC and 
DC operating load from DC Load Flow Studies in this page. 


DC Charger Editor - Charger1 — |e 
Info| Rating} Loading | SC _| Harmonic | Reliability | Remarks | Comment | 


AC 048kV 5O00kKVA DC 250V 1530A 


sl [S| (28) (2) (0) | cones 


Loading Category 


Loading Category 

This section is used to assign a percent loading to each one of the ten Loading Categories for the loading 
of this charger, i.e., each charger can be set to have a different operating loading level for each Loading 
Category. To edit the values of the percent loading, click on any one of the edit fields under the % 
Loading column. Note that you can select any of these Loading Categories when conducting AC Load 
Flow Studies. Select Loading Category from the Project menu to edit the Loading Category names. 
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Operating Load 


AC 
Updated AC operating load of the charger in kW/kvar or MW/Mvar is displayed here when Update 
Operating Load is checked in the DC Load Flow Study Case Editor. 


DC 


Updated DC operating load of the charger in kW or MW is displayed here when Update Operating Load 
is checked in the DC Load Flow Study Case Editor. 
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13.3.4 Regulation Page 


Rectifier - Rectfier1 x 


Info. Rating Loading Regulation SC Harmonic Time Domain Reliability Rem| ‘| > | 
AC 0.795kV 1960.8kVA DC 795V 1887 A 


@ Library 
Equation 


2 
o 
> 
S 
a 
= 
o 


3275 4913 
Output Amps 


(23) (6B) (59) [J ection ~| DD) (2 LB) [0K || Conca 


Output Volts-Output Amps Curve 


This is the characteristic curve of the rectifier of the model selected from the library. 
Print 


Click to print the curve. 
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13.3.5 SC Page 


You can select the charger short-circuit model, specify AC system short-circuit capacity and impedance 
of the charger, and the grounding data within the SC page. 


DC Charger Editor - Charger1 [pS 


| Info | Rating | Loading) SC | Harmonic | Reliability | Remarks | Comment | 


AC 048kV 5O0kKVA DC 250V 1530A 


SC Contibution to DC System 


@ Fixed SC Contribution Isc (k * FLAdc) 2295 =A 
©) Based on AC System Z 


AC System Z 


100 MVAb 
%R 166.574 


%X 4997225 


5 I) CG} [cence | 


SC Contribution to DC System 


Fixed SC Contribution 
When you select the Fixed SC Contribution option, the charger is treated as an ideal constant current 
source (K * FLAdc/100) in DC Short-Circuit Studies. 


Based on AC System Z 


When you select the Based on AC System Z option, the charger is treated as a constant voltage source in 
DC Short-Circuit Studies. 
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K 
Enter the short-circuit multiplication factor in percent. ETAP uses this value to calculate the constant 
current source value for DC Short-Circuit Studies. The multiplication factor defaults to 150%. 


Isc (k*FLAdc) 
The constant current source (short-circuit contribution) of the charger is calculated and displayed here in 
amperes. 


AC System Z 


MVAsc 
When you enter the AC system short-circuit capacity of the charger in MVA, the system short-circuit 
impedance, including %R and %X in 100MVA base, are calculated. 


X/R 
Enter the X/R ratio of the system short-circuit impedance for calculation of the %R and %X. 


%*R 
Enter the resistance R of the system short-circuit impedance in percent (100 MVA base). When R is 
modified, the X/R ratio of the system short-circuit impedance is recalculated. 


% X 

Enter the reactance X of the system short-circuit impedance in percent (LOOMVA base). When X is 
modified, the X/R ratio of the system short-circuit impedance and the system short-circuit capacity are 
recalculated. 


DC Grounding 


Check if the charger offers grounding to the system 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Rg 
Enter the resistance between the element’s chassis and ground in Ohms. 
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13.3.6 Harmonic Page 


You can specify the harmonic source type of the charger and view the harmonic source waveform and 
frequency spectrum of the charger within the Harmonic page. 


DC Charger Editor - Chargerl 
[nfo | Rating [ Loading | SC _| Harmonic | Reliability | Remarks | Comment 


DC Charger Editor - Chargerl —— fea] 


Info _ | Rating | Loading 


SC_| Harmonic | Reliability | Remarks | Comment 


| AC O048kV 500kVA DC 250V 1530A | AC 048kV 500kVA DC 250V 1530A 
®) Harmonic Library © IEEE 519 Equation @) Harmonic Library IEEE 519 Equation 
Library Parameters Library 
Pulse # Shift Angle 0 Type Current Source 
Alpha 15 MFR Typical-IEEE 
Xe % 5 Max Order 50 Model 6 Pulse1 
Interhammonics 
Wave Form Spectrum Print Wave Form Spectrum 
. 2. , 
: os ; 75 
2 3004 1 
——| |e” 
| e, ean 
OS 10 * 7 bs 3 
Harmonic Order Harmanic Order 
23) Ween “> #2) 2H lees =|) 2) (9) | core 
Harmonic Library 


Select this option to define the content of the harmonics of this device by selecting a model from the 
library (by clicking the Library button). When this option is selected, the Library group is activated while 


the Parameters group is grayed out. 


Library 


This group displays the properties of the library selected such as type, manufacturer, and model. 


Library Button 


Click on the Library button to pick up the charger harmonic source data including harmonic source type, 


device type, and manufacture/model. 


ETAP 
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x 


Library Quick Pick - Harmonic \ 


Harmonic Type (Spectrum) 


® Current Source Voltage Source 


Manufacturer Model 


Rockwell ACS600 12P 
Toshiba ACS600 6P 
Typical DCS500 6P 
Typical IEEE 


| Help | None | | Cancel | 


Type 
This area displays the charger harmonic source type picked up from the Harmonic Library. 


Manufacturer 
This area displays the charger device type picked up from the Harmonic Library. 


Model 
This area displays the charger manufacturer/model picked up from the Harmonic Library. 


Waveform 
This displays the harmonic source waveform of the charger. 


Spectrum 
This displays the harmonic frequency spectrum of the charger. 


Print Buttons 
Click on the Print buttons to print out the waveform or frequency spectrum of the charger. 


IEEE 519 Equation 


Select this option to define the content of harmonics of this device by the pulse level and the rectifier 
injection angle of the device. When this option is selected the Library group is grayed out and the 
Parameters group is active. 


Parameters 


Pulse # 
Select the converter pulse modulation. 


Shift Angle 


Enter the transformer shift phase angle. ETAP enters the standard shift angles for different pulse 
modulation when the pulse number is selected: 
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Pulse Shift Angle 


12 30° 
24 15° 
48 io 


Note: For 6 pulse, the phase shift is not taken into consideration for the harmonic generation model. 


Alpha 


Enter the rectifier’s firing angle. 


Xc% 
Enter the commutation reactance in percent of the rated reactive reactance. 


Max Order 
Maximum harmonic order to be modeled 
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13.3.7 Time Domain Page 


The Time Domain page allows you to specify the data type of the charger used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, External Data, and Composite Sector. 


Note: When “AC & DC Simultaneous Solution” checkbox is checked at Info page of Time Domain Load 
Flow Study Case editor, and charger is connected with an active DC bus, then the charger would be 
converting AC power to DC power, and time domain data type would not apply. 


DC Charger Editor - Charger1 x 


Info Rating Loading SC Harmonic Time Domain Reliability Remarks Comment 
AC 048kV 500kVA DC 250V 1530 A 


Data Type 

@ Fixed Category / Constant 
O Sector 

O Extemal Data 


O Composite Sector 


23 Scarce ~| D>) M2) Lo | cance | 


Fix Category/Constant 
This is a default option for a device, which means loading category in loading page of study case is used 
in calculation just like Unbalanced Load Flow. 
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Sector 


This option specify a sector profile for charger to use in load flow calculation. Sector was set in Sector 
Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile Library and 
Section 58.8.2 — Sector Library. 


DC Charger Editor - Charger! x 


Info = Rating ~Loading SC Harmonic Time Domain Reliability Remarks Comment 
AC 048kV 500kVA DC 250V 1530 A 


Data Type 
O Fixed Category / Constant 
@ Sector 


O Extemal Data 


© Composite Sector 


Multi-Year Forecasting 
Energize Monday , January 01,2018 v 
Out of Service Friday . January 01,2038 wv 


Seuk DBP ox | 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecastin 
e Energize: when did/will this charger be in service. 
e Out of Service: when did/will this charger be out of service. 
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External Data 
This option allows user to use an External Data file as data entry for the charger. When External Data 


type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the 
study case will be used in calculation. 


For examples of external data format, refer to Section 58.8.3 - External Data. 


DC Charger Editor - Charger1 x 


Info = Rating ~Loading SC Harmonic Time Domain Reliability Remarks Comment 
AC 048kV 500kVA DC 250V 1530 A 


Data Type 

© Fixed Category / Constant 
O Sector 

@ Extemal Data 


Saas 


© Composite Sector 


Multi-Year Forecasting 
Energize Monday , January 01,2018 ~v 


Out of Service Friday . January 01,2038 wv 


Data Gap Options 
@ Maintain and use last value 


O Switch to study case loading category 


BES Cio 2D) [0K cee 


Data Gap Options 
Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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Composite Sector 


This option allows users to select a composite sector from the pull-down menu. The composite sectors 


should be set in Sector Library, with the Sector Type “Composite”. Composite sector can be 
combinations of multiple single sectors. 


DC Charger Editor - Charger] 


Info = Rating Loading SC Harmonic Time Domain Reliability Remarks Comment 
AC 048kV 500kVA DC 250V 1530 A 


Data Type 
O Fixed Category / Constant 
O Sector 


O Extemal Data 


Energize Monday . January 01,2018 ~v 


Out of Service Friday . January 01,2038 wv 


BES Reem (B) HL) (04 | cae 
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13.3.8 Reliability Page 


DC Charger Editor - Charger1 (eso) 


| Info| Rating | Loading | SC | Harmonic | Reliability | Remarks | Comment | 
AC 048kV 5O00kVA DC 250V 1530A 


Reliability Parameters 


ha 0.02_—Ss“Failureyr 


A. 175.2 Repair/yr 


FOR 1.1414E-4 


7) 62) Go|[o=) 


Reliability Parameters 
ON 


This is the Active Failure Rate in number of failures per year. The Active Failure Rate is associated with 
the Component Failure Mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of other healthy components and branches from service. 
It should be noted that the failed component itself (and those components that are directly connected to it) 
could be restored to service only after repair or replacement of the failed component. 


p 
This is the Mean Repair Rate in number of repairs per year is automatically calculated and based on 
MTTR 


(11 = 8760/MTTR). 
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FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa 
(FOR = MTTR/(MTTR+8760/Xa). 


MTTFEF 
This is the Mean Time To Failure in years is automatically calculated and based on Aq (MTTF = 1.0/Ka). 


MTTR 


This is the Mean Time To Repair in hours is the expected time necessary for a crew to repair a failed 
component and/or restore the system to its normal operating state. 


Alternative Supply 
Switching Time 


This is the time in hours necessary to isolate a failure. It is the period of time starting from the moment a 
switching operation is requested until the operation is completed. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours needed to replace a failed component with a spare. 


Library 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 


Interruption Cost 


Load Sector 
Select the Load Sector name for the load. The Load Sector information is used to obtain interruption cost 
information from the Reliability Cost library in order to calculate Expected Interruption Costs. 
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13.3.9 Remarks Page 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


DC Charger Editor - Chargeri |e 


| Info | Rating | Loading | SC | Harmonic | Reliability | Remarks | Comment 
[ AC 048kV 500kVA DC 250V 1530 A 


User Defined Info Drawing / Diagram 


Eq. Ref. 1 
One-Line 
Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 


UD Field A6 


UD Field A7 


=) 2) | [cence | 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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13.3.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


DC Charger Editor - Charger1 . |e 
| Info | Rating | Loading | SC | Harmonic | Reliability | Remarks | Comment 
[AC O48kV 500kVA DC 250V 1530 A 


increase the size of this field, refer to the entries in the ETAPS INI file. 


BBS Wess) A) (oc) [cee | 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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13.4 Inverter 


The properties associated with inverters of the electrical system can be entered in this editor. 
The DC Inverter Editor contains the following pages of information: 


Info Page 

Rating Page 

AC Loading Page 
DC Generation Page 
Duty Cycle Page 
Harmonic Page 
Reliability Page 
Remarks Page 
Comment Page 
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13.4.1 Info Page 


You can specify the ID, Connected Buses, In/Out of Service, Equipment FDR (feeder) Tag, Name, 
Description, Data Type, Load Priority, and Status within the Info page. 


Info Rating | AC Loading | DC Generation | Duty Cycle | Harmonic | Reliability | Remark ‘ |» 
DC 25kW 250V AC 0.12kV 26.5kVA 


Info 
—— f 


Revision Data 


Demand Factor 
Continuous 100 = Intermittent 50 Spare 0 % #$@3Phase © 1 Phase 


aes) im) a 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each inverter. The default IDs consist of the word Inv plus an integer, starting with the number one 
and increasing as the number of inverters increases. 


The default ID (Inv) for inverters can be changed from the Defaults menu in the menu bar or from the 
System Manager. 
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DC Bus and AC Bus 

These are the IDs of the connecting buses for the inverter. If the terminal is not connected to any bus, a 
blank entry will be shown for the bus ID. To connect or reconnect an inverter to a bus, select a bus from 
the list box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the inverter to AC & DC buses that reside in the same view where 
it resides, or you can connect to buses that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot connect to buses that are in the Dumpster. 


If an inverter is connected to a bus through a number of protective devices, reconnection of the inverter to 
a new bus in this editor will reconnect the last existing protective device to the new bus, as shown below 
where Inv1 is reconnected from DCBus10 to DCBus4. 


DcBusl10 DcBus4 DecBusl0 DcBus4 


PCCBL DCCB1l1 


DCFused DCFused 


Invl v4 Invl 


Busl? Busl? 


ETAP displays the nominal voltage of DC terminal buses and nominal kV of AC terminal bus next to the 
bus ID for your convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Configuration 


DC Load Status 
Select the DC load status of the inverter for the selected configuration status from the list box. Options 
for DC load status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the inverter is 
determined for DC Load Flow Studies. 


Note: Status is not a part of the inverter engineering properties. For this reason, the name of the 
configuration status is shown, indicating the inverter status under the specific configuration, i.e., you can 
have a different operating status under each configuration. In the following example, the status of an 
inverter is shown to be Continuous under Normal configuration and Spare under Emergency 
configuration. 


Configuration Configuration 
Normal Emergency 
Status | Continuous 7 | Status | Spare Y | 


AC Operating Mode 

Specify the AC operation mode of the inverter for the selected configuration status from the list box. The 
available options include: Swing, Voltage Control, Mvar Control and PF Control. In order to be able to 
flexibly model inverter operating conditions for all possible applications, ETAP provides AC operation 
modes similar to a generator. For example, when an inverter is powering an isolated sub-system, it can be 
set in the Swing or Voltage Control mode. For power grid connected inverters used in solar farms, they 
can be set in the Mvar or PF Control mode. 


Swing 
For load flow studies, a swing inverter will take up the slack of the power flows in the system, i.e., the 
voltage magnitude and angle of the generator terminals will remain at the specified operating values. 


For motor acceleration studies, an initial load flow study is conducted to determine initial conditions. For 
the initial load flow, a swing inverter is represented as an infinite source. At time 0+, the inverter is 
modeled as a voltage source behind its equivalent internal impedance. 


Voltage Control 

An inverter can be selected as a voltage control (regulated) source, which means that the inverter will 
adjust its var output to control the voltage. Therefore, the inverter’s terminal voltage magnitude, 
operating real power (kW), and minimum and maximum allowable reactive power supply (Max Q and 
Min Q) must be specified for voltage control inverters. During load flow studies, if the calculated 
inverter kvar falls outside the inverter kvar capability limits (Max Q or Min Q limit), the value of the kvar 
will be set equal to the limit and the Operation Mode is changed to Mvar control. 
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Mvar Control 
Using this option you can specify the amount of fixed kW and kvar generation in the Generation page of 
the Inverter Editor. 


PF Control 
In this mode, the kW output is fixed to the kW setting. The generator’s kW and %PF settings must be 
entered on the Generation page for the generation category selected when modeled in this mode. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of 10 load types and you can change their name from 
the Project menu under Settings and Data Type. 


Priority 

Select the load priority of this inverter from the pull-down list. This field can be used for load priority, 
operating priority, load shedding priority, etc. Ten different priorities are provided to select from. 
Priority names can be changed from the Project menu under Settings and Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Demand Factor 

Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
Demand factor is the amount of time the inverter is actually operating. Demand factor affects the 
following calculations: 


Operating kW = Rated kW * % Loading * Demand Factor 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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Output Connection 


Phase 
The phase type of an inverter can be either a 3-phase or 1-Phase. When the 1-Phase type is selected, it is 
defaulted as Phase A. 
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13.4.2 Rating Page 


You can specify the inverter ratings, short-circuit current to a fault in the AC system, and AC grounding 
parameter in this page. 


[nfo_| Rating | AC Loading | DC Generation | Duty Cycle | Harmonic | Reliability | Remark * |” 
[ DC 25kW 250V AC 0.12kV 26.5kVA 


DC Rating 


25 
90 


SC Contribution to AC System 
FLA 


127.4 


ee PF Isc=K*FLA[ 191 A 


K 150 % 


Sea ki=u 8B) Colles) 


DC Rating 


kW 

Enter the kW rating of the inverter. Click on the kW/MW button to choose between kW and MW units 
for entering rated DC power and displaying data for the inverter. When kW rating is modified, the rated 
AC kVA, rated DC full load current, rated AC full load current, and the operating load and losses for all 
Loading Categories of the inverter are recalculated. 
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FLA 

Enter the rated DC full load current of the inverter in amperes. When the rated DC full load current is 
modified, the rated DC power, rated efficiency, and the operating load and losses for all Loading 
Categories of the inverter are recalculated. ETAP limits the entry of rated DC full load current in such a 
way that the rated efficiency cannot exceed 100% or be below 10%. 


Vv 
Enter the rated DC voltage of the inverter in volts. The rated DC full load current is calculated from this 
value. 


Vmax 
Enter the maximum DC voltage of the inverter in percent of the rated voltage. It defaults to 110%. 


Vmin 
Enter the minimum DC voltage of the inverter in percent of the rated voltage. It defaults to 90%. 


Eff 


%Load 

There are four %load fields to define inverter efficiency. The first field is fixed at 100% for the rated 
efficiency of the inverter. The second field can be a specified value larger than 100% and the other two 
fields must have values less than 100%. Note that the inverter load level is defined as its output AC kW 
divided by the rated kW, which is calculated based on rated AC kVA and power factor. 


“Eff 

Enter the efficiency value in percent for the corresponding load level. These efficiency values affect 
inverter power calculations in the Loading and Generation pages. When the efficiency for 100% load is 
modified, the rated DC power, and rated DC full load current are recalculated. Efficiency cannot exceed 
100% or be below 10%. The default value is 90%. 


Note that in Unified Load Flow study (embedded in Unbalanced Load Flow module), %Eff under 100% 
Load is used in calculation. 


Imax 


Enter the maximum current of the inverter in percentage of the rated full load current. Imax defaults to 
150%. 


AC Rating 


kVA 

Enter the rated AC kVA of the inverter. When the rated AC kVA is modified, the rated AC full load 
current, rated DC power, rated DC full load current, and the operating load and losses for all Loading 
Categories of the inverter are recalculated. 


kV 
Enter the rated AC voltage of the inverter in volts. The rated AC full load current is calculated. 
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FLA 

Enter the rated AC full load current of the inverter in amperes. When the rated AC full load current is 
modified, the rated DC power, rated AC kVA, rated DC full load current, and the operating load and 
losses for all Loading Categories of the inverter are recalculated. 


%PF 

Enter the rated power factor of the inverter in percent. The rated DC power, rated DC full load current, 
and the operating load and losses for all Loading Categories of the inverter are recalculated when the 
power factor is modified. ETAP limits the entry of power factor in such a way that it cannot exceed Max. 
PF or be below Min. PF. It defaults to 85%. 


Min. PF 
Enter the minimum power factor in percent. It defaults to 80%. This value is used to calculate Qmax and 
Qmin when the inverter AC operation mode is Voltage Control. 


Max. PF 
Enter the maximum power factor in percent. It defaults to 100%. This value is used to calculate Qmax 
and Qmin when the inverter AC operation mode is Voltage Control. 


SC Contribution to AC System 


K 

Enter the short-circuit multiplication factor in percent. ETAP uses this value to calculate the short-circuit 
current contribution from the inverter for AC Short-Circuit Studies. The multiplication factor defaults to 
150%. 


Isc 


The short-circuit current contribution from the inverter (Isc = K * FLAac/100) is calculated and displayed 
here in amperes. 


AC Grounding 


Check if the transformer offers grounding to the system. 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Distributed Neutral 
Check this box if neutral is distributed for the IT earthing type. 


Rg 
Enter the resistance between the element’s chassis and ground in Ohms. 


ETAP 13-88 ETAP 19.0 User Guide 


AC-DC Elements 


13.4.3 AC Loading Page 


Inverter 


You can specify the loading percent of the inverter for all Loading Categories, and view updated DC and 


AC operating load from Load Flow Studies in this page. 


kV kW kvar Amp Volt 
AC | 0 0 0 0 Dc 


MPPT Control for PV Array System 


Voltage Range 
@ MPPT Control at Inverter Initial 


kW Amp 


[ o |[ 0 |[ 0 | 


# of Steps 


© MPPT Control at PVAmay ‘100 40 


Be We BP [os 


Loading Category 


Loading Category 


| 


This section is used to assign a percent loading to each one of the ten Loading Categories for the loading 
of this inverter, i.e., each inverter can be set to have a different operating loading level for each Loading 
Category. To edit the values of the percent loading, click on any one of the edit fields under the %loading 


column. 
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Note that the inverter loading is defined as its output AC kW divided by the rated kW, which is calculated 
based on rated AC kVA and power factor. The kW loss is calculated based on the specified loading and 
the efficiency values from the Nameplate page. 


Note: You can select any of these Loading Categories when conducting AC Load Flow Studies. 


To edit the Loading Category names, select Loading Category from the Project menu. 


Operating Load 


AC 
This area displays the updated AC voltage, current, and operating load of the inverter in kW/kvar or 
MW/Mvar when the Update Operating Load is checked in the AC Load Flow Study Case Editor. 


DC 
This area displays the updated DC operating load of the inverter in kW or MW when Update Operating 
Load is checked in the AC Load Flow Study Case Editor. 


MPPT Control for PV Array System 


These set of options include Maximum Peak Power Tracking (MPPT) Control assigned to the inverter or 
the PV Array System based on the MPPT control device you are utilizing for your Solar System. 


MPPT Control at Inverter 
When this option is selected, you can specify the inverter MPPT voltage correction range, step size and as 
well as the number of steps available. This is the typical option for a central inverter configuration. 


Note that in Unified Load Flow simulation, when connected DC system has battery, even if this option is 
checked, ETAP will still use “MPPT control at PV Array” option in simulation. 


Also, when connected DC system has multiple grid connected source, this option may cause circulating 
current and the results may not be reliable. Therefore, please avoid connecting multiple inverters to the 


same DC system when this option is selected. 


Initial Voltage 
Initial terminal voltage for inverter MPPT control in percent of rated DC voltage. 


Min Voltage 
Minimum terminal voltage for inverter MPPT to operate in percent of rated DC voltage. 


Max Voltage 
Maximum terminal voltage for inverter MPPT to operate in percent of rated DC voltage. 


Step 
Inverter MPPT control voltage step size in percent of rated DC voltage. 


# of Steps 
Number of steps of inverter MPPT control from minimum to maximum voltage. 
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MPPT Control at PV Array 
When this option is selected, the MPPT control is available at the PV Arrays rather than at the inverter. 
This is typically the case for a non-central inverter configuration. 


13.4.4 Generation Page 


The Generation page allows you to specify operating parameters for inverter AC operation mode used in 
AC system calculations. 


] Inverter Editor - Inv4 cox 1 Inverter Editor - Inv4 Xa 
Info | Rating | Loading | Generation | Duty Cycle | Harmonic | Reliability | Remarks | Comment | | info | Rating [Leading | Generation ‘Duty Cycle | Harmonic | Reliability | Remarks | Comment | 
| DC 45kW 250V AC 0.12kV 5.3kVA | DC 45kW 250V AC 0.12kV 5.3kVA 
Gen Category | %V | Angle | kWac kvar | %PF | Qmax | Qmin | kWde Gen Category | %V = Angle kWac Qmax | Qmin | kWde | kW Loss 
>| BR 1 | oo 1 100 4 2479 |-3468 | 4186 | 0.186 
2 Normal 100 0 Z Normal 100 2 1.239 | -4.902 | 2.769 0.769 
3 Shutdown 100 0 | 3 Shutdown 100 3 1.859 | -4.362 | 3.333 0.333 
4 Emergency 100 0 4 Emergency 100 0 0 0 0 0 
5 Standby 100 0 5 Standby 100 0 0 0 0 0 
6 Startup 100 0 | 6 Startup 100 0 0 0 0 0 
7 Accident 100 0 vi Accident 100 0 0 0 0 0 
8 | SummerLoad | 100 0 8 | SummerLoad | 100 0 0 0 0 0 
9 Winter Load 100 0 9 Winter Load 100 0 0 0 0 0 
10 | Gen Cat 10 100 0 10 | GenCat 10 100 0 0 0 0 0 
«4 m » | 
| Operating Load | | Operating Load 
kV kw kvar Amp Volt kw Amp kV kW kvar Amp Volt kw Amp 
ac[o12 [3477 [2155 [1968 ocl o 3864 [0 ac[ oi2 [3477 [2155 [1968 oc[ oO 3864 [ 0 
" \) 
(25) (OE) (=) (Ki) [inv =D) M2) (06) |coet ||| | SE Kiet =D) ALR) (oc) [cores | 
} 7 ——— amt 
AC Operation Mode — Swing AC Operation Mode — Voltage Control 


Generation Categories 


This group is used to assign the different operating parameters to each of the ten generation categories for 
this inverter. Each inverter can be set to have a different operating generation level for each generation 
category. The list has several columns, including %V, Angle, kWac, kvar, %PF, Qmax, Qmin, kWdc, 
and kWloss. Depending on the AC operation mode selected from the Info page, these fields may be 
editable for user to enter operating parameters, “Display” only presenting calculated values, or “Not 
Applicable” (greyed-out), as summarized in the table below. 


Mode %V Angle | kWac kvar %PF Qmax | Qmin | kWdc | kWloss 


Swing Edit Edit N/A N/A N/A N/A N/A N/A N/A 


Voltage Control | Edit N/A Edit N/A N/A | Display | Display | Display | Display 


Mvar Control N/A N/A Edit Edit | Display | Display | Display | Display | Display 


PF Control N/A N/A Edit | Display | Edit | Display | Display | Display | Display 


Edit — The field is editable for the mode. 
Display — The field displays calculated values for the mode. 
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N/A — The fields are not applicable for the mode and is blanked out. 


Note: You can select any of the generation categories from the load flow settings in the Study Cases such 
as load flow, motor starting, transient stability and others. 


Gen. Cat. 
Displays the names of the generation categories. To modify these names, from the Project Menu, point at 
Settings and then select Generation Categories. Modify the names in the Generation Category dialog box. 


% V (Voltage Magnitude) 

Enter the voltage magnitude setting of the regulated bus at the inverter terminal as a percentage of the 
inverter rated kV. This % operating voltage is used as the control (regulated) value for swing and voltage 
control modes. This value is used as an initial operating voltage for Mvar controlled power grids. 


Vangle (Voltage Angle) 

Enter the voltage angle setting for the swing bus at the inverter terminal in degrees. This value is used as 
a reference angle for inverters in swing mode. This value is used as an initial operating voltage angle for 
Mvar control generators. 


MW 

Enter the operating megawatt generation (real power supply) of the inverter. This field is provided for 
voltage controlled and Mvar controlled inverter types. This value will be held fixed for load flow 
solutions. 


Mvar 
Enter the megavar generation (reactive power supply) of the synchronous generator. This field is 
provided for Mvar controlled inverter types only. This value will be held fixed for load flow solutions. 


%PF 
Power factor setting of the inverter. This column is editable for PF Controlled inverter type only. This 
value is fixed for load flow solutions. 


Min and Max Q (Minimum and Maximum kvar) 

These entries display the minimum and maximum limits for reactive power output of inverters. These 
limits are required for voltage controlled inverter types only, but they are also displayed for the Mvar or 
PF Control types. The Qmax and Qmin values are calculated based on inverter rated kVA, Maximum PF, 
Minimum PF, and the specified operating kWac. If the value of the calculated operating kvar falls 
outside this range, the value is fixed at the limit and the inverter type is changed to Mvar control. 


kWdc 


Displays the calculated inverter DC input power based on the output real power and efficiency. 


kWloss 
Displays the calculated inverter loss, which is the difference between input DC power and output AC real 
power. 


ETAP 13-92 ETAP 19.0 User Guide 


AC-DC Elements Inverter 


Operating Load 


AC 
This area displays the updated AC voltage, current, and operating load of the inverter in kW/kvar or 
MW/Mvar when the Update Operating Load is checked in the AC Load Flow Study Case Editor. 


DC 


This area displays the updated DC operating load of the inverter in kW or MW when Update Operating 
Load is checked in the AC Load Flow Study Case Editor. 
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13.4.5 Duty Cycle Page 


Within the Duty Cycle page, specify the Duty Cycle Category and load profile for each duty cycle. 
ETAP displays the load profile for random and non-random loads for viewing and printing. The data in 
this page are used in Battery Sizing Studies. 


Sais Eee ———— |e 


| Info _| Rating | Loading | Generation | Duty Cycle | Harmonic | Reliability | Remarks | Comment 
DC 50kW 250V AC 0.14kV 52.9kVA 
Duty Cycle 


Sek 7)e8 


. 4 


Duty Cycle 


This section is used to specify load profile for each one of the five Duty Cycle Categories. 


Based on Amp/%Loading 

This option specifies how the duty cycle is specified. When the Amp option is selected, the duty cycle is 
specified as amperes and the %Load will be calculated. When the %Load option is selected, the duty 
cycle is specified as percentage of FLA and the ampere values will be calculated. 
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The selection of this option also determines the column to be updated when the load FLA is changed. 
When the Amp option is selected, if the load FLA is changed, the %Load column will be updated 
according to the Amp values specified. In contrast, when the %Load option is selected, if the load FLA is 
changed, the Amp column will be updated according to the %Load values specified. 


Duty Cycle Category 

Select a Duty Cycle Category from the list box and view the load profile for it in this page. Each load can 
have up to five Duty Cycle Categories with independent load profiles. You can name the Duty Cycle 
Categories from the Project menu bar. 


Load Profile 
To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 


To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list box. 


Enter a load name, current in amperes, start time in seconds, and duration in seconds for this segment of 
load. After the data of a row is entered, this segment of load curve will be drawn on the Non-Random or 


Random window. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or click the Delete key. 


Click on either the <-Print or Print-> button, and the displayed load profile curve (random & non- 
random) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 


ETAP 13-95 ETAP 19.0 User Guide 


AC-DC Elements Inverter 


13.4.6 Harmonic Page 


You can specify the harmonic source type of the inverter, and view the harmonic source waveform and 
frequency spectrum of the inverter within the Harmonic page. 


-Invil 
[Info| Rating | AC Loading | DC Generation | Duty ycle | Harmonic | Reiabity | Remark Info _| Rating | AC Loading | DC Generation | Duty Cycle | Hamoric | Retabiity | Remark ‘|* 
DC 25kW 250V AC 0.12kV 26.5kVA DC 25kW 250V AC 0.12kV 265kVA 
@ Harmonic Library © IEEE 519 Equation » Harmonic Library Library @ IEEE 519 Equation 
Library Library Parameters 
Type Current Source Pulse # [12 y] Shit Angle 30 
MFR Typical EEE Beta 30 
Model 6 Pulsel Xo%e 5 MaxOrder| 50 
internarmonics 
Wave Form Spectrum 
1130.0. 300 
hi2s 
s a 
F T i T 1 ie 
as 4 Fas 
es atts 
tae os 080 Ons 1) . 
Cele Harmonic Order 
Ge wm =H (me) OG (coe) | | ll =I) (28 (2) (0K) (cans) 
Harmonic Library 


Select this option to define the content of the harmonics of this device by selecting a model from the 
library (by clicking the Library button). When this option is selected, the Library group is activated while 
the Parameters group is grayed out. 


Library 


This group displays the properties of the library selected such as type, manufacturer, and model. 
Library Button 


Click on the Library button to pick up the inverter harmonic source data including harmonic source type, 
device type, and manufacture/model. 
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Manufacturer 


ABB 

ABB 

ABB 
Rockwell 
Rockwell 
Rockwell 
Rockwell 
Toshiba 
Typical 
Typical 
Typical-IEEE 
Typical-IEEE 
Tunieal-IF FE 


Model 
ACS600 6P 
ACS600 12P 
4C51000 12P 
DCS500 6P 
6 Pulse VFD 
12 Pulse YFD 
18 Pulse YFD 
Pw Rect 
Pw ASD 
LCI 
Locomotive 
6 Pulse 


6 Pulse2 
1? Puleet 


Type 

Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 
Current Source 


Current Sauces 


Interharmonic 


No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 


No 
Na 


mW 


Manufacturer 
This area displays the inverter device type picked up from the Harmonic Library. 


Model 


| None | | Cancel | 


This area displays the inverter Manufacturer/model picked up from the Harmonic Library. 


Type 


This area displays the inverter harmonic source type picked up from the Harmonic Library. 


Waveform 


This area displays the harmonic source waveform of the inverter. 


Spectrum 


This area displays the harmonic frequency spectrum of the inverter. 


Print Buttons 
Click on the Print buttons to print out the waveform or frequency spectrum of the inverter. 


TEEE 519 Equation 


Inverter 


Select this option to define the content of harmonics of this device by the pulse level and the rectifier 
injection angle of the device. When this option is selected the Library group is grayed out and the 


Parameters group is active. 


Parameters 


Pulse # 


Select the converter pulse modulation. 


ETAP 


13-97 
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Shift Angle 
Enter the transformer shift phase angle. ETAP enters the standard shift angles for different pulse 
modulation when the pulse number is selected: 


Pulse Shift Angle 


12 30° 
24 15° 
48 7.5° 


Note: The phase shift is not taken into consideration for the harmonic generation model for 6 
pulse 


Beta 
Enter the advance angle in degrees. 


Xc% 
Enter the commutation reactance in percent of the rated reactive reactance. 


Max Order 
Maximum harmonic order to be modeled. 
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13.4.7 Time Domain Page 


The Time Domain page allows you to specify the data type of the inverter used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, and External Data. 


Note: When “AC & DC Simultaneous Solution” checkbox is checked at Info page of Time Domain Load 
Flow Study Case editor, and inverter is converting power from DC to AC, then time domain data type 
would not apply. 


Inverter Editor - Inv1 


Info Rating Loading SC Model FRT Generation DutyCycle Harmonic Time Domain Reliability || > | 
[ Dc2kw 20V0 = AC OI2KV 2647kKVA—s 
Data Type 
@ Fixed Category / Constant 
O Sector 


O Extemal Data 


Fix Category/Constant 
This is a default option for a device, which means generation category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 
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Sector 


This option specify a sector profile for inverter to use in load flow calculation. Sector was set in Sector 


Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile Library and 
Section 58.8.2 — Sector Library. 


Inverter Editor - Inv1 


Info Rating Loading SC Model FRT Generation DutyCycle Harmonic Time Domain Reliability «[> 


| DC 25kW 250V AC 0.12kV 26.47kVA 
Data Type 


O Fixed Category / Constant 


© Sector v 


O Extemal Data 


Multi-Year Forecasting 


Energize | Monday . January 01,2018 wv 
Out of Service Friday . January 01,2038 wv 


eeug SD) 0k | | cancel 


If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize date 
and Out of Service date. 


Multi-Year Forecasting 
e Energize: when did/will this inverter be in service. 
e Out of Service: when did/will this inverter be out of service. 
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External Data 

This option allows user to use an External Data file as data entry for the inverter. When External Data 
type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of the 
study case will be used in calculation. 


For examples of external data format, refer to Section 58.8.3 - External Data. 


Inverter Editor - Inv1 x 


Info. “Rating Loading SC Model FRT Generation DutyCycle Harmonic Time Domain Reliability | ¢ | > | 


DC 25kW 250V AC 0.12kV 26.47kVA 


Data Type 
O Fixed Category / Constant 
O Sector 


@ Extemal Data 


fo} 


Multi-Year Forecasting 


Energize | Monday . January 01,2018 wv 
Out of Service Friday . January 01,2038 wv 


Data Gap Options 
©@ Maintain and use last value 


O Switch to study case loading category 


Kc ar) 


Data Gap Options 
Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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13.4.8 Reliability Page 


Inverter Editor - Inv4 |p| 


| Info | Rating | Loading | Generetion | Duty Cycle | Harmonic | Reliability | Remarks | Comment 


| DC 45kW 250V AC 0.12kV 5.3kVA 


Reliability Parameters Library 


a a 


Ap 1.254 Failure/yr 


Source 


AL 1752 Repair/yr IEEE Std493-1997 


FOR 1.4295E-3 


Replacement 
[M] Available 
8 hr 


Ben We) BP (0x) [coee | 


Reliability Parameters 


LON 

This is the Active Failure Rate in number of failures per year. The Active Failure Rate is associated with 
the Component Failure Mode that causes the operation of the primary protection zone around the failed 
component and can therefore cause the removal of other healthy components and branches from service. 
It should be noted that the failed component itself (and those components that are directly connected to it) 
could be restored to service only after repair or replacement of the failed component. 


Ap 
This is the Passive Failure Rate in number of failures per year. The Passive Failure Rate is associated 
with a Component Failure Mode that does not cause the operation of the primary protection zone around 
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the failed component, and therefore, does not have an impact on the remaining healthy components and 
branches of the system. Repairing or replacing the failed component will restore service. 


This is the Mean Repair Rate in number of repairs per year is automatically calculated and based on 
MTTR 


(ut = 8760/MTTR). 


FOR 
This is the Forced Outage Rate (i.e., unavailability) calculated based on MTTR, Aa 
(FOR = MTTR/(MTTR+8760/1,). 


MTTF 
This is the Mean Time To Failure in years is automatically calculated and based on Aq (MTTF = 1.0/Aa). 


MTTR 


The Mean Time To Repair in hours is the expected time necessary for a crew to repair a failed component 
and/or restore the system to its normal operating state. 


Alternative Supply 
Switching Time 


This is the time in hours necessary to isolate a failure. It is the period of time starting from the moment a 
switching operation is requested until the operation is completed. 


Replacement 


Available 
Check this box to enable rp 


rp 
This is the replacement time in hours needed to replace a failed component with a spare. 


Library 


Library 
Click on the Library button to bring up the Library Quick Pick Editor for reliability data. 
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13.4.9 Remarks Page 


" Inverter Editor - Inv4 |=eSr 


| Info _| Rating | Loading | Generation | Duty Cycle | Harmonic | Reliability | Remarks | Comment | 


DC 45kW 250V AC 0.12kV 5.3kVA 


User Defined Info Drawing / Diagram 


Eq. Ref. 1 i One-Line 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 i 
UD Field A6 


UD Field A7 


BSS Wh J ae 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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13.4.10 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Inverter Editor - Invi — (eee 
| Info _| Rating | Loading | Generation | Duty Cycle | Harmonic | Reliability | Remarks | Comment 


DC 25kW 250V AC 0.12kV 26.5kVA 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Se5 Ce =D) WR) 4) [co 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 


ETAP 13-106 ETAP 19.0 User Guide 


AC-DC Elements Inverter 


13.4.11 Inverter Embedded in PV Array 


A PV Array element has an embedded Inverter element and its editor can be accessed by clicking on the 
Inverter Editor button from the Inverter page. You can also navigate to a PV Array inverter from the 
regular Inverter editor. As an embedded element, the Loading and Duty Cycle pages are hidden and the 
Generation page is slightly different from a regular inverter. 


Generation Page 


The difference in the Generation page between a regular inverter and one from a PV array are kWac, 
kWmpp fields. 


"wots Ede. PU |p’ 


[nfo] Rating | Generation |Hamonic | Rekabity | Remarks | Comment 
[ Dc 2kw 400V AC 4.16kV 22kVA 


Gen Category ngle | kW ac Qmax in | kWmpp | kW Loss 
1.125 123 | 0.105 

| 0.967 (0.468 |-0.468| 1.073 | 0.106 

| 0.75 | 90 | 0363 |0363! 092 | 0.17 

057 | 071 | 02 

0.001 | 0627 | 0626 

| | 0.49 
0.359 
0.238 


| Summer Load | 
Winter Load 0.13 
Gen Cat 10 0.04 

< | | b 


Operating Load 


OLOI nN A Oo) Sl WIN] 


ob 
o 


[| ls 
id ees at (eee Pll 


kvar Amp Amp 


kV kW 
AC | 4.145 [ 0.967 0 [0.135 oc | 0 [1.018 0 


BED Wivaneie (>) BW (2) (06) [cerca 


kWac 

For an inverter embedded in a PV Array, the kWac filed is display only. The value in this field is 
calculated based on the kWmpp value and losses in the inverter and DC cable. This kWmpp is the DC 
output power at the maximum power point from PV panels for the same generation category. When the 
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inverter is set as Swing mode, the actual output AC real power is calculated from the connected load, but 
the kWac is used for alert in the load flow calculation when the operating value larger than it. 


kWmpp 

This is the DC output power at the maximum power point from PV panels for the same generation 
category. The values should be the same as the MPP kW column in the PV Array page of the PV Array 
editor. 


kW Loss 
This calculated loss includes inverter loss as well as the DC cable from the PV Array to the inverter. 
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DC Elements 


This chapter addresses editors for DC elements. Except for the elements’ ID, bus connections, and status, 
all other data that appear in the editors are considered engineering properties. Each element available on 
the One-Line Diagram toolbar has a customized editor. 


Bus Pointer DC Bus 


DC Cable 
DC-DC Converter 


DC Impedance 
Branches 


Battery DC PV Array 
Sources & Loads DC Motor DC Static Load 
DC Lumped Load DC Composite CSD 
Composites DC Composite Motor DC Composite Network 


DC Circuit Breaker 
DC Switch, Single-Throw 


DC Fuse 
DC Switch, Double-Throw 


Protective Devices 
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14.1 DC Bus 


The properties associated with DC buses (nodes) of the electrical system can be entered in this Data 
Editor. 


The DC Bus Editor helps to model different types of buses in an electrical system. The data entered in 
the Bus Editor is used when running all types of System Studies. DC Branches, batteries, converters, 
motors, static loads, and DC sides of chargers, UPS, and inverters can be graphically connected to any 
desired DC bus. ETAP displays all loads that are directly connected to the bus from the Bus Editor. 


Note: Protective devices are ignored when ETAP determines the connections to buses. 


A bus is defined as a point (node) where one or more branches are connected. A branch can be a cable, 
impedance, converter, etc. The minimum amount of data required to define a bus is the bus nominal 
voltage, which can be entered in the Info page of the DC Bus Editor. 


Buses have two types of graphical presentation, i.e., Bus or Node. You can change a bus to a node or a 
node to a bus at any time. This option gives you the flexibility to display the annotations of buses and 
nodes differently. 


The DC Bus Editor includes the following pages of properties: 


Info Page 

AF Parameters Page 
Arc Flash Page 
Loading Page 
Remarks Page 
Comment Page 
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14.1.1 Info Page 


You can specify the Bus ID, In/Out of Service, Nominal kV, Initial/Operating Voltage, Diversity Factors 
(Maximum & Minimum), Tag #, and Equipment Name and Description within the Info page. 


- —_——Ih 
DC Bus Editor - DCBus3 


Be0 kas Dan 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each impedance branch element. The assigned IDs consist of the default ID dcBus plus an integer, 
starting with the number one and increasing as the number of buses increases. 
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The default ID (dcBus) for the DC bus can be changed from the Defaults menu in the menu bar or from 
the System Manager by entering a new name with up to 25 alphanumeric characters. 


Nominal V 

Enter the nominal voltage of the bus in DC volts (V) in this field. This is a required input entry, which is 
used by ETAP to convert the final bus voltages to the percent values for graphical display and output 
reports, i.e., bus Nominal V is used as the base voltage for the reported percent values. 


Note: The nominal voltage and actual base voltage of a bus can be different values. ETAP calculates 
base voltages of buses internally. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Initial Voltage 


%V 

Enter the initial bus voltage in percent of the bus nominal voltage. This value is used as the initial voltage 
for Load Flow Studies including Short-Circuit and Battery Sizing Studies. For unregulated buses which 
do not have any charger or UPS connected to them, the operating voltage is calculated during Load Flow 
Analysis using the value entered here as a first guess or initial value. Regulated buses that have a charger 
or UPS connected to them do not use this value. Voltage defaults to 100%. 


If you select the Update Initial Bus Voltage option from the DC Load Flow Study Case Editor, this value 
reflects the study result, ie., it is updated with the operating voltage of the bus after you run a DC Load 
Flow Study. 


Operating Voltage 


After you run Load Flow Studies, the operating voltage of the bus is displayed here. This value will not 
change until you run a new Load Flow Study, ie., the operating voltage of the bus for the last load flow 
run are displayed. 
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Load Diversity Factor 


Minimum & Maximum 

The minimum and maximum diversity factors (loading limits) of each individual bus may be specified as 
a percentage of the bus loading. These values are used when the Minimum or Maximum Loading option 
is selected from the Study Case Editor for Load Flow Studies. When the Minimum or Maximum Loading 
option is used for a study, all loads directly connected to each bus will be multiplied by their diversity 
factors. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter equipment description in this field, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 


14.1.2 AF Paramters Page 


Refer to Chapter 34 — DC Arc Flash Parameters for detailed information. 


14.1.3 Arc Flash Page 


Refer to Chapter 34 — DC Arc Flash Parameters for detailed information. 
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14.1.4 Loading Page 


The Loading page is used to display the total motor and static loads directly connected to a bus for each 
Loading Category. The displayed kW indicate the algebraic sum of the operating load of all constant 
kVA and constant Z loads, either directly connected to the bus, or through composite networks or 
composite motors. These values are obtained from the actual loads connected to the bus. 


: =z 
DC Bus Editor - DCBus3 


Total Bus Loading 


Load Category 
The Load Categories correspond to the individual Load Categories of the bus. 
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Const kW 
Total constant kW load (in kW) connected directly to the bus. For example, motor loads. 


Const R 


Total constant resistance (impedance) load (in kW) connected directly to the bus. For example, static 
loads. 


14.1.5 Remarks Page 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


cr . 
DC Bus Editor - DCBus3 ==) 


| Info _| AF Parameters | Arc Flash | Loading 


Ben kKim Dan 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 

One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 
Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 


ETAP 14-8 ETAP 19.0 User Guide 


DC Elements DC Bus 


14.1.6 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


cceutate 06S 


increase the size of this field, refer to the entries in the ETAPS.INI file. 


3) [Gl [| (28 (2) (0K | coms 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 


ETAP 14-9 ETAP 19.0 User Guide 


DC Elements DC Cable 


14.2 DC Cable 


The DC Cable Editor contains the following pages of properties: 


Info Page 
Impedance Page 
Physical Page 
Configuration 
Loading Page 
Ampacity Page 
Protection Page 
Sizing - Phase Page 
Sizing - GND/PE Page 
Routing Page 
Remarks Page 
Comment Page 
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14.2.1 Info Page 


You can specify the Cable ID, From and To bus ID, In/Out of Service, Length, Size, number of 
conductors per phase, and library link within the Info page. 


occabletdtor-caess 


No. of Conductors / Phase 


1 


Length Library Connection 
Length 200 [Ra] 
Tolerance QO % 


[0c 


Bea ae 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each cable. The assigned IDs consist of the default ID plus an integer, starting with the number one 
and increasing as the number of cables increases. 


The default ID (Cable) for cables can be changed from the Defaults menu in the menu bar or from the 
System Manager. 


From and To 

Bus IDs for the connecting buses of a cable branch are designated as From and To buses. If a terminal of 
a branch (From or To) is not connected to any bus, a blank entry will be shown for bus ID. To connect or 
reconnect a branch to a bus, select a bus from the drop-down list. The one-line diagram will be updated 
to show the new connection after you click on OK. 


Note: You can connect the terminals of the cable to DC buses that reside in the same view where the 
element resides or can connect to buses that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot connect to a bus that resides in the Dumpster. 


If a branch is connected to a bus through a number of protective devices, reconnection of the branch to a 
new bus from the editor will reconnect the last existing protective device to the new bus, as shown here 
where Branch X is reconnected from DCBus10 to DCBus4. 


DeBuslo DcBus4 DcBusld DcBus4 
=e Eas 
DCCB1l DCCB1l 
DCFusel DCFusel 
Branch X Branch X 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Connection 


In this section, the connection type is displayed. It has been added for future use. Currently it displays 
DC for all DC Cables. 


Library 
Library Quick Pick - Cable [peer 


Unit Freq Type 4 ied Insul Source __ fatal 


English Rubber ~GexolMarine 
a 
English Rubber 2 
English = 1 = = = Rubber 2 ae 1994 ae 
English cu 1.0 100 3/C Rubber NEC Mag. 
English cu 1.0 100 ne Rubber 2 NEC Mag. 
English CU 2.0 100 Vc *GexMarTypeP Mag. 
English cu 2.0 100 1/C *GexolMarine 
English cu 2.0 100 ie GexMarTypeP Mag. 
English CU 2.0 100 Vc GexolMarine Mag. 
CU 5.0 100 VC *AmrCbl Mar 
cu 5.0 100 3/C *AmrCbl Mar Mag. 
CU 5.0 100 Vc AmrCbl Mar Mag. 
CU 5.0 100 3/C AmrCbl Mar 
Cu 5.0 KERITE Mag. 


S22e2e2eeee2e28888 


: : Size 
U/G Ampacity A’G Ampacity Unit Rac Base Phase G/N 
Ta Tc RHO Ta Tc Length Temp. AWG kemil 


20 90090 40 30 1000 ft tks) 


@ Avail. Sizes 


© All Sizes 


To select cables from the Cable Library, click on the Library button and the Cable Library Quick Pick 
will appear. From the Library Quick Pick select the Cable Library type and size at the same time. 
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Note: After the selected Cable Library type, size, and parameters are transferred to the Cable Editor, the 
cable size can be changed directly from the Cable Editor, and the cable parameters are refreshed from the 
library. Therefore, the most important action is to select the correct Cable type from the Cable Library 
Quick Pick. When data are transferred from the Cable Library, ETAP automatically converts the cable 
reactance to inductance. 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter the equipment description in this field, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Units 


Length 
Enter the length of the cable and select the unit from the list. The units of length available are: feet, 
miles, meters, and kilometers. 


Note: Every cable in the system can have a different unit. 


Tolerance 

Enter the percent tolerance in line length. The Adjustments page in the analysis modules can be used to 
consider +/- % tolerance in line length, effectively increasing or decreasing the impedance based on the 
type of study being performed. 


# Per Phase 


Enter the number of conductors per phase, i.e. if 2-2/C cables or 4-1/C cables are used (4 conductors 
total), then the number of conductors per phase is equal to two (2). 
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DC Cable 


DC Cable Editor - Cable16 


Sizing - Phase Sizing - GND/PE 
Info Physical Impedance Configuration 


Routing 


Remarks 
Loading = Ampacity 


ICEA Mag. 
100 % 


60 Hz 
1.0kV 


wc cu [4 


amt tiohn 
¥) AWG/kcmil 


Order of Layers: Conductor, Insulation, Shield, Sheath, Armor, and Jacket 


Dimensions 
Conductor Construction | Confnd v 
Shield | Not Shielded v 
Armor ‘None ; v| 
Sheath None v 
Jacket | None v 
Cable ICEA 
DC Resistance 
Rdc micro Ohms per foot 
Cable Pulling 
Ibs/10008 Ibs/kemil 
Wes Mar Tenn 


BES Wave 


Dante [0528] nc 


Thickness mil 
Max Stress [|W 


Max induced| | vt 


Diameter [ 7.761 |] inch 


Ibs/t 


Max.Sidewall | 350 | 


\) WL | coreet | 


Dimensions 


The physical properties of cables entered in this page are only used for calculating engineering data 
needed for Cable Ampacity Derating Studies (U/G Raceway Systems) only. 
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Rdc 
Enter the DC resistance of the cable in micro ohm at 25 degrees C in this field. 


Cable OD 
Enter the overall cable outside diameter including the sheath, armor, and/or jacket in inches or 
centimeters in this field. 


Conductor OD 
Enter the physical outside diameter of the conductor in inches or centimeters in this field. 


Insulator t 
Enter the thickness of the conductor insulation in mil or mm in this field 


Sheath t 
Enter the thickness of cable sheath or armor in mil or mm in this field. This value becomes zero if the 
Sheath/Armor option is set to ‘None’. 


Jacket t 
Enter the thickness of outer cable jacket in mil or mm in this field. 


Weight 
Enter the weight of the cable in lbs/100ft in this field. 


Max. Tension 
Enter the maximum tension that the cable can withstand without damage in lbs/kcmil in this field. 


Max. SW 
Enter the maximum Side Wall pressure in lbs/ft in this field. 


Conductor Construction 
Conductor construction is used for determining ks and kp parameters, which are used for calculating the 
ac to dc ratio parameters. Several available choices of conductor construction are: 


ConRnd Concentric Round None Coated None Treated 
ConRnd-Coated Concentric Round Coated None Treated 
ConRnd-Treated Concentric Round None Coated Treated 
CmpRnd-Treated Compact RoundNone Coated Treated 
CmpSgm Compact Segmental None Coated None Treated 
CmpSgm-Coated Compact Segmental Coated None Treated 
CmpSgm-Treated Compact Segmental None Coated Treated 
CmpSct-Treated Compact SectorNone Coated Treated 


Coating is tin or alloy. The term Treated implies a completed conductor, which has been subjected to a 
drying and impregnating process similar to that employed on paper power cables. 


Shielding 
Choose shielded or not shielded. 
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Sheath/Shield End Connection 
Choose either the open or grounded option. Grounded option implies that the sheath and shield are 
grounded at more than one location. 


Sheath/Armor Type 


None 

Lead Sheath 
Aluminum Sheath 
St Armor/30dg/15w 
St Armor/30dg/20w 
St Armor/30dg/25w 
St Armor/45dg/15w 


St Armor/45dg/20w 
St Armor/45dg/25w 
St Armor/45dg/30w 
St Armor/45dg/40w 
St Armor/45dg/50w 
St Armor/45dg/60w 
St Armor/45dg/70w 


Examples of Sheath/Armor type definitions: 


DC Cable 


St Armor/45dg/80w Cu Concentric Wire 
St Armor/45dg/90w Al Concentric Wire 
St Armor/45dg/100w Copper Sheath 

St Armor/45dg/9999w 

Copper Armor 


Steel Armor 
Aluminum Armor 


Type Definition 
St Armor/30dg/15w Steel Armor with 30 Degree deviation from cable axis; 15 wires 
St Armor/45dg/50w Steel Armor with 45 Degree deviation from cable axis; 50 wires 
Jacket Type 
Jacket Types available: 
None NeoPrene RHH THW 
Paper PVC RHW THWN 
PE FEP SA TW 
XLPE FEPB SIS UF 
EPR MI TA USE 
SBR MTW TBS Vv 
Rubber PFA TFE XHHW 
Rubber1 PFAH THHN 
Rubber2 RH THHW 
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14.2.3 Impedance Page 


DC Cable Editor - DCCable2 | ws | 


O6kV CCU (6s) mom? 


Units 
© Zper 1000 | |m 


SEH Woe.) BP) ©) (ox) 


Impedance (per Conductor) 


R 
Enter the cable resistance at the base temperature, in ohms or ohms per unit length, per conductor in this 
field. This is for each cable, not the total resistance. ETAP corrects the cable resistance for different 
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studies based on the specified temperature limits, using the maximum temperature for DC Load Flow 
Studies and minimum temperature for DC Short-Circuit Studies. 


L 

Enter the cable inductances, in henries or henries per unit length, per conductor in this field. This is for 
each cable, not the total inductance. When cable data is recalled (substituted) from cable libraries, ETAP 
automatically converts reactance to inductance based on library frequency. Once this value is entered 
here, ETAP will not make any adjustment to this value. 


Note that ETAP automatically doubles the cable R & L values for calculations to represent both the 
positive and negative cables. 


Units 


Z per 

When you select Z per option, the cable impedance units are: R in ohms per unit length, and L in henries 
per unit length. A unit length should also be specified, including a unit from the drop-down list. Units 
available are: feet, miles, meters, and kilometers. 


Z 
When you select Z option, the cable impedance units are: R in ohms and L in henries. 


Cable Temperature 


Base 
Enter the conductor base temperature (in degrees Celsius) at which the cable resistance is entered. 


Minimum & Maximum Temperature 
Two conductor temperature limits (in degrees Celsius) may be entered for adjusting the cable resistance 
(R) for different studies. The first limit is the minimum operating temperature; the second limit is the 
maximum operating temperature. ETAP will use the most conservative temperature limit for each study 
type. For example: 
Temperature Limit 
Min. Max. 
Load Flow Xx 
Short-Circuit Xx 


If this correction is not wanted, set both minimum and maximum temperature limits equal to the base 
temperature. ETAP uses the following equations for temperature corrections: 


R’ = R(234.5+ Tc )/( 234.5 + Tb) Copper Conductors 
R’ = R(228.1+ Tc )/( 228.1+ Tb) Aluminum Conductors 
where: 

R = Resistance at base temperature Tb 

R’ = Resistance at operating temperature Tc 

Tb = Base temperature in degrees Celsius 

Tc = Operating temperature in degrees Celsius 
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14.2.4 Configuration Page 


The Configuration page is utilized to set up cable configuration that details cable components which 
include Protective conductors, Armor, and also auxiliary (outside of cable) components which include 
Protective, and Structure conductors. 


Note: The conductors in this page are not considered in DC Load Flow or DC Short Circuit based 
modules and are only utilized in STAR module, Shock Protection, and protective conductor sizing 
features for this release. For more information about shock protection calculation and protective 
conductor sizing, refer to chapter 45. For more information about plotting the conductors in STAR, refer 
to the cable protection page and chapter 17 in STAR. 


Cable Conductor Pairs Size Type R L Insulation 

Main Phase 2 70 CU 0.27327 | 0.00024 | Library | Library 
Main |[¥7]|Protective | 2 || 70 CU | 0.27327 | 0.00024 | Library | Library 
Main | [7] Amor 32.1883 | 23 

Aux |(]|Protective | 1 [44] 8 +] cu . 2.14027 | 0.0005 | Library , Library 
Aux ||] Structure 133 | o8¢ 


The fields in configuration page are grouped inside and outside a table. The fields inside the table are 
located below the following columns: 


Cable 

Conductor 

No. of Conductors 
Size 

Type 

R 

L 

Insulation 


The checkboxes and buttons outside the table are located below the following columns: 


e Auxiliary Cable Bunched check box 
e Library button 


Cable 


The Protective conductors can be part of the main cable that is the same size as the Phase conductor or 
smaller. 


Separate auxiliary conductors (Protective) that are external to the main cable or structures can also be 
selected. 


The structure is only available when the cable is connected to a TT or IT earthing type system. 
Main 


The Main cable set contains the Phase conductor, Protective conductor, and Armor. 
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The Protective row grays out if one of the following conditions occurs: 


1. Acable is not selected from the library 
2. The cable selected from the library does not have extra conductor for Protective and there is no 
Ground conductor available. 


Aux 
Auxiliary section allows user to specify Protective conductors that are external to the main cable. If the 
cable is connected to a TT or IT earthing type system, user can also specify the structure impedance. 


Conductor 


Phase 

The values of the Phase conductor are associated with the information shown in the header at the top of 
the editor. The conductor’s parameters can be loaded from the library by selecting the library button in the 
info page or their impedance can be manually entered in the impedance page. 


Main Protective 

This reflects the Protective conductor of the main cable. If the conductor is the same size as the Phase 
conductor, then it will share all its characteristics; otherwise, its R and L values are loaded from the R 
(G/N) and X (G/N) from the impedance page of the cable library. Multiple Protective conductors can be 
selected under the “No. of Cond.” Column; for more information, refer to the “No. of cond.” section. 


Main Armor 
This reflects the armor of the main cable which can be utilized as a protective conductor path for Shock 
Protection calculation. 


Auxiliary (Aux) Protective 

This reflects the external Protective conductor. The protective conductor parameters (Size, Type, R, and 
L) can be entered by either loading the data using the library button or manually entering them. Multiple 
Protective conductors can be selected under the “No. of Cond.” Column; for more information, refer to 
the “No. of cond.” section. 


Auxiliary Structure 


This can reflect the installation (e.g. Cable Tray) structure which can be used as an earthing conductor. 
This field is only visible when TT or IT earthing type is set by the source connected to the cable. 


No. of Conductors 


Phase 
The number of conductors for the phase conductor is calculated based on: 


e phase configuration (i.e. DC which consists of 2 conductors) 
e Number of conductors per cable displayed in the cable editor header(e.g. 1/C, 3/C) 


e Number of conductors per phase entered in the info page (e.g. 4 conductors/phase) 


The calculation assumes that if: 
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e The number of conductors in the cable (shown in cable editor header) is equal to or greater (e.g. 
5/C) than the number of phase conductors, then there will be excess conductors (i.e. 3 conductors) 
that can be utilized as Protective conductor inside of the main cable. 

e The number of conductors per cable (e.g. 1/C) is less than the required number of phase 
conductors; then there will not be enough excess conductors that can be utilized for phase as well 
as Protective conductors inside of the main cable. The calculation will assume the existence of 
multiple cables in order to fulfill the phase configuration (two cables will be assumed); however, 
the Protective conductor row will be grayed out due to lack of excess conductors. 


Main Protective 
The available number of conductors for the main Protective conductor will be the excess conductors after 
the distribution of phase conductors. Refer to the Phase section for more information. 


If the cable library provides dedicated Ground conductors that are of different size from the phase 
conductors, the main Protective conductor row can utilize the conductors that are loaded from the library. 
Bal cable Library: Edit Properties |= | 


BS5467 WC CU XLPE 1.0kV 100 Non-Mag. 50Hz Ohms/1000m RHO 120°C.cm/W 
Ampacity | impedance | Physical | Cable Pulling 


Phase | Protective Earth Duct Bank Buried Free Air | Conduit Air 


Avail. Code Size | # Size 
1 | Yes 70 70 10 
95 


25°C 90°C | 25°C 90°C 


Aux Protective 
Select up to 10 auxiliary Protective conductors. 


Size 


Phase 
The size reflects the size chosen from the library in the info page 


Main Protective 

The main protective size is either selectable or display only. It is selectable if there is a dedicated Ground 
conductor with a different size loaded from the library. It becomes display only when there are no 
dedicated Ground conductors that are of a different size that can be loaded from the library. 


Aux Protective 

The auxiliary protective conductor can have its size chosen manually from the size dropdown box, or 
loaded from the library using the library button available at the bottom of the page. If the parameters are 
loaded from the library, then the phase conductors of the library will be utilized as the Protective 
conductors. 


Note: If the R value is loaded from the library, then the Rdc value will be utilized. 


Type 


Phase 
The type reflects the conductor type chosen from the library in the info page. 
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Main Protective 
The type reflects the conductor type chosen from the library in the info page. 


Aux Protective 
The auxiliary protective conductor can have its type chosen manually from the type dropdown list, or 
loaded from the library using the library button available at the bottom of the page. 


If user manually chooses a different type when the insulation displays as “Library”, then the R&L value 
will be reset to 0. 


R,L 


Phase 
The R and L fields reflect the impedance values loaded using the library button in the info page and 
displayed in the impedance page. 


Note: If the R value is loaded from the library, then the Rdc value will be utilized. 


Main Protective 

The R and L fields reflect the impedance values loaded using the library button in the info page. These 
values can be edited if the main protective size is different from the size of the phase conductor or can be 
edited from the impedance page if the size is the same as the Phase conductor. 


Armor 
The Armor R and L are entered manually in ohms or ohms per unit length. 


Aux Protective 

The auxiliary Protective conductor can have the R and L values entered manually, or loaded from the 
library using the library button available at the bottom of the page. 

Note: If the R value is loaded from the library, then the Rdc value will be utilized. 

Structure 

The Structure R and L can be entered manually in ohms or ohms per unit length. This field is only 
displayed when the selected source earthing type is a TT or IT type. 


Insulation 


Phase 
This is insulation type, also shown in the header, which is loaded from library. 


Main Protective 
This is insulation type, also shown in the header, which is loaded from library. 


Aux Protective 
The choices shown in the insulation dropdown list are utilized for protective conductor thermal sizing. 


The Library insulation will be displayed if the cable parameters are loaded from the library. 


Impedance Units 
The impedance unit reflects the impedance unit selected in the cable impedance page. 
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Size Units 
The Size units reflect the impedance unit selected in the cable editor Info page which is also displayed in 
the cable editor header. 


No. of Conductors/Phase 
This reflects how many conductors are assigned per phase and is selected from the cable editor Info page 


Aux Cable Bunched 
If selected, grounding/PE thermal sizing calculation in the “Sizing - GND/PE” page considers this option. 


Library 

If the Auxiliary Protective rows are selected, then the “Library” button will be activated and the quick 
pick window ready to be launched. The data selected from the quick pick will only apply to the auxiliary 
row selected. 


This button will not be activated for the main Protective, Armor, or Structure rows. 
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14.2.5 Loading Page 


The Loading page provides information regarding cable loading (amp) and other parameters, which are 


used in cable ampacity derating calculations (Underground Raceway System). 


DC Cable Editor - Cable16 


DC Cable 


UnderGround Raceway System (UGS) 


Load Factor 
Sheath/Amor Current 
Optimization Options 
Fixed Current 
Fixed Size 


a le 9) aa) (2) 


Operating Load / Current 


The operating load is specified in amps. This value is used for steady-state temperature calculations or as 


the initial value of the cable load profile for transient temperature calculations. 


ETAP 
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Growth Factor (GF) 


The Projection Multiplying Factor (MF) must be specified in percent. This value is used to indicate 
future load projection (load reduction or growth). You can select the option to use this Projection 
Multiplying Factor for cable temperature calculations from the Cable Ampacity Derating Study Case. 


UnderGround Raceway (UGS) 


Load Factor 
The load factor is the ratio of average load to peak load in percent. Use the following equation to 
calculate the load factor: 


Load Factor = 100x(kWixTi)/(kWpxTt) % 
= 100 x E(( kWixTt) % 
where i = Interval of time when the load is non-zero 
kWi = = _Load at interval i 
Ti = Number of hours of interval i 
kWp- = Peak load 
Tt = Ton + Toff 
Ton = Total hours when the load is on 
Toff |= Total hours when the load is off 
E = Energy (kWh) consumed by load over the interval 


If the cable carries load (current) at every interval, then the equation can be simplified to the percentage 
of time that the cable will be carrying the current: 


Load Factor =100x Ton/Tt % 
= 100 % (if it carries the load for 24 hours per day ) 


Sheath/Armor 


Current 
The sheath/armor current can be specified as a percent of cable load current. This value indicates the 
amount of neutral or ground current that is carried by sheath or armor. 


Transient Load Profile 


The load profile provides up to 20 time and current entry fields for specifying the loading pattern of the 
cable as a function of time. 


Current 
# Time Current 
= 1 0.0 230 
400 & 2 3.5 560 
3 73 400 
wa 4 0.0 0.0 
(all data from this point are ignored 
since time = 0.0 ) 
0.0 3.5 7.3 Time (hr) 


ETAP 14-26 ETAP 19.0 User Guide 


DC Elements DC Cable 


In this example, the cable loading is changed from the steady-state (initial value) to 230 amps at time 
zero, to 560 amps at time 3.5 hours and finally to 400 amps after 7.3 hours. The steady-state or initial 
value can either be 230 amps (value entered at the first time slot), or it can be set equal to the cable 
operating load. You can set the option for the initial/steady-state value from the Cable Derating Study 
Case Editor. 


Time Units 
Select the time units for the load profile from the drop-down list. 


Optimization Options 


Fixed Current 

Check this box to have the current of this cable fixed for ampacity optimization/calculation in U/G 
Raceway Systems, i.e., ampacity calculations for both Uniform Ampacity & Uniform Temperature 
conditions. 


Fixed Size 
Check this box to keep the size of this cable fixed for cable sizing calculations in U/G Raceway System. 


14.2.6 Ampacity Page 


Refer to Chapter 45 — Cable Ampacity and Sizing for detailed information. 
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14.2.7 Protection Page 


The Protection page provides options related to cable protection. It includes options for plotting the cable 
thermal capability (It) curve on a Star View, updating short-circuit current, and entering cable protection 
information. Cables do not have unlimited power handling capability and need protection to prevent 
operation beyond that capability in the event of short-circuit conditions. The main cause of reduced cable 
lifetime is high temperature generated by continuous overloading or uncoordinated fault protection. Cable 
protection is required to protect personnel and equipment. 


OC Cable tor - DC 
Sizing - Phase Sizing - GND/PE Routing Remarks Comment 
Info| Physical_| Impedance | Configuration | Loading _| Protection 
50 Hz Code :6 


oskV 4 CU m2 


Thermal Damage Curve 
Initial Temp Final Temp 


Ceara 


Plot Thermal Curve for [1 | Conductors/Phase 


ID / Type |General Non-delay > 


a i [) Oz) Cx) (om) 
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Thermal Damage Curve 

The maximum current that a cable can carry for a given time period is defined by an I’t characteristic 
curve. There are four standards which define this I’t characteristic: ICEA P-32-382, IEC 60949 / 60364-5- 
54, BS 7430/7454/7671, and GOST R 50571.10-96. 


Initial Temperature 
The initial temperature is the maximum allowable operating temperature of the conductor in the cable. It 
represents the initial temperature of the cable before a fault or overload condition. The selections are 


e Base Temp 
e Operating Temp 


These values are defined in the Ampacity page of the cable editor. The Base temperature is read from the 
cable library, and the Operating temperature is a user-definable value. The selected temperature is 
displayed in the damage curve plot table in the Initial °C column. 


Final Temperature 

The final temperature is the maximum short-circuit temperature the insulation is capable of handling. 
This value is dependent on the standard. Therefore, by selecting this value, the standard used to plot the 
damage curve is also defined. The selections are: 


ICEA P-32-382 

TEC 60949 / 60364-5-54 
BS 7430/7454/7671 
GOST R 50571.10-96 


The insulation type of the cable defines the maximum short-circuit temperature. The selected temperature 
is displayed in the damage curve plot table in the Final °C column. 


Damage Curve Plot Table 
The damage curve plot table displays the cables which have been defined, and the temperatures to use 
when plotting each cable curve. The option to plot or not plot a damage curve is also set here. 


Thermal Curve 
The types of cables defined are listed here. Neutral and Protective Earth cables, if present, must first be 
properly defined in the Configuration page of the cable editor in order for them to appear in this table. 


Plot [2t 
Check this to display the damage curve for the respective cable when it is plotted in a Star View. 


Initial Conductor Temperature 
The initial conductor temperature, as selected, is displayed here. This value will represent the maximum 
conductor temperature when plotting the damage curve. 


Final Conductor Temperature 
The final conductor temperature, as selected, is displayed here. This value will represent the maximum 
short-circuit temperature of the cable insulation when plotting the damage curve. 
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Number of Conductors to Plot 

Select the number of conductors to plot the damage curve based on. The selections are 1, n-1, and n, 
where n is the defined number of conductors per phase in the Info page of the cable editor. Typically the 
damage curve is used to represent a fault on a single conductor of the cable. (EEE Std. 242-2001) 
Therefore, this value, by default, is set to 1. 


tar TCO) tele) 
e&®73ae S&RBx: & XxX Bees 
Amps X 100 Utility Bus (Nom. kV=33, Plot Ref. kV=33) 


50 100 300 1“ 
J rT 


Sera Proe_|_Sere- snore | Rey [eases Remarks Comment 
info. | Physical | Impedance | Configuration | Loading i 


BS6622 Mag. 50 Hz Code : 300 


XLPE 100% Bkv CCU [300 x) m2 


Thermal Damage Curve 
intial Temp Final Temp | Themnal | Plot | Conductor Temp 
[Base Temp x) {ICEA P-32-382 x) Curve | 12T | Initial °C 


Plot Thermal Curve for (1. =] Conductors/Phase 


@ User-Defined [tine -to - Ground 


spuoseg 


Amps X 100 Utility Bus (Nom. kV=33, Plot Ref. kV=33) 


Short-Circuit Current (Sym. rms) 


This group allows specification of Line and Ground short-circuit currents when the terminal bus of the 
cable is faulted. The short-circuit currents can be updated automatically by running “Run DC Short 
Circuit” in the DC Short Circuit mode. 


Calculated 
When running “Run DC Short Circuit” in the DC Short Circuit mode, ETAP will only update the Line 
fault kA. 


User Defined 
You may enter the fault currents for the different fault types by selecting the User-Defined option. Once 
this option is selected, the different fault currents in this group become editable. 

e Line fault in kA 

e Ground fault kA 
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Line 
If "Calculated" is selected, ETAP will update this field automatically for all cables when “Run DC Short 
Circuit” in the DC Short Circuit mode is run. 


Ground 

The Ground short-circuit current can be entered in the user-defined Ground field in the “Short-Circuit 
Current” section. Automatic updating from short-circuit calculation will be available in a future release of 
ETAP. 


Pin (Disable Update) 
This checkbox is enabled only when the calculated option is selected. When this option is selected, the 
Fault kA fields does not update when “Run DC Short Circuit” in the DC Short Circuit mode is run. 


Protective Device 


Overload 

This section is used only for BS — 7671 and IEC 60364 based cable sizing. The available selections are 
"None", "User-Defined" or "Device ID" option for overload protection. When the User-Defined option is 
selected, the In, I2 and BS 3036 fields is enabled. When Device ID is selected, the Overload ID/Type 
dropdown list becomes available Device ID selection. 


In — Nominal current of overload protection device in amperes. 
[2 — Operating current of overload protection device in amperes. 


BS 3630 
Check BS 3036 if the overload protection is a Fuse to BS 3036. This field is applicable only when the BS 
7671 is selected as the installation standard in the Ampacity page. 


ID/Type 

The available overload protection devices (Fuse, Circuit Breaker, Recloser, Overload Heater and In-Line 
Overload Relay) for the cable are displayed in the dropdown list. If either side of the cable does not have 
a protective device, the collection is extended and will stop at a bus with more than two connectors, 
transformer, double throw switch, source, or a load. 


In and [2 

Enter or display the In and [2 values for the selected Overload protection. If User-Defined is selected in 
the Overload field, this field is editable and allows user to enter the values. If a protective device is 
selected in the ID/Type dropdown list, these values are filled automatically. 


Overcurrent 
This Overcurrent section is utilized for electric shock and touch voltage calculations, thermal protective 
conductor sizing, and phase conductor sizing. 


Select "None", "User-Defined", "Device ID", “BS 7671” for Overcurrent protection. 


If User-Defined is selected, user can enter the Line and Ground Overcurrent disconnection time which are 
utilized in the “Sizing - Phase” and Sizing - GND/PE” pages respectively. 


If Device ID is selected the Overcurrent ID/Type dropdown list becomes available for Device ID 
selection. 
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If BS7671 is selected, the typical Overcurrent protective devices from BS 7671 Appendix 3 becomes 
available for selection. This selection only is available when BS 7671 Installation Standard is selected in 
the Ampacity (Capacity) page. 


ID/Type 

Select a protection device ID from this dropdown list. The available Overcurrent protection devices 
(Fuse, Circuit Breaker, and Recloser) for the cable will be automatically filled into this dropdown list. All 
the protective devices attached to this cable will be collected. If either side of the cable does not have a 
protective device the collection is extended and will stop at a bus with more than two connectors, a 
transformer, a double throw switch, a source or a load. 


Line Current 
The fault current in the Short-Circuit Current section will be selected to populate the Line current field. 


Line Time 
Displays the fault clearing time of the line current in the Short-Circuit Current section. 


Ground Current 
The fault current in the Short-Circuit Current section will populate the ground/Earth current field. 


Ground Time 
Displays the fault clearing time of the current in the Short-Circuit Current section. 


BS 7671 
Select an applicable BS7671 protective device for the clearing time. The clearing time will be based on 
the curve points given in Appendix 3 of the standard. 


Rating (A) 
Select the applicable BS7671 protective device size. The clearing time will be displayed in the time 
fields. 


GFCI/RCD 

This GFCI/RCD section is utilized for electric shock calculations in this release and not for modules such 
as STAR. 

Select "None", "User-Defined", "Device ID", “BS 7671” for GFCI/RCD protection. 


If User-Defined is selected, user can enter the GFCI/RCD Protection Time. 


If Device ID is selected the GFCI/RCD ID/Type dropdown list becomes available for selecting a Device 
ID. 


If BS7671 is selected, the typical RCDs from BS 7671 Appendix 3 becomes available for selection. This 
selection is only available when BS 7671 Installation Standard is selected in the Ampacity page. 


ID/Type 


Select a protection device ID from this dropdown list. If Device IR is selected, the available GFCI/RCD 
protection devices for the cable will be automatically filled into this dropdown list. All the GFCI/RCD 
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devices attached to this cable will be collected. If either side of the cable does not have a GFCI/RCD 
device the collection is extended towards the source until the first GFCI/RCD protective device is found. 
If BS 7671 GFCI/RCD is selected, General Non-delay and Delay 'S' types are available. 


Trip 
The trip setting will be displayed for the selected device or applicable BS7671 GFCI/RCD. 


Time 
The maximum clearing time will be listed for the selected GFCI/RCD device. 
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14.2.8 Sizing - Phase Page 


DC Cable Editor-Cablel6 


1.0kV 


Number/Phase Size Ampacity Vd 
Optima see: [1 8 8 Oo (Seca ]| 
1SzeSmil:[ sss Slt | 
Required: [8 f[ O [ 2. 
Constraints Cable Application 
[¥] Loading A Low Voltage Motors 
MF | 1.25 
[7] Use MF for Ampacity 
Options 
[©] Use Load Growth Factor (GF) 


|W] Max Vd 


Min. Size kA Time (s) 


Wishotoreut [ [ae To” 


Cable Library Selection 
(@ Use available cable sizes only 
© Use all cable sizes from library 


Standard 


[cea seat 
aes a 


Requirements 


This area allows you to select one or both requirements for determining the recommended size of cable. 
Ampacity 


If ampacity is selected as one of the requirements, sizing will be based on the cable installation and 
ambient conditions specified in the Ampacity page. 
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Vd 

If you select Vd, ETAP will size the cable based on the percent voltage drop value you enter here. 
Voltage drop is in percent of the nominal kV of the bus connected to the cable. If the nominal voltages of 
the From bus and To bus are different, the nominal V of the From bus is selected. The following table 
shows the methods used for calculating the voltage drop for different types of load currents flowing 
through the cable: 


Load Type Calculation Method 
Motor Constant Power 
Static Load Constant Impedance 
Bus Constant Current 
Circuit Breaker Constant Current 
Fuse Constant Current 


Short-Circuit 


Sizing will be based on the cable short-circuit capacity to withstand the short-circuit current magnitude 
specified below for the time defined. 


Result 


Using the selected cable type from the library, ETAP recommends an optimal cable size along with the 
number of conductors per phase that meets the specified requirements. Additionally, ETAP provides one 
cable size smaller than the optimal size for your selection. 


Note: The required ampacity and percent voltage drop are displayed for your reference. 


Results 
Number/Phase Size Ampacity Vd 


Optimal Size: | 2 750 29 © 0.32 
1 Size Smaller: | 2 500 219 0.37 


Required: [ | 250 [| 2 


Cable Loading 


Operating Current 
The operating load current specified for this cable in the Loading page will be used if this option is 
selected. 


Full Load Amps of Element 

The continuous current rating (rated current or FLA) of the selected element will be used for sizing 
requirements. For motor equipment cables, the motor ID is displayed here and the FLA of the motor is 
used. 


User-Defined 
Use this option to enter any value for the cable current. 
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Options 


Use Available Cable Sizes Only 
Use only cable sizes that are flagged as Available in the Cable Library for the specified cable type (cable 
library header). 


Use All Cable Sizes From Library 
This option allows you to use all cable sizes that exist in the Cable Library for the specified cable type 
(cable library header). 


Use Load Projection Multiplying Factor 
If you select this option, the cable load current will be multiplied by the Projection Multiplying Factor, as 
specified for this cable in the Loading page. 


Use Application Multiplying Factor (Equipment Cables) 
If you select this option, the cable load current will be multiplied by the Application Multiplying Factor 
(AMF), as specified for the motor or static load in the Cable/Vd page of the equipment. 


Use Motor Service Factor (Motor Equipment Cables) 


If you select this option, the cable load current will be multiplied by the motor Service Factor (SF), as 
specified for the motor in the Nameplate page. 


Short-Circuit 


kA 


Enter the maximum short-circuit current in kA. 


Time (S) 
Enter the clearing time at the kA you are sizing this cable. 


Tc 
This field displays the conductor operating temperature for this cable. 


Note: This parameter can be adjusted from the Ampacity page, Tc operating. 


Min. Size 
Displays the minimum calculated size of the cable calculates based on the short-circuit requirement. 


ETAP 14-36 ETAP 19.0 User Guide 


DC Elements DC Cable 


14.2.9 Sizing - GND/PE Page 


Note: This page is for Protective Equipment (PE) conductor thermal sizing and Electric Shock 
calculations. Load Flow and Short Circuit based modules do not utilize the parameters or results of this 
page in this release. 


Thermal Sizing 


The input data required to perform PE sizing is in the “Thermal Constraints” section. 


Cable Editor - FDR LOC 


Non-Mag. 50 Hz 


100% 10kV. = CCU mm 2 


kA Seconds 
GroundFault 1.25 0.010 


Leakage Current 8 mA 
Temperature 


Initial °C 
Main Cable 30 


Permissible Touch Voltage is not dictated by the selected Permissible Vt standard. 


a i iS) (aa) (2) 
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Ground Fault (kA) 

This read only field is a value that is either calculated or user defined in the Short Circuit section of the 
protection page for 3 phase cables. For a 1 phase Line to Line or Line to Ground cable connection, the 
cable is either user defined in the Short Circuit section in the Protection page or calculated in the Electric 
Shock tab. 


Ground Fault (s) 
This read only field value is either user defined in the Overcurrent section of the protection page or 
returned by ETAP when the Ground Fault value is entered is described in the Ground Fault (kA) section. 


Leakage Current 

Enter the leakage current, if it is known, in order to increase the minimum size of protective conductors, 
as per applicable BS or IEC standards. Armor and sheath used as protective conductors are not considered 
in establishing a minimum size in the presence of leakage currents. 


Temperature 
The temperature fields are display only and are used for thermal sizing calculation. 


Main Cable 


The Main Cable describes the Main PE, or the earthing conductor, of the cable and does not include the 
phase conductors, Armors, etc. 


The initial temperature value for the Main Protective Equipment conductor (PE) can be set by the 
selection of either the Table or Formula methods in the Factor K section. 


If Table or Formula method is used for the Main PE, then the initial temperature value is acquired from 
the “Thermal Damage curve” section from the Protection page. 


The final temperature value for the Main Cable can be set by the selection of either the Table or Formula 
method. 


If either the Table or Formula method is used for the Main PE, then the final temperature value is 
acquired from the “Thermal Damage curve” section from the Protection page. 


Aux Cable 


The Aux Cable describes the auxiliary PE (external to the phase conductor carrying cable), or the earthing 
conductor. 


If the Table method is used for the determination of the factor k for the Aux PE, then the initial 
temperature value is acquired from the applicable standard, based on checking the check box Aux Cable 
Bunched in the Configuration page. 


The Aux Cable Bunched check box will only be visible if in addition to choosing the Table method, the 
Aux Protective conductor type of insulation is selected based on table A54.4 from the IEC standard and 


table 54.3 from BS7671 standard in configuration page. 


If the Formula method is used for the Aux PE, then the initial temperature value is acquired from the 
“Thermal Damage curve” section from the Protection page. 
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The final temperature value for the Aux Cable can be set by the selection of either the Table or Formula 
method. 


If Table method is used for the Aux PE, then the final temperature value is acquired from the applicable 
standard. 

If Formula method is used for the Aux PE, then the final temperature value is acquired from the “Thermal 
Damage curve” section from the Protection page. 


Armor / Sheath 


Values for the initial temperature of armor and sheath is 10°C lower than the maximum operating 
temperature of phase conductors, as per applicable standard. 


Values for the final temperature of armor and sheath are always 200°C as per applicable standard.. 


Factor k 
Select the method for calculating the Factor k for Main or Aux Cable. 


If Formula is selected, then the Factor k is based on the Factor K formula given in the applicable 
standard. 


If Tables is selected, then the tables in the applicable standard will be looked up to find the appropriate 
Factor k. 


For Aux Cable, if Formula radio button is missing, then the data in the Aux cable row in the 


Configuration page is not loaded from the library. Once the Aux cable in the Configuration page is 
selected from library, then the Formula radio button in the Aux Cable section will be selected. 


Thermal Required Size 


Result 


K2S? Size (mm*) 


Protective 
Conductor({PE) kA) Existing | Required 


0.119 
0.016 
0.016 


| Update Aux Size 
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Protective Conductor (PE) 
This header indicates the protective conductors in the Main Cable, Auxiliary, or as an Armor and /or 
sheath, as set in the Configuration page. 


Existing 
For the selected row, Main or Auxiliary cable, the existing size is the size user has selected in the 
configuration page. 


Required 

For the selected row, the required size is the minimum cross-sectional area of protective conductors 
and/or armor and/or sheath, calculated by ETAP based on thermal constraints using the selected standard 
in the Ampacity page. 

Regarding Armor and Sheath, ETAP establishes if either the armor or the sheath, if simultaneously 
present in the cable, can be safely employed as the sole return path to the source for ground-fault currents. 
For more details on the thermal checking of armors and sheaths refer to Chapter 46. 


Size 
Check the size check box in either the Main or Aux cable row for which to determine the minimum 
required protective conductor size. 


K2S2 

This read only field is the calculated allowed thermal let through energy value of the cable in units of 
kA’s. This value is to be compared to either the protective device manufacturers or standards let through 
energy value for protective device disconnection times less than 0.1 seconds. 


Update Size 


After the required thermal size in the auxiliary row is calculated, this button will be activated. Once 
clicked, the protective cable size in the auxiliary row of configuration page will be updated. 
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Electric Shock Constraints 


| Thermal Sizing | Electric Shock 


Constraints 
Earthing Type 


TT - Individual Undistributed 


Load Type | Final Circuit <= 32 A 7 | 


Additional Ground/Earth 
Local 
Resistance 0.1 10 Ohms 


Permissible Vt | IEC 60364 Me | 


Earthing Type 
This read-only field reflects the system earthing type determined by the source elements. 


Distributed/Undistributed 
This read-only field, available for AC cables only, indicates if the ungrounded neutral wire is distributed 
or not. 


Local Resistance 


Additional 

This is the additional resistance, if present (e.g. due to an extension cord) is to be considered in series to 
both the protective conductor (which may be in parallel to armor and sheath, if present), as well as to the 
impedance of the line conductor. 


Ground/Earth 
This is the combined resistances for all of the bus bar grounding electrodes, their bonding, and other 
forms of resistance until the earth surface. 


Load Type 
These are the various load types mentioned in BS7671 and IEC standards 


Exclude Second Earth Fault for IT System 
Checking this box will only include first fault touch voltage calculation for IT systems 
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Permissible Vt 
The table below shows the conditions in which the permissible touch voltages are shown. 


Standard Earthing Type Permissible 
voltage 
Dis mt ed? 


Be7e7ii_- |) TN — 
EN 50122: 2011 IN 


EN 5012 1997 — 
SiH IT- Sse aS 
EN 50122: 2011 IT-Collective | = Yes | 
ena te Soe2: 1997 IT-Collective | = Yes | 
IT-Collective No 


Groups 
AR ae —— 
Groups 
Groups 
Groups 


Electric Shock Results 


This section contains the table of calculated Actual compared with Allowed results for the following 
parameters: 
e First Fault Touch Voltage (IT systems) 


e Second Fault Touch Voltage (IT systems) 
e Touch Voltage (TN/TT systems) 
e Disconnection Time 


e Loop Impedance 
e Loop Current 


This entire section is read only and is calculated automatically once all required parameters have been 
entered. 


Note: If the Actual value exceeds the Permissible, the value is displayed in magenta color. 
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Results 
Calculated Permissible 
1st Fault Vt 650 60 V 
2nd Fault Vt 268 Vv 
Disconnect Time 0.070 § 
Loop Current 0.027 kA 


Loop Z Ohms 


Exclude Second Earth Fault for IT System 


Permissible Touch Voltage (V) 
The permissible touch voltage as per the selected standard. 


Calculated Touch Voltage (V) 
The calculated touch voltage of this circuit in Volts. 


Permissible Disconnection Time (s) 
The permissible disconnection time, in seconds, as per the BS7671 or IEC standard. 


Calculated Disconnection Time (s) 

The calculated disconnection time, in seconds, of protective devices designed to de-energize the circuit. If 
the protective device is a low voltage circuit breaker tripped by an over current relay, the clearing time 
will be the total of relay and breaker operating times. 


Permissible Loop Current (Amps) 

The minimum line to ground loop current allowed for this circuit based on the disconnection time of the 
selected load type. If the protective device is a low voltage circuit breaker tripped by an over current 
relay, the clearing time will be the total of relay and breaker operating times. 


Permissible Loop Current (Amps) 
The calculated loop current in Amps. 


Permissible Loop Impedance (ohms) 
The loop impedance allowed for this circuit based on the Permissible Loop Current. 


Calculated Loop Impedance (ohms) 
The calculated Loop Impedance of this circuit. 


ETAP 14-43 ETAP 19.0 User Guide 


DC Elements DC Cable 


Report 


Report Manager 
Click on the report button to enter a report name and generate a report that will include Thermal Sizing 


and Electric Shock Protection results for this cable. The default report name will be the same as the cable 
ID. 


Model Forms 
Click this button to view and generate Model forms based on Appendix 3 of BS7671 standard. 


_)) MS Word 2003 

mw) Electrical Installation Certificate.doc 

i) Minor Electrical Installation Works Certificate.doc 

WW} Periodic Inspection Report for an Electrical Installation.doc 


Report 


Fone (8) Geamee 


Note: The MS Word2003 files are for MS Word 2003 users. 


Standard 


This read only field displays the standard selected from the Ampacity page. The standard displayed is 
utilized in both Thermal and Electric Shock calculations. 
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14.2.10 Routing Page 


The Routing page provides lists of routed raceways and available raceways. The cable ID and raceway 
type are shown for both the routed and available raceways. 


DC Cable Editor - Cable16 : ~— [eee] 


Duct bank 
Direct buriec 


a) le i) aa) (2) 


This is a list of raceways through which this cable is routed. When you add a raceway to this list (by 
using the Insert or Add buttons), the cable is placed in a container attached to the raceway without being 
placed in any specific conduit or location. 
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When you bring up the Graphical Editor for the underground systems, you will see the cables in a 
container of cables assigned to this raceway, but are not assigned to a specific conduit. This container is 
attached to the raceway and will disappear when it is empty. You will need to graphically move the cable 
from the unassigned cable container to the desired location. 


This is a list of all existing available raceways in this project, i.e., raceways that this cable can be routed 
through. 


Note: Since you cannot route a cable twice through a raceway, this list does not include the raceways 
listed under Routed Raceways. 


Insert: Route this cable through the selected raceway from the available raceway list, i.e., insert the 
selected raceway into the list of routed raceways. 


Add: Route this cable through the selected raceway from the available raceway list, i-e., add the selected 
raceway to the list of routed raceways. 


Unroute: Unroutes this cable from the selected raceway. 
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14,2.11 Remarks Page 


DC Cable Editor - Cable16 — « 


a le iS) aa) (2) 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 
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UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.2.12 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


DC Cable Editor - Cable16 ~~ eas] 


Info Physical Impedance Configuration Loading 
Sizing - Phase Sizing - GND/PE Routing 


Code : 4/0 


10kV =. CU AWG /kcmil 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to 
the entries in the ETAPS.INI file, 


Ga) Wy (i) [K)lcrers sD) I 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.3 DC Impedance 


The DC Impedance Editor has the following pages of information: 


e Info Page 
e Remarks Page 
e Comment Page 


14.3.1 Info Page 


You can specify the Cable ID, From and To bus ID, In/Out of Service, Equipment Name and Description, 
and Impedance value including resistance and inductance within the Info page. 


f , 
DC Impedance Editor - DCImp1 x=) 


Se B Woo IPSN Ika 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each impedance branch element. The assigned IDs consist of the default ID dcZ plus an integer, 
starting with the number one and increasing as the number of impedances increases. 
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The default ID (dcZ) for the DC impedance can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


From and To 

Bus IDs for the connecting buses of an impedance branch are designated as From and To buses. If a 
terminal of impedance, From or To, is not connected to any bus, a blank entry will be shown for bus ID. 
To connect or reconnect impedance to a bus, select a bus from the drop-down list. The one-line diagram 
will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the impedance to DC buses that reside in the same view where it 
resides or can connect to buses that reside in other views by connecting the external and internal pins of 
the composite networks. You cannot connect to a bus that resides in the Dumpster. 


If impedance is connected to a bus through a number of protective devices, reconnection of the 
impedance to a new bus from the editor will reconnect the last existing protective device to the new bus, 
as shown here where DCImp1 is reconnected from DCBus10 to DCBus4. 


DcBusl0 DcBus4 DcBusl0 DecBus4 
a — 
pDccB1l pDccBl 
DCSPST1l DCSPST1L 
DCImpl DCImpl 
DCBus9? DCBus9 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 
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Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter equipment description in this field, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 


Impedance 


Enter the impedance R & L in ohms and henries. 


Note that ETAP automatically doubles the DC Impedance R & L values for calculations to represent both 
the positive and negative impedance. 
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14.3.2 Remarks Page 


DC Impedance Editor - DCImp1 (reSomm 


| Info | Remarks | Comment 


User Defined Info 
Eq. Ref. 0 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 


Ey. Jeikdeess PSC ea 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.3.3 Comment Page 


DC Impedance Editor - DCImp1 i |p Som 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Se0 koe eR 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.4 DC Converter 


The properties associated with DC converters of the electrical system can be entered in this editor. The 
DC converter symbols (ANSI & IEC) are shaped to distinguish the DC input side and the DC output side. 


Input Output 


The DC Converter Editor contains the following pages of information: 


Info Page 
Rating Page 
Remarks Page 
Comment Page 


14.4.1 Info Page 


You can specify the DC converter ID, Input and Output bus IDs, In/Out of Service, Tag #, Name, 
Description, Data Type, and Priority within the Info page. 


DC-DC Converter Editor - DCConv1 [pee Semen 


rony Gnes =) 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each DC converter. The assigned IDs consist of the default ID plus an integer, starting with the 
number one and increasing as the number of DC converters increases. 


The default ID (dcConv) for DC converters can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


Input Bus and Output Bus 

Bus IDs for the connecting buses of a DC converter are designated as Input and Output buses. If the 
input or output terminal of a DC converter is not connected to any bus, a blank entry will be shown for 
bus ID. To connect or reconnect a DC converter to a bus, select the bus from the drop-down list. The 
one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the converter to DC buses that reside in the same view where it 
resides or can connect to buses that reside in other views by connecting the external and internal pins of 
the composite networks. You cannot make a connection to a bus that resides in the Dumpster. 


If a DC converter is connected to a bus through a number of protective devices, reconnection of the DC 
converter to a new bus from the editor will reconnect the last existing protective device to the new bus, as 
shown below where dcConv1 is reconnected from dcBus10 to dcBus4. 


DeBusl0 DecBus4 DceBusl0 DcBus4 
—s a 
pccBl pDccBl 
DCFusez DCFusezZ 
DCConvl DcConvl 
DCBus3? DCBus3? 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 
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14.4.2 Rating Page 


DC-DC Converter Editor - DCConv1 |S 


1111 FLA 2000 
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Rating 


kW/MW 
Enter the rated output power of the DC converter in kW or MW in this field. Choose from the two 
options by clicking on the kW/MW button. 


“Eff 

Enter the rated efficiency of the DC converter in percent in this field. Efficiency cannot exceed 100%. 
The efficiency is the rated efficiency and is used for calculating the rated values, i.e., when you change 
the efficiency, the converter input full load current is recalculated. 


Input 


Vv 
Enter the rated input voltage of the DC converter in DC volts in this field. 


FLA 
The rated input full load current of the DC converter is calculated and displayed in this field in amperes. 
When you modify the input FLA, the converter efficiency is recalculated. 
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Output 


Vv 
Enter the rated output voltage of the DC converter in DC volts in this field. 


FLA 
The rated output full load current of the DC converter is calculated and displayed in this field in amperes. 
When you modify FLA, the rated kW of the DC converter is changed. 


Imax 

Enter the maximum output current of the DC converter as a percentage of the output full load current. 
The DC converter will become constant current source when the output load current exceeds the Imax in 
DC Load Flow Studies. ETAP will use Imax as the maximum constant current output value. Imax 
defaults to 150%. This value is also used to determine the DC short-circuit contribution of the converter 
(Imax = k). 


Operating Parameters 


Vout 
Enter the regulated voltage setting of the DC converter output terminal as a percentage of the rated output 
voltage of the converter. This % operating voltage is used as the control (regulated) value in DC Load 
Flow Studies. The DC converter will become idle if the output bus voltage is higher than the converter 
regulated voltage (Vregulated times output rated voltage) in DC Load Flow Studies. Vout defaults to 
100%. 


SC Contribution 


K 

This field displays the short-circuit multiplication factor in percent of the output FLA. ETAP uses this 
value to calculate short-circuit current contribution from the converter in DC Short-Circuit Studies. The 
multiplication factor defaults to 150%. 


Isc (K*FLA out) 


The short-circuit current contribution from the DC converter is calculated and displayed in this field in 
amperes. 


ETAP 14-60 ETAP 19.0 User Guide 


DC Elements DC Converter 


14.4.3 Remarks Page 


DC-DC Converter Editor - DCConv1 |e Sn 


[Info |Rating | Remarks | Comment] 


User Defined Info Drawing / Diagram 


Eq. Ref. 0 
One-Line 
Last Maint. 


Next Maint. Reference 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 


This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 

One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 
Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 


ETAP 14-62 ETAP 19.0 User Guide 


DC Elements DC Converter 


14.4.4 Comment Page 


DC-DC Converter Editor - DCConv1 [spree Soom 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file. 


Se0 kon eR 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.5 Battery 


The properties associated with batteries of the electrical system can be entered in this editor. 
The Battery Editor contains the following pages of information: 


Info Page 
Rating Page 
SC Page 
Remarks Page 
Comment Page 


14.5.1 Info Page 


You can specify the Battery ID, Connected Bus ID, In/Out of Service, Equipment Tag #, Name, 
Description, Data Type, Priority, and number of Strings within the Info page. 


Battery Editor - Battery) a. |e 
Info Rating | sc | Remarks | Comment 
MFR JC DYNASTY vec[ 206 Rp| 0.0015 TimeCont[ 9 


Model [- TCCX1950 Hour [8 SG [1.225 Temperature [ 25 
Plates Capacity IminAmp %K SC Amp 


Type [Time vs. Amp 29. 1950 2225 1000 22250 ~ 
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Revision Data 
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Header 


After selecting a battery from the library (See Rating page — Battery Editor), this header information will 
be updated with the following information: 


MFR 


Manufacturer 


VPC 
Open-Circuit Voltage per Cell 


Rp 
This is the resistance per positive plate in ohms. Resistance of a battery cell equals to Rp divided by the 
number of positive plates. 


Time Const. 
Battery time constant in Seconds 


Model 
Battery Model 


Hour 
Battery rated discharge time in hours. 


SG 
Specific Gravity 


Temperature 
This is the Rated/Base Temperature in degrees Celsius. 


Type 
Type of curves specified in the library for this battery 


Plates Capacity IMinA %K SCAmp 
Displays: # of Plates, Capacity, 1 Minute SC Amps, percent K, Short-Circuit Amps. You can drop down 
and select a different battery size under the same manufacturer and model. 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each battery. The assigned IDs consist of the default ID plus an integer, starting with the number 
one and increasing as the number of batteries increases. The default ID (Battery) for batteries can be 
changed from the Defaults menu in the menu bar or from the System Manager. 


Bus 

This is the ID of the connecting DC bus for the battery. If the terminal is not connected to any bus, a 
blank entry will be shown for the bus ID. To connect or reconnect a battery to a bus, select a bus from the 
drop-down list. The one-line diagram will be updated to show the new connection after you click on OK. 
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Note: You can connect the terminal of the battery to DC buses that reside in the same view where it 
resides or can connect to buses that reside in other views by connecting the external and internal pins of 
the composite networks. You cannot make a connection to a bus that resides in the Dumpster. 


If a battery is connected to a bus through a number of protective devices, reconnection of the battery to a 
new bus from the editor will reconnect the last existing protective device to the new bus, as shown below, 
where Battery1 is reconnected from DCBus10 to DCBus4. 


PcBusl10 DcBus4 DPcBusl10 DcBus4 
Dl Es 
pDcCcBL pccBl 
DCFusez DCFusez 
Batteryl Batteryl 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
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reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Quantity 


# of Strings 
Enter the number of the battery strings in this field. The number of strings defaults to 1. 
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14.5.2 Rating Page 


Within the Rating page, you can view battery specification (from the Battery Library) and specify the 
number of battery cells and battery temperature. This page displays the calculated battery rated voltage in 
V and total capacity in AH (Ampere Hour). 


Battery Editor - Battery1 7 |e Sum) 
MFR JC DYNASTY vec [ 2.06 Rp [0.0015 TimeConst [" 9 


Model [” TCCX1950 Hour [" 8 SG [1.225 Temperature [ 25 
Plates Capacity IminAmp %K SC Amp 


Type [Time vs. Amp 29 1950 2225 1000 22250 . 


Rating 
HofCell 122 


Rated Voc 251.3 


Total Capacity | 7800 AH 
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Header 


After selecting a battery from the library (See Rating page — Battery Editor), this header information will 
be updated with the following information: 


MFR 
Manufacturer 


VPC 
Open-Circuit Voltage per Cell 
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Rp 
Resistance per positive plate in ohms 


Time Const. 
Battery time constant in Seconds 


Model 
Battery Model 


Hour 
Battery rated discharge time in hours. 


SG 
Specific Gravity 


Temperature 
This is the Rated/Base Temperature in degrees Celsius. 


Type 
Type of curves specified in the library for this battery 


Plates Capacity IMinA %K SCAmp 
Displays: # of Plates, Capacity, 1 Minute SC Amps, percent K, Short-Circuit Amps. You can drop down 
and select a different battery size under the same manufacturer and model. 


Rating 


# of Cell 
Enter the number of battery cells. 


Rated Voc 
The battery rated voltage (Open Circuit Voltage) is calculated and displayed here in volts. 


Total Capacity 
The battery total capacity is calculated and displayed here in AH (Ampere Hour). 


Library 


Click on this button to associate a battery library with this project. 


Temp 


Max and Min 

Two battery temperature limits (in degrees Celsius) may be entered to adjust the voltage source value in 
Short-Circuit Studies and correction factor in Battery Sizing Studies. The first limit is the minimum 
operating temperature; the second limit is the maximum operating temperature. ETAP will use the most 
conservative temperature limit for each study type. For example: 
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Temperature Limit 
Min Max 
Short-Circuit Xx 
Battery Sizing Xx 


14.5.3 SC Page 


You can select the battery short-circuit model and open-circuit voltage source value, specify battery 
external impedance and grounding data, and view battery data from the Battery Library within the SC 


page. 


Info | Rating sc Remarks | Comment 


MFR C&D Tech VPC | 2.063 Rp [ 0.00138 Time Const | 0 
Model | LCR Hour 8 SG [ 1.215 Temperature | 25 


Plates Capacity IminAmp %K SC Amp 
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Short-Circuit Model External & Inter-Rack & Inter-TierR 
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Voc per Cell Grounding 
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© User-Defined Value IT -Individual v 
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Header 


After selecting a battery from the library (See Rating page — Battery Editor), this header information will 
be updated with the following information: 


MFR 
Manufacturer 
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VPC 
Open-Circuit Voltage per Cell 


Rp 
Resistance per positive plate in ohms 


Time Const. 
Battery time constant in Seconds 


Model 
Battery Model 


Hour 
Discharge Time in Hours 


SG 
Specific Gravity 


Temperature 
Rated Temperature 


Type 
Type of curves specified in the library for this battery 


Plates Capacity IMinA %K SCAmp 
Displays: # of Plates, Capacity, 1 Minute SC Amps, percent K, Short-Circuit Amps. You can drop down 
and select a different battery size under the same manufacturer and model. 


Short-Circuit Model 


Voc Behind Battery Z 
When you select the Voc Behind Battery Z option, the battery is treated as a constant voltage source 
behind the battery resistance in DC Short-Circuit Studies. 


Constant Current 

When you select the Constant Current option, the battery is treated as an ideal current source in DC 
Short-Circuit Studies. A constant current source means that the battery short-circuit contribution is 
constant regardless of the distance of the fault to the battery. 


K 


Enter the short-circuit multiplication factor in percent. ETAP uses this value to calculate the constant 
current source value in DC Short-Circuit Studies. This multiplication factor is updated from the battery 
library. 


Isc 
The constant current short-circuit value of the battery is calculated and displayed here in amperes. 


# of PP 
Number of positive plates for the selected battery is displayed on this field. 
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1-min-A/pp 
1 Minutes Amps per positive plate is displayed on this field. 


1-mim-A/String 
1 Minute Amps per String is displayed on this field. 


External & Inter-Rack & Inter-Tier R 


R 

Enter the total battery cable and connection resistance in ohms per string in this field. If Rp includes the 
connection resistance per cell along with the resistance per positive plate, then user does not need to enter 
a separate value for the external resistance. 


L 
Enter the total battery cable and connection inductance in micro henries per string in this field. 


Voc per Cell 


Rated Voc (Library) 
When you select the Rated V model, the battery rated voltage per cell is used as battery open-circuit 
voltage value per cell. 


Calculated Value 
When you select the Calculated Value model, battery open-circuit voltage per cell is calculated based on 
the following formula: 


Voc = (0.84 + SG) + (Tmax — 25) * 0.0003 


Where SG is the specific gravity of the battery and Tmax is the maximum operating temperature 
specified in the Rating page. 


Voc 
The calculated battery open-circuit voltage per cell is displayed in this field in volts. 


User Defined Value 

Select the User Defined Value option to specify a value for Voc. When this option is selected, an edit 
box will appear at right for entering Voc deviation from rated VPC (Voltage per Cell) in percent of VPC. 
The rated VPC is from battery library and displayed in the header of the Battery Editor. Once a value is 
entered in the Voc Deviation box, the adjusted Voc will be automatically calculated and displayed in the 
Voc field. 


The Voc deviation value can be either a positive of a negative value. The maximum deviation is defined 


in an Options (Preferences) entry under Battery Discharge/Sizing, Max Deviation for Voc Per Cell. The 
default value is 10 percent. 


Grounding 


Grounded 
Click on the Grounded checkbox to specify that the battery is to be grounded. 
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Rg 
Enter the battery grounding resistance in ohms in this field. This value represents the total grounding 
resistance of this battery system including the cables and connections. 


14.5.4 Remarks Page 
Battery Editor - Battery1 [. |e 
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Header 


After selecting a battery from the library (See Rating page — Battery Editor), this header information will 
be updated with the following information: 


MFR 
Manufacturer 


VPC 
Open-Circuit Voltage per Cell 
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Rp 
Resistance per positive plate in ohms 


Time Const. 
Battery time constant in Seconds 


Model 
Battery Model 


Hour 


SG 
Specific Gravity 


Temperature 
Rated Temperature 


Type 
Type of curves specified in the library for this battery 


Plates Capacity IMinA %K SCAmp 
Displays: # of Plates, Capacity, 1 Minute SC Amps, percent K, Short-Circuit Amps. You can drop down 
and select a different battery size under the same manufacturer and model. 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 


This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 

One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 
Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.5.5 Comment Page 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this 
field, refer to the entries in the ETAPS.INI file. 
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Header 


After selecting a battery from the library (See Rating page — Battery Editor), this header information will 
be updated with the following information: 


MFR 
Manufacturer 


VPC 
Open-Circuit Voltage per Cell 


Rp 
Resistance per positive plate in ohms 
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Time Const. 
Battery time constant in Seconds (zero if not specified) 


Model 
Battery Model 


Hour 
Battery life in Hours (zero if not specified) 


SG 
Specific Gravity 


Temperature 
Rated Temperature 


Type 
Type of curves specified in the library for this battery 


Plates Capacity IMinA %K SCAmp 
Displays: # of Plates, Capacity, 1 Minute SC Amps, percent K, Short-Circuit Amps. You can drop down 
and select a different battery size under the same manufacturer and model. 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.6 DC PV Array 


The DC PV Array element is used to represent individual panels connected in series and parallel 
combinations and represents blocks of PV power. As shown below, a number of modules make up a 
typical PV panel that can be connected in a string configuration in order to achieve desired current and 
voltage at the inverter input. 


You can enter the properties associated with Photovoltaic (PV) Array including solar irradiance of the 
electrical distribution system using PV Array Editor. PV Array converts solar radiation into direct current 
using semiconductors. PV Array is one of the important elements of renewable energy, micro-grid, smart 
grid, etc. 


The physics of the PV cell is very similar to the classical p-n junction diode. When light is absorbed by 
the junction, the energy of the absorbed photons is transferred to the electron system of the material, 
resulting in the creation of charge carriers that are separated at the junction. The charge carriers may be 
electron-ion pairs in a liquid electrolyte or electron hole pairs in a solid semiconducting material. The 
charge carriers in the junction region create a potential gradient, get accelerated under the electric field 
and circulate as the current through an external circuit. The current squared times the resistance of the 
circuit is the power converted into electricity. The remaining power of the photon elevates the 
temperature of the cell. 


Several PV cells make a module and several modules make an array. In ETAP we define the PV panel 
information and specify the number of panels connected in series and parallel that make up a final PV 
array. 


The properties associated with DC PV Array system can be entered in this editor. The DC PV Array 
Editor contains the following pages of information: 


Info Page 

PV Panel Page 
PV Array Page 
SC Page 
Physical Page 
Remarks Page 
Comments Page 
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14.6.1 Info Page 


You can specify the PV array ID, connected Bus, In/Out of Service, Equipment Tag #, Name, 
Description, Data Type and Priority within the fields of the Info page. After selecting a PV array from the 
library (see PV Panel page of PV Array Editor), its header information will be updated accordingly. 


Vde 


ID PVA1 Sesianihaed 
bus (BOBi89 ne) SV [ee 
Equipment Condition 
Tag # - 
— @Oln 
Name ice © Out 
Descrioti 
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Info 
This section is for PV array ID and connected bus information. 
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ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each PV array. The assigned IDs consist of the default PVA 
plus an integer, starting with the number one and increasing as the number of PV arrays increase. The 
default ID can be changed from the Defaults menu in the menu bar. 


Bus 

This is the ID of the connecting bus for the PV array. If the terminal is not connected to any bus, a blank 
entry will be shown for the bus ID. To connect or reconnect a PV array to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can only connect to buses that reside in the same view where the PV array resides, i.e., you 
cannot connect to a bus that resides in the Dumpster or in another composite network. ETAP displays the 
nominal kV of the bus next to the bus ID for your convenience. 


Condition 


Service 

The operating condition of a PV array can be set by clicking on the radio buttons for either In Service or 
Out of Service. The engineering properties within the editor of an Out of Service element can be edited 
like an In Service element; however, an Out of Service element will not be included in any system 
studies. When the continuity check is activated, an Out of Service element is automatically color coded 
with the deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 
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Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


14.6.2 PV Panel Page 


A PV array can be made up of a number of PV panels in series and parallel. On this page, the user can 
specify the individual PV panel rating including P-V and I-V curves that make up the entire PV array. 


Current versus voltage (i-v) characteristics of the PV module can be defined in sunlight and under dark 
conditions. In the first quadrant, the top left of the I-V curve at zero voltage is called the short circuit 
current. This is the current measured with the output terminals shorted (zero voltage). The bottom right of 
the curve at zero current is called the open-circuit voltage. This is the voltage measured with the output 
terminals open (zero current). 


Curreat 
Illuminated 


titties: tis alli ee ed 


Volts t en 


If the voltage is externally applied in the reverse direction, for example, during a system fault transient, 
the current remains flat and the power is absorbed by the cell. However, beyond a certain negative 
voltage, the junction breaks down as in a diode, and the current rises to a high value. In the dark, the 
current is zero for voltage up to the breakdown voltage which is the same as in the illuminated condition. 
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Power 

Enter the individual panel rated power in watts (W). Note that if a model is selected from the library then 
the power property is read-only since this information is linked to the library. The maximum power 
delivered by the PV panel, Pmax, is the area of the largest rectangle under the I-V curve as shown below. 
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Tol. P 
This allows the user to enter the panel power tolerance in watts. The tolerance is specified by the 
manufacturer, however in ETAP this field is not used and is provided for information purposes only. 


Vmp 
This allows the user to enter the maximum peak power voltage of an individual panel in volts (V). 


Voc 
Enter the open circuit voltage of an individual panel in volts (V). 


% Eff 

It shows the calculated panel efficiency in percent. 

Panel efficiency = Power / (Area in m/2 * Base Irradiance in W/m‘2) 

Area is calculated from length and width of Physical page of PV Array Editor. 


Imp 
Enter the maximum peak power current of an individual panel in amperes. 


Isc 
Enter the short circuit current of an individual panel in amperes. 


% Fill Factor 

It shows the calculated panel fill factor in percent. The % fill factor is the actual panel maximum power 
output as a percentage of the theoretical maximum power output. Fill factor should be greater than 0.7 for 
higher quality panels. Fill factor can be calculated as: 


FF = | es 
(Voc)(Usc) 


Performance Adjustment Coefficients 

Temperature affects the performance of the PV panels. The magnitude of this reduction is inversely 
proportional to VOC; that is, cells with higher values of VOC suffer smaller reductions in voltage with 
increasing temperature. For most crystalline silicon solar cells the change in VOC with temperature is 
about -0.50%/°C, though the rate for the highest-efficiency crystalline silicon cells is around -0.35%/°C. 
By way of comparison, the rate for amorphous silicon solar cells is -0.20%/°C to -0.30%/°C, depending 
on how the cell is made. The amount of photogenerated current IL increases slightly with temperature 
increases because of an increase in the number of thermally generated carriers in the cell. This effect is 
slight, however: about 0.065%/°C for crystalline silicon cells and 0.09% for amorphous silicon cells. 
Most crystalline silicon solar cells decline in efficiency by 0.50%/°C and most amorphous cells decline 
by 0.15-0.25%/°C. The figure above shows I-V curves that might typically be seen for a crystalline 
silicon solar cell at various temperatures. 
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Alpha Isc 


This allows the user to enter the adjustment coefficient for short circuit current. This coefficient is used to 
calculate the short circuit current. 


Beta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage of the panel. 


Delta Voc 
This allows the user to enter the adjustment coefficient for open circuit voltage. This coefficient is used to 
calculate the open circuit voltage based on irradiance levels other than base irradiance. 


Base 
This section consists of Temp, Irrad and NOCT fields, and they are described below. 
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Temp 

This allows the user to enter the base temperature used by manufacturer to determine rated panel power in 
degrees Celsius (C). If data is not selected from the library then the base can be defined or changed. 
Default base for temperature is 25 degrees C. 


Irrad 

This allows the user to enter the base irradiance used by manufacturer to determine rated panel power in 
W/m/2. If data is not selected from the library then the base can be defined or changed. Default base for 
irradiance is 1000 W/m/2. If data is selected from the library then base irradiance field cannot be edited 
and is obtained from the library. 


NOCT 


This allows the user to enter the normal operating cell temperature (NOCT) in degrees Celsius (C). 
Default NOCT is 45 degrees C. 


P-V Curve 


A P-V curve will be generated using the PV array rating data. Maximum power point will be shown in 
the graph. 


I-V Curve 


An I-V curve will be generated using the PV array rating data. Maximum power point will be shown in 
the graph as well. 


Library 

You can bring existing data from library. Click the Library button and it will launch the Library Quick 
Pick page with available PV array manufacturers. Select a desired manufacturer and model from the list 
and bring the data for simulation. 
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14.6.3 PV Array Page 


PV Array (Total) 
# of Panels 


Volts de 


kW.de 


Amps,de 
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PV Panel 


Watt/Panel 


Sees sD BB CO (com) 


It shows the individual panel rated power in watts entered in the PV Panel page of the PV Array Editor. 


This field is display only. 


ETAP 


14-86 
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#in Series 
This allows the user to enter the number of PV panels connected in series. Series connected panels 
increase the overall string voltage. 


#in Parallel 
This allows the user to enter the number of PV panels connected in parallel. Parallel connected panels 
increase the overall string current. 


Series Connected Solar Panels 
Parallel Connected Solar Panels 


12V 4.0A 12V 4.0A 
12V 4.0A 


24V 4.0A 12V 12.0A 


By series connecting gives higher voltage 
Current remains same. Parallel connected solar panels give more current (ampere) 


PV Array (Total) #of Panels 
This is a calculated field and shows the calculated total number of panels based on number connected in 
parallel and series 


Volts, dc 
This is the total DC voltage calculated based on the number of panels in series. 


kW, dc 
This is the total DC power in kW calculated based on the number of panels in series and parallel that 
make up the PV array. 


Amps, dc 
This is the calculated DC current of the entire PV array based on the number of panels in parallel. 


Generation Category 
This section shows names of the 10 generation categories. These names are defined in project settings and 
are used for utility and generator components as well. 


Irradiance 

This is the value of solar irradiance incident on the PV panel in watts per square meter (W/m/2). The 
value in this column is defaulted initially. Irradiance can be user entered or updated using the solar 
position calculator (Irradiance Calc). Based on the irradiance value, the power output from the PV array is 
calculated and displayed in the MPP kW column. 
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Ta 

This is the ambient temperature in degrees Celsius (C) where the PV panels are placed. Ta is user-defined 
and based on the data, the power output from the PV array is updated and displayed in the MPP kw 
column. 


Tc 

This is the PV array cell temperature and is calculated using the equation given below. As irradiance and 
ambient temperature Ta are changed, the cell temperature Tc is recalculated. Higher the Tc the lower the 
efficiency and power output from the panel. 


MPP kw 
This is the maximum peak power output from the PV array in kW based on the given irradiance level and 
ambient temperature, assuming optimal collector tilt. 


Irradiance Calc. 


This is an irradiance calculator. Click on the “Irradiance Calc.” button to launch the irradiance calculator. 
Based on the user specified location information and date and time the calculator will determine the 
theoretical irradiance (direct component) in W/m/2. All calculation results are given at sea level. 


C 
Irradiance Calculator en) 


Location Information 
° ° 
Latitude 33 Longitude -118 
Time Zone | (UTC-08:00) Pacific Time (US & Canada) ¥ 
Local Time 12:51:21 PM + 
j Date 98/ 5/2011 fy 
Calculate 
Calculation 
° 
Declination 17.192 
Equation of Time 0.035 Minutes 
° 
Solar Altitude 70.46 
° 
Solar Azimuth “140.92 
Solar Time 13:32 Hours 
Sunrise 05:13 Hours 
Sunset 18:46 Hours 
Air Mass (AM) 1.061 Irradiance (W/m*2) 916 
| 
| (Gemessems] [tome 
i 
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Latitude 
Enter the latitude in degrees. North of the equator is defined as the positive direction. 


Longitude 
Enter the longitude in degrees. West of the Prime Meridian is defined as the positive direction. 


Time Zone 
Enter the time zone offset from UTC for the specified latitude and longitude. 


Local Time 
This is automatically the system / computer time at the instant the calculator is launched and may be 
changed to any other local time. 


Date 
This is automatically the current system / computer date at the instant the calculator is launched and may 
be changed to another date. 


Calculate 
Click this button to use the location, time and date information to calculate solar position and irradiance. 


Declination 
The apparent angle of the sun north or south of the earth’s equatorial plane. 


Equation of Time 
The equation of time is the difference between apparent solar time and mean solar time measured at a 
given instant at the same point on the earth. At any given instant that difference is the same everywhere. 


Solar Altitude 
The solar elevation angle is the elevation angle of the sun. That is, the angle between the direction of the 
geometric center of the sun's apparent disk and the (idealized) horizon. 


Solar Azimuth 
For an observer, the solar azimuth is the angle measured clockwise from North to the vertical plane 
formed by the sun and the location of the observer. 


Solar Time 

Solar time is a reckoning of the passage of time based on the sun's position in the sky. The fundamental 
unit of solar time is the day. When the sun is visible, an observer at any longitude may measure the sun's 
position in the sky and calculate its hour angle, which is interpreted as local time for that observer. 


Sunrise 
Sunrise is the instant at which the upper edge of the sun appears above the horizon in the east. 


Sunset 

Sunset or sundown is the daily disappearance of the sun below the horizon in the west as a result of 
earth's rotation. The time of sunset is defined in astronomy as the moment the trailing edge of the sun's 
disk disappears below the horizon in the west. 
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Air Mass 

The amount of sunlight either absorbed or scattered depends on the length of the path through the 
atmosphere. This path is generally compared with a vertical path directly to sea level, which is designated 
as air mass = 1 (AM1). Air Mass will be more than unity for non-vertical sun angles. 


Irradiance 

Solar Irradiance is a measure of how much solar power you are getting at your location. This irradiance 
varies throughout the year depending on the seasons. It also varies throughout the day, depending on the 
position of the sun in the sky, and the weather. 
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14.6.4 SC Page 


Specify the short-circuit modeling and grounding information for the PV arrays using this page. 
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Short Circuit Model 


Panel Rating 
When this option is selected, the Voc, Vmp, Imp and Isc values are obtained and displayed based on the 
selected panel from the library. 
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User-Defined 
When this option is selected, the Voc, Vmp, Imp and Isc values are user-editable and can be set to be 
different than the selected panel manufacturer data. 


PV Array 

This field displays the effective Voc, Isc, Vmp and Imp of the PV array. The values displayed in these 
fields depend upon the number of panels in series and parallel. The number of panels in series and parallel 
can be adjusted from the PV Array Page. 

The more panels connected in series implies the Voc and Vmp values will increase and subsequently the 
more panels connected in parallel implies that the Imp and Isc values will increase correspondingly for 
the entire array. 


Grounding 


Check if the device offers grounding to the system. 


Earthing Type 
Select a system earthing type. The available earthing types are listed based on the system grounding type. 


Rg 
Enter the resistance to ground in Ohms. 
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14.6.5 Physical Page 


This page allows you to enter physical structure information of the PV array (e.g. length, width, depth and 
weight). If PV array is picked from the library then module physical information comes from the library. 
If library information is not selected then users can enter this data manually. 


PV Al 


Info| PV Panel | PV Aray | SC | Physical | Remarks | Comments 


Seu mB BB LX) (coe! 


Length 
This allows the user to enter the panel length in inches or centimeters. 
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Width 


This allows the user to enter the panel width in inches or centimeters. 


Depth 
This allows the user to enter the panel thickness in inches or centimeters. It is optional. 


Weight 


This allows the user to enter the panel weight in pounds or kilograms. It is optional. 
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14.6.6 Remarks Page 
PV Array Editor - PVA1 = |r| 


[Info| PV Panel | PVAray | SC | Physical | Remarks 


MFR | Kyocera 


Model | KD235GX-LPB 


User Defined Info 
Eg. Ref. 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 
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User-Defined Info 


These fields allow the user to keep track of extra data associated with this element. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


ETAP 14-95 ETAP 19.0 User Guide 


DC Elements DC PV Array 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

This allows the user to enter the name or ID of a one-line drawing or diagram associated with this 
element, using up to 50 alphanumeric characters. An example is the manufacturer diagram or 
specifications for this element. 


Reference 
This allows the user to enter the name or ID of a reference drawing or document for this element, using 
up to 50 alphanumeric characters. 


Manufacturer 


Name 
This allows the user to enter the manufacturer’s name for this element here, using up to 25 alphanumeric 
characters. 


Purchase Date 


This allows the user to enter the date of purchase for this element here, using up to 8 alphanumeric 
characters. 
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14.6.7 Comment Page 


This allows the user to enter any extra data or comments regarding condition, maintenance, tests, or 
studies, associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


PV Array Editor - PVA1 |r| 


[Info| PVPanel | PVAray | SC | Physical | Remarks 


MFR | SUNTECH Type | Poly-crystaliine #of Cells | 54 


Model |STP210- 18/Ud.STP205-18/Ud Size Vdc [| 600 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.7 DC Motor 


The properties associated with DC motors of the electrical distribution system can be entered in this 
editor. 


The DC Motor Editor contains the following pages of information: 


Info Page 
Rating Page 

SC Page 

Duty Cycle Page 
Remarks Page 
Comment Page 
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14.7.1 Info Page 


You can specify the DC Motor ID, Connected Bus ID, In/Out of Service, Equipment FDR (feeder) Tag, 
Name, Description, Data Type, Load Priority, Configuration Status, Quantity of DC Motors, and Demand 
Factor within the Info page. 


DC Motor Editor - DCMach1 cl] 


Rating | SC | Duty Cycle | Remarks | Comment | 


ID DCMach1 


Bus | DcBus5 y| 250V 


385 hun DA 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each motor. The assigned IDs consist of the default ID plus an integer, starting with the number one 
and increasing as the number of motors increases. 


The default ID (dcMach) for DC motors can be changed from the Defaults menu in the menu bar or from 
the System Manager. 
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Bus 

This is the ID of the connecting bus for the DC motor. If the terminal is not connected to any bus, a blank 
entry will be shown for the bus ID. To connect or reconnect a DC motor to a bus, select a bus from the 
drop-down list. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminal of the motor to DC buses that reside in the same view where it 
resides or can connect to buses that reside in other views by connecting the external and internal pins of 
the composite networks. You cannot connect to a bus that resides in the Dumpster. 


If a DC motor is connected to a bus through a number of protective devices, reconnection of the DC 
motor to a new bus in this editor will reconnect the last existing protective device to the new bus, as 
shown below where DCMach1 is reconnected from DCBus10 to DCBus4. 


DecBusl10 DcBus4 DcBusl10 DecBus4 
——— = 
pDccBl DCCBL 
DCFuseZz DCFusezZ 
DCMachl DCMachl 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 


Select the operating status of the DC motor(s) for the selected configuration status from the drop-down 
list. Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 
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Depending on the demand factor specified for each operating status, the actual loading of the motor is 
determined for Load Flow Studies. 


Note: Status is not a part of the motor engineering properties. For this reason, the name of the 
configuration status is shown, indicating the motor status under the specific configuration, i.e., you can 
have a different operating status under each configuration. In the following example, status of a motor is 
shown to be Continuous under Normal configuration and Spare under Emergency configuration. 


Configuration Configuration 
Normal — 
ipency 
Status | Continuous v | Status | pales ” | 
Equipment 
Tag # 


This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Quantity 


Enter the quantity (number) of DC motors for this motor in this field. This allows you to group identical 
motors together without a need for graphical presentation in the one-line diagram. 
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Demand Factor 


Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
Demand factor is the amount of time the DC motor is actually operating. Demand factor affects the 
following calculations: 


Operating kW = Rated kW * % Loading * Demand Factor 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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14.7.2 Rating Page 


You can specify the motor nameplate data (ratings) and view motor loading and losses for all Loading 
Categories in this page. 


DC Motor Editor - DCMach1 | |e Somme 
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Rating 


HP/kW 
Enter the motor output (shaft) rating in horsepower (HP) or kW. You can choose from these two options 
by clicking on the HP/kW button. ETAP uses the following equation for the DC motor full load current: 


Full-Load Amp HP * 0.7457 *1000/ ( V* Eff ) Rating in HP 


kW *1000/ ( V* Eff) Rating in kW 


where the Eff is at full load condition (100% loading). 
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Vv 


Enter the rated voltage of the motor in volts in this field. 


RPM 
Enter the motor speed in RPM (Revolutions Per Minute) in this field. 


% Eff 

This is the efficiency of the motor. Efficiency cannot exceed 100%. The efficiency is the rated efficiency 
and is used for calculating the rated values, i.e., when you change the efficiency, the motor full load 
current and the operating load for all Loading Categories are recalculated. 


FLA 

This is the rated full load current of the motor in amperes. This is the current the motor would pull from 
the system when it is fully loaded, i-e., when the system is operating at the rated HP (or kW), rated V, and 
rated efficiency. 


Loading 


This section is used to assign a percent loading to each one of the ten Loading Categories for this motor, 
i.e., each motor can be set to have a different operating loading level for each Loading Category. To edit 
the values of the percent loading, click on any one of the edit fields under the % Loading column. 


Note: You can select any of these Loading Categories when conducting DC Load Flow Studies. 


To edit the Loading Category names, select Loading Category from the Project menu. 
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14.7.3 SC Page 


You can specify the multiplication factor, impedance and time constant associated with Short-Circuit 
Studies within the SC page. 


DC Motor Editor - DCMach1 cl 
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SC Parameters 


K 

Enter the short-circuit multiplication factor in percent of the motor FLA. ETAP uses this value to 
calculate the short-circuit current of the DC motor for a terminal bus fault. When you change the 
multiplication factor, the resistance, inductance, and short-circuit contribution are recalculated. The 
multiplication factor defaults to 1000%. 


Isc 


The short-circuit current (Isc(K*FLA) contribution of the DC motor for a terminal bus fault is calculated 
and displayed here in amperes. 
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Ra’ 
Enter the resistance of the DC motor short-circuit impedance in ohms. When you change the resistance 
value, the inductance, multiplication factor and short-circuit contribution is recalculated. 


La’ 
Enter the inductance of the DC motor short-circuit impedance in henries. When you change the 
inductance value, the time constant is recalculated. 


Time Constant 
Enter the time constant of the DC motor. When you change the time constant value, the inductance is 
recalculated. 


14.7.4 Duty Cycle Page 


You can specify the Duty Cycle Category and load profile for each duty cycle. ETAP displays the load 
profile for random and non-random loads for viewing and printing. The data in this page are used in 
Battery Sizing Studies within the Duty Cycle page. 


DC Motor Editor - DCMach1 [ee-Sommn| 
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Duty Cycle 


This section is used to specify the load profile to each one of the five Duty Cycle Categories. 


Based on Amp/% Loading 

This option specifies how the duty cycle is specified. When the Amp option is selected, the duty cycle is 
specified as amperes and the %Load will be calculated. When the %Load option is selected, the duty 
cycle is specified as percentage of FLA and the ampere values will be calculated. 


The selection of this option also determines the column to be updated when the load FLA is changed. 
When the Amp option is selected, if the load FLA is changed, the %Load column will be updated 
according to the Amp values specified. In contrast, when the %Load option is selected, if the load FLA is 
changed, the Amp column will be updated according to the %Load values specified. 


Duty Cycle Category 

Select a Duty Cycle Category from the drop-down list and view the load profile for it in this page. Each 
load can have up to five Duty Cycle Categories with independent load profiles. You can name the Duty 
Cycle Categories from the Project menu bar. 


Load Profile 
To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 


To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list. Enter a load name, current in amperes, start time in seconds, and duration in seconds for 
this segment of load. After the data of a row is entered, this segment of load curve will be drawn on the 
Non-Random or Random window. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or click the Delete key. Click on either the <-Print or Print-> button, and the displayed load profile 
curve (random and non-random loads) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 
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14.7.5 Remarks Page 


DC Motor Editor - DCMach1 [tee Soomn| 


[Info| Rating | SC _| Duty Cycle | Remarks 


User Defined Info 
Eq. Ref. 17 (numeric) 
Last Maint. 01/01/2011 
Next Maint. 01/01/2012 
Tests Req. 4and6 
UD Field A512 character 
UD Field AS Alphanumeric 


UD Field A7 


BBS Klos >) AB 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number in this field, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any extra data for this element in this field, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any extra data for this element in this field, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any extra data for this element in this field, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.7.6 Comment Page 


DC Motor Editor - DCMach1 |seere- Seo 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.8 DC Static Load 


The properties associated with DC static loads of the electrical system can be entered in this editor. 
The DC Static Load Editor contains the following pages of information: 


Info Page 
Rating Page 
Duty Cycle Page 
Remarks Page 
Comment Page 
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14.8.1 Info Page 


You can specify the ID, Connected Bus, In/Out of Service, Equipment FDR (feeder) Tag, Name, 
Description, Data Type, Load Priority, Configuration Status, Quantity, and Demand Factors for DC Static 
Loads within the Info page. 


DC Static Load Editor - DCStLoad1 j [sever 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each DC static load. The assigned IDs consist of the default ID plus an integer, starting with the 
number one and increasing as the number of DC static loads increases. 


The default ID (dcLoad) for DC Static Loads can be changed from the Defaults menu in the menu bar or 
from the System Manager. 
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Bus 

This is the ID of the connecting bus for the DC static load. If the terminal is not connected to any bus, a 
blank entry will be shown for the bus ID. To connect or reconnect a DC static load to a bus, select a bus 
from the drop-down list. The one-line diagram will be updated to show the new connection after you 
click on OK. 


Note: You can connect the terminal of the load to DC buses that reside in the same view where it resides 
or can connect to buses that reside in other views by connecting the external and internal pins of the 
composite networks. You cannot connect to a bus that resides in the Dumpster. 


If a DC static load is connected to a bus through a number of protective devices, reconnection of the DC 
static load to a new bus in this editor will reconnect the last existing protective device to the new bus, as 
shown below where DCStLoad1 is reconnected from DCBus10 to DCBus4. 


DcBusl10 DcBus4 DcBusl10 DcBus4 
————= =a 
pDccBL pDccBl 
DCFusezZ DCFusezZ 
DCStLoadl DCcStLoadl 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 


Select the operating status of the DC static load(s) for the selected configuration status from the drop- 
down list. Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 
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Depending on the demand factor specified for each operating status, the actual loading of the DC static 
load is determined for Load Flow Studies. 


Note: Status is not a part of the DC static load engineering properties. For this reason, the name of the 
configuration status is shown, indicating the DC static load status under the specific configuration, i.e., 
you can have a different operating status under each configuration. In the following example, the status 
of a DC static load is shown to be Continuous under Normal configuration and Spare under Emergency 
configuration. 


Configuration Configuration 
Normal — 
ipency 
Status | Continuous v | Status | pales ” | 
Equipment 
Tag # 


This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Quantity 


Enter the quantity (number) of DC static loads in this field. This allows you to group identical DC static 
loads together without a need for graphical presentation in the one-line diagram. 
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Demand Factor 
Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
Demand factor is the amount of time the DC static load is actually operating. Demand factor affects the 
following calculations: 

Operating kW = Rated kW * % Loading * Demand Factor 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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14.8.2 Rating Page 


You can specify the DC static load ratings, view loading, and losses for all Loading Categories in this 
page. 


DC Static Load Editor - DCStLoad1 SA. [eee Son 
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Rating 


kW 

Enter the kW rating of the static load in this field. Click on the kW/MW button to choose either kW or 
MW units for entering and displaying data. ETAP uses the following equation for the DC static load full 
load current: 


Full Load Amp = kW*1000/V Rating in kw 
= MW *1000000/V Rating in MW 
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Vv 
Enter the rated voltage of the DC static load in volts in this field. 


FLA 
The DC static load full load current is calculated and displayed here. When the full load current is 
changed, the rated power of the DC static load is recalculated. 


Loading 


This section is used to assign a percent loading to each one of the ten Loading Categories for this DC 
static load, i-e., each DC static load can be set to have a different operating loading level for each Loading 
Category. To edit the values of the percent loading, click on any one of the edit fields under the % 
loading column. 

Note: You can select any of these Loading Categories when conducting studies. 


Select Loading Category from the Project menu to edit the Loading Category names. 
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14.8.3 Duty Cycle Page 


You can specify the Duty Cycle Category and load profile for each duty cycle. ETAP displays the load 
profile for random and non-random loads for viewing and printing within the Duty Cycle page. The data 
in this page are used in Battery Sizing Studies. 


DC Static Load Editor - DCStLoad1 = (Som 
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Duty Cycle 


This section is used to specify a load profile for each one of the five Duty Cycle CategoriesBased on 
Amp/%Loading 


This option specifies how the duty cycle is specified. When the Amp option is selected, the duty cycle is 


specified as amperes and the %Load will be calculated. When the %Load option is selected, the duty 
cycle is specified as percentage of FLA and the ampere values will be calculated. 
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The selection of this option also determines the column to be updated when the load FLA is changed. 
When the Amp option is selected, if the load FLA is changed, the %Load column will be updated 
according to the Amp values specified. In contrast, when the %Load option is selected, if the load FLA is 
changed, the Amp column will be updated according to the %Load values specified. 


Duty Cycle Category 

Select a Duty Cycle Category from the drop-down list and view the load profile for it in this page. Each 
load can have up to five Duty Cycle Categories with independent load profiles. You can name the Duty 
Cycle Categories from the Project menu bar. 


Load Profile 
To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 


To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list. Enter a load name, current in amperes, start time in seconds, and duration in seconds for 
this segment of load. After the data of a row is entered, this segment of load curve will be drawn on the 
Non-Random or Random window. To delete a row of data, highlight the row by clicking the number of 
the row, then click on the Del button or click the Delete key. 


Click on either the <-Print or Print-> button, and the displayed load profile curve (random & non- 
random) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 
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14.8.4 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.8.5 Comment Page 


DC Static Load Editor - DCStLoad1 = |e) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file. 


(2a) a) 9) [€j[ocstosst oD) (al) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.9 DC Lumped Load 


The properties associated with DC lumped loads of the electrical system can be entered in this editor. 


The DC Lumped Load Editor contains six pages of information: 


Info Page 
Rating Page 

SC Page 

Duty Cycle Page 
Remarks Page 
Comment Page 


14.9.1 Info Page 


You can specify the ID, Connected Bus, In/Out of Service, Equipment FDR (feeder), Tag, Name, 
Description, Data Type, Load Priority, Configuration Status, as well as the Quantity and Demand Factors 
of DC Lumped Loads within the Info page. 


DC Lumped Load Editor - DCLump1 |e 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each DC lumped load. The assigned IDs consist of the default ID plus an integer, 
starting with the number one and increasing as the number of DC lumped loads increases. 


The default ID (dcLump) for DC lumped loads can be changed from the Defaults menu in the menu bar 
or from the System Manager. 


Bus 

This is the ID of the connecting bus for the DC lumped load. If the terminal is not connected to any bus, 
a blank entry will be shown for the bus ID. To connect or reconnect a DC lumped load to a bus; select a 
bus from the drop-down list. The one-line diagram will be updated to show the new connection after you 
click on OK. 


Note: You can connect the terminal of the lump load to DC buses that reside in the same view where it 
resides or can connect to buses that reside in other views by connecting the external and internal pins of 
the composite networks. You cannot make a connection to a bus that resides in the Dumpster. 


If a DC lumped load is connected to a bus through a number of protective devices, reconnection of the 
DC lumped load to a new bus in this editor will reconnect the last existing protective device to the new 
bus, as shown below where DCLump1 is reconnected from DCBus10 to DCBus4. 


DecBusl10 DcBus4 DecBusl10 DceBus4 
[Eee =e 
DCCB1L PCCcB1l 
DCFusezZz DCFuseZz 
DCLumpl DCLumpl 


ETAP displays the nominal V of the bus next to the bus ID for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 


Select the operating status of the DC lumped load(s) for the selected configuration status from the drop- 
down list. Options for operating status include: 


e Continuous Continuously operating load 
e Intermittent Intermittently operating load 
e Spare Spare load (no short-circuit contribution) 


Depending on the demand factor specified for each operating status, the actual loading of the DC lumped 
load is determined for Load Flow Studies. 


Note: Status is not a part of the DC lumped load engineering properties. For this reason, the name of the 
configuration status is shown, indicating the DC lumped load status under the specific configuration, i.e., 
you can have a different operating status under each configuration. In the following example, status of a 
DC lumped load is shown to be Continuous under Normal configuration and Spare under Emergency 
configuration. 


Configuration 


Configuration 
a 
a 
Status | Continuous ms | Status | Spare M4 | 
Equipment 
Tag # 


This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 
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Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


Demand Factor 
Modify the demand factors for Continuous, Intermittent, and Spare status in the provided entry fields. 
Demand factor is the amount of time the DC lumped load is actually operating. Demand factor affects the 
following calculations: 

Operating kW = Rated kW * % Loading * Demand Factor 


Demand factors for Continuous, Intermittent, and Spare status have a range from 0% to 100%. Since 
demand factors are a part of engineering properties, ETAP uses the same factors for all configurations. 
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14.9.2 Rating Page 


You can specify the DC lumped load ratings and select percentages of motor loads and static loads in the 
Rating page. You can also display the kW loading (motor and static) for all Loading Categories. 


DC Lumped Load Editor-DCLumpl |veSvme 
[info | Rating | SC | Duty Cycle | Remarks | Comment 
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Rating 


kW 

Enter the total kW loading (motor and static) for the lumped load. Click on the kW/MW button to choose 
from either kW or MW units for entering and displaying data. ETAP uses the following equation for the 
DC lumped load full load current: 


Full-Load Amp) = = kW*1,000/V Rating in kw 
= MW *1,000,000/V_ _— Rating in MW 
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Vv 
Enter the rated voltage of the DC lumped load in volts. 


FLA 
The DC lumped load full load current is calculated and displayed here. When the full load current is 
changed, the rated power of the DC lumped load is recalculated. 


Motor/Static Load 


Select the percent motor and static loading of the lumped load by shifting the slider position. 


Loading 


This section is used to assign a percent loading to each one of the ten Loading Categories for this DC 
lumped load, i.e., each DC lumped load can be set to have a different operating loading level for each 
Loading Category. To edit the values of the percent loading, click on any one of the edit fields under the 
% loading column. 

Note: You can select any of these Loading Categories when conducting DC Load Flow Studies. 


To edit the Loading Category names, select Loading Category from the Project menu. 
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14.9.3 SC Page 
Within the SC page, specify the short-circuit multiplication factor, time constant and impedance, 
including resistance and inductance of the DC lumped load. You can view the calculated short-circuit 
current of the DC lumped load. 
Note: The data in this page are only related to the motor load of the DC lumped load. 


DC Lumped Load Editor - DCLump1 [re Svmm 


Short-Circuit Parameters 
K pie) x 


Rid 0.01953 
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SC Parameters 


K 

Enter the short-circuit multiplication factor in percent of the FLA of the motor part of the lumped load. 
ETAP uses this value to calculate the short-circuit current of the lumped load for a terminal bus fault. 
When you change the multiplication factor, the resistance, inductance and the short-circuit current 
contribution are recalculated. The multiplication factor defaults to 1000%. 
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R’d 
Enter the resistance of the lumped load short-circuit impedance in ohms. When you change the resistance 
value, the inductance, multiplication factor, and short-circuit current is recalculated. 


Time Constant 
Enter the time constant of the lumped load in seconds in this field. When you change the time constant 
value, the inductance is recalculated. 


L’d 
Enter the inductance of the lumped load short-circuit impedance in henries in this field. When you 
change the inductance value, the time constant is recalculated. 


Isc 

The short-circuit current contribution of the motor part of the DC lumped load for a terminal bus fault is 
calculated and displayed here in amperes. If a lumped load is 100% static load, there will be no short- 
circuit contribution. 
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14.9.4 Duty Cycle Page 


You can specify the Duty Cycle Category and load profile for each duty cycle within the Duty Cycle 
page. ETAP displays the load profile for random and non-random loads for viewing and printing. The 
data in this page are used in Battery Sizing Studies. 


DC Lumped Load Editor - DCLump1 a] 
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Duty Cycle 


This section is used to specify a load profile for each one of the five Duty Cycle Categories. 


Duty Cycle Category 

Select a Duty Cycle Category from the drop-down list and view the load profile for it in this page. Each 
load can have up to five Duty Cycle Categories with independent load profiles. You can name the Duty 
Cycle Categories from the Project menu bar. 
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Load Profile 
To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 


To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list. Enter a load name, current in amperes, start time in seconds, and duration in seconds for 
this segment of load. After the data of a row is entered, this segment of load curve will be drawn on the 
Non-Random or Random window. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or click the Delete key. 


Click on either the <-Print or Print-> button, and the displayed load profile curve (random & non- 
random) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 
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14.9.5 Time Domain Page 


The Time Domain page allows you to specify the data type of the lumped load used in Time Domain 
Unbalanced Load Flow calculation. The available time domain data types include Fixed Category / 
Constant, Sector, External Data, and Composite Sector. 


DC Lumped Load Editor - DCLump1 


Info Rating SC  DutyCycle Time Domain Remarks Comment 


Data Type 
@ Fixed Category / Constant 
© Sector 


© Extemal Data 


© Composite Sector 


BGS Koen 


Fix Category/Constant 


This is a default option for a device, which means DC loading category in loading page of study case is 
used in calculation just like Unbalanced Load Flow. 
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Sector 

This option specify a sector profile for lumped load to use in load flow calculation. Sector was set in 
Sector Library before using. For details on profile and sector library, refer to Section 58.8.1 — Profile 
Library and Section 58.8.2 — Sector Library. 
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Info Rating SC  DutyCycle Time Domain Remarks Comment 


———— 


Data Type 
O Fixed Category / Constant 
@ Sector 


©) Extemal Data 


© Composite Sector Residential 


Multi-Year Forecasting 


Energize Wednesday, January 01,2014 ~v 


Out of Service Tuesday , January 01,2030 wv 
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If this option is selected, the Multi-Year Forecasting section is shown for user to specify the Energize 
date, Out of Service date and Growth Curve. 


Multi-Year Forecasting 
e Energize: when did/will this lumped load be in service. 
e Out of Service: when did/will this lumped load be out of service. 
e Growth Curve: select the multi-year Growth Curve for this lumped load. The Growth Curves 
were set in Sector Library before using. By default the Growth Curve is left as blank, meaning no 
Growth Curve is selected. 
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External Data 


This option allows user to use an External Data file as data entry for the lumped load. When External 
Data type is selected, the data in an excel sheet with the path specified in Time Domain Loading page of 
the study case will be used in calculation. 


For examples of external data format, refer to Section 58.8.3 - External Data. 


DC Lumped Load Editor - DCLump1 


Info = Rating) §=SC = DutyCycle Time Domain Remarks Comment 
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Data Type 
O Fixed Category / Constant 
O Sector 


@ Extemal Data 


© Composite Sector 


Multi-Year Forecasting 


Energize Wednesday, January 01,2014 ~v 


Out of Service Tuesday . January 01,2030 wv 


Data Gap Options 
@) Maintain and use last value 


©) Switch to study case loading category 
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Data Gap Options 
Data gap options specify how to handle the missed data in external file. If the data in external file is 
inconsistent with Time Step, the extra data will be ignored, while the missed data can be selected as one 
of the following data gap options. 

e Maintain and use the last value. 

e Switch to study case loading category. 
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Composite Sector 


This option allows users to select a composite sector from the pull-down menu. The composite sectors 
should be set in Sector Library, with the Sector Type “Composite”. Composite sector can be 
combinations of multiple single sectors. 
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Data Type 

O Fixed Category / Constant 
O Sector 

O Extemal Data 


@ Composite Sector 


Multi-Year Forecasting 


Energize Wednesday, January 01,2014 ~v 
Out of Service Tuesday . January 01,2030 wv 
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14.9.6 Remarks Page 


DC Lumped Load Editor - DCLump1 |p 
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User Defined Info 
Eq. Ref. 17 (numeric) 
Last Maint. 01/01/2000 
Next Maint. 01/01/2003 
Tests Req. 4and6 
UD Field A512 character 
UD Field AS Alphanumeric 


UD Field A7 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


ETAP 14-137 ETAP 19.0 User Guide 


DC Elements DC Lumped Load 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.9.7 Comment Page 


DC Lumped Load Editor - DCLump1 |_ereSrom 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.10 DC Composite CSD 


The properties associated with DC Composite CSD loads of the electrical distribution system can be 
entered in this editor. 


The DC Composite CSD Editor contains the following pages of information: 


e Info Page 

e Rating Page 

e Duty Cycle Page 
e Remarks Page 

e Comment Page 


14.10.1 Info Page 


You can specify the DC Composite CSD Load ID, Connected Bus ID, In/Out of Service, Equipment FDR 
(feeder) Tag, Name, Description, Data Type, and Load Priority within the Info page. 


DC Composite CSD Editor - DCED4 |S 


Rating | Duty Cycle | Remarks | Comment | 


ID DCED4 


Bus | DeBus4 


>) ae 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each Composite CSD load. The assigned IDs consist of the default ID plus an integer, starting with 
the number one and increasing as the number of Composite CSD loads increases. The default ID 
(dcElem) for Composite CSDs can be changed from the Defaults menu in the menu bar or from the 
System Manager. 


Bus 

This is the ID of the connecting bus for the Composite CSD load. If the terminal is not connected to any 
bus, a blank entry will be shown for the bus ID. To connect or reconnect a Composite CSD load to a bus, 
select a bus from the drop-down list. The one-line diagram will be updated to show the new connection 
after you click on OK. 


Note: You can connect the terminal of the Composite CSD to the DC buses that reside in the same view 
where it resides or can connect to buses that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot make a connection to a bus that resides in the Dumpster. 


If a Composite CSD load is connected to a bus through a number of protective devices, reconnection of 
the Composite CSD load to a new bus in this editor will reconnect the last existing protective device to 
the new bus, as shown below where DCED1 is reconnected from DCBus10 to DCBus4. 


DPcBusl0 DcBus4 DcBusl0 DcBus4 
a —— 
DCCB1l DCCBL 
DCFusez DCFusezZ 
DPCED1 DCED1 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states 
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Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 
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14.10.2 Rating Page 


You can specify the Composite CSD load ratings on the Ratings page. The Composite CSD load loading 
for all Loading Categories is displayed. 


DC Composite CSD Editor - DCED4 ~— |reSrmm 
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Rating 


kW 

Enter the rating (total of all elements within this Composite CSD) in kW in this field. Click on the 
kW/MW button to choose either kW or MW units for entering and displaying data. ETAP uses the 
following equation for the full load current of the Composite CSD load: 


FullLoad Amp = = kW*1,000/V Rating in kw 
= MW *1,000,000/V_ _— Rating in MW 


Vv 
Enter the rated voltage of the Composite CSD load in volts in this field. 
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FLA 
The full load current of the Composite CSD load is calculated and displayed in this field in amperes. 
When the full load current is changed, the rated power of the Composite CSD load is recalculated. 


Loading 

This section is used to assign a percent loading to each one of the ten Loading Categories for this 
Composite CSD load, i.e., each Composite CSD load can be set to have a different operating loading level 
for each Loading Category. To edit the values of the percent loading, click on any one of the edit fields 
under the % loading column. 

Note: You can select any of these Loading Categories when conducting DC Load Flow Studies. 


To edit the Loading Category names, select Loading Category from the Project menu. 
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14.10.3 Duty Cycle Page 


You can specify the Duty Cycle Category and load profile for each duty cycle within the Duty Cycle 
page. ETAP displays the load profile for random and non-random loads for viewing and printing. The 
data in this page are used in Battery Sizing Studies. 


DC Composite CSD Editor - DCED4 ; |p| 
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Duty Cycle 


This section is used to specify load profile to each one of the five Duty Cycle Categories. 


Duty Cycle Category 

Select a Duty Cycle Category from the drop-down list and view the load profile for it in this page. Each 
load can have up to five Duty Cycle Categories with independent load profiles. You can name the Duty 
Cycle Categories from the Project menu bar. 


Load Profile 


To add a load to the load profile, click on either the Ins or Add button, or click the Insert key to create a 
row in the load profile table. Each row represents a segment of the load profile for this duty cycle. 
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To edit the load profile, click on the button under the Active column, and this segment of load will be 
considered in studies. Click on the button under the Random column, and this segment of load will be 
treated as a random load in studies. Click on the field under the Type column and pick one of the seven 
types in the list. Enter a load name, current in amperes, start time in seconds, and duration in seconds for 
this segment of load. After the data of a row is entered, this segment of load curve will be drawn on the 
Non-Random or Random window. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or click the Delete key. 


Click on either the <-Print or Print-> button, and the displayed load profile curve (random & non- 
random) for the selected duty cycle will be printed out. 


Note: You can select any of the Duty Cycle Categories when conducting Battery Sizing Studies. To edit 
the Loading Category names, select Duty Cycle Category from the Project menu. 
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14.10.4 Remarks Page 


DC Composite CSD Editor - DCED4 | Som 
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User Defined Info 
Eq. Ref. 0 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 


Sel ox 1 wie 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.10.5 Comment Page 


DC Composite CSD Editor - DCED4 5 |e Smem| 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS INI file. 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.11 DC Composite Motor 


Composite motors are used as a tool to group motors and loads in the system. The elements that you can 
include inside a DC composite motor include: 


DC Motors 

DC Static Loads 

DC Lumped Loads 
Composite CSD Loads 

DC Circuit Breakers 

DC Single-Throw Switches 
DC Fuses 

DC Composite Motors 


The number of levels that you can nest composite motors inside composite motors is unlimited. Other 
than the limitation on the types of elements that you can include inside a composite motor, the user 
interface characteristics of composite motors are the same as the one-line diagram. 


ETAP 


DeBus1l2 


DC Edit{éa] 


Composite Motor 


Comp Mtr1 MCC1 


area 


Mtr3 Mtr4 Mtr5 LTG Load 
75HP 125HP 50 HP 2x60HP 100 kVA 
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To open the DC Composite Motor Editor, open the composite motor by double-clicking on it. Double- 
click again on the blank background of the window. 


Composite Motor Editor - Comp Mtr1 |e Some) 


ID Comp Mtr 


| Metafile Browse 


| Disable Zoom 
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14.12 DC Circuit Breaker 


The properties associated with DC circuit breakers of the electrical power system can be entered in this 
editor. DC circuit breaker protection devices are available for a full range of voltages. 


The DC Circuit Breaker Editor contains the following pages of information and the header information 
for each page: 


Header Information 

Info Page 

Rating Page 

Trip Device Page 

TCC kA (Short-Circuit Clipping) Page 
Model Info Page 

Checker Page 

Remarks Page 

Comment Page 


14.12.1 Header 


The header displays the selected breaker model and trip device information on each page of the DC 
Circuit Breaker Editor. 


Breaker Breaker Max. Breaker 
Manufacturer Volts Interrupting data Lock Icon 
Hanan Mipdel Cutler-Hammer 250 ¥ max. 85 kA S a . P* ; 
and Pole DB-100 3 Pole ae | 4000 vit + Brea er 
___ available sizes 

——— DB-100 f 5-10) = 
Trip device Trip device Trip device 

Manufacturer Model ID 

Manufacturer 


Manufacturer name of the breaker selected from the library. 


V max. 
Displays the maximum rated voltage for the selected breaker in Volts. 


Interrupting data 
Displays the selected short-circuit interrupting kA at the applied voltage for the breaker. 


Lock 
The lock indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model 
Model name of the breaker selected from the library. 
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Pole 
This field displays the breaker pole selected from the library. 


Size 
Select from a drop-down list and display the sizes in amperes that are available for the selected breaker. 


Trip device manufacturer 
This field displays the manufacturer name of the selected trip device. 


Trip device model 
This field displays the model name of the selected trip device. 


Trip device ID 
Displays the trip ID selected from the library. 
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14.12.2 Info Page 


You can specify the DC circuit breaker ID, connected bus/load, In/Out of Service, Ratings, Equipment 
FDR (feeder) Tag, Name, Description, and Configuration Status in the Info page. 


DC Circuit Breaker Editor - pcceo |S 


250Vmax. 30kA@250V 4 


Pie see (ia? 


Status 


aa) i (s) (28 (2) (Ox [coms] 


Info 


ID 
Enter a unique alphanumeric ID in this field with a maximum of 25 characters. 
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ETAP automatically assigns a unique ID to each DC circuit breaker. The assigned IDs consist of the 
default ID plus an integer, starting with the number one and increases as the number of CBs increases. 
The default ID (dcCB) for DC circuit breakers can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


From & To 

Bus IDs for the connecting buses of a DC circuit breaker are designated as From and To buses. If a 
terminal of a breaker (From or To) is not connected to any bus, a blank entry will be shown for bus ID. If 
a terminal of a DC breaker is connected to a branch, directly or indirectly, the ID of the branch will be 
displayed for the terminal connection. To connect or reconnect a DC breaker to a bus, select a bus from 
the drop-down list. The one-line diagram will be updated to show the new connection after you click on 
OK. 


Note: You can connect the terminals of the circuit breaker to other dc elements that reside in the same 
view where it resides or can connect to elements that reside in other views by connecting the external and 
internal pins of the composite networks. You cannot make a connection to elements that reside in the 
Dumpster. 


If a DC breaker is connected to a bus through a number of other protective devices, reconnection of the 
DC breaker to a new bus from this editor will reconnect the last existing protective device to the new bus, 
as shown below where DCCB1 is reconnected from DCBus10 to DCBus4. 


DeBusl0 DcBus4 DcBuslo DecBus4 
=a EE 
DCFusel DCFusel 
DcCcBl DCCBl 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 

You can change the status of a DC circuit breaker (for the selected configuration) by clicking on the 
Close or Open options. Once a configuration status is selected for a one-line presentation, any subsequent 
manipulation of the status of an element (circuit breaker, fuse, motor, or static load) will be saved under 
the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the configuration 
status is shown above the status of the DC circuit breaker to indicate that this is the breaker status under 
the specific configuration, i.e., you can have different operating status under different configurations. In 
the following example, the status of a DC circuit breaker is shown as closed under Normal configuration 
and open under Emergency configuration. 


Configuration Configuration 
Emergency Normal 
Close 
Status Status © Cose 
@) Open 


Real Time Status 
The data here are associated with the online (real-time) operation of ETAP Real time module only. 


Scanned Status 
This field displays the scanned status (open or closed) of the switching device. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 
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Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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14,.12.3 Rating Page 
DC Circuit Breaker Editor - occas [eee So 


250Vmax. 30kA@250V 
2 Pole Spe 


Type 
@ ANSI 
Molded Case 
IEC oe — 


CB & Trip Device Library 


ESyC ES) a8) (2) 


Standard 
Click on either the ANSI or IEC option to select that standard. 


Note: Once the breaker is selected from the breaker library Quick Pick the standard is set based on the 
library entry and is display only. 
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Standard 
@ ANSI 
IEC 


Type 
Make a selection from the drop-down list and display the type of breaker. DC circuit breakers include 
Molded Case, Power, and Insulated case breakers. 


Note: Once the breaker is selected from the breaker library Quick Pick the LVCB type is set based on the 
library entry and is display only. 


Type 
Molded Case 
Power CB | 
Insulated Case 


CB and Trip Device library 


The DC circuit breaker data for a selected standard and type can be selected by clicking on the Library 
button. 


Exclude Trip Device 
Check this box to exclude the trip device selection from DCCB Library Quick Pick. The breaker library 
Quick Pick will be launched without the trip device information. 


Note: The Exclude trip device checkbox is not a saved property of the editor and hence will reset to 
unchecked once the Rating page is refreshed. 


CB & Trip Device Library 


Library... Exclude trip device 


LV Circuit Breaker — Library Quick Pick 


To select a circuit breaker from the DC Circuit Breaker Library click on the Library button and the 
Library Quick Pick - LV Circuit Breaker window will appear. From the Library Quick Pick, select a DC 
circuit breaker by highlighting the Manufacturer name and breaker Model-Max V-Pole, which is a unique 
record. Select the desired applied voltage and short-circuit interrupting kA. Select the size and the 
desired trip device for that size. Then click on the OK button to retrieve the selected data from the library 
and transfer it to the editor. 
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Note: Upon selection of library data, the breaker manufacturer, model and trip device details are 
displayed on the editor header. Should any changes be made in the retrieved library data, the library the 
header text will be displayed in a dark blue color to indicate that the substituted library data has been 
modified. 


The information available in the breaker library Quick Pick is described below. 


Standard 
Click on either the ANSI or IEC option to select that standard. 


Note: The Standard selection in the breaker library Quick Pick (and hence the breaker models displayed) 
will be defaulted to the selection made for the standard on the Rating page. The Standard selection can be 
changed on the Quick Pick if desired. 


AC/DC 
This field displays that the breaker is DC. This option is grayed out and non-editable. 


Type 
Select from the drop-down list and display the breaker type. The DC breaker types include Molded Case, 
Power and Insulated Case breakers. 


Note: The Type selection in the breaker library Quick Pick (and hence the breaker models displayed) will 


be defaulted to the selection made for the breaker type on the Rating page. The breaker type selection can 
be changed on the Quick Pick if desired. 
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Library Quick Pick - LV Circuit Breaker |S 


Circuit Breaker 
Type Manufacturer 


Power CB = Cutler-H ammer 


General Electric 
Standard Westinghouse 


@ ANSI AC 


- a http://www. cutler-hammer.eaton.cc 
© IEC @ DC 


Short-Circuit Data 


| Model | MaxV [Pole] |/@ | vo | inter ka | 


250 


DB-100 25 


Size [Amps] 


Eure 


Reference 


Brand Name 


Application Low Voltage Switchgear 


Trip Device | Electro-Mechanical ad 


Manufacturer 
Westinghouse DB-100 (LI 5-12) f=}4000 
DB-100 (LS 2-4x) 
DB-100 (LS 5-10x) 


[ctisoas} Gbea]] (noneas) [cena 


Manufacturer 


Manufacturer Name 
This field displays a list of all DC breaker manufacturers included in the library for the selected breaker 
standard and type. Select the manufacturer by highlighting the manufacturer name. 


Reference 


This field displays the Manufacturer reference, if available, for a selected manufacturer. For example, 
Westinghouse is the reference manufacturer for Cutler Hammer. 
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Link 
This field displays the Manufacturer web link or URL address. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Model 


Model Name 

The Model section displays list of all models for the selected standard, breaker type and breaker 
manufacturer. The models are displayed in the form of Model — Max V — Pole, which forms a unique 
record name in the breaker library. Select the Model — Max V — Pole by highlighting it. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Short-Circuit data 


ANSI Short-Circuit data 
When the ANSI Standard is selected, the short-circuit data shows the applied voltage in Volts and the 
short-circuit interrupting current for the applied voltage in kA for all breaker types. The short-circuit 
parameters are explained in more detail in the Ratings section. Select a desired applied voltage and short- 
circuit data by highlighting it. 


Short-Circuit Data 


VY | Inter. kA, | | 


IEC Short-Circuit data 

When the IEC Standard is selected the short-circuit data shows the applied voltage in Volts, ultimate 
breaking capacity in kA (Icu) and service breaking capacity in kA (Ics) for all breaker types. The short- 
circuit parameters are explained in more detail in the Ratings section. Select a desired applied voltage and 
short-circuit data by highlighting it. 


Short-Circuit Data 
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Fused/UnFused 
This field displays whether the breaker is fused or unfused. 


Size 


Size 
This displays a list of all sizes available for the selected Model — Max. V — Pole record for the breaker. To 
select a size from the Quick Pick, highlight it. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Model Info 


Additional information about the selected breaker is displayed using the parameters described below. 


Reference 
This field displays the reference, if available, for selected breaker model. 


Brand Name 
This field displays the brand name, if available, for the selected breaker model. 


Application 
This field displays the application for the selected breaker model. 


Trip Device 

The trip device(s) assigned to the selected breaker, can be chosen by highlighting the trip device type, 
manufacturer name, model name and trip ID. The trip device types for DC breaker include Thermal 
Magnetic, Solid state, Motor Circuit Protector and Electro-Mechanical. 


Trip Device Electro-Mechanical ¥ 
Manufacturer Model EM ID 
DB-100 (LI 5-12x) (214000 


DB-100 (LS 2-4 
ne (LS 5-10x | 


Trip Device Type 
Select a type from drop-down list and display the trip device type for the selected breaker. 


Trip Device Manufacturer 
Highlight a row to select the trip device manufacturer from the list, for the selected trip device type. 


Trip Device Model 
Highlight a row to select the trip device model from the list, for the selected trip device manufacturer. 
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ID 


Highlight a row to select the trip device ID from the list, for the selected trip device model. 


Note: The ID is labeled as TM ID for Thermal Magnetic trip, Sensor ID for Solid-state trip, MCP ID for 
Motor Circuit Protector trip, and EM ID for Electro-Mechanical trip. 


When the ‘Exclude Trip Device’ box is checked on the Rating page the breaker library Quick Pick 
appears as shown below. 


ETAP 


Library Quick Pick - LV Circuit Breaker |e 


Circuit Breaker 
Type Manufacturer 


Power CB = Cutler-Hammer a Reference 


General Electric EATON 
Standard Westinghouse 
Link 


http://www. cutler-hammer.eaton.cc 


@ ANSI AC 
© IEC @ DC 


Model Short-Circuit Data 


ee ee ee ee 


B15 2503 
DB-25 


DB-50 250 
DB-?5 250 
0 


3 


DB-100 250 


Size [Amps] 


UnFused Reference 


Brand Name 


Application Low Voltage Switchgear 


Trip Device | Electro-Mechanical = 


Manufacturer Model EM ID 
DB-100 Li 12 


DB-100 aa 


[utisoa} FEOR)] (Liner) [iceneat 
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Ratings, ANSI Standard 

Click on ANSI Standard and choose the breaker type to enter the ratings for DC circuit breaker in 
accordance with the ANSI/IEEE Standards. When a breaker is selected from library Quick Pick, all 
parameters shown below will be set to their corresponding values chosen from the Quick Pick. With the 
exception of Size, changing the value(s) after selecting a breaker from library Quick Pick will turn the 
header text to a dark blue color indicating that the substituted library data has been modified. 


Ratings 
Size Continuous Amps Rated V 
50 me 125 v 250 v 
Max. V Interrupting kA 
250 v 22 v 


Size 
Select a rating from the drop-down list and display the size in amperes for the selected breaker. 


Note: The Size field will be empty when no breaker is chosen from the breaker library Quick Pick. 


Continuous Amps 

Select a rating from drop-down list or enter the continuous current rating for the DC circuit breaker in 
amperes. The Continuous Amps value will be set equal to the breaker size when a breaker is selected 
from library Quick Pick. 


Rated V 

Select a rating from the drop-down list or enter the rated voltage rating for the DC circuit breaker in 
Volts. When a breaker is selected, the Rated V value will be set equal to the applied voltage selected 
from library Quick Pick. 


Fused 
You can select fused or unfused for all breaker types by clicking on the provided selection box. 


Note: When a DC breaker is selected from library Quick Pick, the Fused checkbox is set to the status as 
selected from the Quick Pick. 


Max. V 

Make a selection from the drop-down list or enter the maximum voltage rating for the DC circuit breaker 
in Volts. When a breaker is selected, the Max.V value will be set equal to the maximum voltage for the 
selected breaker. 


Interrupting kA 
Make a selection from the drop-down list or enter the Interrupting kA rating for the DC circuit breaker in 
kA. 


Note: When a breaker is selected, the interrupting kA value will be set equal to the kA value for selected 
applied voltage from library Quick Pick. 
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Rating, IEC Standard 


Click on the IEC Standard button and choose the breaker type to enter the ratings for DC circuit breaker 
in accordance with the IEC Standards. When a breaker is selected from library Quick Pick, all parameters 
shown below will be set to their corresponding values chosen from the Quick Pick. With the exception of 
Size, changing the value(s) after selecting a breaker from library Quick Pick will turn the header to blue 
color indicating that the substituted library data has been modified. 


Ratings 
Size Rated Amps Rated V 
50 7’ 50 a 250 ¥ 
Ultimate Service 
Max. V Breaking Breaking 
250 ¥ 20 ¥ 10 ¥ 


Size 
Select a rating from the drop-down list and display the size in amperes for the selected breaker. 


Note: The Size field will be empty when no breaker is chosen from the breaker library Quick Pick. 


Rated Amps 

Select a rating from drop-down list or enter the rated ampere rating of the DC circuit breaker in amperes. 
The Rated Amps value will be set equal to the breaker size when a breaker is selected from library Quick 
Pick. 


Rated V 

Select a rating from drop-down list or enter the rated voltage rating for the DC circuit breaker in kV. 
When a breaker is selected, the Rated V value will be set equal to the applied voltage selected from 
library Quick Pick. 


Max. V 
Select a rating from drop-down list or enter the maximum voltage rating for the DC circuit breaker in kV. 
When a breaker is selected, the Max.V value will be set equal to the maximum voltage for the selected 
breaker. 


Ultimate Breaking 
The rated ultimate short-circuit breaking capacity of a circuit breaker is the value of short-circuit breaking 
capacity in kA, provided by the manufacturer for rated operational voltage under specified test conditions. 


Select a rating from drop-down list or enter the value of the Ultimate breaking capacity for the DC circuit 
breaker in kA. 


Note: When a breaker is selected, the Ultimate breaking kA value will be set equal to the Icu (breaking 
capacity) kA value for selected applied voltage from library Quick Pick. 


Service Breaking 

The rated service short-circuit breaking capacity of a circuit breaker is the value of service short-circuit 
breaking capacity in kA, provided by the manufacturer for rated operational voltage under specified test 
conditions. 
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Make a selection from the drop-down list or enter the value of the Service breaking capacity for the DC 
circuit breaker in kA. 


Note: When a breaker is selected, the Service breaking kA value will be set equal to the Ics (service 
capacity) kA value for selected applied voltage from library Quick Pick. 


Fused 
For all breaker types, select fused or unfused by clicking on the provided selection box. 


Note: The Fused checkbox is displayed only when no breaker is selected from the library Quick Pick. 
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14,12.4 Trip Device Page 


The trip devices for DC circuit breaker include Thermal Magnetic, Solid-state, Motor Circuit Protector 
and Electro-mechanical types. The Trip device page allows selection and setting of these trip units. 


CB & Trip Device selection logic 


The selection of the circuit breaker on the Rating page can affect the data displayed on the Trip Device 
page. The logic is as described below. 


Case 1 — DC Circuit Breaker & Trip Device 

When a DC circuit breaker is selected along with its associated trip unit from the library Quick Pick on 
Rating page of the Circuit Breaker Editor, the Trip Device page displays the selected trip unit 
(Manufacturer, Model, ID). 


Cutler-Hammer 250Vmax. 85kA@250V A 
DB-100 3 Pole Size * 
Westinghouse aia) 
4000 a: 
DB-100 (LI 5-12) 
Trip Device 
Trip Device Type 
| Electro-Mechanical 7 
EM Manufacturer EM Model 
| Westinghouse 7| | DB-100 (LS 5-10x) ’ 
EM ID 
{4000 +] 4000 Amps 


Case 2 — Circuit Breaker only (Exclude Trip device) 

When a circuit breaker is selected from the breaker Library Quick Pick on the Rating page, with Exclude 
Trip Device box checked, the Trip Device page will not include the trip device information. “No Trip 
device selected” message would appear in the Trip Device page status line. 


Cutler-Hammer 250 V max. 85kA @ 250V A) 

DB-100 3Pole Size “ 

Westinghouse 40) 
4000 ee 

DB-100 (LI 5-12x) 

Trip Device 
Trip Device Type 
| Electro-Mechanical ’ 


No trip device selected. 


ETAP 14-168 ETAP 19.0 User Guide 


DC Elements DC Circuit Breaker 


Thermal Magnetic Trip 
This section describes the settings available for Thermal Magnetic trip unit on the Trip Device page. 


DC Circuit Breaker Editor - DCCB9 [eee Soma 


| Rating | Tip Device | TCC kA |, Model Info | Checker | Remarks | Comment 


65 V max. 10kA@65V a 


C60N (UL1077) 1 Pole Size “ 


25 
C60N- B curve (UL1077) 


Standard 


Molded Case 


CB & Trip Device Library 


Se Meee =D) SP) (0x) [cores | 


Trip Device 
Trip Device Type 
Make a selection from the drop-down list and display the Trip device types. In this case, Thermal 


Magnetic trip type is selected. 


TM Manufacturer 
Make a selection from the drop-down list and display the manufacturer name for Thermal Magnetic trip. 
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TM Model 
Make a selection from the drop-down list and display the model name for selected manufacturer. 


TM ID 
Select from drop-down list and display TM ID for the selected Thermal magnetic trip model. The actual 
value of trip in amperes is displayed for the selected TM ID next to the TM ID field. 


Thermal 


The Thermal element of Thermal Magnetic trip unit can be set as fixed or adjustable trip. The settings 
available are described below. 


Fixed Thermal 
Fixed thermal indicates that the thermal element of the trip curve follows a fixed curve shape that cannot 
be adjusted. When the thermal trip is fixed, the thermal section displays ‘FIXED’ in the thermal trip field. 


Thermal 
Trip 
[FIXED >| 


Adjustable Thermal 

Adjustable thermal indicates that the thermal element of the trip curve follows a fixed curve shape that 
can be adjusted. When the thermal trip is adjustable, the thermal section displays a drop-down list of the 
available adjustable thermal trip in percent of trip device ampere rating. Also, the actual value of the trip 
in amperes is displayed next to the adjustable trip drop-down list. 


Thermal 
Trip 
a8 v/% 220.00 Amps 


Magnetic 


The Magnetic element of Thermal Magnetic trip unit can be set as fixed, discrete adjustable or continuous 
adjustable. The settings that are available to you are described below. 


Fixed Magnetic 

Fixed magnetic indicates that the magnetic element of the trip curve is defined by fixed minimum and 
maximum settings that cannot be adjusted. When the magnetic trip is fixed, the magnetic section displays 
‘FIXED’ in the magnetic trip field. 


Magnetic 
Trip 
FIXED ’ 
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Discrete Adjustable Magnetic 

Discrete adjustable magnetic indicates that the magnetic element of the trip curve is defined by discrete 
values. When the magnetic trip is discrete adjustable, the magnetic section displays a drop-down list of 
the available discrete magnetic settings in multiples of trip device ampere rating or in actual amperes. The 
actual value of the trip in amperes is displayed next to the discrete adjustable drop-down list. 


Magnetic 
Trip 


1625 | 780Amps 


Continuous Adjustable Magnetic 

Continuous adjustable magnetic indicates that the magnetic element of the trip curve is defined by 
continuously adjustable values between the low and high trip. When the magnetic trip is continuously 
adjustable, the magnetic section displays a Trip field for user to enter the magnetic setting in multiples 
trip device ampere rating or in actual amperes. The actual value of the trip in amperes is displayed is 
displayed next to the Trip field. The trip range available for the selected trip unit is also displayed. 


Note: The Trip field is bounded by the Trip Range. 


Magnetic 
Trip Trip Range 
5 350 Amps 429-10 Multiples 
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Low Voltage Solid State trip (LVSST) unit 


This section describes the settings available for the Low Voltage Solid State trip unit (LVSST) on the 
Trip Device page. 


Low Voltage Circuit Breaker Editor - B23. [pero 


TCC kA | Model info | Reliability | interlock | Checker | Remarks | Comment 


0.635 kV max. 65kA @ 048kV 4 


ps0 SP see 000»)? 


Westinghouse 1600 8 


RMS 510 Series DS 
Trip Device 
ane 
[Solid State Trip x| 


SST Manufacturer SST Model 


Westinghouse , RMS 510 Series DS - 
Sensor ID (1600 Amps) Rating Plug (800 Amps) 
7 [s00 | 


> ae 


Trip Device 

Trip Device Type 

Make a selection from the drop-down list and display the Trip device types. In this case, the Solid State 
trip type is selected. 


SST Manufacturer 
Make a selection from the drop-down list and display the manufacturer name for Solid State trip. 
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SST Model 
Make a selection from the drop-down list and display the model name for selected manufacturer. 


Sensor ID 
Make a selection from the drop-down list and display the Sensor ID for the selected Solid State trip 
model. Next to Sensor ID field, the actual value of trip in amperes is displayed for the selected Sensor ID. 


Rating Plug 

The Rating Plug field is displayed only if the selected Sensor ID has rating plugs defined in the library. 
Rating plugs can be defined in amperes, multiples or percent. Select from drop-down list and display the 
Rating Plug for the selected Sensor ID. The actual value of trip in amperes is displayed is displayed next 
to Rating Plug field, the Rating plug unit (amperes/multiples/percent) for the selected Rating plug. An 
example of Rating plugs in multiples and the actual trip displayed is shown below. 


Trip Device 
ae 
Solid State Trip ¥ 
SST Manufacturer SST Model 
Westinghouse ’ | RMS 510 Series DS 7 | 
Sensor ID (1600 Amps) Rating Plug (800 Amps) 
1600 ’ | 800 7 | 


Phase Settings 

The Phase settings for Solid State trip unit includes three elements — Long-Time, Short-Time, and 
Instantaneous (or Override). Each element is defined by its pickup and band settings. The settings 
available are described below. 


Long -Time 
Check to enable the Long-Time element for the selected Sensor ID. 


Note: If the Long-Time element is unchecked in the library for the selected Sensor ID, then Long-Time 
settings are not displayed in the editor. 


Long -Time Pickup 

Select from drop-down list or enter the Long-Time pickup setting for the selected sensor ID. The pickup 
settings can be discrete values or continuously adjustable. The actual long-time pickup in amperes and 
pick up step (for continuously adjustable pickup) are displayed next to the Long-Time pickup field. 


|W} Long - Time 
400 Amps 


LT Pickup |.5 7 | LT Band |2 , 
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Long -Time Band 

Make a selection from the drop-down list or enter the Long-Time band setting for the selected sensor ID. 
The band settings can be discrete values or continuously adjustable. For continuously adjustable Long- 
Time band, the range of the band, the multiple at which the band is defined and band step are displayed 
next to the Long-Time band field, for your convenience. 


Long - Time 


: 200 Amps (1.? - 20.4) 
Pickup Band 4, @ 8 Multiples 
0.5 |= Step: 0.01 |3.55_ | > Step: 0.1 


Short -Time 
Check the box to enable the Short-Time element for the selected Sensor ID. 


If the Short-Time element is unchecked in the library for the selected Sensor ID, then Short-Time 
settings are not displayed in the editor. 


Short-Time Pickup 

Select from drop-down list or enter the Short-Time pickup setting for the selected Sensor ID. The pickup 
settings can be discrete values or continuously adjustable. The actual Short-Time pickup in amperes and 
pick up step (for continuously adjustable pickup) are displayed next to the Short-Time pickup field. 


¥| Short - Time 
800 Amps 


ST Pickup |2 7 | ST Band |.1 7| OUT + 


Short -Time Band 

Make a selection from the drop-down list or enter the Short-Time band setting for the selected sensor ID. 
The band settings can be discrete values or continuously adjustable. For the continuously adjustable 
Short-Time band, the band step is displayed next to the Short-Time band field, for your convenience. 


Short-Time I?T Band 

Make a selection for the Short-Time I*T band setting from drop-down list. The Short-Time I*T band has 
two settings, i.e. IN and OUT, the default being set to OUT. The IN setting shifts the Short-Time band 
curve inward (sloped line) and the OUT setting shifts the Short-Time band curve outward (L-shaped). 


Instantaneous 
Check the box to enable the Instantaneous element for the selected Sensor ID. 


Note: If the Instantaneous element is unchecked in the library for the selected Sensor ID, then 
Instantaneous settings are not displayed in the editor. 


Instantaneous Pickup 

Make a selection from the drop-down list or enter the Instantaneous pickup setting for the selected Sensor 
ID. The pickup settings can be discrete values or continuously adjustable. The actual Instantaneous 
pickup in amperes and pick up step (for continuously adjustable pickup) are displayed next to the 
Instantaneous pickup field. 
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¥ | Instantaneous 
1600 Amps 


Inst. Pickup 2 7 


Instantaneous Override 
Check this box to enable the Instantaneous Override setting. Checking this box displays the actual 
instantaneous override in amperes, for the selected Sensor ID. 


Note: If the Instantaneous Override is enabled, Instantaneous pickup is grayed out and vice versa. 


Instantaneous Override 


2250 Amps 


Ground Settings 
The Ground element settings for Solid State trip unit includes the Ground Pickup, Band and I’T settings. 
The settings available are described below. 


Phase | Ground 
¥ | Ground 
Ground Pickup | D 7 | 40 Amps 
Ground Band [.1 ¥ 
Kt [IN v 
Ground 


Check this box to enable the Ground element setting for the selected Sensor ID. 


Note: If the Ground element is unchecked in the library for the selected Sensor ID, then Ground tab is not 
displayed in the editor. 


Ground Pickup 

Make a selection from the drop-down list or enter the Ground pickup setting for the selected Sensor ID. 
The pickup settings can be discrete values or continuously adjustable. The actual Short-Time pickup in 
amperes and pick up step (for continuously adjustable pickup) are displayed next to the Short-Time 
pickup field. 
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Ground Band 


DC Circuit Breaker 


Make a selection from drop-down list or enter the Ground band setting for the selected sensor ID. The 
band settings can be discrete values or continuously adjustable. The band step is displayed next to the 
Ground band field for the continuously adjustable Ground band, for your convenience. 


Ground Band [°T 


Select the Ground I’T band setting from drop-down list. The Ground I*T band has two settings, i.e. IN 
and OUT, the default being set to OUT. The IN setting shifts the Ground band curve inward (sloped line) 
and the OUT setting shifts the Ground band curve outward (L-shaped). 


Motor Circuit Protector (MCP) unit 


This section describes the settings available for Motor circuit Protector unit on the Trip Device page. 


Low Voltage Circuit Breaker Editor - CB23 (resem 
Info| Rating| Trip Device | TCC kA | Model Info | Reliability | interlock | Checker | Remarks | Comment 
General Electric 0.6 kV max. 10kA @ 0.24kV A 
TEC 3 Pole Size “ 
TEC 
Trip Device 
iin [tev] 
| Motor Circuit Protector y| — 
MCP Manufacturer MCP Model 
[General Electric *| [TEC x) 
MCP ID 
| 30 v | 30 Amps 
Magnetic 
Trip Trip Range 
135 100 - 390 Amperes 
aes ex >) & (2) 
, 
ETAP 14-176 ETAP 19.0 User Guide 


DC Elements DC Circuit Breaker 


Trip Device 


Trip Device Type 
Make a selection from the drop-down list and display the Trip device types. In this case, the Motor 
Circuit Protector type is selected. 


MCP Manufacturer 
Make a selection from the drop-down list to display the manufacturer name for Motor Circuit Protector. 


MCP Model 
Make a selection from the drop-down list to display the model name for selected manufacturer. 


MCP ID 
Make a selection from the drop-down list to display the MCP ID for the selected Motor Circuit Protector 
model. The actual value of trip in amperes is displayed for the selected MCP ID next to the MCP ID field. 


Magnetic (Instantaneous) 


The Motor Circuit Protector unit can be set as discrete adjustable or continuous adjustable. The settings 
that are available are described below. 


Discrete Adjustable 

The discrete adjustable setting indicates that the magnetic element is defined by discrete values. When the 
magnetic trip is discrete adjustable, the magnetic section displays a drop-down list of the available 
discrete magnetic settings in multiples of trip device ampere rating or in actual amperes. 


Magnetic 


Trip 


Continuous Adjustable 

The continuous adjustable setting indicates that the magnetic element is defined by continuously 
adjustable values between the low and high trip. When the magnetic trip is continuously adjustable, the 
magnetic section displays a Trip field for user to enter the magnetic setting in multiples of trip device 
ampere rating or in actual amperes. The trip range available for the selected trip unit is also displayed. 
Note: The Trip field is bounded by the Trip Range. 


Magnetic 
Trip Trip Range 
135.5 100 - 390 Amperes 
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Electro-Mechanical Trip unit 


DC Circuit Breaker 


This section describes the settings available for Electro-Mechanical unit on the Trip Device page. 


Low Voltage Circuit Breaker Editor - CB23 _— 


[info _| Rating | Trip Device | TCC kA | Model Info | Reliability | Interlock | Checker | Remarks | Comment 


OD-500 (LSI 5-15x) 
Trip Device 
Trip Device Type 
| Blectro-Mechanical 7| 
EM Manufacturer 


Ad 


EM ID 


+ | 4000 Amps 


0.6 kV max. 
3 Pole 


85kA @ 0.48kV 


Size | 4000 ¥ 


m @ 


OD-500 (LS! 5-15x) = 


as le) Silcez 


12) Cos] (come) 


Trip Device 
Trip Device Type 


Make a selection from the drop-down list to display the Trip device types. In this case, the Electro- 


Mechanical trip type is selected. 


EM Manufacturer 


Make a selection from the drop-down list and display the manufacturer name for Electro-Mechanical trip 


unit. 


ETAP 


14-178 
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EM Model 
Make a selection from drop-down list to display the model name for selected manufacturer. 


EM ID 
Make a selection from drop-down list to display the EM ID for the selected Electro-Mechanical trip 
model. The actual value of trip in amperes is displayed for the selected EM ID next to the EM ID field. 


Long-Time 


Long -Time 
Check the box to enable the Long-Time element for the selected EM ID. 


Note: If the Long-Time element is unchecked in the library for the selected EM ID, then Long-Time 
settings are not displayed in the editor. 


Long -Time Pickup 

Make a selection from the drop-down list or enter the Long-Time pickup setting, for the selected EM ID. 
The pickup settings can be discrete values or continuously adjustable. The actual long-time pickup in 
amperes and the pickup step (for continuous adjustable pickup) are displayed next to the Long-Time 
pickup field. 


Long Time 
3200 Amps Band 


Pickup | 0.8 = Step: 0.05 20 sec v| 


Long -Time Band 

Select the Long-Time band curve label from the drop-down list, for the selected EM ID. Each label for 
the Long-Time band is associated with a fixed point based curve that defines the shape of the Long-Time 
band curve. 


Short-Time 


Short -Time 
Check the box to enable the Short-Time element for the selected EM ID. 


Note: If the Short-Time element is unchecked in the library for the selected EM ID, then Short-Time 
settings are not displayed in the editor. 


Short-Time Pickup 

Make a selection from the drop-down list or enter the Short-Time pickup setting, for the selected EM ID. 
The pickup settings can be discrete values or continuously adjustable. The actual Short-Time pickup in 
amperes and the pickup step (for continuous adjustable pickup) are displayed next to the Short-Time 
pickup field. 


Short -Time Band 

Make a selection from the drop-down list or enter the Short-Time band setting for the selected EM ID. 
The band settings can be discrete or continuously adjustable. The band step is displayed next to the Short- 
Time band field for the continuously adjustable Short-Time band, for your convenience. 
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When the Short-Time band is discrete, it can be defined as a Horizontal band (Minimum/Maximum 
clearing times) or as a point —based Curve. The example below shows discrete Short-Time band defined 
as a Horizontal band. 


Note: The field is termed as ‘Horizontal Band’. 


Short Time 


24000 Amps ; 
Horizontal Band 


Pickup 6 = Step: 0.5 6 cycles v 


Another example with discrete Short-Time band defined as a curve is shown below. 
Note: The field is termed as ‘Band’. 


¥) Short Time 


16000 S 
_ Band 


Pickup | ax ¥ | Min ¥ 


Instantaneous 


Instantaneous 
Check this box to enable the Instantaneous element for the selected EM ID. 


Note: If the Instantaneous element is unchecked in the library for the selected EM ID, then Instantaneous 
settings are not displayed in the editor. 


Instantaneous Pickup 

Select from drop-down list or enter the Instantaneous pickup setting for the selected EM ID. The pickup 
settings can be discrete values or continuously adjustable. The actual Instantaneous pickup in amperes 
and pickup step (for continuous adjustable pickup) are displayed next to the Instantaneous pickup field. 


¥| Instantaneous 
20000 Amps 


Pickup 5 < Step: 1.0 
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14,12.5 TCC kA (Short-Circuit Clipping) Page 


DC Circuit Breaker Editor - DCCB5 [tee -Soemn| 


Info _| Rating | Trip Device | TCCkA | Model Info | Checker | Remarks | Comment 


Siemens 250 V max. 35kA @ 250 V 
NEG 1 Pole Size 125 y|* § 
Siemens 
125 
NEG 
TCC Clipping Current 
» Calculated Base V 
@ User-Defined Q 
Fault + [¥] Show on TCC 0 kA 


8 @ BW wow =) DS CK [caree | 


TCC Clipping Current 


The short-circuit currents used for clipping the DC breaker trip unit curves in Star View are specified in 
the TCC kA page of DC Circuit Breaker Editor. The clipping currents in kA can be set to Calculated or 
User-Defined, the default being set to User-Defined option. 


User-Defined 
Selecting the User-defined option allows the user to enter the short-circuit kA values for TCC clipping. 


Calculated 
Selecting the Calculated option displays the system calculated, short-circuit fault kA value. 
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Fault (Show on TCC checkbox) 
Check the box to enable the fault arrow in Star View. 


Fault kA 
This field displays the short-circuit current in kA for the Calculated option. For the User-defined option, 
the fault kA field is editable. 


Base V 
For Calculated option Base V is display only. For User-Defined option Base V is editable. 


Note: The selected device curve is plotted in reference to its base voltage value. For example, if a device 
base voltage equals 250V and the Star View Plot kV is set to 0.5 kV (500V), the device curve will be 
shifted by a factor of Base kV / Plot kV or 0.5. 


Pin (Disable Short-Circuit Update) 


Check this box to disable updating of the system calculated short-circuit kA values for the selected 
breaker only. 
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14.12.6 Model Info Page 


DC Circuit Breaker Editor - DCCB5 [tee -Soemn| 


| Info _| Rating | Trip Device | TCC kA} Model Info | Checker | Remarks | Comment 


Reference NEB 


Brand Name HEM 
Catalog # CBBR-OEGPG-0808 5MCWO08 
Issue Date 2008 


Description Compact, Industrial design thermal magnetic breaker 


ication OEM designed equipment in both light commercial and industrial 
Popli applications 


SO 0 maa & ee) 


Model Info 


Additional information regarding the selected breaker model is displayed on this page. 


Reference 
This field displays the model reference, if available, for the selected breaker model 


Brand Name 
This field displays the brand name, if available, for the selected breaker model. 


Catalog # 
This field displays the catalog number for the selected breaker model. 
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Issue Date 
This field displays the date of issue of the catalog for the selected breaker model. 


Description 
This field displays the description for the selected breaker model. 


Application 
This field displays the application for the selected breaker model. 
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14.12.7 Checker Page 


DC Circuit Breaker Editor - DCCBS . 4 —_— 


| Info _| Rating | Trip Device | TCC kA | Model Info 


DC Circuit Breaker 


01-10-2012 


Seam 088 @ [cx 


Edited by 


User Name 


This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects menu in 


the menu bar. 


ETAP 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 


This field displays date when the data was checked. The format for the date can be changed from the 
Projects menu in the menu bar. 
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14,12.8 Remarks Page 


DC Circuit Breaker Editor - DCCB5 [pee -Soemn| 
Info| Rating | Trip Device | TCC kA | Model info | Checker | Remarks | Comment | 
Siemens 250 V max. 35kA @ 250 V 
NEG 1 Pole Size 125 zal| < § 
Siemens 
125 4 
NEG 
User Defined Info 
Eq. Ref. 0 (numeric) 
Last Maint. 
Next Maint. 
Tests Req. 
UD Field A5 
UD Field AG 
UD Field A7 
Drawing / Diagram 
One-Line 
Reference 
Manufacturer 
Name 
Purchasing Date 
S @ & W (ce =] @ Bi (ok) (cme 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project in the menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 


This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


ETAP 14-187 ETAP 19.0 User Guide 


DC Elements DC Circuit Breaker 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.12.9 Comment Page 


DC Circuit Breaker Editor - DCCB5 _ [pee -Soemn| 


| Info | Rating | Trip Device | TCC kA | Model Info | Checker | Remarks | Comment 


8 @ Bw oe =) (WB) ox [cee] 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.13 DC Fuse 


The properties associated with DC fuses of the electrical distribution system can be entered in this editor. 
DC fuse protection devices are available for a full range of voltages. 


The Fuse Editor contains the following pages of properties and header information displayed on each 
page: 


e Header Information 
e Info Page 

e Rating Page 

e TCC KA Page 

e Model Info Page 

e Checker Page 

e Remarks Page 

e Comment Page 


14.13.1 Header 
The header displays the selected fuse model on each page of the DC Fuse Editor. 


Fuse Selected Fuse 
Manufacturer Fuse Max. Volts Size ID Lock Icon 


Bussmann 250 Volts BA 
FR r Time in Speed =a 
Fuse Model Speed Short-Circuit data 


for selected size 


Manufacturer 
This field displays the manufacturer of the fuse selected from the library. 


Max. Volts 
This field displays the maximum rated voltage for the selected fuse in Volts. 


Size 
This field displays the selected size ID for the fuse. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model 
This field displays the model name of the fuse selected from the library. 


Speed 
This field displays the speed classification of the selected fuse. 
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Interrupting data 
This field displays the short-circuit interrupting kA for the selected fuse size. 


14.13.2 Info Page 


Specify the DC fuse ID, connected bus ID, In/Out of Service, Equipment FDR (feeder) Tag, Name and 
Description, Configuration Status, and view the DC fuse online status in the Info page. 


DC Fuse Editor - DCFuse4 77 [tere 


Rating | TCC kA | Model info | Checker | Remarks | Comment | 


Real Time Status Configuration 
Scanned Normal 
Not Scanned (@® Close 
Status . 


iis 


Sea koa aR 


Info 


ID 
Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each DC fuse. 


The assigned IDs consist of the default ID plus an integer, which starts with the number one and increases 


as the number of DC fuses increases. The default ID (dcFuse) for DC fuses can be changed from the 
Defaults menu in the menu bar or from the System Manager. 
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From & To 

Bus IDs for the connecting buses of a DC fuse are designated as From and To buses. If a terminal of a 
DC fuse (From or To) is not connected to any bus, a blank entry will be shown for bus ID. If a terminal 
of a DC fuse is connected to a branch, directly or indirectly, the ID of the branch will be displayed for the 
terminal connection. To connect or reconnect a DC fuse to a bus, select a bus from the drop-down list. 
The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the fuse to other dc elements that reside in the same view where it 
resides or can connect to elements that reside in other views by connecting the external and internal pins 
of the composite networks. You cannot make a connection to elements that reside in the Dumpster. 


If a DC fuse is connected to a bus through a number of protective devices, reconnection of the DC fuse to 
a new bus from this editor will reconnect the last existing protective device to the new bus, as shown 
below where DCFusel1 is reconnected from DCBus10 to DCBus4. 


DeBusl10 DecBus4 PcBusl0 PcBus4 
———Eas a 
DCcBl DCCB1l 
DCFusel DCFusel 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states 


Configuration 


You can change the status of a DC fuse (for the selected configuration) by clicking on the buttons for the 
Close or Open options. Once a configuration status is selected for a one-line presentation, any subsequent 
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manipulation of the status of an element (circuit breaker, fuse, motor, or static load) will be saved under 
the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the configuration 
status is shown above the status of the fuse to indicate that this is the fuse status under the specific 
configuration, i.e, you can have different operating status under different configurations. In the 
following example, status of a fuse is shown as closed under Normal configuration and open under Open 
Tie configuration. 


Configuration Configuration 
Normal = 
Status | Continuous v | Status | pales ” | 


Equipment 


Tag # 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter equipment description in this field, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 


Real-Time Status 


The data here are associated with the online (real-time) operation of ETAP Real-Time Module only. 


Scanned Status 
This field displays the scanned status (open or closed) of the switching device. 
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14.13.3 Rating Page 


DC Fuse Editor - DCFuse4 [ere Son| 


| Info| Rating | TOC kA | Model info | Checker | Remarks | Comment | 


Bussmann 125 Volts O1A g 


FRN-R (4/98) Time Delay Speed 20kA 


Sa0 koa Den 


Standard 
Click on either the ANSI or IEC option to select that standard. 


Note: Once the fuse is selected from the fuse library Quick Pick the standard is set based on the library 
entry and is display only. 


Rating, ANSI Standard 
Click on ANSI Standard to enter the ratings for DC Fuse in accordance with the ANSI/IEEE Standards. 
When a DC Fuse is selected from library Quick Pick, all parameters shown below will be set to their 
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corresponding values chosen from the Quick Pick. With the exception of Size, changing the value(s) after 
selecting a fuse from library Quick Pick will turn the header text to a dark blue color indicating that the 
substituted library data has been modified. 


Rating 
Voltage Size Continuous Amps Interrupting 


125 ¥ 6.25A al} 6.25 ¥ 20 ¥ 


Voltage 

Make a selection from the drop-down list or enter the rated voltage rating for the DC Fuse in Volts. 
When a Fuse is selected, the Rated voltage value will be set equal to the Max. voltage selected from 
library Quick Pick. 


Size 
Make a selection from the drop-down list to display the size in amperes for the selected DC fuse. 


Note: The Size field will be empty when no fuse is chosen from library Quick Pick. 


Continuous Amps 

Make a selection from the drop-down list or enter the continuous current rating for the DC Fuse in 
amperes. The Continuous Amps value will be set equal to the fuse size when a fuse is selected from 
library Quick Pick. 


Interrupting 
Make a selection from the drop-down list or enter the Interrupting kA rating for the DC Fuse in kA. 


Note: When a Fuse is selected, the interrupting kA value will be set equal to the kA value for selected 
fuse size from library Quick Pick. 


Rating, IEC Standard 

Click on IEC Standard to enter the ratings for DC Fuse in accordance with the IEC Standards. When a 
DC Fuse is selected from library Quick Pick, all parameters shown below will be set to their 
corresponding values chosen from the Quick Pick. With the exception of Size, changing the value(s) after 
selecting a fuse from library Quick Pick will turn the header text to a dark blue color indicating that the 
substituted library data has been modified. 


Rating 
Voltage Size Rated Amps Breaking 
460 ¥ 80A v|* 80 ¥ 40 ¥ 


Voltage 

Make a selection from the drop-down list or enter the rated voltage rating for the DC Fuse in Volts. 
When a Fuse is selected, the Rated voltage value will be set equal to the Max. Voltage selected from 
library Quick Pick. 


Size 
Make a selection from the drop-down list and display the size in amperes for the selected DC fuse. 
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Note: The Size field will be empty when no fuse is chosen from library Quick Pick. 


Continuous Amp 

Make a selection from the drop-down list or enter the continuous current rating for the DC Fuse in 
amperes. The Continuous Amp value will be set equal to the fuse size when a fuse is selected from the 
library Quick Pick. 


Breaking 
Make a selection from the drop-down list or enter the breaking for the DC Fuse in kA. 


Note: When a Fuse is selected, the breaking value will be set equal to the kA value for selected fuse size 
from the Library Quick Pick. 


Library Quick Pick — Fuse - Tabular 


To select a fuse from the library, click the Library button and the Library Quick Pick — Fuse dialog box 
will appear by default in Tabular format. 


Library Quick Pick - Fuse 
Standard 


© ANSI AC Manufacturer 

> IEC ® Dc 21 SortAtoz 
vA 7 Fusetron 

Manufacturer Al ee 
Fusetron 

Reference 

Fusetron 
Cooper Fusetron 
Link = Fusetron 
www. cooperbussmann.com wl = Fusetron 


Fusetron 
Model 
Reference 


Application 


Semiconductor 


Bussmann 
Bussmann 
Notes 
Bussmann 


Bussmann 


Bussmann Yes 


In the Tabular format, Manufacturer, Model, Max V, and Speed together with other fuse model 
information can be viewed under separate columns next to each other, representing all available models 
for selected standard. Selection of any row in this table will show the available sizes for the selected 
model. 


Clicking on any header will open the dialog box for sort, search, and filer based on content of the selected 
column. 
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Select a fuse by selecting the row for Manufacturer name, Model, Max V, Speed, etc. then select the size 
from displayed available sizes. Click the OK button to retrieve the selected data from the library and 
transfer it to the editor. 


Note: When you select library data, the fuse manufacturer and model name, along with other details, are 
displayed in the editor header. Should any changes be made in the retrieved library data, the library 
header will be displayed in blue to indicate that the substituted library data has been modified. 


The information available in the Fuse Library Quick Pick with Tabular format is described below. 


Standard 


Click either the ANSI or IEC option to select that standard. The Standard selection in the Library Quick 
Pick - Fuse (and hence the fuse models displayed) will default to the selected Standard on the Rating page 
of fuse editor. The Standard selection can be changed in the Library Quick Pick dialog box if desired. 


AC/DC 


Displays that the Fuse is AC or DC. This option is grayed out and updated based on selected symbol for 
AC or DC fuse. 


Manufacturer Info 
The available Manufacturer information for selected row will be displayed on the left as explained below. 


Reference 
Displays the Manufacturer reference, if available, for selected manufacturer. For example, Siemens is the 
reference manufacturer for ITE. 


Link 
Displays the Manufacturer web link or URL address 


Model Info 


The available Model information for selected row will be displayed on the left as explained below. 


Reference 
This displays the reference, if available, for selected fuse model. 


Application 
This displays the application for the selected fuse model. 


Manufacturer and Model Table 


Manufacturer 

Manufacturer column in the table displays a list of all fuse manufacturers included in the library for the 
selected standard. Choose a manufacturer by selecting the row with manufacturer name or click on 
header to open the dialog for sort, search, and filer. 


Model Name, Max kV, Speed 


The Model column displays list of all fuse models for the selected standard. The Model together with 
Max kV and Speed makes a unique record name in the fuse library. 
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CLF 
This displays if the selected fuse model is Current Limiting Fuse or not. 


Brand Name 
This displays the brand name, if available, for the selected fuse model. 


Class 
This displays the class (L Class, for example) for the selected fuse model. 


Type 
This displays the type (Power Fuse, for example) for the selected fuse model. 


Size and Short-Circuit Table 


Size 
Displays a list of all sizes available for the selected row in Manufacturer and Model. To select a size from 
the Quick Pick, highlight its row. 


Note: The sizes listed for the selected fuse model are not the ampere value, but the ID for the ampere 
value as provided by the manufacturer. 


Cont. Amp 
This displays the ampere value corresponding to each size for the selected fuse model. 


Int. kA (ANSI Standard) 
This displays the short-circuit interrupting rating in kA corresponding to each size for the selected ANSI 
fuse model. 


DFJ-60 | 60 100 
DFJ-100 | 100 100 
DFJ-200 | 200 100 
DFJ-400 | 400 100 
DFJ-600 | 600 100 


Breaking kA (IEC Standard) 
This displays the short-circuit breaking in kA corresponding to each size for the selected IEC fuse model. 


Library Quick Pick — Fuse — Hierarchy 


Click on the Hierarchy button at the bottom left corner of dialog box to change the interface of Library 
Quick Pick — Fuse from Tabular to tree view format. 


From the dialog box, select a fuse by selecting the Manufacturer name and the desired fuse Model, Max 


kV, and Speed. This represents a unique record. Select the desired size and short-circuit interrupting kA. 
Then click the OK button to retrieve the selected data from the library and transfer it to the editor. 


ETAP 14-198 ETAP 19.0 User Guide 


DC Elements DC Fuse 


Note: Upon selection of library data, the fuse manufacturer and model name with other details are 
displayed on the editor header. Should any changes be made in the retrieved library data, the library the 
header text will be displayed in a dark blue color to indicate that the substituted library data has been 
modified. 


The information available in the Fuse library Quick Pick is described below. 


Library Quick Pick - Fuse [tee So| 


Standard Manufacturer 
(@ ANSI 


Bussmann Reference 
Edison 
IEC Gould Shawmut (Ferraz) Cooper 
Littelfuse 


Link. 


www. bussmann.com/map/ 


AC 


@ oc 


Model Speed g Class 


FRN-R (4/98) Time Delay 9 = RKS 

FRN-R (8/00) Time Delay 

FRN-R (8/00) Time Delay ee 
Time Delay 

300 Time Delay eet 


Cont. Amp Int. kA, Brand Name 
0.1 20 Fusetron 


0.5 20 
20 


20 
20 


Reference 


Standard 
Click on either the ANSI or IEC option buttons to select that standard. 


Note: The Standard selection in the Fuse library Quick Pick (and hence the fuse models displayed) will 


be defaulted to the selection made for the standard on the Rating page. The Standard selection can be 
changed on the Quick Pick if desired. 


AC/DC 
This field displays that the Fuse is DC. This option is grayed out and non-editable. 
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Manufacturer 


Manufacturer Name 
This field displays a list of all DC Fuse manufacturers included in the library for the selected standard. 
Select the manufacturer by highlighting the manufacturer name. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Reference 
This field displays the Manufacturer reference, if available, for a selected manufacturer. For example, 
Siemens is the reference manufacturer for ITE. 


Link 
This field displays the Manufacturer web link or URL address. 


Model 


Model Name 

The Model section displays list of all fuse models for the selected standard and fuse manufacturer. The 
models are displayed in the form of Model — Max V — Speed, which forms a unique record name in the 
fuse library. Select the Model — Max V — Speed by highlighting it. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Size and Short-Circuit data 


Size 
This column displays a list of all sizes available for the selected Model — Max. V — Speed record for DC 
fuse. To select a size from the Quick Pick, highlight it. 


Note: The sizes listed for the selected Fuse model is not the ampere value, but the ID for the ampere 
value as provided by the manufacturer. 


Cont. Amp 
This column displays the ampere value corresponding to each size for the selected fuse model. 


Int. kA (ANSI Standard) 
This column displays the short-circuit interrupting rating in kA corresponding to each size for the selected 
‘ANSI fuse model. 


Size Cont. Amp Int. kA = 
0.14 0.1 20 = 
0.54, 0.5 20 
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Breaking kA (IEC Standard) 
This column displays the short-circuit breaking in kA corresponding to each size for the selected ‘IEC’ 
fuse model. 


Size Cont. Amp Breaking kA, 
804, 80 40 
1004 100 40 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model Info 


Class 
This field displays the Class (Fuse link, etc.) for the selected fuse model. 


Type 
This field displays the Type (Power Fuse, etc.) for the selected fuse model. 


Brand Name 
This field displays the brand name, if available, for the selected fuse model. 


Reference 
This field displays the reference, if available, for selected fuse model. 


Application 
This field displays the application for the selected fuse model 
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14.13.4 TCC kA (Short-Circuit Clipping) Page 


DC Fuse Editor - DCFuse4 |e Son 


[nfo] Rating | TCC KA | Model info | Checker | Remarks | Commert| 


Bussmann 125 Volts OIA 4 


FRN-R (4/98) Time Delay Speed 20kA 
TCC Clipping Current 
© Calculated 


@) User-Defined 


Fault + (¥] Show on TCC 


SSB Wor =)) 2) LOK [coneet 


TCC Clipping Current 


The short-circuit currents used for clipping the DC fuse curves in Star View are specified in the TCC kA 
page of DC Fuse Editor. The clipping currents in kA can be set to Calculated or User-Defined, the 
default being set to User-Defined option. 


User-Defined 


Clicking the button for the User-defined option allows the user to enter the short-circuit kA values for 
TCC clipping. 


Calculated 
Clicking the button for the Calculated option displays the system calculated, short-circuit fault kA value. 


Fault (Show on TCC checkbox) 
Check the box to enable the fault arrow in Star View. 
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Fault kA 
This field displays the short-circuit current in kA for the Calculated option. If you have selected the User- 
defined option, the fault kA field is editable. 


Base V 
This field under Calculated option Base V is for display only. The option Base V is editable in the User- 
defined option. 


Note: The selected device curve is plotted in reference to its base voltage value. For example, if a device 
base voltage equals 250V and the Star View Plot kV is set to 0.5 kV (500V), the device curve will be 
shifted by a factor of Base kV / Plot kV or 0.5. 


Pin (Disable Short-Circuit Update) 


Check this box to disable updating of the system calculated short-circuit kA values only for the selected 
fuse. 


ETAP 14-203 ETAP 19.0 User Guide 


DC Elements 


14.13.5 Model Info Page 


DC Fuse Editor - DCFuse4 


| Info| Rating | TOC kA 


Bussmann 


FRN-R (4/98) 


Model Info 


Reference 


Brand Name 


Catalog # 


Issue Date 


| Model Info | Checker | Remarks | Comment 


DC Fuse 


TCC Rev. 4/1998 


Fusetron 


125 Volts O.1A 
Time Delay Speed 20kA 


Sa0koa eR 


S 


Model Info 


Additional information regarding the selected fuse model is displayed on this page. 


Reference 


This field displays the model reference, if available for selected fuse model. 


Brand Name 
This field displays the brand name, if available, for the selected fuse model. 


Issue Date 


This field displays the date of issue of the catalog for the selected fuse model. 


Catalog # 


This field displays the catalog number for the selected fuse model. 


ETAP 


14-204 
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Description 
This field displays the description for the selected fuse model. 


Application 
This field displays the application for the selected fuse model. 


14.13.6 Checker Page 


DC Fuse Editor - DCFuse4 |e Som 


Info| Rating | TCC kA | Model Info Remarks | Comment | 


Bussmann 125 Volts O.1A a 


FRN-R (4/98) Time Delay Speed 20kA 


3) Ae 


Edited by 


User Name 
This field displays the name of the last person who changed any data. 


Date 


This field displays the date of change. The format for the date can be changed from the Projects menu in 
the menu bar. 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 


This field displays date when the data was checked. The format for the date can be changed from the 
Projects menu in the menu bar. 


14.13.7 Remarks Page 


DC Fuse Editor - DCFuse4 [ee Sommn| 


| Info | Rating | TCC kA | Model info | Checker | Remarks | Comment | 


Bussmann 125 Volts O.1A a 


FRN-R (4/98) Time Delay Speed 20kA 
User Defined Info Drawing / Diagram 
Eq. Ref. 0 
One-Line 
Last Maint. 
Next Maint. Reference 
Tests Reg. 
UD Field A5 


UD Field A6 


UD Field A7 


3) ae 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 
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UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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14.13.8 Comment Page 


DC Fuse Editor - DCFuse4 — [tee Sov 
| Info _ | Rating | TOC kA | Model info | Checker | Remarks | Comment 

Bussmann 125 Volts O.1A 
FRN-R (4/98) Time Delay Speed 20kA 8 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS INI file. 


Se0 koa Den 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.14 DC Single-Throw Switch 


The properties associated with DC single-throw switch of the electrical distribution system can be entered 
in this editor. 


The Single-Throw Switch Editor contains the following pages of information: 
e Info Page 


e Remarks Page 
e Comment Page 
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14.14.1 Info Page 


You can specify the DC Single-Throw Switch ID, Connected Bus ID, In/Out of Service, Ratings, 
Equipment FDR (feeder) Tag, Name and Description, Configuration Status, and view the online status of 
the DC Single-Throw Switch within the Info page. 


DC Single-Throw Switch Editor - DCSW3 |eSome) 


Real-Time Data 
Scanned Status 


Be Wow.) BR) Gol[con 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each DC switch. The assigned IDs consist of the default ID plus an integer, starting with the 
number one and increasing as the number of DC single-throw switches increases. 
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The default ID (dcS) for DC single-throw switches can be changed from the Defaults menu in the menu 
bar or from the System Manager. 


To & From 

Bus IDs for the connecting buses of a DC single-throw switch are designated as From and To buses. Ifa 
terminal of a switch (From or To) is not connected to any bus, a blank entry will be shown for bus ID. If 
a terminal of a switch is connected to a branch (directly or indirectly), the ID of the branch will be 
displayed for the terminal connection. To connect or reconnect a switch to a bus, select a bus from the 
drop-down list. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the switch to other dc elements that reside in the same view 
where it resides or can connect to elements that reside in other views by connecting the external and 
internal pins of the composite networks. You cannot connect to elements that reside in the Dumpster. 


If a DC single-throw switch is connected to a bus through a number of other protective devices, 
reconnection of the switch to a new bus from this editor will reconnect the last existing protective device 
to the new bus, as shown below where DCSPST1 is reconnected from DCBus10 to DCBus4. 


DcBus10 DecBus4 DecBusl0 DcBus4 
— ——I 
DCCBL DCCB1L 
DCSPSTL DCSPSTl 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 
Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Note: The In/Out of Service option is an engineering property and is independent of the configuration 
status. Therefore, you can set a DC single-throw switch to be In Service for the Base Data and Out of 
Service in Revision Data. 


Configuration 


You can change the status of a DC single-throw switch (for the selected configuration) by clicking on the 
Closed or Open options. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (switch, fuse, motor, or static load) will be saved 
under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the configuration 
status is shown above the status of the switch to indicate that this is the switch status under the specific 
configuration, i.e., you can have different operating status under different configurations. In the 
following example, status of a DC single-throw switch is shown as closed under Normal configuration 
and open under Open Tie configuration. 


Configuration Configuration 
Normal Open Tie 
® Close Close 
Status Status 
Open @) Open 


Rating 
V 


Enter the rated voltage of the DC single-throw switch in volts in this field or select the rating from the 
drop-down list. 


Cont. Amp 
Enter the rated continuous current of the DC single-throw switch in amperes in this field or select the 
rating from the drop-down list. 


BIL 
Enter the basic impulse levels in kV. This value is not used in any calculations at this point. 


Momentary 
Enter the rated short-circuit withstand capability of the DC single-throw switch in kA or select the rating 
from the drop-down list. This value represents the momentary capability (making or bracing) of the 
switch and is used in DC Short-Circuit Studies to compare against the calculated fault duty of the 
connected bus. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked 


OnLine Data 
The data here are associated with the online (real-time) operation of ETAP (PSMS). 


Scanned Status 
The scanned status (open or closed) of the switching device is displayed in this field. 


Pin 
Click on this button to pin the switching device to either closed or open status. This option is provided to 
overwrite the actual status received from the real-time system. 


Control 
Click on this button to control the status (open or closed) of the device. PSMS will request confirmation. 


Application/Association 


Click the box to assign an association and make a selection from the drop-down lists to choose the 
application and the ID for the switch. 
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14,14.2 Remarks Page 


DC Single-Throw Switch Editor - DCSW3 |eSom) 


~)() (2) (OK) (cect 


User-Defined Info 
These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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14.14.3 Comment Page 


DC Single-Throw Switch Editor- DCSW3. |u| 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Be Wow.) BR) a|[coes 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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14.15 DC Double-Throw Switch 


The properties associated with DC double-throw switches of the electrical distribution system can be 
entered in this editor. 


The Double-Throw Switch Editor contains the following pages of information: 
e Info Page 


e Remarks Page 
e Comment Page 
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14.15.1 Info Page 


Within the Info page, specify the DC Double-Throw Switch ID, Connected Bus ID, In/Out of Service, 
Ratings, Equipment FDR (feeder) Tag, Name and Description, Configuration Status, and view the online 
status of the DC Double-Throw Switch. 


Double-Throw Switch Editor-DT-S1 dl 


Reliability | Interlock | Remarks | Comment | 


Online Data 
aoe Status 


Parsee (BBE) eames (ED 
ts — [Eel] mene HD 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each DC double-throw switch. The assigned IDs consist of the default ID plus an integer, starting 
with the number one and increasing as the number of DC double-throw switches increases. 
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The default ID (dc2S) for DC double-throw switches can be changed from the Defaults menu in the menu 
bar or from the System Manager. 


From, Pos. A, and Pos. B 

Bus IDs for the connecting buses of a DC double-throw switch are designated as From, Pos. A, and Pos. 
B buses. A blank entry will be shown for bus ID if a terminal of a switch (From Pos. A or Pos. B) is not 
connected to any bus. If a terminal of a switch is connected to a branch (directly or indirectly), the ID of 
the branch will be displayed for the terminal connection. To connect or reconnect a switch to a bus, select 
a bus from the drop-down list. The one-line diagram will be updated to show the new connection after 
you click on OK. 


Note: You can connect the terminals of the double-throw switch to DC buses that reside in the same view 
where it resides or can connect to buses that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot connect to buses that reside in the Dumpster. 


If a DC double-throw switch is connected to a bus through a number of other protective devices, 
reconnection of the switch to a new bus from this editor will reconnect the last existing protective device 
to the new bus, as shown below where DCSPDT1 is reconnected from DCBus10 to DCBus4. 


PcBusl10 DPcBus4 DeBuslo DeBus4 


PDCcBL DCCB1L 


DCSPPT1L DCSPDPT1L 


DecBusl6 PcBusZz0 DcBusl6 DPcBusZO 


Unlike a single-throw switch, the double-throw switch has to be connected to a bus before being 
connected to loads and branch elements. 


Next to the From, Pos. A, and Pos. B bus IDs, ETAP displays the nominal V of the buses for your 
convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 
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Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 


You can change the status of a DC double-throw switch (for the selected configuration) by clicking on the 
Position A and Position B options. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (switch, fuse, motor, or static load) will be saved 
under the specified configuration. 


Note: Status is not a part of the engineering properties. For this reason, the name of the configuration 
status is shown above the status of the switch to indicate that this is the switch status under the specific 
configuration, i.e., you can have different operating status under different configurations. In the 
following example, status of a switch is shown to be in position A under Configuration Status Switch A 
and position B under Configuration Status Switch B. 


Configuration Configuration 
Switch A Switch B 
®) Position A Position A 
Status Status — 
Position B © Position B 


Rating 
V 


Enter the rated voltage of the DC double-throw switch in V or select the rating from the drop-down list. 


Cont. Amp 
Enter the rated continuous current of the DC double-throw switch in amperes or select the rating from the 
drop-down list. 


BIL 
Enter the basic impulse levels in kV. 


Momentary 


Enter the rated breaking current of the DC double-throw switch in kA or select the rating from the drop- 
down list. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


OnLine Data 
The data here are associated with the online (real-time) operation of ETAP (PSMS). 


Scanned Status 

The scanned status (open or closed) of the switching device is displayed. 

Pin 

Click on this button to pin the switching device to either closed or open status. This option is provided to 
overwrite the actual status received from the real-time system. 


Control 
Click on this button to control the status (open or closed) of the device. PSMS will request confirmation. 
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14,15.2 Remarks Page 


Double-Throw Switch Editor - DT-S1 cl] 


Info _| Reliability | Interlock 


User Defined Info 
Eq. Ref. 12354 = (numeric) 


Last Maint. 01/01/11 


Next Maint. 01/01/12 


Test . 06/06/01 
—_ Manufacturer 


UD Field A5 : 
— Equipment 


UD Field A6 


Purchasi 
UD Field A7 Date 01/02/93 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 

This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 

UD Field A7 

This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any extra data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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14.15.3 Comment Page 


Double-Throw Switch Editor - DT-S1 [terre 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Senko DP Calo) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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Chapter 15 


Short-Circuit 


The ETAP Short-Circuit Analysis Program analyzes the effect of 3-phase, 1-phase, line-to-ground, line- 
to-line, and line-to-line-to-ground faults on electrical power systems. The program calculates the total 
short-circuit currents as well as the contributions of individual motors, generators, and utility ties in the 
system. Fault duties are in compliance with the latest editions of the ANSI/IEEE Standards (C37 series) 
and IEC Standards (IEC 60909 and others). 


This chapter describes definitions and usage of different tools you will need to run short-circuit studies. In 
order to give you a better understanding of the standards applied to short-circuit studies and to interpret 
output results more easily, some theoretical background, and standard information are also included. 


The ANSI/IEEE Short-Circuit toolbar and IEC Short-Circuit toolbar sections explain how you can launch 
a short-circuit calculation, open and view an output report, or select display options. The Short-Circuit 
Study Case Editor section explains how you can create a new Study Case, what parameters are required to 
specify a Study Case, and how to set them. The Display Options section explains what options are 
available for displaying some key system parameters and the output results on the one-line diagram, and 
how to set them. 


The ANSI/IEEE calculation methods section lists standard compliance information and both general and 
detailed descriptions of calculation methods used by ETAP. In particular, definitions and discussion of 1, 
1.5-4, and 30 cycle networks, calculation of ANSI multiplying factors, and high voltage and low voltage 
circuit breaker momentary and interrupting duties are provided. The Required Data section describes what 
data are necessary to perform short-circuit calculations and where to enter them. If you perform short- 
circuit studies using IEC Standards, the IEC Calculation Methods section provides useful information on 
standard compliance, definitions on most commonly used IEC technical terms, general and detailed 
descriptions of calculation methods for all important results, including initial symmetrical short-circuit 
current, peak short-circuit current, symmetrical short-circuit breaking current, and steady-state short- 
circuit current. Finally, the Short-Circuit Study Output Report section illustrates and explains output 
reports and their format. 
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15.1 ANSI Short-Circuit Toolbar 


This toolbar is active when you are in Short-Circuit Mode and the standard is set to ANSI in the Short- 
circuit study case editor. 


3-Phase Faults — Device Duty 

Panel/1-Ph UPS/ 1-Ph System Device Duty 
LG, LL, LLG & 3-Phase Faults — % Cycle 
LG, LL, LLG & 3-Phase Faults — 1.5-4 Cycle 
LG, LL, LLG & 3-Phase Faults — 30 Cycle 
Short-Circuit Display Options 

Alert View 

Short-Circuit Report Manager 
Short-Circuit Result Analyzer 

Halt Current Calculation 

Get On-Line Data 


Get Archived Data 


3-Phase Faults - Device Duty 

Click on this button to perform a 3-phase fault study per ANSI C37 Standard. This study calculates 
momentary symmetrical and asymmetrical rms, momentary asymmetrical crest, interrupting symmetrical 
rms, and interrupting adjusted symmetrical rms short-circuit currents at faulted buses. ETAP checks the 
protective device-rated close and latching, adjusted interrupting capacities against the fault currents, and 
flags inadequate devices. 


Generators and motors are modeled by their positive sequence subtransient reactance. 


Note that device duty calculation for protective devices that are connected to single-phase loads is carried 
out only when you run the Panel/UPS/1-Ph System Device Duty calculation. 
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Panel/1-Ph UPS/ 1-Ph System Device Dut 

Click on this button to perform a Device Duty Short-Circuit study per ANSI Standards for the parts of 
system below a main panel, a single-phase UPS and a phase adapter. These subsystems are mostly single- 
phase systems, but there can be three-phase components below a main panel. This study calculates short- 
circuit currents in the % cycle network to evaluate Phase A, B, C, AB, BC, CA, three-wire center tap or 
three-phase using protective device capabilities in these systems. Please note that motor load 
contributions below panels, single-phase UPS or phase adapters are not considered in the calculation. 
Typically, these contributions are almost negligible for low voltage single-phase motor loads and can be 
ignored. 


Note that in previous versions of ETAP, the 3-Phase UPS connected directly from the 3—phase system 
would be analyzed when launching the calculation from this icon. As of ETAP11, the 3-phase UPS is 
handled as part of the 3-phase device duty calculation. As of ETAP 16.1, the 1-phase UPS is modeled as a 
Voltage (Vf) behind impedance (Z) for ANSI Short-Circuit calculations (1-phase). 


LG, LL, LLG, & 3-Phase Faults - % Cycle (Max. Short-Circuit Current) 


Click on this button to perform 3-phase, line-to-ground, line-to-line, and line-to-line-to-ground fault 
studies per ANSI Standards. This study calculates short-circuit currents in their rms values at % cycle at 
faulted buses, which are considered the maximum short-circuit current values. 


Generators and motors are modeled by their positive, negative, and zero sequence subtransient reactance. 
Generator, motor, and transformer grounding types and winding connections are taken into consideration 
when constructing system positive, negative, and zero sequence networks. Any adjustment for the 
impedance is taken as negative in order to produce smaller impedance and thus yield higher short-circuit 
currents. 


LG, LL, LLG, & 3-Phase Faults - 1.5 to 4 Cycle 


Click on this button to perform 3-phase, line-to-ground, line-to-line, and line-to-line-to-ground fault 
studies per ANSI Standards. This study calculates short-circuit currents in their rms values between 1.5 to 
4 cycles at faulted buses. 


Generators are modeled by their positive, negative, and zero sequence subtransient reactance, and motors 
are modeled by their positive, negative, and zero sequence transient reactance. Generator, motor, 
transformer grounding types, and winding connections are taken into considerations when constructing 
system positive, negative, and zero sequential networks. Any adjustment for the impedance is taken as 
negative in order to produce smaller impedance and thus yield higher short-circuit currents. 


LG, LL, LLG, & 3-Phase Faults - 30 Cycle (Min. Short-Circuit Current) 


Click on this button to perform 3-phase, line-to-ground, line-to-line, and line-to-line-to-ground fault 
studies per ANSI Standards. This study calculates short-circuit currents in their rms values at 30 cycles at 
faulted buses, which are the minimum short-circuit current values. 


Generators are modeled by their positive, negative, and zero sequence reactance, and short-circuit current 
contributions from motors are ignored. Generator and transformer grounding types and winding 
connections are taken into consideration when constructing system positive, negative, and zero sequence 
networks. Any impedance adjustment can be applied as negative or positive. You may configure the 
impedance tolerance and temperature adjustments to yield higher impedance value (and thus further 
minimize the short-circuit current value) by selecting the option “Apply Positive Tolerance and Max. 
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Temperature for ANSI Minimum Short-circuit Calculation”. This option is located on the Adjustment tab 
of the Short-Circuit Study Case. 


Short-Circuit Display Options 


See the Display Options section to customize the Short-Circuit Annotation Display options on the one- 
line diagram. This dialog box contains options for ANSI short-circuit study results and associated device 
parameters. This includes displayed results for 3-phase and unbalanced faults (LG, LL, and LLG) and 
their individual contributions. The display options also show Arc Flash Results. 


Alert 


After performing a short-circuit device duty calculation, you can click on this button to open the Alert 
View, which lists all devices with critical and marginal violations based on the settings in the Study Case. 


Short-Circuit Report Manager 


Short-Circuit Output Reports are provided in Crystal Report format. The Report Manager provides 
four pages (Complete, Input, Result, and Summary) for viewing the different parts of the output report. 
Available formats for Crystal Reports are displayed in each page of the Report Manager for ANSI short- 
circuit studies. You can open and save the report in PDF, MS Word, Rich Text Format, or Excel format. 
If you wish this selection to be the default for reports, click the “Set As Default” checkbox. 


You can open the whole Short-Circuit Output Report or only a part of it, depending on the format 
selection. 


a \ 
ANSI Unbalanced SC Report Manager =a) 


| Complete ‘input | Resut | Summary | 


| Complete ®) Viewer 

| Complete LG 

Complete LL PDF 
Complete LLG MS Word 


Rich Text Format 
MS Excel 
Set As Default 


Output Report Name 
ANS|-4Cycle 


Path 
C:\ETAP\Example-ANS! 
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Short-Circuit Result Analyzer 
This icon opens the Short-circuit Duty Analyzer (also called ANSI / IEC Short-circuit Analyzer). This 
feature is fully explained in the Short-circuit Result Analyzer section of this chapter. 


Halt Current Calculation 


The Stop Sign button is normally disabled. When a short-circuit calculation has been initiated, this button 
becomes enabled and shows a Red Stop Sign. Clicking on this button will terminate the calculation. 


Get Online Data 


When the ETAP Management System is set up and the Sys Monitor presentation is online, you can bring 
real-time data into your offline presentation and run a load flow by pressing on this button. You will 
notice that the Operating Loads, Bus Voltages, and Study Case Editor will be updated with the online 
data. 


Get Archived Data 


When ETAPS Playback is set up and any presentation is in Playback Mode, you can bring this data into 
your presentation and run a load flow by pressing on this button. You will notice that the Operating 
Loads, Bus Voltages, and Study Case Editor will be updated with the playback data. 
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15.2 IEC Short-Circut Toolbar 


This toolbar is active when you are in Short-Circuit Mode and the standard is set to IEC in the Short- 
Circuit Study Case Editor. 


3-Phase Faults — Device Duty (IEC 60909) 
Panel/1-Ph UPS/1-Ph System Device Duty 
LG, LL, LLG & 3-Phase Faults (IEC 60909) 
3-Phase Faults — Transient Study (IEC 61363) 
Short-Circuit Display Options 

Alert View 

Short-Circuit Report Manager 

Short-Circuit Plots 


IEC Short-Circuit Analyzer 


Halt Current Calculation 


Get Online Data 


Get Archived Data 


3-Phase Faults - Device Duty (IEC 60909) 


Click on this button to perform a 3-phase Fault Study per IEC 60909 Standard. This study calculates 
initial symmetrical rms, peak, symmetrical and asymmetrical breaking rms, and steady-state rms short- 
circuit currents and their DC offset at faulted buses. ETAP checks the protective device rated making and 
breaking capacities against the fault currents and flags inadequate devices. 


Generators and motors are modeled by their positive sequence subtransient reactance. 


Note that device duty calculation for protective devices that are connected to single-phase loads is carried 
out only when you run the Panel/UPS/1-Ph System Device Duty calculation. 
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Panel/1-Ph UPS/1-Ph System Device Duty (IEC 60909) 


Click on this button to perform a 1-phase device duty short-circuit fault per IEC 60909 Standards. This 
study calculates initial symmetrical (I”,) currents for evaluation of protective device capabilities in parts 
of the system which are below a main panel, a 1-Ph UPS, or a phase-adapter. These subsystems are 
mostly single-phase systems, but there can be three-phase components below a main panel. 


Note that when you run the Panel/1-Ph UPS/1-Ph Device Duty, ETAP also performs device duty 
calculation on protective devices that are connected between a single-phase loads and a three-phase 
system bus. A three-phase system bus is one that is not below a panel or a UPS. 


Note that motor load contributions below panels, UPS or phase adapters are not considered in the 
calculation. Typically, these contributions are almost negligible for low voltage single-phase motor loads 
and can be ignored. 


Note that as of ETAP11, the 3-phase UPS (connected directly from the 3-phase system) is no longer 
handled as part of the 1-phase calculation. To analyze the short-circuit evaluation for this type of 
equipment you must now use the 3-phase device duty calculation. 


Note that as of ETAP16.1, the 1-phase UPS is modeled as a Voltage (Vf) behind impedance (Z) for IEC 
60909 calculations (1-phase). 


LG, LL, LLG, & 3-Phase Faults (IEC 60909) 


Click on this button to perform line-to-ground, line-to-line, line-to-line-to-ground, and 3-phase fault 
studies per IEC 60909 Standard. This study calculates initial symmetrical rms, peak and symmetrical 
breaking rms, and steady-state rms short-circuit currents at faulted buses. 


Generators are modeled by their positive, negative, and zero-sequence reactance, and motors are modeled 
by their locked-rotor impedance. Generator, motor, and transformer grounding types, and winding 
connections are taken into consideration when constructing system positive, negative, and zero sequence 
networks. 


3-Phase Faults - Transient Study (IEC 61363 


Click on this button to perform a 3-phase fault study per IEC 61363 Standard. This study calculates 
instantaneous values of actual short-circuit current, DC offset, short-circuit current envelope, AC 
component, and DC offset in percent for total short-circuit current at faulted buses. The results are 
tabulated as a function of time. 


Generators are modeled by their positive sequence subtransient reactance, and motors are modeled by 
their locked-rotor impedance. Their subtransient and transient time constants and DC time constants are 
also considered in the calculation. 


Short-Circuit Display Options 


See the Display Options section to customize the short-circuit Annotation Display options on the one- 
line diagram. This dialog box contains options for IEC short-circuit study results and associated device 
parameters. 
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Alert View 


After performing a short-circuit study, you can click on this button to open the Alert View, which lists all 
devices with critical and marginal violations based on the settings in the Study Case. 


Short-Circuit Report Manager 

Short-Circuit Output Reports are provided in Crystal Report forms. The Report Manager provides four 
pages (Complete, Input, Result, and Summary) for viewing the different parts of the output report. 
Available formats for Crystal Reports are displayed in each page of the Report Manager. 


fo , 
IEC 3-Phase SC Report Manager = 


IEC-Duty 


Path 
C:\ETAP\Example-ANS! 


X 


You can also view output reports by clicking on the View Output Report button on the Study Case 
toolbar. A list of all output files in the selected project directory is provided for short-circuit calculations. 
To view any of the listed output reports, click on the output report name, and then click on the View 
Output Report button. You can open and save the report in PDF, MS Word, Rich Text Format, or Excel 
format. If you wish this selection to be the default for reports, click the ‘Set As Default’ checkbox. 


Short-Circuit Plots 
Click on this button to open the IEC 61363 Plot Selection Editor. You can display the following plots: 
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IEC 61363 Plot Selection | ee-Sommn| 


Faulted Bus ID Plot Type 


Total Fault Current (i) 

lac, ms 

AC Component of Fault Currents 
Ide 

(Iac, rms) 

Ide[%) 

DC Component of Fault Current (Idc) 


ieny 
Percent DC Component of Fault 
Current (Idc %) 


(| Combine Plots Top Envelope? of Fault Current 


(ienv) 
Close All Plots Export To COMTRADE 


Plot All Three-Phases 
When the study case option “Plot All Three-Phases” is enabled the IEC 61363 Plot Selection Editor can 
display the following plots: 


Faulted Bus ID Phase Type 
ia 
“. Phase “b” instantaneous current (ib) 


Phase “a” instantaneous current (ia) 


ic Phase “c” instantaneous current (ic) 
Plot Type 

i 
lac, rms 
Ide 

DC Component of Fault Currents 
Ide{%] (Idc) 
ieny 


Total Fault Currents (i) 


AC Component of Fault Currents 
(lac, rms) 


Percent DC Component of Fault 


(_] Combine Plots Currents (Idc %) 


Close AllPlots | Export To COMTRADE 
Top Envelop of Fault Currents (ienv) 


Help Cancel | 
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Combine Plots 
When this box is checked, plots for all selected types will be displayed on the same plot. 


Close All Plots 
When this button is clicked, all open plots for IEC 61363 calculation will be closed. 


Export to COMTRADE 
When this button is clicked, all selected plots will be saved to file in COMTRADE format. A window 
will open to allow you to specify the directory in which to save the file. 


Options (Preferences) for Plot All Three-Phases 

The “-A, -B, -C” text appended to the bus name represents the phase short-circuit current notations for 
the respective phases. The notation name for these phases can be modified by changing the text of the 
entry SCIEC-61363 Phase A/B/C current plot label text from the ETAP “Options (Preferences)” menu. 


Options (Preferences) 


Bat} |\Sat a ao 

4 Short Circuit 
Calculation Timeout (SC) 
Consider Motor Decay 
IEC Short Circuit Mesh Determination Method 
Include Machine FLA Based on Maximum Through 
Print IEC Short Circuit Adjustment Factor 
SCIEC-61363 Phase A current plot label text 
SCIEC-61363 Phase B current plot label text 
SCIEC-61363 Phase C current plot label text 


ee ee 


Short-Circuit Result Analyzer 
This icon opens the Short-circuit Duty Analyzer (also called ANSI / IEC Short-circuit Analyzer). This 
feature is fully explained in the Short-circuit Result Analyzer section of this chapter. 


Halt Current Calculation 


The Stop Sign button is normally disabled. When a short-circuit calculation has been initiated, this button 
becomes enabled and shows a Red Stop Sign. Clicking on this button will terminate the calculation. 


Get Online Data 


You can bring real-time data into your offline presentation and run a load flow by pressing on this button. 
You will notice that the Operating Loads, Bus Voltages, and Study Case Editor will be updated with the 
online data. This requires ETAP to be online. 


Get Archived Data 


You can bring archived data from the ETAP Playback Server into your presentation and run a load flow 
by pressing on this button. You will notice that the Operating Loads, Bus Voltages, and Study Case 
Editor will be updated with the playback data. This requires ETAP to be online. 
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15.3 GOST Short-Circuit Toolbar 


This toolbar is active when you are in Short-Circuit Mode and the standard is set to GOST in the Short- 
Circuit Study Case Editor. 


3-Phase Device Duty 

Maximum LG, LL LLG and 3-Phase Faults 
Minimum LG, LL LLG and 3-Phase Faults 
Short-Circuit Display Options 

Unit Display Options 

Fault Current Type Display Options 

Alert View 

Short-Circuit Report Manager 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


3-Phase Faults - Device Duty 


Click on this button to perform a 3-phase fault study per GOST Standard. This study calculates the initial 
periodic rms, initial aperiodic, and surge currents at faulted buses. (The device duty checking is for future 
release of ETAP). 


Maximum LG, LL LLG and 3-Phase Faults 


Click on this button to perform a maximum 3-phase, line-to-ground, line-to-line, and line-to-line-to- 
ground fault studies per GOST Standard. This study calculates the initial periodic rms, initial aperiodic, 
and surge currents at faulted buses. (For Future Release of ETAP) 


Minimum LG, LL LLG and 3-Phase Faults 


Click on this button to perform a minimum 3-phase, line-to-ground, line-to-line, and line-to-line-to- 
ground fault studies per GOST Standard. This study calculates the initial periodic rms, initial aperiodic, 
and surge currents at faulted buses. (For Future Release of ETAP) 
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Short-Circuit Display Options 


See the Display Options section to customize the short-circuit annotation display options on the one-line 
diagram. This dialog box contains options for GOST short-circuit study results and associated device 
parameters. This includes display options for the initial periodic and/or surge fault currents. 


Unit Display Options 
Click to turn on/off units on the OLV display. 


Fault Current Type Display Option 
Click to toggle between initial periodic, surge fault current, or both on the OLV display. 


Alert View 


After performing a short-circuit study, you can click on this button to open the Alert View, which lists all 
devices with critical and marginal violations based on the settings in the Study Case. 


Short-Circuit Report Manager 


Short-Circuit Output Reports are provided in Crystal Report forms. The Report Manager provides four 
pages (Complete, Input, Result, and Summary) for viewing the different parts of the output report. 
Available formats for Crystal Reports are displayed in each page of the Report Manager. You can open 
and save the report in PDF, MS Word, Rich Text Format, or Excel Format. If you wish this selection to 
be the default for reports, click ‘Set As Default’ check box. 


cr ’ 
GOST 3-Phase SC Report Manager ==) 
| Complete | input | Resut | Summary | 
Complete ® Viewer 
PDF 
MS Word 
Rich Text Format 
MS Excel 
Set As Default 
Output Report Name 
GOST 
Path 
C:\ETAP\Example-ANS! 
[He | Caneel 


You can also view output reports by clicking on the View Output Report button on the Study Case 
toolbar. A list of all output files in the selected project directory is provided for short-circuit calculations. 
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Halt Current Calculation 


The Stop Sign button is normally disabled. When a short-circuit calculation has been initiated, this button 
becomes enabled and shows a Red Stop Sign. Clicking on this button will terminate the calculation. 


Get Online Data 


You can bring real-time data into your offline presentation and run a load flow by pressing on this button. 
You will notice that the Operating Loads, Bus Voltages, and Study Case Editor will be updated with the 
online data. This requires ETAP to be online. 


Get Archived Data 


You can bring archived data from the ETAP Playback Server into your presentation and run a load flow 
by pressing on this button. You will notice that the Operating Loads, Bus Voltages, and Study Case 
Editor will be updated with the playback data. This requires ETAP to be online. 
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15.4 Study Case Editor 


The Short-Circuit Study Case Editor contains solution control variables, faulted bus selection, and a 
variety of options for output reports. ETAP allows you to create and save an unlimited number of Study 
Cases. Short-circuit calculations are conducted and reported in accordance with the settings of the Study 
Case selected in the toolbar. You can easily switch between Study Cases without the trouble of resetting 
the Study Case options each time. This feature is designed to organize your study efforts and save you 
time. 


With respect to the multi-dimensional database concept of ETAP, Study Cases can be used for any 
combination of the three major system components (i.e., for any configuration status, one-line diagram 
presentation, and Base/Revision data). 


The Short-Circuit Study Case Editor can be accessed from the Study Case toolbar by clicking on the 
Study Case button. You can also access this editor from the System Manager by clicking on the Short- 
Circuit Study Case folder. 


@B3 ANSI Duty + do. ANSI-Duty . Cable 


To create a new Study Case, go to System Manager, right-click on the Short-Circuit Study Case folder, 
and select Create New. A new Study Case will be created, which is a copy of the default Study Case, and 
be added to the Short-Circuit Study Case folder. 


GS One-Line Components 
& Distribution Components 
(a =e 


(4) Reliability Analysis - 1 
a a Short Circuit - 7, 

be 0 ANSI Duty -| Create New 

By ANSI-4Cycle 

-« Dy ANSI-Max 

-« [y ANSI-Min 

-« Dy IEC - Duty 

« [Dy IEC 1-Phase 

fee = IEC 909 
wa Star Analysis - 2 
G@ StarZ-1 S 
(y Supervisory Control - 1 
(j Switching Optimization - 1 
( Switching Sequence Management - 1 
(j Time Domain 3-Phase Load Flow - 1 
{j Transient Stability - 2 
-( Unbalanced 3-Phase Load Flow -1 
-(@ Unbalanced 3-Phase Short Circuit - 1 
-( Voltage Stability - 1 — 


W 


-&)-@)- 6) 


(+ 


«| ul r 


we Rules & Libraries 
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15.4.1 Info Page 


Short Circuit Study Case 


Info Standard Adjustment Alert 
Study Case ID Transformer Tap 1-Ph/Panel/1-Ph UPS Subsystem 


ANSI Duty @ Adiust Base kV 1-Phase 
Panel 


© Use Nominal Tap 1-Phase UPS 


Load Tenninal Fault 
[_] Calc. Load Term. SC 


Equip. Cable & OL Heater Report Contribution Motor Contribution Based on 
Include Impedance for: @ Motor Status 

[_] MV Motors © Loading Category 

[_] LV Motors 


Second line of remarks for "ANS! Duty" study case. 


ic) ANSI Duty ~ 5) Copy New | Delete | Help OK || Cancel 


Study Case ID 

Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering a new ID. The Study Case ID can be up to 12 alphanumeric characters. Use the navigator button 
at the bottom of the editor to go from one Study Case to the next existing Study Case. 


XEFMR Tap 


Two methods are provided for modeling transformer off-nominal tap settings: 


Adjust Base kV 

Base voltages of the buses are calculated using transformer turn ratios, which include the transformer kV 
ratings as well as the off-nominal tap settings. In looped systems, there is a possibility of applying 
different base voltage values from two different paths if the transformer tap positions are considered to 
adjust the base kV. If this situation is detected, ETAP displays the message shown below: 
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Base ky inconsistency has been detected at a bus in the system. This may be caused by incompatible transformer voltage ratios and tap settings in a loop. 


Do you want to continue the calculation using the Nominal Tap method? 


If this situation is caused by transformer taps, then you may use the “Use Nominal Tap” as an alternative. 
If you click the “OK” button on this error message window, the program will carry out the calculation 
with the Use Nominal Tap method. 


Use Nominal Tap 

Transformer kV ratings are used as the transformer turn ratios for calculating base voltages of the buses 
(i.e., all off-nominal tap settings are ignored and transformer impedances are not adjusted). However, 
even if this option is used, in some cases a looped system may still contain transformers with 
incompatible voltage ratios. This can lead to two different base voltage values being applied at the same 
faulted bus, and this prevents the short-circuit calculation from continuing. An error message similar to 
the one below may be generated by the SC program under this situation: 


@® Error report for Study View 


Error 212: Bus Main Bus (at XFMR T2) base k¥ inconsistency. First value = 13.9000 k¥, second value = 13.8000 kV. 
Error 212: Bus Sub2A (at XFMR T2) base kV inconsistency. First value = 34.5000 k¥, second value = 34.7500 kV.O0 


To correct this situation, you need to change the transformer kV rating of one of the transformers 
involved in the loop. 


Calc. Load Term. SC 


Check this box to calculate the short-circuit current at the load terminals. The fault analysis is performed 
at the terminals of induction motors, synchronous motors, static loads, capacitors and MOVs. The load 
terminal fault calculation is carried out when you run Device Duty studies and is applicable to 3-phase 
and 1-phase loads connected to three-phase buses. 


Note that the load terminal fault current for three-phase loads is calculated when you run the 3-phase 
Device Duty. The load terminal fault current for single-phase loads (connected to a three-phase bus) is 
calculated when you run the Panel/1-Ph UPS/1-Ph System Device Duty. The following images illustrate 
this concept: 
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1-Phase Load: (connected to. 3-phase bus) 
Terminal Fault is calculated when you run the 
1-phase device duty calculation 


3-Phase Load. terminal fault is calculated 
when you run 3-Phase Device Duty Analysis 


1-Ph/Panel/1-Ph UPS Subsystem 

ETAP allows you to perform short-circuit device duty evaluations for 1-Ph systems, 3-Ph and 1-Ph Panels 
and 1-Ph UPS. The Info page has three options which allow selecting which type of subsystem to include 
in the device duty calculation. 


Panel 
When this option is selected, all panel subsystems (3-Phase and 1-Phase) are included in device duty 
calculations. 


1-Phase UPS 

When this option is selected, all 1-Ph UPS subsystems are included in device duty calculations. The 1-Ph 
UPS is modeled as a voltage source behind an impedance for both ANSI and IEC calculations. Please 
refer to the calculation methodology section for more details. 


1-phase 
When this option is selected, all single-phase subsystems connected below phase adapters will be 
included in device duty calculations. 


Please see the ANSI/IEFE calculation methods section for more details on the Panel/1-Ph UPS/1-Ph 
System Device Duty Evaluation. 


Cable/OL Heater 


Select the appropriate checkboxes in this option group to include the impedance of equipment cable and 
overload heaters of medium and/or low voltage motors in short-circuit studies. 


Report 


Short-Circuit Output Reports have the following options: 


Contribution Level 

Choose how far away you want to see the short-circuit current contributions from individual buses to each 
faulted bus by specifying the number of bus levels away in this section. For large systems, choosing to 
report a high number of levels may result in very large output reports (the report grows exponentially with 
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the number of levels selected). The default is one. It is recommended not to report more than 3 levels 
away for large systems unless it is required to report these far-away contributions. 


When selecting contribution levels of n buses away, depending on the number of faulted buses, the 
calculated results are displayed on the one-line diagram and printed in the output report as follows: 


e Fault 1 (one) bus Displayed results: whole system 
Reported output: _n bus levels away 


e Fault (more than one) bus Displayed results: 1 bus level away (from the adjacent buses) 
Reported output: _n bus levels away 


Motor Contribution Based on 
You can select the following options for considering motor contribution in short-circuit studies: 


Motor Status 

When this option is selected, motors whose status is either Continuous or Intermittent will make 
contributions in short-circuit. Motors with Spare status will not be considered in the Short-Circuit 
Analysis. 


Loading Category 

When this option is selected, you can choose a loading category from the selection box to the right. In the 
short-circuit calculation, motors that have non-zero loading in the selected loading category will have a 
contribution in short-circuit. Motors with zero loading in the selected loading category will not be 
included in the Short-Circuit Analysis. 


Both 

When this option is selected, a motor will make contribution in short-circuit if it meets either the Motor 
Status condition or the Loading Category condition. That is, for a motor to be excluded in the Short- 
Circuit Analysis, it has to be in the Spare status and have zero loading in the selected Loading Category. 


Bus Selection 


ETAP is capable of faulting one or more buses in the same run; however, in the latter case buses are 
faulted individually, not simultaneously. Depending on the specified fault type, ETAP will place a 3- 
phase, line-to-ground, line-to-line, and line-to-line-to-ground fault at each bus, which is faulted for short- 
circuit studies. 


When you open the Short-Circuit Study Case Editor for the first time, all buses are listed in the “Don’t 
Fault” list box. This means that none of the buses are faulted. Using the following procedures, you can 
decide which bus(es) you want to fault for this Study Case. 


e To fault a bus, highlight the bus ID in the “Don’t Fault” list box and click on the Fault button. The 
highlighted bus will be transferred to the Fault list box. 


e To remove a bus from the Fault list box, highlight the bus ID and click on the Fault button. The 
highlighted bus will be transferred to the “Don’t Fault” list box. 


e If you wish to fault all buses, medium voltage buses, or low voltage buses, select that option and click 


on the Fault button. The specified buses will be transferred from the “Don’t Fault” list box to the 
Fault list box. 
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e To remove all buses, medium voltage buses, or low voltage buses from the Fault list box, select that 
option and click on the Fault button. The specified buses will be transferred from the Fault list box to 
the “Don’t Fault” list box. 


Note: Single-phase buses below the panel or phase adapter cannot be faulted and therefore will not be 
displayed in the list of buses to fault. 


Note: The fault selection may also be accomplished from the one-line diagram by selecting the buses in 
the one-line and right clicking on the OLD background and selecting to fault the selected buses. 


(4 Main Bus... 


[] Fault 


Multiple Elements 

Fault 

Size +/-> 
Symbol 7 
Colors b 
Alignment b 
Rotate Ctrl+R > 
Connector b 
Group Ctrl+G/U 
Closed 

In Service 

State > 


Study Remarks 2™ Line 


Up to 120 alphanumeric characters may be entered in the Study Remarks 2" Line field. Information 
entered here will be printed on the second line of every Output Report page header line. These remarks 
can provide specific information regarding each Study Case. 


Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Menu field. 
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15.4.2 Standard Page 


Standard 


ANSI, IEC, and GOST Standards are available for short-circuit studies. Select the Short-Circuit Study 
Standard by clicking on the standard notation. Different sets of solution control variables (prefault 
voltage, calculation methods, etc.) are available for each standard. 


When you create a new Study Case, the Short-Circuit Standard is set equal to the project standard you 
have specified in the Project Standards Editor, which is accessible from the Project menu. The Study Case 
standard can be changed independently of the project standard. 


The Short-Circuit Study Case Editor ANSI Standard page is shown below: 


Short Circuit Study Cas: 


[Info| Standard | Adjustment | Alet_| 


@ Based on Total Bus Fault Current 


© Based on Max Through Fault 
Current 


@ C37.010 - 19599 
© C37.010 - 1979 and Older 


Standard Prefault Voltage HV CB Interrupting Capability 
——— @ Nominal kV f 
= @red w2i) amemiae 
@ ANSI © Base kV © Nominal kV 
_ © Vmag X Nominal kV from Bus Editor) © Nominal kV & VF 
») GOST 
Zero Sequence Z Machine X/R LV CB Interrupting Capability 
Include Branch Y @ Fixed Evaluate Based on Rated Max. kV Limit 
© Variable @ C37.13 / UL 489 
©) User-Defined 
Prefault Loading Conditions (| WTG/Inverter Control Adjustment Angle 
Generation Category 
[Design ] 
[] Operating P.G.V 
Protective Device Duty MF for HV CB & Bus Momentary Duty 


@ Based on Calculated X/R 
© Set to 1.6 & 2.6 (RMS & Peak) as Min. 
© Set to 1.6 & 2.6 (RMS & Peak) 


MF for LV CB (Molded & Insulated) Duty 
© Based on Peak Current 
@ Based on Asymmetrical Current 
© Higher MF (Peak or Asymmetrical) 


ETAP 


15-20 ETAP 19.0 User Guide 


Short-Circuit Analysis Study Case Editor 


When the IEC Standard is selected, the study options will change and you will see the page shown below: 


Cmax for Z Adjustment (< 1001 V) 
@ 1.05 ( +6% V Tol) 
© 1.10 (210% V Tol ) 
Calculation Method 
X/R for Peak kA 
© Method A 


© Method B 


1.001 kV to 230 kV 
@ Method C 


> 230kV 


WTG/Inverter Control Adjustment Angle 


[] Operating P.G.V 

Protective Device Duty LV CB Breaking 

@ Based on Total Bus Fault Curent © Use les 
@ Use Icu 


IEC 61363 Plot Options 
a ga as Plt Teme [ 0.1 | vec. 


Plot All Three-Phases 


|W] Report Breaking Duty vs. CB Time 
Delay 


Thermal Withstand Duty Duration 
@ Based on Total Bus @ Tkr 
© Tk (User-defined) 


© Based on Max Through If 


[Cony | [New] osst=| [Hep] [OK] cance | 
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When the GOST Standard is selected, the study options will change and you will see the page shown 
below: 


Short Circuit Study Case 


Info Standard Adjustment Alert 
Standard Cable R Adjustment for SC Current HV System 
OUEC @ Uniform Factor: C = 1.5 Ta.eq Based on 
@ Zeq 


Req Xeq 


O ANSI Standard Curves 


@GOST 


Unifom (O02 Zeq@40%.%.Freq 


Zero Sequence Mdl Lump Load Model 


[Include Branch @ User-Defined Z (Editor) 
Y & Static Load 
© Per Standard 


Prefault Voltage - ANSI Standard 


You can select either fixed or variable prefault voltages for all buses. 


Fixed Prefault Voltage 

This option allows you to specify a fixed prefault voltage for all the faulted buses. This fixed value can be 
in percent of bus nominal kV or base kV. Bus nominal kV is the value you enter in the Bus Editor to 
represent the normal operating voltage. The bus base kV is calculated by the program and is only reported 
in the results section of the short-circuit report for each faulted bus. 


The process of computing base kV starts from one of the swing machines, such as a utility or a generator, 
by taking its design voltage as the base kV for its terminal bus. It then propagates throughout the entire 
system. When it encounters a transformer from one side, the transformer-rated voltage ratio will be used 
to calculate the base kV for the buses on other sides. If the Adjust Base kV option is selected on the Info 
page of the Short-Circuit Study Case Editor, the transformer tap values will also be used in the base kV 
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calculation along with transformer rated voltage ratio. It can be seen from this calculation procedure that 
the base kV is close to the operating voltage, provided that the swing machine is operating at its design 
setting. 


Variable Prefault Voltage 

If you select the Vmag x Nominal kV (in the Bus Editor) prefault voltage option, ETAP uses the bus 
voltages entered in the Bus Editor as the prefault voltage for faulted buses. Using this option, you can 
perform short-circuit studies with each faulted bus having a different prefault voltage. For instance, you 
can perform short-circuit studies using the bus voltages calculated from a specific load flow study and 
calculate fault currents for an actual operating condition. To do so, select Update Initial Bus Voltages 
from the Load Flow Study Case Editor and run a load flow analysis. 


As the short-circuit current is proportional to the prefault voltage, different options will most likely give 
different results. However, with any one of the above options, the calculated fault current is the same as 
long as the prefault voltage in kV is the same. The option to be used for a study depends on your 
engineering judgment and objective of the study. If you wish to calculate the fault current to size 
protective switching devices, apply the maximum possible prefault voltages in the calculation by using 
the option of Fixed Base kV. If the bus normal operating voltage is entered in the Bus Editor as the bus 
nominal voltage, you may also use the Fixed Nominal kV option. 


HVCB Interrupting Capability- ANSI Standard 


According to ANSI Standards, the rated interrupting capability entered in the High Voltage Circuit 
Breaker Editor corresponds to the maximum kV of the circuit breaker. When the circuit breaker is utilized 
under a voltage below this maximum kV, its capability is actually higher than the rated interrupting kA. 
In this section, you specify the operating voltage to be used to adjust breaker rating. 


Nominal kV 
When this option is selected, the nominal kV of the bus, connected to the circuit breaker, is assumed to be 
the operating voltage, and breaker, interrupting rating is adjusted to this voltage value. 


Nominal kV & Vf 

When this option is selected, the operating voltage of the breaker is calculated as the multiplication of the 
prefault voltage and the nominal kV of the bus connected to the circuit breaker. The circuit breaker 
interrupt rating is adjusted to this voltage value. 


Machine X/R - ANSI Standard 


Fixed and variable machine X/R options are available for short-circuit calculations. The selection of fixed 
or variable machine X/R impacts only the interrupting (1.5-4 cycle) duty calculations of high voltage 
circuit breakers. 


Fixed X/R 

ETAP uses the specified machine X/R ratio (=Xq’/Ra) for both % cycle and 1.5-4 cycle networks. The 
intention of this option is to account for the fact that ANSI Standard does not consider variable machine 
X/R ratio. 
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The following example shows R, calculations when X/R ratio is fixed: 


% Cycle Network 


1.5-4 Cycle Network 


Input: Xsc 15 25 
Input: X/R = 10 
Calculated: Ra 1.5 2.5 


Variable X/R 


ETAP uses the specified machine X/R ratio and subtransient reactance (Xq’) to calculate the armature 
resistance (Ra). This resistance is then used for both % cycle and 1.5-4 cycle networks. The motor 
reactance for 1.5-4 cycle network is larger than the motor reactance for 2 cycle networks. Therefore, this 
option results in a higher machine X/R ratio and a higher short-circuit contribution for the interrupting 
fault calculation of a high voltage circuit breaker than the fixed X/R option. 


The following example shows R, and X/R calculations when variable X/R is considered: 


Y% Cycle Network 1.5-4 Cycle Network 
Input: Xsc 15 25 
Input: X/R = 10 
Calculated: Ra 15 15 
Final: X/R 10 16.7 


LVCB Interrupting Capability 


When running ANSI device duty, select to use either the ANSI Standard or a user-defined value to 
compare the operating kV against the LVCB rated kV as defined in the LVCB editor. 


Note: This option does not apply for Fused LVCB. The %Limit is fixed to 100% of the rated kV of the 
LVCB. 


C37.13/UL 489 
Compare the operating voltage against 105.83% of the rated kV of the LVCB. ETAP will issue an alert to 
indicate that the operating kV exceeds the LVCB rated maximum kV for the interrupting kA capability. 


User-Defined kV 

Compare the operating voltage against a user-defined percentage of the rated kV of the LVCB. ETAP will 
issue an alert to indicate the operating kV exceeds the LVCB rated maximum kV for the interrupting kA 
capability. The allowable range for this field is 100 - 106%. 


Protective Device Duty — ANSI Standard 


You can select to use either the bus total fault current or the maximum current through a protective device 
to compare against protective device duty. 


Based on Total Bus Fault Current 

Check this box to use the Total Bus Fault Current to compare against protective device rating. The 
Maximum Through Fault Current is always used to compare against the protective device rating for 
circuit breakers that are flagged as a generator circuit breaker due to its comparable contributions from 
both generator and system sides, even if the Based on Total Bus Fault Current option is selected. 
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Based on Maximum through Fault Current 

Check this box to use the maximum through fault current to compare against protective device rating. The 
Maximum through Fault Current is determined as the larger value between the fault current contribution 
through a protective device and the total bus fault current minus the contribution through the device. For 
example, let’s consider the following results for the system below: 


@) A 


CB7 ] 


Bus1 
11 kv yi3.12 kA y-/25 kA 418.52 kA 


41.16 kA 41.16 kA 41.16 kA 


35.9 ka 


e Of Q 


Total Current = 35.8 < -88.53° kA 
Generator Current = 18.52 < -88.81° kA 
Total Current — Generator Current = 17.28 < -88.23° kA 


From the results it is seen that the generator current will be the maximum through fault current used for 
the evaluation of the circuit breaker CB7. 


For ANSI Device Duty calculation, if the faulted bus is the terminal bus of a generator or motor, the rated 
or Full Load Amps (FLA) of the machine can be considered at the user’s choice to determine the 
maximum through fault current. It is assumed that for a generator, the rated current is flowing out of the 
generator, and for a motor, the full load current is flowing into the motor. Therefore, for a generator, the 
rated current is added to generator short-circuit contribution to determine the maximum through fault 
current. For a motor, the full load current is subtracted from motor short-circuit contribution to determine 
the maximum through fault current. 


There is an ETAP Preference entry which allows you to consider or not consider the FLA for the 
calculation of the maximum through fault current. You can edit the “Include Machine FLA Based on 
Maximum Through” entry by accessing the Options (Preferences) Editor from the Tools menu, located 
under the short-circuit section. 
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i. , 
Options (Preferences) =) 


o)2}|ae a wo 


4 Short Circuit - 
Calculation Timeout (SC) 600 
Consider Motor Decay 0 
IEC Short Circuit Mesh Determination Method 2 


Print IEC Short Circuit Adjustment Factor 0 


This entry indicates to the short-circuit program to include (or exclude) the rated Full Load Amps (FLA) 
of induction/synchronous machines in the calculation of the maximum through short-circuit current duty 
(momentary or interrupting) of protective devices directly connected to those machines. If this entry is set 
to 0, the FLA will not be considered (this includes generator circuit breakers). This entry only applies for 
ANSI Short-circuit calculations (IEC Short-Circuit does not consider the FLA and thus is not affected by 
this option). 


C37.010 — 1999 

Check this option to calculate the S factor for symmetrical rated high voltage circuit breaker based on the 
contact parting time entered in the Circuit Breaker Editor. In calculating the S factor, the standard time 
constant for DC component specified in ANSI Standards are used, 45 ms for regular circuit breaker and 
133 ms for generator circuit breaker. Additionally, when calculating asymmetrical fault current, the 
multiplication factors for local and remote contribution are also calculated based on the contact parting 
time entered in the Circuit Breaker Editor. If the curve for the specified contact parting time is not 
available, the multiplication factor is interpolated based on available curves. See section ANSI/IEEE 
Calculation Methods for more information. 


C37.010 — 1979 and Older 

When this option is selected, the standard contact parting time and corresponding S factor are used in the 
calculation. These standard contact parting time and corresponding S factors are given in group High 
Voltage Circuit Breaker Interrupting Duty Calculation. When this option is selected, the contact parting 
time entered in high voltage circuit breaker is ignored in the calculation. 


MEF for HV CB & Bus Momentary Duty 


This group provides options for you to select a method to calculate the multiplication factors used for 
computation of asymmetrical and peak values for high-voltage circuit breaker and high-voltage bus 
momentary duty. Note that the asymmetrical and peak values of momentary duty are calculated based on 
the symmetrical duty and X/R. Therefore, this group of options is for selection of X/R used in the 
calculation. Figures below graphically illustrate the calculated MF for each method: 
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With this option selected, the multiplication factors used to compute the asymmetrical and peak duty for 
high-voltage circuit breakers and high-voltage buses are based on Calculated System X/R ratio. This X/R 
ratio is calculated from the separate X and R networks for each faulted bus. From the figures given 
above, it is seen that at about X/R = 25, the calculated multiplication factor for the asymmetrical duty 
(MFm) is about 1.6. At about X/R = 17, the calculated multiplication factor for the crest duty (MFp) is 
about 2.6. When the calculated X/R ratio is different from these values, the multiplication factors can be 
larger or smaller than 1.6 or 2.6. Since this option provides the most accurate results for momentary duty, 
it is the default option. 


Set to 1.6 & 2.6 (RMS & Peak) as Min. 

With this option selected, the multiplication factors used to compute the asymmetrical and peak duty for 
high-voltage circuit breakers and high-voltage buses are based on calculated system X/R ratio with 
minimum limits. The calculated multiplication factor for the asymmetrical duty (MFm) is limited at no 
less than 1.6 and the calculated multiplication factor for the peak duty (MFp) is limited at no less than 2.6. 
Note that the values of 1.6 and 2.6 are used in the examples in IEEE Std C37.010. 


Set to 1.6 & 2.6 (RMS & Peak) 

With this option selected, the multiplication factors used to compute the asymmetrical and peak duty for 
high-voltage circuit breakers and high-voltage buses are fixed values. The value of 1.6 is used as the 
multiplication factor for the asymmetrical duty (MFm) and the value of 2.6 is used as the multiplication 
factor for the peak duty (MFp). In this case, system X/R ratio has no effect on the calculation of 
asymmetrical and peak duty. Note that the values of 1.6 and 2.6 are used in the examples in IEEE Std 
C37.010. 


MEF for LV CB & (Molded & Insulated) Duty 


This group provides options for you to select the method to be used for calculating multiplication factor 
for low voltage molded case circuit breaker and insulated case circuit breakers. 


Based on Peak Current 


This method calculates multiplication factor (MF) based on the peak current, which is the same method 
used for calculating MF for an unfused low voltage power circuit breaker. 
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Based on Asymmetrical Current 
This method calculates multiplication factor (MF) based on the asymmetrical current, which is the same 
method used for calculating MF for a fused low voltage power circuit breaker. 


Higher MF (Peak or Asymmetrical) 

When this option is selected, the method that yields higher MF will be used, which provides a more 
conservative result. Study results have shown that depending on the sizing of a low voltage molded or 
insulated circuit breaker and its testing power factor, either the peak current method or the asymmetrical 
method may give a more conservative result. The following table shows results for some typical circuit 
breakers. 


Breaker Peak Current Asymmetrical Current 
Rating Method Method 
aie More Conservative 
(PF = 20%, X/R = 4.9) 
(PF = nee aoe 3.18) More Conservative 
<=10kA 


(PF = 50%, X/R = 1.73) Slightly More Conservative 
= 0, =1. 


Prefault Loading Conditions (ANSI and IEC) 


This group of options is for selecting the generation category for inverters, WIG Type 4 and Type 3 (with 
current limiting mode) and PV inverters. These elements can be modeled as constant-current sources in 
ETAP 18.0.0. 


Generation Category 
Select the generation category for constant current type of short-circuit sources. 


Operating P, Q, V 
This option is only used for real-time applications. 


WTG/Inverter Control Adjustment Angle (ANSI and IEC) 


This sub-group of options allows the specification of a control adjustment reference angle for the 
constant-current source injection during short-circuit conditions. 


Individual WTG / Inverter 
The control adjustment angle is specified individually at each constant-current source. 


Global 
Apply a global control adjustment angle for all constant-current sources. 


For more information on the handling of constant-current sources and their relation to generation 
categories, please refer to the calculation methodology section of this chapter. 
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Short-Circuit Current - IEC Standard 


In this group, you specify if the maximum or minimum short-circuit current to be calculated and based on 
the selection, different c factors will be used to modify source voltage. There are three (3) options 
available: Max, User-Defined c Factor, and Min. When the Max option is selected, the maximum 
values for c factor as defined in Table I of IEC 60909-2016 Standard is used to calculate maximum fault 
current: 


< 1001 V c Factor = 1.05! (or 1.1 depending on Cmax option) 
1.001 to 230 kV c Factor = 1.10 
> 230 kV c Factor = 1.10 


Note’ that the c Factors for voltage below 1.001 kV may vary depending on the “Cmax for Z Adjustment 
(< 1001 V)” option. 


When the User-Defined c Factor option is selected, ETAP uses the user specified c factor. The ranges for 
the c Factors are as follows: 


< 1001 V c Factor = 0.1 -- 1.95 
1.001 to 230 kV c Factor = 0.1 -- 1.95 
> 230 kV c Factor = 0.1 — 1.95 


Note: The application of user-defined c Factors beyond the recommended range below should be done 
under engineering supervision. Some countries may have adopted variations in the range of the c Factor 
depending on the expected variation on their network operating voltages. Using c Factors outside the 
range can be considered outside the scope of IEC 60909. 


< 1001 V c Factor = 0.95 -- 1.10 
1.001 to 230 kV c Factor = 1.00 -- 1.10 
> 230 kV c Factor = 1.00 -- 1.10 


When the Min. option is selected, the minimum values for c Factor, as defined in IEC 60909 Standard, are 
used to calculate minimum fault current: 


< 1001 V c Factor = 0.95 
1.001 to 230 kV c Factor = 1.00 
> 230 kV c Factor = 1.00 


In each case, ETAP calculates ip, I", and Ix. Additionally, impedance tolerance, length tolerance, and 
operating temperature that are used in calculations also vary according to the c Factor options selected. 


If either the Max or User-Defined c Factor option is selected: 


e The negative tolerance value is used for synchronous generator and synchronous motor direct-axis 
subtransient reactance (Xa). 


e If the option is set in the Study Case to apply tolerance on impedance values, the negative tolerance 
value is used for transformer impedance, reactor impedance, and overload heater impedance. 


e If the option is set in the Study Case to apply tolerance on length, the negative tolerance value is 
used to for line length and cable length. 
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e If the option is set in the Study Case to adjust resistance value by individual operating temperature, 
the minimum operating temperature is used to adjust cable and line resistance. 


If the Min option is selected: 


e The positive tolerance value is used for synchronous generator and synchronous motor direct-axis 
subtransient reactance (X”4). 


e If the option is set in the Study Case to apply tolerance on impedance values, the positive tolerance 
value is used for transformer impedance, reactor impedance, and overload heater impedance. 


e If the option is set in the Study Case to apply tolerance on length, the positive tolerance value is 
used for line length and cable length. 


e If the option is set in the Study Case to adjust resistance value by individual operating temperature, 
the maximum operating temperature is used to adjust cable and line resistance. 


It should be noted that when the Min option is selected, the IEC Duty button is disabled in the IEC toolbar 
to prevent you from accidentally performing device duty calculation with minimum short-circuit current. 


Calculation Method - IEC Standard 


X/R for Peak Current 


e Method A - Using the uniform ratio X/R in calculating the peak current 
e Method B - Using the X/R ratio at the short-circuit location in calculating the peak current 
e Method C — Using equivalent frequency in calculating the peak current 


Protective Device Duty — IEC Standard 
You can select either the bus total fault current or the maximum current through a protective device to 
compare against protective device duty. 


Based on Total Bus Fault Current 

Check this box to use the Total Bus Fault Current to compare against protective device rating for all 
protective device ratings. The High Voltage Circuit Breakers (HVCB) flagged as generators are treated 
accordingly only in ANSI short-circuit calculations. For an IEC short-circuit these are still considered as 
non-generator HVCB (the generator HVCB only applies under ANSI Standards). 


Based on Maximum Through Fault Current 

Check this box to use the Maximum Through Fault Current to compare against protective device rating. 
The maximum through fault current is determined as the larger value between the fault current 
contribution through a protective device and the total bus fault current minus the contribution through the 
device. 


The rated current of a generator and full load current of a motor are not considered in determining 


Maximum Through Fault Current due to the difference in short-circuit calculation methods between 
ANSI and IEC Standards. 
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Report Breaking Duty vs. CB Time Delay 

In the IEC Device Duty calculation, this option will report a list of breaking currents for a number of 
different delay times in the individual fault calculation result page of the Crystal Report. You can select to 
display the breaking duty based on the total fault current or based on the Maximum Through Fault 
Current. 


The breaking duty is not directly associated with any protective device; therefore the total bus fault 
current and the Maximum Through Fault Current options below this checkbox are independent of the 
option selected for the “Protective Device Duty”. 


LVCB Breaking — IEC Standard 


This group allows you to specify what LVCB breaking current rating is used to compare against the 
calculated fault current. 


Use Ics 
If this option is selected, ETAP will use the rated short-circuit service breaking capacity (kA) to compare 
against the calculated breaking current by the IEC Duty (60909) Short-Circuit Module. 


Use Icu 
If this option is selected, ETAP will use the rated short-circuit ultimate breaking capacity (kA) to compare 
against the calculated breaking current by the IEC Duty (60909) Short-Circuit Program. 


Cmax for Z Adjustment (<1000 V) 


This group allows you to specify which constant value to use in the calculation of the K correction factors 
used to adjust the impedance of devices like transformers and generators. 


1.05 (+ 6% V Tol) 
Use cmax = 1.05 for calculating the impedance correction factors for systems with 6% Voltage Tolerance. 


1.1 (+ 10% V Tol) 
Use cmax = 1.1 for calculating the impedance correction factors for systems with 10% Voltage Tolerance. 


Note: These constants are not used as c Factors for the adjustment of the prefault voltage. 


IEC 61363 Plot Options — IEC Standard 
This group allows you to customize the Plot Options for the IEC 61363 calculation program. 


Plot Time 

This input field allows the user to extend the plot time of the IEC 61363 transient short-circuit calculation. 
Please note that extending the time beyond the default and previous value of 100 ms falls outside of the 
scope of the IEC 61363 standard. The plots are assumed to be the natural decay of the time constants of 
the electrical system and machinery. Machine control units are not considered for this calculation. The 
maximum time that can be entered is 99 seconds. 


Plot All Three-Phases 
If this option is selected, ETAP will plot all three-phases of the power system for IEC 61363 transient 
short-circuit calculation. The system is assumed to be balanced, positive sequence rotation, with +/- 120 
deg shift between phases. 
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Initial Angle 

This input field indicates what the initial phase angle if for the reference phase A. The field and text is 
hidden if the option “Plot All Three-Phases” is not enabled in the study case. The default value is -90 deg. 
The range that can be entered is -180 to 180 deg. 


Thermal Withstand Duty Duration 


This group allows you to specify what time duration to use for the thermal evaluation of HVCBs and 
LVCBs. 


Tkr 

If this option is selected, ETAP will use the rated short-time withstand time to compare against the 
calculated thermal equivalent short-circuit current through the device by the IEC Duty (60909) short- 
circuit program. 


Tk (User-Defined) 

If this option is selected, ETAP will use the user-defined short-time withstand time, entered in the rating 
page of the PD’s editor, to compare against the calculated thermal equivalent short-circuit current through 
the device by the IEC Duty (60909) short-circuit program. 


Zero Sequence MDL — ANSI, IEC, and GOST Standard 


Include Y for Branch and Static Load 

This option allows you to consider the effect of zero-sequence capacitances of lines and cables as well as 
shunt admittances of distinct static load elements. Y is considered by ANSI, IEC and GOST LG and LLG 
short-circuit calculations. This means that if a cable has a susceptance value specified under the Y field 
(impedance page), ETAP will convert this value into the zero sequence capacitance and consider it in the 
calculation of 3Io. 


CableR Adjustment for SC Current — GOST Standard 


This section provides options for adjustment on cable resistance for short-circuit current when a minimum 
short-circuit current calculation is conducted. 


Uniform Factor: C = 1.5 
Select a fixed factor of 1.5 to adjust cable resistance for minimum short-circuits calculations. 


Standard Curves 

The adjustment factor is calculated based on the curves provided in the low voltage system short-circuit 
standard Annex 2, based on short-circuit time and time of cables. These curves calculate cable resistance 
adjustment factor for minimum short-circuit calculations. 


Uniform SC Current Duration — This field has 4 values: 0.2, 0.6, 1.0 & 1.5 second. The user 
can select a short-circuit time for resistance adjustment for all 
cables. 


Apply to System above 20 kV or Bus Equivalent X/R >= 3 (For Future Release of ETAP) 


If this option is not checked, the cable R adjustment for SC current will only be applied to system with kV 
<= 20 kV and X/R < 3. If checked, it will apply to whole system. 
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HV System — GOST Standard 


This section provides options for determining method for system X/R, surge factor and complex load 
model. 


Ta calculations are based on: 
e Zeq— equivalent Z at fault location for complex systems. 
e Req Xeq — separate R and X networks for complex systems. 


e Zeq@40%Freq — equivalent Z at fault location under 40% of rated system frequency for 
complex systems. 


Lump Load Model — GOST Standard 


User-Defined Z 
Use lump (complex) load impedance from lump load editor. 


Per Standard 
Use typical lump (complex) load impedance and internal voltage as per Table 2 of standard. 
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15.4.3 Adjustments Page 


The Adjustments Page of the Short-Circuit Study Case applies to both ANSI and JEC Standards. This 
page contains different types of adjustments to conductor resistance, cable length, transformer impedance, 


and others. 


Short Circuit Study Case 


Info Standard Adjustment Alert 


[_] Apply Pos. Tolerance and Max. Temp. for ANS! Min. Short-Circuit 


Impedance Tolerance 
Transformer 

@ Individual 

© Global 
Reactor 

@ Individual 

© Global 


Overload Heater 
@ Individual 
O Global 


Fault ZF 


Length Tolerance 
Cable / Bus Duct 
@ Individual 
O Global 


Transmission Line Length 
@ Individual 
© Global 


Resistance Temperature Correction 
Cable / Bus Duct 
@ Individual Min. Temp. 


© Global 


[_] Include Fault Impedance 7 
Transmission Line 


@ Individual Min. Temp. 


ANSI Duty 


Impedance Tolerance 

This group allows you to consider tolerance adjustments to equipment resistance and impedance. Each 
tolerance adjustment can be applied based on the individual equipment percent tolerance setting or based 
on a globally-specified percent value. 


Transformer Impedance Adjustment 

This adjustment is applied to the transformer impedance. The adjustment includes positive, negative, and 
zero sequence impedance depending on the type of fault being performed (3-Phase or LG, LLG, and LL). 
The net effect of the Transformer Impedance Adjustment in short-circuit calculations is to decrease the 
impedance by the specified percent tolerance value. For example, if the transformer impedance is 12% 
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and the tolerance is 10%, the adjusted impedance used in the short-circuit calculation will be 10.8% 
resulting in a higher fault current. 


The impedance adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating Page. A global transformer impedance adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of short-circuit Study Case Editor Adjustment Page. The global impedance adjustment overrides any 
individual transformer tolerance value. 


Reactor Impedance Adjustment 

This adjustment is applied to the reactor impedance. The Short-Circuit Module reduces the reactor 
impedance by the specified percent tolerance resulting in smaller impedance and consequently a higher 
fault current. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the 
adjusted reactor resistance used in the short-circuit calculation is 0.095 Ohm. 


The impedance adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor Editor Rating page. A global Reactor Impedance Adjustment can be specified as 
well by selecting and specifying a global tolerance other than 0% in the corresponding field of Short- 
Circuit Study Case Editor Adjustment page. The global Impedance Adjustment overrides any individual 
reactor tolerance value. 


Overload Heater Resistance Adjustment 

This adjustment is applied to the Overload Heater (OH) Resistance. The Short-Circuit Module reduces 
the OH resistance by the specified percent tolerance resulting in smaller resistance and consequently a 
higher fault current. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the 
adjusted OH resistance used in the short-circuit calculation is 0.095 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating Page. A global Overload Heater Resistance 
Adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field of Short-Circuit Study Case Editor Adjustment page. The global Resistance 
Adjustment overrides any individual overload heater tolerance value. 


The adjustments only apply if the “Cable/OL Heater” option is selected for MV and/or LV motors. 


Synchronous Machine Direct-Axis Subtransient Reactance (X”q) Adjustment 

The Direct-Axis Subtransient Reactance (X”a) for a synchronous generator or a synchronous motor will 
always be adjusted by the X”4 tolerance value entered in the Impedance/Model page of the Machine 
Editor. The Short-Circuit module reduces the X”q value by the specified percent tolerance resulting in 
smaller impedance and consequently a higher fault current. For example, if the X”a value is 10% and its 
tolerance is 5%, then the adjusted X”,4 value used in the short-circuit calculation is 9.5%. 


Impedance Tolerance for IEC Minimum Short-Circuit current Calculation 

In general, in order to calculate a more conservative (higher) short-circuit current, the impedance 
tolerance value is taken as a negative value, resulting in a smaller impedance value. However, in IEC 
short-circuit current calculation, if the Min option is selected in the short-circuit current group of the 
Standard page, the impedance tolerance value will be taken as a positive value. This leads to a larger 
impedance value and a lower short-circuit current. 
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Length Tolerance 


This group allows you to consider tolerance adjustments to cable and transmission line length. Each 
tolerance adjustment can be applied based on the individual equipment percent tolerance setting or based 
on a globally-specified percent value. 


Cable Length Adjustment 

This adjustment is applied to the cable length. The Short-Circuit module reduces the cable length by the 
specified percent tolerance resulting in smaller impedance and consequently a higher fault current. For 
example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in 
the short-circuit calculation is 190 ft. 


The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 
in the Cable Editor Info page. A global Cable Length Adjustment can be specified as well by selecting 
and specifying a global tolerance other than 0% in the corresponding field of Short-Circuit Study Case 
Editor Adjustment page. The global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line Length Adjustment 

This adjustment is applied to the transmission line length. The Short-Circuit module reduces the 
transmission line length by the specified percent tolerance resulting in smaller impedance and 
consequently a higher fault current. For example, if the length of the transmission line is 2 miles and the 
tolerance is 2.5%, then the adjusted transmission line length used in the short-circuit calculation is 1.95 
miles. 


The Length Adjustment can be applied to individual lines by using the tolerance percent value specified 
in the Transmission Line Editor Info page. A global Transmission Line Length Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of Short-Circuit Study Case Editor Adjustment page. The global Length Adjustment overrides any 
individual transmission line tolerance value. 


Length Tolerance for IEC Minimum Short-Circuit current Calculation 

In general, in order to calculate a more conservative (higher) short-circuit current, the length tolerance 
value is taken as a negative value, resulting in shorter length. However, in IEC short-circuit current 
calculation, if the Min option is selected in the short-circuit current group of the Standard page, the length 
tolerance value will be taken as a positive value. This leads to a longer length and a lower short-circuit 
current. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the minimum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on 
the individual cable/line minimum temperature setting or based on a globally specified value. 


Resistance Temperature Correction for Transmission Line Resistance 

This adjustment is applied to the transmission line conductor resistance. The Short-Circuit module adjusts 
the conductor resistance based on the minimum operating temperature. If the minimum operating 
temperature is less than the rated base temperature of the conductor, then the resistance is reduced. 


The temperature correction can be applied to individual lines by using the minimum operating 
temperature value specified in the Transmission Line Editor Impedance page. A global temperature 
correction can be specified as well by selecting and specifying a global minimum temperature value in the 
corresponding field of Short-Circuit Study Case Editor Adjustment page. The global temperature 
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correction value overrides any individual Transmission Line Impedance page minimum temperature. 
Please refer to the Transmission Line Editor Impedance Page section in Chapter 11, AC Elements. 


Resistance Temperature Correction for Cable Resistance 

This adjustment is applied to the cable conductor resistance. The Short-Circuit Module adjusts the 
conductor resistance based on the minimum operating temperature. If the minimum operating temperature 
is less than the rated base temperature of the conductor, then its resistance is reduced. 


The temperature correction can be applied to individual cables by using the minimum operating 
temperature value specified in the Cable Editor Impedance page. A global temperature correction can be 
specified as well by selecting and specifying a global minimum temperature value in the corresponding 
field of Short-Circuit Study Case Editor Adjustment page. The global temperature correction value 
overrides any individual Cable Impedance Page minimum temperature. Please refer to the Cable Editor 
Impedance page section in Chapter 11, AC Elements. 


Resistance Temperature Correction for IEC Minimum Short-Circuit current Calculation 
In general, in order to calculate a more conservative (higher) short-circuit current, the Resistance 
Temperature Correction is conducted according to the minimum operating temperature, resulting in a 
smaller resistance value. However, in IEC short-circuit current calculation, if the Min option is selected in 
the Short-circuit current section of the Standard page, the resistance temperature correction will be 
conducted according to the maximum operating temperature. This leads to a higher resistance value and a 
lower short-circuit current. 


Fault Zf 


You may consider fault impedance in the unbalance fault calculations. In this section, you specify the 
fault impedance to be applied to all the faulted buses. Depending on the type of faults applied to a bus, the 
specified fault impedance is assumed to be between locations as given below: 


e Fora line-to-ground fault, the fault impedance is assumed to be between phase A and the ground. 
e For a line-to-line fault, the fault impedance is assumed to be between phase A and phase B. 


e For a line-to-line-to-ground fault, the fault impedance is assumed to be between the ground and the 
short-circuit point between phases A and B. 


Include Fault Impedance Zf 
Check this box to include fault impedance in the calculation. You can enter fault impedance in the editor 
box below. 


Fault Impedance Unit 

You can enter the fault impedance in either Ohms or percent. If the Ohm option is selected, the values in 
the R and X Editor boxes are in Ohms. If you select the Percent option, the values in the R and X Editor 
boxes are in percent based on 100 MVA and the nominal kV of the faulted bus. 


R and X 


In these two editor boxes, you enter the fault impedance in either Ohms or percent, depending on the fault 
impedance unit selected. These values apply to all the faulted buses. 
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Apply Pos. Tolerance and Max. Temp. for ANSI Min. Short-Circuit 


This check box allows the application of positive tolerance and maximum temperature resistance 
adjustments for ANSI minimum short-circuit calculations. In other words, this option sets the impedance 
tolerance, length tolerance and resistance temperature impedance corrections as positive adjustments 
instead of negative. This option is considered only when you run the minimum short-circuit calculation 
for ANSI Standards. The net effect of this option on the calculation results is to increase the 
impedance/resistance of the elements in order to find the true minimum short-circuit current. 
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15.4.4 Alert Page 


The Alert Page allows you to set up alerts on short-circuit calculation results. The objective is to alert 
you to certain conditions of interest in short-circuit studies. The alerts are determined based on 
predetermined device ratings and system topology after performing a short-circuit calculation. 


Short Circuit Study Case 


Info Standard Adjustment Alert 


Marginal 


Bus Bracing he 95 


Protective Device y 95 
Capability ————__ 


Auto Display | 


Alert 


There are two categories of alerts generated by the short-circuit calculations: Critical and Marginal. The 
difference between the two is their use of different condition percent values for the same monitored 
parameter. If a condition for a Critical Alert is met, then an alert will be generated in the alert view 
window and the overloaded element will turn red in the one-line diagram. The same is true for Marginal 
Alerts, with the exception that the overloaded component will be displayed in the color magenta. Also, 
the Marginal Alerts checkbox must be selected to display the Marginal Alerts. If a device alert qualifies it 
for both Critical and Marginal alerts, then only Critical Alerts are displayed. 
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Bus Alert 

Short-circuit simulation alerts for buses are designed to monitor crest, symmetrical, and asymmetrical 
bracing conditions. These conditions are determined from bus rating values and Short-Circuit Analysis 
results. The percent of monitored parameter value in the Short-Circuit Study Case Alert page is fixed at 
100% for Critical Short-Circuit Alerts. The Marginal alert percent value is user-defined. 


Protective Device Alert 

The set up of protective device simulation alerts is similar to that of bus alerts. You can enter the 
monitored parameter percent values for Marginal Alerts into the Short-Circuit Study Case Editor alert set 
up page; however, this value is fixed to 100% for critical level alerts. 


For all protective devices the current rating will be compared against the maximum through fault current 
or the total bus fault current depending on the selection in the protective device duty in the Short-Circuit 
Study Case Standards page. 


Marginal Device Limit 

ETAP flags all protective devices whose momentary and interrupting duties exceed their capabilities by 
displaying the element in red on the one-line diagram and flagging it in the output report. Select the 
Marginal Device Limit option and specify the marginal limit in percent of the device capability to flag 
devices with marginal capabilities. 


For example, consider a circuit breaker with an interrupting rating of 42 kA and a calculated short-circuit 
duty of 41 kA. The capability of this circuit breaker is not exceeded; however, if the marginal device limit 
is set to 95%, the circuit breaker will be flagged in the output report and will be displayed in purple in the 
one-line diagram as a device with marginal capability. 


Auto Display 


The Auto Display feature of the Short-Circuit Study Case Editor Alert page allows you to decide if the 
Alert View window should be automatically displayed as soon as the short-circuit calculation is 
completed. 
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15.5 Display Options 
The Short-Circuit Analysis Display Options consist of a Results page and three pages for AC, AC-DC, 


and Color information annotations. The colors and displayed annotations selected for each study are 
specific to that study. 


15.5.1 Results Page 


The Results Page of the Display Options is where you select different result annotations to be displayed in 
the one-line diagram. Depending on short-circuit study type, ANSI or IEC, this page gives you different 
options for 3-phase fault results. If the study type is ANSI Short-Circuit Analysis, you will see the Results 
Page as shown below: 


ANSI Page IEC Page GOST Page 
Display Options - Short Circuit x Display Options - Short Circuit x Display Options - Short Circuit x 
Results AC AC-DC Colors Results AC AC-DC Colors Results AC AC-DC Colors 
Voltage Unit Voltage Unit Voltage Unit ; 
Evans | Show Units vee Show Units ee Show Units 
Fault Current Fault Current Fault Current 
@ Mom. Sym. O Peak O Surge 
@ 3Phase Obrter. 5 @ 3Phase © hntial S @ 3Phase @ Initial Periodic 
f iti R 
a eT O Surge/nitial Periodic 
Display Load Contributions Display Load Contributions 
[] Medium Voltage Motors “| Medium Voltage Motors 
[| Large Low Voltage Motors || Large Low Voltage Motors 
[] Small Low Voltage Motors | Small Low Voltage Motors Display Load Contributions 
Static Load Types of Loads | Static Load Types of Loads | Medium Voltage Motors 
] Large Low Voltage Motors 
] Small Low Voltage Motors 
] Static Load Types of Loads 


If the study type is IEC Short-Circuit Analysis, the options in the 3-Phase Faults section are Peak or 
Initial Symmetrical rms current. The rest of the groups are the same as that for the ANSI Short-Circuit 
Analysis. 


If the study type is GOST Short-Circuit Analysis, the options in the 3-Phase Faults section are Initial 
Periodic current, Surge current, or both Surge and Initial Periodic currents in kA. The rest of the groups 
are the same as that for the ANSI Short-Circuit Analysis. 
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Show Units 
Check the box to show units for voltage and current on the one-line diagram. 


Bus Voltage Unit 
Select bus voltage display units in kV or in percent. Bus voltages are only displayed when you fault one 
bus in the system. 


Fault Current for Device Duty Calculations 


Select which 3-phase fault current values are displayed on the one-line diagram. The ETAP Short-Circuit 
Module provides results on the OLD when running the Duty % and 1.5 to 4 cycle calculations. 


Symmetrical 4% Cycle or Symmetrical 1.5 to 4 Cycle kA 
For the ANSI Short-Circuit Method (3-phase faults), select momentary (symmetrical 1/2 cycle) or 
interrupting symmetrical (symmetrical 1.5 to 4 cycle) kA to be displayed on the one-line diagram. 


Peak or Initial Symmetrical kA 
For the IEC Short-Circuit Method (3-phase faults), select peak or initial symmetrical rms kA to be 
displayed on the one-line diagram. 


Initial Periodic or Surge kA 
For the GOST Short-Circuit Method (3-phase faults), select initial periodic rms kA or surge kA to be 
displayed on the one-line diagram. 


Fault Type for Unbalanced Fault Calculations 

After conducting an unbalanced fault calculation, the Fault Type section allows you to select the type of 
fault for which the short-circuit results to be displayed. You have the option to display results in 
sequence components or in phases. 


Fault Type Fault Type Fault Type 
@ 3-Phase Phase A 3-Phase 3-Phase 
L-G @L-G @ Vb, 3lo L-G Va, 3lo 
et LL @L-L 


@) Sequence Values (1, 2, 0) 
Phase Values (A, B, C) 


Sequence Values (1, 2, 0) 


LLG LLG Phase Values (A, B,C) ciate 


3-Phase 
In a three-phase fault, the fault current for all phases are the same. In this case, ETAP displays the phase 
A current in OLV. 


L-G 

When the Line-to-Ground fault type is selected, there are three options for the fault results to be 
displayed: voltage on phase B and zero sequence current, sequence voltage and current, and phase voltage 
and current. 


L-L and L-L-G 

When the Line-to-Line or Line-to-Line-to-Ground fault type is selected, there are three options for the 
fault results to be displayed: voltage on phase A and zero sequence current, sequence voltage and current, 
and phase voltage and current. 
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Display Motor Contributions 


Medium Voltage Motor 
Select this option to display short-circuit current contributions from medium voltage motors (more than 
1kV) on the one-line diagram. 


Large Low Voltage Motor 
Select this option to display short-circuit current contributions from large low voltage motors (motor sizes 
equal to or larger than 100 hp or kW) on the one-line diagram. 


Small Low Voltage Motor 


Select this option to display short-circuit current contributions from small low voltage motors (motor 
sizes smaller than 100 hp or kW) on the one-line diagram. 
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15.5.2 AC Page 


This page includes options for displaying information annotations for AC elements. 
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ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Gen. (Generator) kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type (Number of Phases - Number of Wires) 
Transformer kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line Number of Cables - Number of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay 50/51 for Overcurrent Relays 
Ground Switch N/A 
PT & CT Transformer Rated Turn Ratio 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 
Generator Subtransient reactance Xd” 
Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 
Motor % LRC 
Transformer Positive Sequence Impedance (R + j X per unit length) 
Branch, Impedance Impedance in Ohms or % 
Branch, Reactor Impedance in Ohms 
Cable/Line Positive Sequence Impedance (R + j X in Ohms or per unit length) 
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D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


DB 
This checkbox forces a check-all / uncheck-all to enable all the data blocks for all types of elements. 


Composite Motor 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 


color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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15.5.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 
networks. 
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ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 
Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 
VFD HP/kW 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 
Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, output, & DC FLA 


DB 
This checkboxes enable the data blocks for each of the DC elements. The top DB check box serves the 
purpose of a check/uncheck all box. 


Composite Network 
Click on this checkbox to display the Composite Network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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15.5.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - Short Circuit | 3 | 


[Resuts [. AC | ACDC | Colors | 


Theme 


| Example Default 


®) User-Defined 


AC i - 
oc i - 
Ac-OC x ~- 
Composte J ~ 


Color Theme 
A previously-defined color theme can be selected from the list. The selected color theme will be used 
whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the global color theme selected in the color Theme list for element annotations to be 
applied globally throughout all CSD diagrams. When the option is selected, the name assigned to the 
applied color theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for CSD element annotations. When this option is chosen, the DC 
element annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


Theme Editor | 
Theme | Example Defauit y| Color Code | Phase Zi 
[ Layer 3-Phase | 1-Phase ] Fomats | Voltage | Feeder | Area \f Grounding/Earthing | Font | =5 
Standard Bement Colors 
AC DC Composite 
Energized | mE 
De-energized 
i Zh = 
Selected | Eo 
Faulted Bus | a 
Annotation 
Aan Hyperlink |__— 
Warning (MN) Visited Hyperlink = () 
No Tag Online Meter |) 
Acknowledged |B) © Playback Meter | 
Bad Quality | 
Zoom Grid Faulted Bus 
cm __| Color | ® Color 
Transparency 30 | Size 8 Symbol 
Style 7 
Background } 
Help | { SaveAs.. | { Delete | { Set Global Cancel 


Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that 
color themes are applied globally within a project file. Changes made on a color theme displayed on this 
page may also affect other modes and presentations if the global color themes option has been previously 
selected. 
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15.6 ANSI/IEEE Calculation Methods 


ETAP provides two Short-Circuit Calculation Methods based on ANSI/IEEE and JEC Standards. You can 
select the calculation method from the Short-Circuit Study Case Editor. This section describes the 
ANSI/IEEE Standard Method of Calculation. 


Standard Compliance 
ETAP short-circuit calculation per ANSI/IEEE Standards complies with the latest ANSI/IEEE and UL 
Standards, as listed below: 


Standard Pub. Year Title 
TEEE C37.04 1979 (1988) Standard Rating Structure for AC High-Voltage Circuit Breakers 
IEEE C37.04f 1990 Rated on a Symmetrical Current Basis and Supplements 
IEEE C37.04g 1986 
IEEE C37.04h 1990 
IEEE C37.04i 1991 
IEEE C37.04 1999 


TEEE C37.010 1979, 1988,1999 | IEEE Application Guide for AC High-Voltage Circuit Breakers 


IEEE C37.010b 1985 Rated on a Symmetrical Basis and supplements 

IEEE C37.010e 1985 

IEEE C37.010 1999 

IEEE C37.13 1990 Standard for Low-Voltage AC Power Circuit Breakers Used in 
Enclosures 

IEEE C37.013 1997 Standard for AC High-Voltage Generator Circuit Breakers Rated 
on a Symmetrical Current Basis 

IEEE C37.20.1 2002 Standard for Metal Enclosed Low-Voltage Power Circuit Breaker 
Switchgear 

IEEE Std 399 1990 & 1997 Power System Analysis — the Brown Book 

IEEE Std 141 1986 & 1993 Electric Power Distribution for Industrial Plants — the Red Book 

IEEE Std 242 1986 & 2001 IEEE Recommended Practice for Protection and Coordination of 


Industrial and Commercial Power Systems — the Buff Book 


UL 489_9 1996,2000,2002 | Standard for Safety for Molded-Case Circuit Breakers, Molded- 
Case Switches, and Circuit-Breaker Enclosures 


General Description of Calculation Methodology 


In ANSI/IEEE short-circuit calculations, an equivalent voltage source at the fault location, which equals 
the prefault voltage at the location, replaces all external voltage sources and machine internal voltage 
sources. 


All machines are represented by their internal impedances. Line capacitances and static loads are 
neglected. Transformer taps can be set at either the nominal position or at the tapped position, and 
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different schemes are available to correct transformer impedance and system voltages if off-nominal tap 
setting exist. It is assumed that for 3-phase fault, the fault is bolted. Therefore, arc resistances are not 
considered. You can specify fault impedance in the Short-Circuit Study Case for single-phase to ground 
fault. System impedances are assumed to be balanced 3-phase, and the method of symmetrical 
components is used for unbalanced fault calculations. 


Three different impedance networks are formed to calculate momentary, interrupting, and steady-state 
short-circuit currents, and corresponding duties for various protective devices. These networks are: 4% 
cycle network (subtransient network), 1.5-4 cycle network (transient network), and 30 cycle network 
(steady-state network). 


ANSI/IEEE Standards recommend the use of separate R and X networks to calculate X/R values. X/R 
ratios are obtained for each individual faulted bus and short-circuit current. This X/R ratio is then used to 
determine the multiplying factor to account for the system DC offset. 


Using the % cycle and 1.5-4 cycle networks, the symmetrical rms value of the momentary and 
interrupting short-circuit currents are solved first. These values are then multiplied by appropriate 
multiplying factors to finally obtain the asymmetrical value of the momentary and interrupting short- 
circuit currents. 


Definition of Terms 
The following terms are helpful in understanding short-circuit calculations using ANSI/IEEE Standards. 


4% Cycle Network 

This is the network used to calculate momentary short-circuit current and protective device duties at the /% 
cycle after the fault. The following table shows the type of device and its associated duties using the % 
cycle network. 


Type of Device Duty 
High voltage circuit breaker Closing and latching capability 
Low voltage circuit breaker Interrupting capability 
Fuse Interrupting capability 
Switchgear and MCC Bus bracing 
Relay Instantaneous settings 


% Cycle Network Duty 
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The % cycle network is also referred to as the subtransient network, primarily because all rotating 
machines are represented by their subtransient reactance, as shown in the following table: 


Type of Machine Xsc 
Utility xX” 
Turbo generator Xa” 
Hydro-generator with amortisseur winding Xa’ 
Hydro-generator without amortisseur winding 0.75 Xa’ 
Condenser Xa” 
Synchronous motor Xa” 
Induction Machine 
> 1000 hp @ 1800 rpm or less Xa” 
> 250 hp @ 3600 rpm Xa” 
All other > 50 hp 1.2 Xa” 
< 50 hp 1.67 Xa” 


(Xq” = 1/LRC for induction motors) 


1.5-4 Cycle Network 


This network is used to calculate the interrupting short-circuit current and protective device duties 1.5-4 
cycles after the fault. The following table shows the type of device and its associated duties using the 1.5- 


4 cycle network. 


Type of Device Duty 
High voltage circuit breaker Interrupting capability 
Low voltage circuit breaker N/A 
Fuse N/A 
Switchgear and MCC N/A 
Relay N/A 


The 1.5-4 cycle network is also referred to as the transient network. The type of rotating machine and its 


representation is shown in the following table: 


Type of Machine Xsc 

Utility XxX” 
Turbo generator Xa’ 
Hydro-generator with amortisseur winding Xa” 
Hydro-generator without amortisseur winding 0.75 Xa’ 
Condenser Xa” * 
Synchronous motor 1.5 Xa” 
Induction machine 

> 1000 hp @ 1800 rpm or less 1.5 Xa” 

> 250 hp @ 3600 rpm 1.5 Xa” 

All other > 50 hp 3.0 Xa” 

< 50 hp Infinity 


(Xq” = 1/LRC for induction motors) 
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* Note that, in the 1.5-4 cycle network, the positive sequence reactance value for a condenser depends on 
the option selected for SCANSICondenserMFOpt in the Options (Preferences). For details see the 
ETAP.Ini section. 


30 Cycle Network 

This is the network used to calculate the steady-state short-circuit current and duties for some of the 
protective devices 30 cycles after the fault. The following table shows the type of device and its 
associated duties using the 30 cycle network: 


Type of Device Duty 
High voltage circuit breaker N/A 
Low voltage circuit breaker N/A 
Fuse N/A 
Switchgear and MCC N/A 
Relay Overcurrent settings 


30 Cycle Network Duty 


The type of rotating machine and its representation in the 30 cycle network is shown in the following 
table. Induction machines, synchronous motors, and condensers are not considered in the 30 cycle fault 
calculation. 


Type of Machine Xsc 
Utility Xx” 
Turbo generator Xa’ 
Hydro-generator with amortisseur winding Xa’ 
Hydro-generator without amortisseur winding Xa’ 
Condenser Infinity 
Synchronous motor Infinity 
Induction machine Infinity 


30 Cycle Network Impedance 


15.6.1 ANSI Multiplying Factor (MF) 


The ANSI multiplying factor is determined by the equivalent system X/R ratio at a particular fault 
location. The X/R ratio is calculated by the separate R and X networks. 


Local and Remote Contributions 

A local contribution to a short-circuit current is the portion of the short-circuit current fed predominately 
from generators through no more than one transformation, or with external reactance in a series, which is 
less than 1.5 times the generator subtransient reactance. Otherwise the contribution is defined as remote. 


No AC Decay (NACD) Ratio 
The NACD ratio is defined as the remote contributions to the total contributions for the short-circuit 
current at a given location. 


I remote 
NACD = ——— 


[ total 


e Total short-circuit current Trotat = Tremote + Tiocat 
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e NACD = Oigf all contributions are local. 
NACD = 1 if all contributions are remote. 


15.6.2 Calculation Methods 
Momentary (1/2 Cycle) Short-Circuit Current Calc. (Buses and HVCB) 


The Momentary Short-Circuit Current at the % cycle represents the highest or maximum value of the 
short-circuit current before its AC and DC components decay toward the steady-state value. Although the 
highest or maximum short-circuit current actually occurs slightly before the % cycle in reality, the “% 
cycle network is used for this calculation. 

The following procedure is used to calculate momentary short-circuit current: 


1) Calculate the symmetrical rms value of momentary short-circuit current using the following formula: 


V 


I __ * pre- fault 


mom,rms,symm ~~ 
V3Z 4 


where Zeq is the equivalent impedance at the faulted bus from the % cycle network 


2) Calculate the asymmetrical rms value of momentary short-circuit current using the following formula: 


I = MFI 


mom,rms,asymm m~ mom,rms,symm 


where MF is the momentary multiplying factor, calculated from: 


20 
MF, = V1+2e */P 


3) Calculate the peak value of momentary short-circuit current using the following formula: 


I = MFI 


mom, peak p~mom,rms,symm 


where MF, is the peak multiplying factor, calculated from: 


a 


MF, =V2|1+e */ 


This value is the calculated Asymmetrical kA Crest printed in the Momentary Duty column of the 
Momentary Duty page in the output report. 
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In both equations for MFm and MF, calculation, X/R is the ratio of X to R at the fault location obtained 
from separate X and R networks at 1% cycle. The value of the fault current calculated by this method can 
be used for the following purposes: 


Check closing and latching capabilities of high voltage circuit breakers 
Check bus bracing capabilities 

Adjust relay instantaneous settings 

Check interrupting capabilities of fuses and low voltage circuit breakers 


High Voltage Circuit Breaker Interrupting Duty Calculation 


The interrupting fault currents for high voltage circuit breakers correspond to the 1.5-4 cycle short-circuit 
currents, i.e., the 1.5-4 cycle network is used for this calculation. 


Contact Parting Time 

The magnitude of the DC component of the short-circuit current is dependent on the contact parting time 
of the individual circuit breaker. On the Rating page of High Voltage Circuit Breaker Editor, you can 
specify the contact parting time for a circuit breaker. If the C37.010-1999 option is selected on the 
Standard page of the Short-Circuit Study Case, then the contact parting time entered in the High Voltage 
Circuit Breaker Editor will be used in the calculation. 


If the C37.010-1979 and Older option is selected, then the default contact parting time given in the 
following table will be used. The default contact parting time is dependent on the rated cycle of the circuit 
breaker. In this case, the contact parting time entered in the High Voltage Circuit Breaker Editor will be 
ignored in the calculation. 


Circuit Breaker Contact Parting 
Rating in Cycles Time in Cycles 
8 4 
5 3 
3 2 

2 1.5 


S Factor 

The S Factor reflects the ability of a symmetrically rated high voltage circuit breaker to interrupt a fault 
current with a DC component. It is defined as the ratio of asymmetrical interrupting rms rating over 
symmetrical interrupting rms rating of a circuit breaker. 


If the C37.010-1999 option is selected on the Standard page of Short-Circuit Study Case, the S Factor for 
a symmetrically rated circuit breaker is calculated using the contact parting time entered in the High 
Voltage Circuit Breaker Editor and the standard time constant for the DC component provided in IEEE 
Standards. According to IEEE Standard C37.10-1999, the time constant is equal to 45 ms for an AC high 
voltage circuit breaker rated on a symmetrical current basis. According to IEEE Standard C37.013-1997, 
the time constant is equal to 133 ms for an AC high voltage generator circuit breaker rated on a 
symmetrical current basis. The calculated S Factor is also displayed on the Rating page of the High 
Voltage Circuit Breaker Editor. 


If the C37.010-1979 and Older option is selected, the default S factor given in the following table will be 


used. The default S Factor is dependent on the rated cycle of the circuit breaker. In this case, the S Factor 
displayed in the High Voltage Circuit Breaker Editor will not be used in the calculation. 
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Circuit Breaker S Factor 
Contact Parting Time 
4 1.0 
3 1.1 
2 1.2 
1.5 1.3 


S Factor for AC High Voltage Circuit Breaker 
Rated on a Symmetrical Current Basis 


Calculation Procedure 
The following procedure is used to calculate the interrupting short-circuit current for high voltage circuit 
breakers: 


1) 


2) 


3) 


Calculate the symmetrical rms value of the interrupting short-circuit current using the following 
formula: 


I __ " pre-fault 
int,rms,symm —— 37 
eq 
where Zeq is the equivalent impedance at the faulted bus from the 1.5-4 cycle network 
Calculate the short-circuit current contributions to the fault location from the surrounding buses. 


If the contribution is from a Remote bus, the symmetrical value is corrected by the factor of MFr, 


calculated from: 
AE 5 
MF. = V1+2e */ 


where t is the circuit breaker contact parting time in cycles 


The following table shows the Multiplying Factors for Remote Contributions (MFr) for default contact 
parting time. 


ETAP 15-57 ETAP 19.0 User Guide 


Short-Circuit Analysis ANSI/IEEE Calculation Methods 


X/R Ratio 8 Cycle CB 5 Cycle CB 3 Cycle CB 2 Cycle CB 
(4 cy CPT) (3 cy CPT) (2 cy CPT) (1.5 cy CPT) 

100 1.487 1.540 1.599 1.63 
90 1.464 1.522 1.585 1.619 
80 1.438 1.499 1.569 1.606 
70 1.405 1.472 1.548 1.59 
60 1.366 1.438 1.522 1.569 
50 1.316 1.393 1.487 1.54 
45 1.286 1.366 1.464 1.522 
40 1.253 1.334 1.438 1.499 
35 1.215 1.297 1.405 1.472 
30 1.172 1.253 1.366 1.438 
25 1.126 1.201 1.316 1.393 
20 1.078 1.142 1.253 1.334 
18 1.059 1.116 1.223 1.305 
16 1.042 1.091 1.190 1.271 
14 1.027 1.066 1.154 1.233 
12 1.015 1.042 1.116 1.190 
10 1.007 1.023 1.078 1.142 
9 1.004 1.015 1.059 1.116 
8 1.002 1.009 1.042 1.091 
7 1.001 1.005 1.027 1.066 
6 1.000 1.002 1.015 1.042 
5 1.000 1.00. 1.007 1.023 
4 1.000 1.000 1.002 1.009 
3 1.000 1.000 1.000 1.002 
2 1.000 1.000 1.000 1.000 
1 1.000 1.000 1.000 1.000 


If the contribution is from a Local generator, the symmetrical value is corrected by the factor of MFI, 
which is obtained from: ANSI/IEEE C37.010, Application Guide for AC High Voltage. Since the 
standard only provides curves for several typical contact parting time values, if a curve exists for the 
contact parting time of a circuit breaker, the factor MFI will be obtained from the curve. Otherwise, the 
two curves with closest contact parting time values, one on each side, will be used to interpolate MFI. In 
the High Voltage Circuit Breaker Editor, you can only enter a contact parting time that is within the range 
limited by the curves available in the standard. This ensures that MF! will only be calculated by means of 
interpolation on available curves, not extrapolation. 


ETAP 
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X/R Ratio 8 Cycle CB 5 Cycle CB 3 Cycle CB 2 Cycle CB 
(4 cy CPT) (3 cy CPT) (2cy CPT) | (1.5 cy CPT) 
100 1.252 1.351 1.443 1.512 
90 1.239 1.340 1.441 1.511 
80 1.222 1.324 1.435 1.508 
70 1.201 1.304 1.422 1.504 
60 1.175 1.276 1.403 1.496 
50 1.141 1.241 1.376 1.482 
45 1.121 1.220 1.358 1.473 
40 1.098 1.196 1.337 1.461 
35 1.072 1.169 1.313 1.446 
30 1.044 1.136 1.283 1.427 
25 1.013 1.099 1.247 1.403 
20 1.000 1.057 1.201 1.371 
18 1.000 1.039 1.180 1.356 
16 1.000 1.021 1.155 1.339 
14 1.000 1.003 1.129 1.320 
12 1.000 1.000 1.099 1.299 
10 1.000 1.000 1.067 1.276 
9 1.000 1.000 1.051 1.263 
8 1.000 1.000 1.035 1.250 
7 1.000 1.000 1.019 1.236 
6 1.000 1.000 1.005 1.221 
5 1.000 1.000 1.000 1.205 
4 1.000 1.000 1.000 1.188 
3 1.000 1.000 1.000 1.170 
2 1.000 1.000 1.000 1.152 
1 1.000 1.000 1.000 1.132 


4) Calculate the total remote contributions and total local contribution, and thus the NACD ratio. 


5) Determine the actual multiplying factor (AMF) from the NACD ratio and calculate the adjusted rms 
value of interrupting short-circuit current using the following formula. 


Tint,rms,adj = AMF; Tint,rms,symm 


AMF = MF + NACD (MF, — MF) 


where 


6) For symmetrically rated breakers, the adjusted rms value of interrupting short-circuit current is 
calculated using the following formula: 
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AMF ] ore 
S 


Lerma = 


where the correction factor S reflects an inherent capability of AC high voltage circuit breakers, 
which are rated on a symmetrical current basis. 


The value of this current is applied to check high voltage circuit breaker interrupting capabilities. 


For AC high voltage circuit breakers rated on a total current basis, the interrupting current rating 
entered in the circuit breaker editor is the asymmetrical value. The short-circuit current used to 
compare against the circuit breaker rating can be calculated by the same formula given above with the 
S value equal to 1.0. 


Low Voltage Circuit Breaker Interrupting Duty Calculation 


Due to the instantaneous action of low voltage circuit breakers at maximum short-circuit values, the 4% 
cycle network is used for calculating the interrupting short-circuit current. 


The following procedure is used to calculate the interrupting short-circuit current for low voltage circuit 
breakers: 


1) Calculate the symmetrical rms value of the interrupting short-circuit current from the following 
formula: 


V 


I __ " pre- fault 
int,rms,symm ~_ 
V3Z cg 
where Ze, is the equivalent impedance at the faulted bus from the 2 cycle network 


2) Calculate the adjusted asymmetrical rms value of the interrupting short-circuit current duty using the 


following formula: 
I = MFI 


int,rms ,adj int,rms, symm 


where MF is the multiplying factor, considering the system X/R ratio and the low voltage circuit 
breaker testing power factors. 


The following equation is used to calculate the multiplication factor for an unfused power, a molded, 
or an insulated circuit breaker when the Based on Peak Current option is selected in the Short-Circuit 
Study Case: 


: J2(+e ¥R) 


J2(1+ e (X/R )eese ) 


MF 
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The following equation is used to calculate the multiplication factor for a fused power, a molded, or 
an insulated circuit breaker when the Based on Asymmetrical Current option is selected in the Short- 
Circuit Study Case: 


ara 
14+2¢e X/R 


20 


1+ 2e (XRes 


MF = 


where (X/R)test is calculated based on the test power factor entered from the Low Voltage Circuit 
Breaker Editor. The manufacturer maximum testing power factors given in the following table are 
used as the default values: 


Max Design (Tested) 
Circuit Breaker Type % PF (X/R) test 
Power Breaker (Unfused) 15 6.59 
Power Breaker (Fused) 20 4.90 
Molded Case (Rated Over 20,000 A) 20 4.90 
Molded Case (Rated 10,001-20,000 A) 30 3.18 
Molded Case (Rated 10,000 A) 50 1.73 


Maximum Test PF for Low Voltage Circuit Breaker 


The calculated duty value [ int,rms,adj can be applied to low voltage breaker interrupting capabilities. 


If the calculated multiplication factor is less than 1, it is set to 1 so that the symmetrical fault current is 
compared against the symmetrical rating of the device. If the symmetrical fault current is less than the 
symmetrical rating of the device, the checking on asymmetrical current will certainly pass. 


Fuse Interrupting Short-Circuit Current Calculation 


The procedures for calculating the fuse interrupting short-circuit current is the same as those for the 
Circuit Breaker Interrupting Duty calculation. 


Note: The current limiting effect of certain devices like current limiting fuses or circuit breakers are not 
considered for short-circuit calculations or for device duty evaluations. 
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Comparison of Device Rating and Short-Circuit Duty 

ETAP compares the rating of protective devices and bus bars with the fault duties of the bus. The 
comparison results are listed in the Summary page of the output report. The device rating and fault duty 
used in the comparison are shown below. 


Device Type Device Capability Calculated Short-Circuit Duty 
Momentary Duty 
HV Bus Bracing Asymm. KA rms Asymm. kA rms 
Asymm. KA Crest Asymm. kA Crest 
LV Bus Bracing Symm. KA rms Symm. kA rms 
Asymm. KA rms Asymm. kA rms 
HVCB C&L Capability kA rms Asymm. kA rms 


C&L Capability kA Crest | Asymm. kA Crest 


Interrupting Duty 
HVCB Interrupting kA*** Adjusted kA 


LVCB Rated Interrupting kA Adjusted kA 


***The interrupting capability of a high voltage circuit breaker is calculated based on the nominal kV of 
the connected bus and the prefault voltage (Vf ) if the flag is set in the Short-Circuit Study Case, as shown 
below: 


Interrupting kA = (Rated Int. kA) * (Rated Max. kV) / (Bus Nominal kV) 
or 


Interrupting kA = (Rated Int. kA) * (Rated Max. kV) / (Bus Nominal kV * Vf) 


The calculated interrupting kA (as shown above) is then limited to the maximum interrupting kA of the 
circuit breaker. 
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Generator Circuit Breakers 


Determination of Generator Circuit Breakers 

In order for ETAP to evaluate a circuit breaker as a generator CB according to IEEE C37.013 1997, it 
must be associated with the corresponding generator, by making the selection from the rating page of the 
high voltage circuit breaker. Also, the generator CB must be directly connected to the generator or must 
be located along the connecting path between the generator and the unit step-up transformer (as shown in 
Figures A & B below). 


Generator 


495.5 


Figure A: Gen CB directhy connected 
to the generator 


Figure B: Gen CB connected 
along the path between generator 
and step-up unit transformer 


Generator Circuit Breakers are rated only on a symmetrical current basis. In calculating the S factor, the 
standard time constant for the DC component specified in IEEE Std. C37.013 1997 is 133 ms for a 
Generator Circuit Breaker. 


If a circuit breaker is connected in a configuration similar to that shown in Figure C below (Gen CB1), 
even if the circuit breaker is flagged as a Generator Circuit Breaker in the editor, the program evaluates 
the circuit breaker device duty as regular HVCBs. This method yields conservative results in most cases, 
but they are not as accurate as the current per IEEE Std. C37.013 1997. Note that, for an HVCB assigned 
as a generator CB even if it is handled as a regular HVCB, the time constant will change to 133ms and it 
is the value used in the calculation. 


T? 
Cablel?Zl1 kV 
Genz 600 BWA 


G CB1l 
499.5 30 ft en 


Figure C: Gen CB directly connected in a configuration which will cause 
the program to use the ETAP 5.5.0 Method 
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Short-Circuit Current Calculation for Generator Circuit Breakers 

For a Generator Circuit Breaker, ETAP calculates short-circuit current according to the guidelines 
specified in IEEE Std. C37.013 1997. The short-circuit duty calculated includes symmetrical, 
asymmetrical, and peak kA for momentary and interrupting duty, as well as the DC kA and degree of 
asymmetry for interrupting duty. 


For each circuit breaker, it determines short-circuit current when the system side is faulted (generator- 
source) and when the generator side is faulted (System-source). For each fault location it calculates short- 
circuit current for three generator pre-fault loading conditions: full load at lagging power factor, full load 
at leading power factor and no load. The lagging power factor is the generator rated power factor and the 
leading power factor can be set from the ETAP ini file. A default value of 95% is used for the leading 
power factor. The calculation of short-circuit current for different loading conditions is necessary to 
reveal the worst possible fault current values. For example, for the generator-source fault, the worst 
asymmetrical duty occurs under lagging load power factor condition, while the worst degree of 
asymmetry occurs under leading power factor condition. 


joo c ccc ccH ! System side network used - - ----~-- “ 


I ; to determine X/R ! 
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For a fault on the system side of the circuit breaker (generator-source), the short-circuit current through 
the circuit breaker is only from the generator. ETAP applies generator full dynamic model in the short- 
circuit calculation, including transient and sub-transient impedance and time constant. This complete 
model captures the detailed behavior of a generator under short-circuit, including both ac and dc current 
decay. Tests have shown that ETAP calculation at no load is within 1% of the value calculated by hand 
in Annex C37.013-1997. ETAP is more accurate and more conservative than the hand calculations in the 
example based on the standard because ETAP does not ignore the impedances removed from the 
equations given in the standard to simplify the hand calculations. 


For a fault on the generator side (system-source), the system contribution is the only current flowing 
through the circuit breaker. The program uses the system side symmetrical fault current and the X/R 
calculated based only on the system side to determine the asymmetrical current. The symmetrical closing 
and latching duty is calculated based on the symmetrical and dc fault current at 1/2 cycle. 


The plot below displays an asymmetrical generator source short-circuit current and the pattern is identical 
to the results shown in Figure A3 from C37.013-1997: 
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Panel/1-Ph UPS/1-Ph Subsystem Device Duty Short-Circuit Calculation 


ETAP can perform device duty short-circuit calculations for 3-phase and 1-phase subsystems. These 
subsystems are defined as those connected to the output of a Panel, 1-Phase uninterruptible power supply 
(UPS) or 1-phase elements connected below a phase adapter. ETAP performs these calculations if the 
options are selected on the Info page of the Short-Circuit Study Case. The program faults every single bus 
in the subsystem and it displays the fault current at every bus in the subsystem. 


3-Phase Panel Subsystems Short-circuit Current 

3-phase subsystems can be connected below panels. These elements are just an extension of the regular 
3-phase system and ETAP will perform the device duty for these elements in similar fashion as if these 
elements were connected directly to the 3-phase system (i.e. without the 3-phase panel). However, the 
only differences are that the short-circuit contributions from the motors in the subsystem are not 
considered. This simplification/method is acceptable since in real life applications the size of the motors 
connected below 3-Phase panels are small and generally negligible in contributions to a fault. 


The image below shows a 3-Phase panel subsystem with short-circuit results. 
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3-Ph Panel A and 3-Ph Panel B are similar buses. The image above shows both buses being faulted along 
with Panell, Pnl A and Pnl B. Every location below (and including) Panel1 are faulted when the “Run 
Panel/1-Ph UPS/1-Ph System Device Duty” button is pressed on the short-circuit toolbar. The program 
also determines which device’ short-circuit ratings (momentary, interrupting, close and latch, etc) are 
exceeded and it generates warnings in the alert view window or on the one-line diagram by changing the 
color of the overstressed device. This mechanism is similar to the regular 3-phase system alert system. 


1-Phase Subsystems Short-circuit current 

These systems are classified as those with the following phase types: A, B, C, AB, BC, CA, LL, L1, and 
L2 (center-tap 3-wire systems). The calculation method used by the program to determine the short- 
circuit current depends on the type of connection and phase being faulted. The program considers the 
upstream contributions (from the 3-phase system) towards the faulted elements in the 1-phase subsystem 
by considering the impedance networks of the 3-phase system (i.e. positive, negative and zero sequence). 
The contributions from 1-phase motor loads connected in the 1-phase subsystem are not considered by the 
program. The following image shows examples of 1-phase subsystem faults: 
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Low voltage Circuit Breaker Device Duty below Panel/1-P UPS/1Ph Subsystem 
This calculation is similar to the one for LVCBs connected in a regular three-phase system. The % cycle 
network short-circuit currents are used to evaluate the breaker interrupting and momentary capability. 


Low Voltage Fuse Device Duty below Panel/1-P UPS/1Ph Subsystem 
This calculation is similar to the one for fuses connected in a regular three-phase system. The % cycle 
network short-circuit currents are used to evaluate the fuse interrupting capability. 


Medium Voltage Circuit Breaker Device Duty in 3-Ph or 1-Ph Subsystem 

The program uses the 4% cycle short-circuit current to determine the momentary and interrupting duty of 
medium voltage circuit breakers connected below Panels/UPS/1Ph subsystems. The use of the % cycle 
currents for evaluating the interrupting capability should yield more conservative results for this device. 
This simplification is applicable for both 3-phase and 1-phase medium voltage breakers. If more accuracy 
is needed, then the regular 3-phase short-circuit calculation can be used for 3-phase medium voltage 
breakers instead. 


Device Duty Evaluation on Protective Devices for Panel Internal Circuits 

In the Panel/1 Ph UPS/1Ph Subsystem Device Duty Short-Circuit Calculation, device duty evaluation also 
includes protective devices for panel internal circuits. However, in order for ETAP to carry out the 
device duty evaluation for an internal circuit, protective device parameters for the circuit must be selected 
from the ETAP Library. This can be done from the Protective Device subpage of the Schedule page of 
the Panel Editor. 
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Device Duty Evaluation for Protective Devices Connected to 3-Wire Center-Tap Systems 
For Center-Tap 3-wire systems from center-tap transformer secondary, ETAP will use the highest short- 
circuit current to evaluate 2-pole connected protective devices (PDs). That is where a 2-pole PD is 
connected, (either as a panel main CB or a PD along the feeder), ETAP will take the higher of the 1-pole 
or 2-pole short-circuit current to evaluate the device duty. In center-tap transformers, the following short- 
circuit conditions may occur: 


1. The LL (2-pole) short-circuit current can be higher than that of the L1/L2 (1-pole). This normally 
occurs for shell type (non-interlaced) 1-phase center-tap transformers. 


2. The LL (2-pole) short-circuit current can be much lower than that of the L1/L2 (1-pole). This is 
expected for core type (interlaced) 1-phase center-tap transformers. 


The 1-phase device evaluation considers both 1-pole and 2-pole fault conditions and automatically uses 
the highest one to evaluate main and feeder protective devices. The image below shows and example of 
this process where the main and feeder protective devices are evaluated based on the higher current 
between LL and L1. In previous versions of ETAP, the main and feeder breakers would be evaluated 
based only on the LL fault currents. 
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Center-Tap Transformer Impedance Model for 1-Phase Short-Circuit 
This section describes the center-tap transformer impedance model used for the calculation of the LL, L1 
and L2 short-circuit currents in 3-wire systems. 


The full-winding impedance of the transformer is defined in the impedance page of the 1-phase center-tap 
transformer. 


%Z7 = %Rrt+ % jXt 


As an example, the impedance for a 7.2 kV/240V-120V, 25 kVA transformer is shown below: 


Impedance Z Base 
AZ XR RX ux s 
1844. (0.857 1.167 12 14 — 
25 
Other 65 
| TypicalZ&X/R_ | | Typical X/R 


ETAP determines if the transformer is of “core” (interlaced) or “shell” (non-interlaced) type as defined in 
the “Info” page (see below): 


Connection 


The default type for 1-phase center type transformers is of shell type. 
Once the transformer type (or construction) is determined; its impedance (p.u.) is determined according to 
the following formulas: 


For core type [1], [3] & [4] (interlaced secondary winding construction) 


Zo = (0.5)Rr + (0.8) jXr (1) 
Z1 = Zy = (1.0)Rr + (0.4) jXr (2) 


For shell type [1] & [2] (non-interlaced secondary winding construction): 


Zo = (0.25)Rr - (0.6) jXr (3) 
Z1 = (1.5)Rr + (3.2) jXr (4) 
Zo = (1.5)Rr + (3.2) jXr (5) 


Note that per [1] & [2], the reactance multiplier for the secondary windings reactance should be 3.3 for 
(outer winding) Z; and 3.1 for (inner winding) (Z2); however, ETAP uses 3.2 (average) for both secondary 
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windings as shown in the equations above. The diagram below shows the equivalent transformer 
impedances in per-unit for each winding (where Zo is used to describe the primary winding). 


For the 7.2 kV/240V-120V, 25 kVA transformer shown in the example, the LL (240 Volts) and L1/L2 
(120 Volts) fault currents using (1) and (2) for core type construction would be (with full winding R = 
1.2% and X = j1.4%): 


oe pie 
TT 


iy 5.649 kA (LL) 


Bus8 : Ibpn 
i = ss 6 
i 764 
H 9 ka 
| ul 
| 
| Panel2 
; Z5 : ZA 
|¥8.181 kA (L1) 148.181 kA (L2) 
———s ——— 
Bus10 Bus9 
Ibr es Iben 
18 = 
4 ka 18] ke 


As can be observed, the L1/L2 fault currents in a core type transformer can be significantly higher 
because of the smaller L1/L2 impedance values in an interlaced transformer. 


For another system with the same rating 7.2 kV/240V-120V, 25 kVA transformer; the LL (240 Volts) and 


L1/L2 (120 Volts) fault currents assuming it is of shell type construction using equations (3),(4) & (5) 
would be (with full winding R = 1.2% and X = j1.4%): 
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As can be observed, the L1/L2 fault currents are slightly smaller than the LL current for shell type 1- 
phase center tap transformers. 


The calculation results of ETAP 16.0 and prior versions were similar to those of shell type transformers 
but with slightly higher L1/L2 fault current values as shown below. The method used in ETAP 16.0 was 
superseded with the equations provided in this section. The image below shows ETAP 16.0 results for a 
similar 7.2 kV/240V-120V, 25 kVA transformer with R = 1.2% and X = j1.4%. 
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References for center-tap distribution transformer impedance models: 


[1] Electric Power Generation. Transmission, and Distribution, 3" ed. Edited by Leonard L. Grigsby 

[2] W. H. Kersting, Distribution System Modeling and Analysis, 2" ed. Boca Raton, FL: CRC Press, 
2007 

[3] IEEE Std. 242-1986, IEEE recommended Practice for Protection and Coordination of Industrial and 
Commercial Power Systems table 14, pp 64. 

[4] Electric Power Distribution System Engineering, Turan Gonen, 1* ed. Copyright© 1986 - pp. 
115~122 
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Short-Circuit Calculations using Constant Current Sources 


This section is dedicated to the short-circuit calculations using constant-current injection for inverters 
(including PV array inverters), type 3 wind turbines with full or partial converters and type 4 wind 
turbines with a full converter. It provides explanations on the modeling and also examples which illustrate 
the differences in short-circuit current behavior when different options are applied. 


SC Model Page — Current Limiting Functionality 

The inverter has a short-circuit (SC) model page. The SC Model page was designed to provide a semi- 
graphical representation of the current-limiting effect and the modes of operation of the inverter when it 
operates in this mode, or when it operates within the generation mode or even when it turns off. There are 
three main modes of operation for the inverter when it is considered to operate in its current-limiting 
range: 


e Reactive Current Support 
e Real Power Support 
e User-Defined PF 


When an inverter operates in its current limiting mode, it is considered to inject a constant current into the 
network limited by the maximum value specified by the current-limiting curve. Hence it can be 
considered to be a constant-current source in terms of current magnitude but not in terms of its active and 
reactive components. The proportion of the active and reactive component of the inverter current is 
determined by one of the three available modes of operation listed above. 


The image below shows the current-limiting curve for the current magnitude: 


Generation Cat 


Vop,min Vop, max Vt 


There are three main regions of operation denoted by the curve above. 
1) When the terminal voltage of the inverter is less than Vopmin, the magnitude of the output short- 


circuit current magnitude is between Isc,min and Iscmax and it is considered to operate in current- 
limiting mode. 
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2) When the terminal voltage of the inverter is higher than Vop,min, the magnitude and power factor of 
the inverter output current are dependent on two options: 


a. If the option 100% is used for Iscmin, then the program uses 100% of the generation 
category values. 

b. If the option “OP Current” is selected for Iscmin, then the program will use the updated 
values of generation from the operating load fields. Note that this option may not be 
available is some license configurations. 


3) When the terminal voltage ends up being higher than Vopmax, the inverter will shut-off. It no 
longer supplies any current. 


Vop,min ANd Vop,max are always the positive sequence voltage at the terminals of the inverter. Iscmin, Iop, and 
Isc.max are the positive sequence current output of the inverter. 


Once the magnitude of the current is identified, the next step is to determine its mode of operation during 
current-limiting mode. The modes of operation are highlighted in the next image: 


Short-Circuit Current 
ANSI Short-Circuit 
Voltage S.C. Current 
0 % Imax 150 % 0 A 
Vop.min 90 % Imin 100 vu 0 A 


Vop max 110 4 


Reactive Current Priority 
S.C. PF Real Power Priority 


®@) User-Defined PF 


The following logic applies to the short-circuit power factor operation when the inverter operates in its 
current-limiting mode (terminal voltage is less than Vop,min): 


1) If the option selected is User-Defined PF (Power Factor) the program uses the user-specified 
power factor to determine the active and reactive components of the fault current output of the 
inverter. The generation does not have a current-limiting effect. 


2) The Real Power Priority option specifies an active power priority during the current-limiting 
operation. The generation category can limit the current along with the fault-ride-through FRT 


curves. The FRT page of the inverter includes all the options for this mode. 


3) The Reactive Current Priority option determines the power factor based on the FRT curve for the 
inverter. The generation category can limit the current. The active power takes second priority. 


One important item to consider is that the determination of the current magnitude and final power factor 
of the inverter current output is an iterative process which may have multiple solutions. The resulting 
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output current depends on the impedance between the wind turbine terminal and the fault location. For 
faults near the inverter terminals, it can be expected that the output current will be very close to Iscmax. For 
remote faults, where the terminal voltage is not zero, but still below Vopmin, there is control on the active 
and reactive power components of the output current. The iterative process is complex and it is beyond 
the scope of this discussion. The following example illustrates the concepts described up to this point 
using a simple inverter model for a type 4 wind turbine system. 


The sample system contains three 2-MW type 4 wind turbines with full inverters. Their inverter settings 
and ratings are provided in the images below. WTG1 inverter is operating in the User-Defined PF, WTG2 
inverter operates in Real Power Priority and WTG3 inverter operates in Reactive Power Priority. All three 
units have equal SC current-limiting ratings, and their only difference is their SC PF settings. 
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The first simulation consists of a three-phase fault at a remote location in the grid. The wind turbine 
inverters are operating at near 100% of their generation category (using Normal generation category). The 
positive sequence inverter terminal voltage, obtained using an iterative short-circuit process, is 
approximately 35.21%. With this voltage, it is expected that all three wind turbines operate in their 
current-limiting region. Also, according to their current limiting curve, for a 35.21% terminal voltage the 
wind turbines should output approximately 130% of FLA (or 2.95 kA) short-circuit current. The 
simulation results are shown below. 
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The second simulation is similar with the exception that this time all wind turbines are operating at only 
20% of their generation capacity under their winter generation category. Under this generation condition, 
the active power is limited and thus some of the units cannot provide the same amount of short-circuit 
current output (based on design this is WT'G2 and WTG3). The second short-circuit iterative solution 
results ina WTG terminal voltage of approximately 37%. Note that not all three wind turbines output the 
same current magnitude. 
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The output current of WTG1 inverter appears to be only limited by its current magnitude since its output 
value is identical to that of the previous step (~2.93 kA). This is true since by design for User-Defined PF 
mode the output current is only limited by the current-limiting curve. On the other hand, WTG1 and 
WTGQ2 inverters have reduced short-circuit current output. This is caused by the fact that only 20% of 
their rated active power is available for generation. 


The effect of the PF control modes can also be judged by the active and reactive power injection for each 
wind turbine. The active and reactive power (P, Q) output reveals different power factors at the output of 
each wind turbine inverter. 


For WTG1 inverter: the calculated PF is approximately 33% 
For WTG2 inverter: the calculated PF is approximately 54% 
For WITG3 inverter: the calculated PF is approximately 54% 


The difference in PF is caused by the active power priority and the different reactive component current 
limits being enforced by their SC PF modes. The modes with active and reactive power priority result in a 
higher overall power factor. 


The third simulation consists of a more remote fault. The fault is so far into the grid that the wind 


turbine inverters only experience approximately a 5% voltage drop at their terminals. The wind turbine 
inverters are still operating under their winter generation category where only 20% of the rated MW is 
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available. As can be seen in the results below, the iterative SC solution shows the wind turbines only 
generate about 20% of their FLA (453 out of 2226 Amps). 
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The fourth simulation may seem a bit impractical, but under some circumstances the fault location may 
cause the inverter terminal voltage magnitude to be above Vop,max. Under this condition, the wind turbine 
inverters shut-off. This condition is detected by the iterative short-circuit engine by first placing the fault 
without the wind turbine inverters in the system. Next, the fault is repeated with the inverters in place, and 
if the inverter current contribution (based on the given generation condition), causes the terminal voltage 
to rise above Vopmax, the inverters shut-off to prevent the over-voltage condition. The output current of the 
wind turbine inverters becomes zero in this case. 
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The fifth simulation shows the effect of a fault at the inverter terminal bus. Under this condition, the 
terminal current is always limited by I,.max even when reduced generation conditions are considered since 
the terminal voltage is zero. The results for this simulation are provided below where it can be seen that 
all three inverter units output maximum current of 3.396 kA. 
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FRT Model Page - Reactive Current Control 

The FRT Page of the inverter, PV inverter, type 3 and 4 wind turbine inverters is used to determine the 
reactive current injection during a fault. The FRT Page contains a seat of leading and lagging reactive 
power limits used by the iterative short-circuit engine to determine the reactive power injection during the 
fault. 


The FRT Page of the inverter is shown below. It contains a group of controls where the Iq limits can be 
specified. This discussion will be limited to the leading (or injecting reactive power) model since the 
lagging (or absorbing reactive power mode) is rarely or never engaged during practical short-circuit 
conditions. 
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The following logic applies to the FRT reactive current control: 


1) The reactive power injected into a fault is determined based on the FRT limits as long as the 
terminal output short-circuit current magnitude of the inverter does not exceed the current- 
limiting range. 


2) The FRT control only applies during the current limiting range (i.e. does not have an effect when 
the inverter terminal voltage is above Vop min. 


3) The active power injection takes priority when the real power priority mode of operation is 
selected on the SC model page. 


The sixth simulation illustrates the effect of the FRT on the reactive power injected by the inverter 
during the fault. The same system used for simulation number two can be used, but this time the inverter 
connected to WTG3 is configured with a very low-leading reactive power injection setting as shown in 
the image below. (Note that WTG1 and WTG2 inverter FRT settings are the same and are shown in the 
image above). 


Wind Turbine Generator - WTG3 =| 


Info | Rating | Imp/Model | SC Model} FRT | Turbine | Wind | Controls | Inertia | Time Domain | Reliabili| * | * 


[Generic O.6kV 2MW Voltage Control 


FRT Reactive Current Control 


Dead Band 
-10 %— 10 


Current Limits (iq) 


Lagging 30 


Reactive |/Voltage 
Absorbing Q 


di/dV 2 pu 


The results for the simulation (see image below) show that the WTG3 inverter has a considerable 
reduction in short-circuit current contribution towards the faulted bus. This reduction is caused by the low 
reactive current injection setting, which is only about 40% of its rated value. This drop in reactive power 
injection causes the terminal voltage of the WTG inverters to drop to approximately 24%. The current 
output from WTG1 and 2 increases, because their inverters sense a lower voltage than that obtained in the 
second simulation. 
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PG1 
895.47 MVAsc 


0 aed 
0 % 


Remote Location 423-97 kA -87.14 deg 
kv 


22 


#0.199 kA -58.33 deg 


Linel "4.244 
9 
T7 
10 MVA 
46 aes 
WIG Terminal Bus 93 % 9 
O26 KY 47.287 KA -28.33 deg 24° 


> 


43.094 kA -48.46 deg 


2.774 kA -24.69 deg|#1.842 kA 0.545 deg 


WTG1 WTG2 WTG3 
2 MW 2 MW 2 MW 


WTG3 inverter 1.842 kA of output current is composed of 20% active power generation plus 
approximately 40% of its rated reactive power output. This output power is not enough to cause the 
inverter current output to hit the magnitude current-limiting value specified under the SC model page 
(which at 24% voltage would be approximately 3.094 kA). 


SC Model for Inverters (including PV), WTG Type 3 and Type 4 

The same principles for constant current injection with active and reactive current controls provided for 
the inverter are used for regular inverters, PV inverters, WIG type 4 and WIG type 3 (with no crowbar). 
This section provides some additional considerations for these elements. 


The elements which share this behavior are shown in the image below: 


A A 


WIG Type 3 (No Crowbar) WIG Type 4 


PV Inverter Inverter 


Single-phase inverters and UPS units do not share this behavior and still maintain their existing voltage 
behind impedance model for short-circuit calculations. 
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SC Model for Constant-Current Sources during Unbalanced Faults 

The constant current injection is a function of the positive sequence current and voltage. The constant- 
current injection and control schemes indicated under the SC model and FRT tabs of the elements that 
support constant-current operation apply control on the positive sequence current. The control feedback 
voltage is the positive sequence voltage at the terminals of the element. The diagram below shows a 
rendering of the constant-current control applied to the positive sequence impedance network only. 


Zero Seq 


The behavior of negative and zero sequence currents are also affected by the type of technology being 
modeled in the short-circuit simulation. For example, full-converter (or inverters) of wind-turbine units 
are modeled as positive sequence injection only. There is no negative or zero sequence current flows. 
Unlike WTG type 4 inverters, WIG Type 3 with partial or full-size converters may experience negative 
or zero sequence current flows. The diagram above shows a positive current injection with negative 
current flow and no zero sequence current (WTG Type 3). 


The positive sequence voltage magnitude and angle change depending on the type of fault. LG, LL and 
LLG faults will induce different positive sequence voltage magnitudes at the terminal of the constant- 
current injection elements. The following diagram represents a LL (line-to-line) sequence impedance 
diagram involving a constant-current injection element: 
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ca i{v) Pos. Seq Neg. Seq 


These different voltages may require the use different positive sequence voltage criteria for determining 
the current-injection. There are some advanced settings available through the ETAP Options 
(Preferences) editor for the configuration of the magnitude of positive sequence voltage used to determine 
the current injection angle for each source. The entries are highlighted in the image below. 


Options (Preferences) 


Calculation Timeout (SC) 600 
IEC Short Circuit Mesh Determination Method 2 
Include Machine FLA Based on Maximum Through 1 
Print IEC Short Circuit Adjustment Factor 0 
SCIEC-61363 Phase A current plot label text A 
SCIEC-61363 Phase B current plot label text B 
SCIEC-61363 Phase C current plot label text Cc 
Voltage limit for 3-phase fault 

Voltage limit for LG fault 

Voltage limit for LL fault 

Voltage limit for LLG fault 


> Star ; 
“ign & Fauilt ay 


The LLG positive sequence voltage is generally the highest one and thus the current-injection control 
angle is determined using a higher voltage threshold (0.5 p.u.). The main effect of these entries is that if 
the positive sequence voltage at the terminal is less than the threshold then the constant-current injection 
is referred to voltage using a fixed angle (typically 0 degree). Angle shifts are also possible depending on 
the settings specified in the SC Standards page “WTG/Inverter Control Adjustment Angle” group of 
settings. The terminal voltage positive sequence voltage angle used to determine the current injection can 
be shifted from zero using either a global angle or an individually-specified angle at each element. 
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This is the voltage limit, in pu (based on source rated kV), for determining terminal bus positive sequence 
voltage angle reference for the constant-current sources. For each fault location, ETAP first calculates the 
system voltage without current sources. If the terminal voltage is higher than or equal to the threshold, the 
current injection from the source is with respect to the bus voltage angle under the fault; otherwise, the 
current injection is with respect to the bus prefault voltage angle. 


Auto-Trip (Enable Check Box) 


This check box enables the Auto Trip feature; which is used to model the behavior of constant current 
sources during a fault (short-circuit or arc fault) in the power system. The feature can be used to model 
the automatic shut off based on the internal protection which may be available for constant current 
sources such as inverters, PV inverters, WTG type 4 and WTG type 3 (with no crowbar). 


When enabled, this feature helps the arc-flash program (which is the only module that considers this 
option) to determine which constant current sources may automatically shut off during an arc fault. 


Trip Time 

This field is used to specify how long it would take the internal protection of the constant current source 
to operate when a fault occurs in the power system. By default this field is set to 0.166 sec and has a range 
of 0.004 sec to 99999 sec. 


V shut-off 

This field specifies the machine terminal voltage threshold (in percent) used to determine if the inverter 
should shut off. In other words, if the terminal voltage is below the specified value, then the inverter may 
shut-off. 


2 Wind Turbine Generator - WTG5S x 


Info Rating Imp/Model SC Model FRT Turbine Wind Controls Pitch Control Inertia Time Do| * | * | 


Generic O6kV O5MW Voltage Control 
Short-Circuit Current 
[1 Crowbar Activated Under Fault 
ANSI Short-Circuit IEC Short-Circuit 

Voltage S.C. Current iaies 

0 |x tmax{ 150 x [ 849 ek 
150 

Vopmin| 90 |% — Imin[100 v]x [566 Ja (MisetP 
Vopmax| 110 |% \(1)sk2PF 150 
O Reactive Current Support IkPFmax 125 
S.C. PF © Real Power Support IkPFmin 100 


@ User-Defined PF 20 <4 


Auto Trip 


Trip Time |0. 


V shut-off 


Isc, min }-- 


Generation Cat 


Vop,min Vop, max vt 


BOs Wwe > ae [0K | | concet 
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Logic for Auto Trip Determination 


ANSI Min Short Circuit (30 Cycle): 
The constant current source does not contribute to the fault if the following conditions are met: 


a. The terminal voltage is less than “V shut-off” 
b. The “Trip Time” is less than 0.5 sec (30 cycles @ 60 Hz) 


ANSI Half, Four and IEC Arc-Flash: 
The constant current source is not treated as a source when: 


a. The terminal voltage is less than “V shut-off” 
b. The “Trip Time” is less than 0.5 sec (30 cycles @ 60 Hz) 


ANSI Arc Flash Decay: 
The constant current source is not treated as a source and is not considered when calculating the steady- 


state currents if the following conditions are met: 


a. The terminal voltage is less than “V shut-off” 
b. The “Trip Time” is less than the “Steady State Ibf at” time specified in the arc-flash study case. 
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15.7 IEC Calculation Methods 


ETAP provides two Short-Circuit Calculation Methods based on ANSI/IEEE and IEC Standards. You 
can select the calculation method from the Short-Circuit Study Case Editor. This section describes the 
IEC Standard Method of Calculation. 


Standard Compliance 


ETAP short-circuit calculation per IEC Standards fully complies with the latest IEC documentation as 
listed below: 


Standard Pub. Year Title 
TEC 62271-100 2003 High-voltage switchgear and controlgear — Part 100: High-voltage 
alternating-current circuit breakers 


TEC 62271-200 2003 High-voltage switchgear and controlgear — Part 200: AC metal- 
enclosed switchgear and controlgear for rated voltages above 1 kV and 
up to and including 52 kV 


IEC 62271-203 2003 High-voltage switchgear and controlgear — Part 203: Gas-insulated 
metal-enclosed switchgear for rated voltages above 52 kV 

IEC 60282-2 1997 High-voltage fuses — Part2: Expulsion fuses 

IEC 61363-1 1998 Electrical installations of ships and mobile and fixed offshore units — 
Part 1: Procedures for calculating short-circuit currents in three-phase 
a.c. 

IEC 60909-0 2016 Short-Circuit Currents in three-phase a.c. systems - Part 0: Calculation 


of Currents 


IEC 60909-1 2002 Short-circuit currents in three-phase a.c. systems - Part 1: Factors for 
the calculation of short-circuit currents according to IEC-60909-0 


IEC 60909-2 1992 Electrical equipment - Data for short-circuit current calculations in 
accordance with IEC 60909 (1988) 


IEC 60909-4 2000 Short-circuit currents in three-phase a.c. systems Part 4: Examples for 
the calculation of short-circuit currents 


IEC 60947-1 2004 Low voltage switchgear and control gear, Part 1: General rules 


TEC 60947-2 2003 Low voltage switchgear and control gear, Part 2: Circuit breakers 


These standards are for short-circuit calculation and equipment rating in AC systems with nominal 
voltages operating at 50 Hz or 60 Hz. They cover 3-phase, line-to-ground, line-to-line, and line-to-line-to- 
ground faults. 


IEC 60909 and the associated standards classify short-circuit currents according to their magnitudes 
(maximum and minimum) and fault distances from the generator (far and near). Maximum short-circuit 
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currents determine equipment ratings, while minimum currents dictate protective device settings. Near-to- 
generator and far-from-generator classifications determine whether or not to model the AC component 
decay in the calculation, respectively. 


IEC 61363-1 Standard calculates the short-circuit current as a function of time and displays its 
instantaneous values using the machine’s subtransient reactance and time constants. This provides an 
accurate evaluation of the short-circuit current for sizing protective devices and coordinating relays for 
isolated systems such as ships and offshore platforms. 


General Description of Calculation Methodology 


In IEC short-circuit calculations, an equivalent voltage source at the fault location replaces all voltage 
sources. A voltage factor c is applied to adjust the value of the equivalent voltage source for minimum 
and maximum current calculations. 


All machines are represented by their internal impedances. Transformer taps can be set at either the 
nominal position or at an operating position, and different schemes are available to correct transformer 
impedance and system voltages if off-nominal tap setting exists. System impedances are assumed to be 
balanced 3-phase, and the method of symmetrical components is used for unbalanced fault calculations. 


Zero sequence capacitances of transmission lines, cables and shunt admittances can be considered for 
unbalanced fault calculations (LG and LLG) if the option in the study case is selected to include branch Y 
and static load. This means that the capacitances of static loads and branches are considered based on IEC 
60909-0 2001. The basic model used to consider these shunt admittances is shown below: 


Z=R+jX 


bole 


Y 
2 


Shunt Admittance Model 


Calculations consider electrical distance from the fault location to synchronous generators. For a far- 
from-generator fault, calculations assume that the steady-state value of the short-circuit current is equal to 
the initial symmetrical short-circuit current and only the DC component decays to zero. However, for a 
near-to-generator fault, calculations count for decaying in both AC and DC components. The equivalent 
R/X ratios determine the rates of decay of both components, and different values are recommended for 
generators and motors near the fault. 


Calculations also differ for meshed and unmeshed networks. The factor «, which is used to multiply the 


initial short-circuit current to get the peak short-circuit current ip, is defined differently for different 
system configurations and the methods selected to calculate the R/X ratios. 


Definition of Terms 
IEC Standards use the following definitions, which are relevant in the calculations and outputs of ETAP. 
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Initial Symmetrical Short-Circuit current (I) 
This is the rms value of the AC symmetrical component of an available short-circuit current applicable at 
the instant of short-circuit if the impedance remains at zero time value. 


Peak Short-Circuit Current (ip) 
This is the maximum possible instantaneous value of the available short-circuit current. 


Symmetrical Short-Circuit Breaking Current (Ip) 
This is the rms value of an integral cycle of the symmetrical AC component of the available short-circuit 
current at the instant of contact separation of the first pole of a switching device. 


Steady-State Short-Circuit Current (Ix) 
This is the rms value of the short-circuit current, which remains after the decay of the transient 
phenomena. 


Subtransient Voltage (E”) of a Synchronous Machine 
This is the rms value of the symmetrical internal voltage of a synchronous machine which is active behind 
the subtransient reactance Xq” at the moment of short-circuit. 


Far-From-Generator Short-Circuit 
This is a short-circuit condition during which the magnitude of the symmetrical AC component of 
available short-circuit current remains essentially constant. 


Near-To-Generator Short-Circuit 

This is a short-circuit condition to which at least one synchronous machine contributes a prospective 
initial short-circuit current which is more than twice the generator’s rated current, or a short-circuit 
condition to which synchronous and asynchronous motors contribute more than 5% of the initial 
symmetrical short-circuit current (I”.) without motors. 


Subtransient Reactance (Xq”) of a Synchronous Machine 
This is the effective reactance at the moment of short-circuit. For the calculation of short-circuit currents, 
the saturated value of (Xqa’”) is taken. 


According to IEC Standard 60909-0, the synchronous motor impedance used in IEC short-circuit 
calculations is calculated in the same way as the synchronous generator. 


Zk= Ke(R+ Xa”) 


kVn Cmax 
Ke= kVr(1+X"d sin or) 


where kVn and kVr are the nominal voltage of the terminal bus and the motor-rated voltage, respectively, 
Cmax is determined based on machine-rated voltage, Xa” is machine subtransient reactance (per unit in 
motor base), and qr is the machine-rated power factor angle. 


Minimum Time Delay (Twin) of a Circuit Breaker 

This is the shortest time between the beginning of the short-circuit current and the first contact separation 
of one pole of the switching device. 

The time delay (Tin) is the sum of the shortest possible operating time of an instantaneous relay and the 
shortest opening time of a circuit breaker. Minimum time delay does not include the adjustable time 
delays of tripping devices. 
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Voltage Factor c 
This is the factor used to adjust the value of the equivalent voltage source for minimum and maximum 
current calculations according to the following table: 


Voltage Factor c (+ 6% voltage tol) 
For Maximum Short-Circuit For Minimum Short-Circuit 


Current Calculation Current Calculation 
Nominal Voltage Un Cmax Cmin 
Others < 1000 V 1.05 0.95 
Medium voltage: > 1 kV to 230 1.10 1.00 
kV 
High voltage: > 230 kV 1.10 1.00 
Voltage Factor c (+ 10% voltage tol) 
For Maximum Short-Circuit For Minimum Short-Circuit 
Current Calculation Current Calculation 
Nominal Voltage Un Cmax Cmin 
Others < 1000 V 1.10 0.90 
Medium voltage: > 1 kV to 230 1.10 1.00 
kV 
High voltage: > 230 kV 1.10 1.00 


For more detailed information please refer to IEC 60909-2016 Table 1. 


ETAP provides three (3) options for you to select the c factors in the Short-Circuit Current Group of the 
Standard Page of the Study Case: 


e Max: If this option is selected, the maximum values given in the Cmax column are used.\ 


e User-Defined c Factors: If the User-Defined c Factor option is selected, the user specified c factor 
values will be used. The user-defined values must be in the range between the values given in the 
Cmax ANd Cmin Columns. ETAP allows the c Factors to be higher or lower than Cmax and Cmin to help 
comply with some regional standard adaptations of IEC 60909 which may require higher or lower 
values of the c Factors. 


e Min: If the Min option is selected, the minimum values given in the Cmin column will be used in 
the calculation. 
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Calculation Methods 


Initial Symmetrical Short-Circuit Current Calculation 
Initial symmetrical short-circuit current (1”x) is calculated using the following formula: 


cU,, 


= ae 


Where Zi is the equivalent impedance at the fault location 


I", 


Peak Short-Circuit Current Calculation 
Peak short-circuit current (ip) is calculated using the following formula: 


eer " 
i, =v2KI", 

where k is a function of the system R/X ratio at the fault location 

IEC Standards provide three methods for calculating the k factor: 

e Method A - Uniform ratio R/X. The value of the k factor is determined from taking the smallest ratio 
of R/X of all the branches of the network. Only branches that contain a total of 80 percent of the 
current at the nominal voltage corresponding to the short-circuit location are included. Branches may 
be a series combination of several elements. 

e Method B - R/X ratio at the short-circuit location. The value of the k factor is determined by 
multiplying the k factor by a safety factor of 1.15, which covers inaccuracies caused after obtaining 
the R/X ratio from a network reduction with complex impedances. 

e Method C - Equivalent frequency. The value of the k factor is calculated using a frequency-altered 
R/X. R/X is calculated at a lower frequency and then multiplied by a frequency-dependent 
multiplying factor. 

Symmetrical Short-Circuit Breaking Current Calculation 


For a far-from-generator fault, the symmetrical short-circuit breaking current (I,) is equal to the initial 
symmetrical short-circuit current. 


r, =[", 


For a near-to-generator fault, I, is obtained by combining contributions from each individual machine. I, 
for different types of machines is calculated using the following formula: 
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Fis ul oe for synchronous machines 
b = W 
ql! k for asynchronous machines 


where pi and q are factors that account for AC decay 


They are functions of the ratio of the minimum time delay and the ratio of the machine’s initial short- 
circuit current to its rated current, as well as real power per-pair of poles of asynchronous machines. 


IEC Standards allow you to include or exclude AC decay effect from asynchronous machines in the 
calculation. 


DC Component of Short-Circuit Current Calculation 
The DC component of the short-circuit current for the minimum delay time of a protective device is 
calculated based on initial symmetrical short-circuit current and system X/R ratio: 


. ft. 
Lue = 1,V 2exp _ 2 Fon 
X/R 


Where f is the system frequency, tmin is the minimum delay time of the protective device under concern, 
and X/R is the system value at the faulted bus. 


ETAP plots the dc component of the fault current vs. time. The Ig- component is printed in the “Breaking 
and DC Fault Current (kA)” section of the short-circuit report for each fault location. The currents in this 
report are always based on the total bus fault current. 


Asymmetrical Short-Circuit Breaking Current Calculation 

The Asymmetrical Short-Circuit Breaking Current for comparison with circuit breaker rating is calculated 
as the rms value of symmetrical and DC components of the short-circuit current. 

ETAP plots the asymmetrical breaking current at every bus starting from 0.01 until 0.3 sec. This 
information can be used in the selection of the circuit breaker breaking current depending on the tmin value 
of the device. The Ipasymis printed in the “Breaking and DC Fault Current (kA)” section of the short-circuit 
report for each fault location. The currents in this report are always based on the total bus fault current. 


Steady-State Short-Circuit Current Calculation 
Steady-state short-circuit current Ix is a combination of contributions from synchronous generators and 
power grid. I, for each synchronous generator is calculated using the following formula: 

Lira Zee 

Dic min 7 mint rG 


where J is a function of a generator’s excitation voltage, ratio between its initial symmetrical short-circuit 
current and rated current, other generator parameters, and Iic is the generator’s rated current. 


The steady-state short-circuit current calculated is dependent on the option selected for Short-circuit 
current in the Study Case. If the Max and User-Defined c Factor is selected, the maximum steady-state 
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current short-circuit is reported. If the Min option is selected, the minimum steady-state short-circuit 
current is reported. 


This maximum steady-state short-circuit current is used to determine minimum device ratings. The 
minimum steady-state short-circuit value is used for relay coordination purposes in preventing the 
occurrence of nuisance trips and loading deviations. 


Meshed and Non-Meshed Network 

According to IEC 60909-0 Standard, short-circuit contributions from meshed and non-meshed sources are 
calculated differently regarding various factors and R/X ratio. In ETAP calculations, the short-circuit 
contribution in the following cases is considered as from a non-meshed network: 


e A contributing machine is connected directly to the faulted bus. 


e A contributing machine is connected to the faulted bus through a radial network in which the machine 
is the only source making short-circuit contributions to the faulted bus. 


In all other cases, the short-circuit contributions are considered as from a meshed network. 


Adjustment of I, 
According to IEC Standard 60909-0, to improve accuracy of Ip calculation for a near-to-generator three- 
phase short-circuit in a meshed network, the breaking current can be adjusted for decay in Ip from 
synchronous and induction machines based on Equation (77) of the standard. This adjustment will reduce 
I, slightly from I”. 


In ETAP, this adjustment is implemented according to Equation (77) for each sub-network that has near- 
to-generator short-circuit contributions to the faulted bus. A sub-network with respect to a given faulted 
bus includes all elements that are connected together, except through the faulted bus. When a sub-network 
has multiple contributions to a faulted bus, the total I, adjustment (a phase value) is distributed among all 
contributions from the sub-network based on the phase ratio of individual I,” contribution over total I,” of 
all the contributions from the sub-network. 


Modeling of Power Station Unit 


According to IEC Standard 60909-0, Sections 6.7, the impedance of a power station unit needs to be 
modeled with special considerations. Depending on where the fault location is in the system and if the 
unit transformer has on-load tap-changer, the impedance values of the generator and unit transformer will 
be adjusted by different factors. 


Designation of a Power Station Unit 

To specify a synchronous generator and a two-winding transformer as a power station unit, check the 
“Unit Transformer for Generator” option in the Tap Page of the 2-Winding Transformer Editor and select 
the generator in the list next to this field as the Unit Generator. 


Note: A generator can be selected as a unit generator for only one unit transformer. 
In short-circuit calculation, the generator and the transformer specified as a pair for a power unit will be 
modeled as a power unit only when both the generator and the transformer are energized. If the 


transformer is not energized, the generator will be modeled as a regular generator. If the generator is not 
energized, the transformer will be modeled as a network transformer. The generator and the transformer 
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specified as a pair for a power unit must also be connected either directly or through branches other than 
transformers; otherwise, they will be modeled as a regular generator and a network transformer. 


Network Bus, Connecting Bus and Auxiliary System Bus for a Power Station Unit 
According to IEC Standard 60909-0, “The generator and the transformer in a power station unit will be 
modeled differently depending on the fault location.” In ETAP, a faulted bus can be classified as one of 
three types with respect to a power station unit: a network bus, a connecting bus, and an auxiliary system 
bus. 


A connecting bus for a power station unit is the bus on the shortest connecting path between the unit 
generator and the unit transformer. ETAP automatically determines the connecting path and connecting 
buses for a power station unit. 


An auxiliary bus is a bus that is in the auxiliary system of a power station unit, but not a connecting bus. 
The auxiliary system includes all the elements that are connected to the connecting buses without going 
across the unit transformer. 


Network buses are all the rest of the buses that are neither connecting buses nor auxiliary buses. 
Note: Bus type designation is with respect to a given power station unit. For the system given below, 
generator Unit-Gen and transformer Unit-XFMR form a power station unit. For this power station unit, 


Gen-Bus is the connecting bus for the power station unit. Auxiliary system buses include Aux-Bus-1 and 
Aux-Bus-2. The rest pf the buses are all network buses. 
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Unit-Gen 
zoo MW 


Ul 200 MV¥Asc 
Gen-Bus 


21 kV 


Unit -XFMR 
250 MVA 


Bus-1 
220 kV 


Bus-Z 


110 kV¥ T4 


5 MVA 


4Aux-Bus-Z 
10 kV 
Bus-3 
110 kV 
Bus-4 Bus-5 
Lump5S Lump4 
10 MVA 10 MVA 
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Wind Power Station Units 


Wind power station units can be modeled per section 6.8 of IEC 60909-2016 by using the options shown 
in the image below. Note that unlike the power station units for synchronous generators ETAP is not 
checking for valid network configurations of wind power station units. Users are responsible for selecting 
the correct unit transformer from the Tap page of the two-winding transformer. 


Power Station 


(¥] Unit Transformer for Generator WTG1 - | | Tap Optimization ... 


Generator 
@ WTG 
PVA / Inverter 


For methodology on different types of wind turbine models, please refer to sections 6.8.2, 6.8.3 and 6.9. 
The SC Model page of the wind turbine can be used to specify doubly-fed and full size converter 
(constant-current injection) wind turbine technology. The image below shows an example of WTGs with 
different technology: 


For wind turbines using asynchronous generators (induction generators), the WTG editor Imp/Model page 
determines their short-circuit contribution. 


IFC 


Wind Turbine Generator - WTG1 [33 | 


[info | Rating | Imp/Mode! | Turbine | Wind | Controls | Pitch Control | inertia | Time Domain | Relabilty | Ri * |» 


[Generic O6kV 2MW Induction Generator 
Locked Rotor ANSI Short-Circuit Z Parameters 
Xse 
LRC 625.4 % @StaMF | 2576 | 1/2cy Xo 16667 x2 16.667 
PF 3099 % D Xsc 38.639 | 15-4cy WR 9.266 Td’ 0.066 


Grounding 
—— 


Connection |/§7] Type |Open x] 


Earthing Type [IT Individual] 7] Pstibuted 


Model 


Single2 - Single-cage with deep-bars 


Xefl = 15.63 is 


1s 3 
Xiir = 4.34 109: Ritter ed so | 400 


Pair = 2.24 0 —— + 0 bo 
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For wind turbines with doubly-fed asynchronous generators (with crowbar) the IEC Short-Circuit section 
of the SC Model determines their short-circuit current. 


Wind Turbine Generator - WTG1 | 3 | 


[Info | Rating | Imp/Model | SC Model | Turbine | Wind | Controls | Pitch Control | Inertia | Time Domain | R «| > 


[Generic O6kV 2MW Voltage Control 
Short-Circuit Current 
¥) Crowbar Activated Under Fault 
ANSI Short-Circuit IEC Short-Circuit 
Crowbar & Chopper Resistance 0 4 


iWDmax 350 % FLA 
kWD 17 
RwWD/XwD OO. 
uwD 1.03 

IkWDmax 150 %FLA 


IkWDmin 100 % FLA 


The values of these impedances are used by ETAP to find an equivalent impedance used to determine the 
contribution of the power station generator towards a fault on the primary or secondary side of its unit 
transformer. iWDmax, kWD, RWD/XWD and WD are used to find the initial symmetrical current. 
IkWDmax and IkWDmin are used to determine the steady-state contribution from the WTG power 
station. 


For doubly-fed asynchronous generator with full size converter (i.e. converter which can be used for 


current output regulation where the crowbar is not needed to limit the current) the model SC page and 
FRT pag determine the power station current contribution: 
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Wind Turbine Generator - WTG1 


Info__| Rating | imp/Model | SC Model 


Short-Circuit Current 


ANSI Short-Circuit 


Vopmax 110 % 


Isc, Max fs 


[33 | 


FRT | Turbine | Wind | Controls | Pitch Control | Inertia | Time Do * | * 


[] Crowbar Activated Under Fault 


Vop.min 90 % — Imin 100 


Vop,min 


Voltage S.C. Current 


50 Oy 


© Reactive Current Support 
S.C. PF © Real Power Support 
@ User-Defined PF 


20 % 


Generation Cat 


Vop, max 


IEC Short-Circuit 

% FLA 

IskPF 150 

I(1}sk 1PF 150 

\(1)sk2PF 150 

IkPFmax 125 

IkPFmin 100 

[© Auto Trip 

Control Adjustment Angle 


Generic O0.6kV 2MW Voltage Control 


Seb ews 


=|) all 


(cia (cen 


Note that the IEC short-circuit contribution of the wind power station generator is determined based on 
the magnitudes of current specified in the IEC Short-circuit section. IskPF is for 3-phase faults, I(1)sk1PF 
for line-to-ground and line-to-linet-toground faults and I(1)sk2PF for line-line faults. IkPFmax for steady- 
state current and finally IkPFmin for minimum steady-state currents. Please refer to the constant-current 
injection section of this chapter for more details. 
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Power Station Units with full size converter 

To model the power station units with full size converter in ETAP, make the selection in the Tap page of 
the two-winding transformer. A full size inverter or WTG can be selected there to make a generator / unit 
transformer pair. 


For full-size (fully decoupled WTG terminals from a.c. system) the SC model and FRT pages denote the 
behavior of the power station during faults. Please refer to the constant-current injection section of this 
chapter for more details. 


Wind Turbine Generator - WTG1 xs) 


[info [Rating | imp/Model| SC Model |FRT [Turbine | Wind Controls [ inetia | Time Domain | Reliab * | > 


| Generic O6kV 2MW Voltage Control 
Short-Circuit Current 
ANSI Short-Circuit IEC Short-Circuit 
Voltage S.C. Curent sce 
150 
0 % Imax 150 <3 3396 A ak 
150 
Vopmin 90% min 100 y] (zee a || MoeeiPr 
\(sk2PF «150 
© Reactive Curent Support IkPFmax 125 
SC. PF Real Power Support IkPFmin 100 
User-Defined PF 
Auto Trip 
A It 


Control Adjustment Angle 


Generation Cat 0 Deg 


- > 
0 Vop,min Vop, max vt 
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Turbine | Wind [canis ins canteen Leena | 


FRT Reactive Current Control 
Dead Band 
-10 <— i % 
Current Limits (Iq) 
Leading 100 | x 
Lagging 30 % 
Reactive |/Voltage 
dl/dV 2 pu 


- [info | Rating | Imp/Model | SC Model | FRT 
Generic O6kV 2MW Voltage Control 


The user is responsible to make the proper selection to specify the full size converter and unit transformer 


pair per section 6.9. 


Power Station 
©) Un anomer Geert 


©) Generator 
©WTG 
@ PVA / Inverter 


() Generator 


@ WTG 
© PVA/ Inverter 
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IEC Short-Circuit Mesh Determination Method 


IEC Standards have published different benchmark sample calculation results based on IEC Standard 
60909-0 2001. These calculation examples have been published in IEC Standard 60909-4 2000 and are 
described in detail in Sections 3.1, 4.1, 5.1 and 6.1 of IEC 60909-4. These examples appear to have been 
created mostly for hand-calculation (except for Example 4), and one problem which arises because of 
these multiple solutions is that they do not establish a single calculation method which produces 
consistent results for all four (4) examples for a computer-based solution. Because of these 
inconsistencies in the standard, certain calculation assumptions have been added to ETAP’s short-circuit 
program in order for the results to match those published in these four (4) examples. 


These calculation preferences affect the selection of calculation methods for Idc, Ib and Ik. One of the 
most important causes of the inconsistencies in the standard is the method used to determine the meshed 
or non-meshed (radial) parts of the systems. This determination is very important since the results are 
affected considerably once this determination is made. 


Meshed/Non-Meshed Systems 

A meshed system can be considered a looped system or one that has multiple source contributions meshed 
together through the same contributing branch. A non-meshed system is defined as a radial system or one 
which has only one contribution passing through a branch towards the faulted bus. The following images 
illustrate the concept of meshed and non-meshed as described by IEC Standard 60909-0 2016: 


Yo 


Pa 
ya 
4 
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IEC 60909-4 


IEC 1283/2000 


IEC 60909-0 


The areas enclosed in red color represent the Meshed contributions in this system towards the faulted 
buses. The areas enclosed in green color represent the Non-meshed (radial) contributions to their 
connected bus. In other words, the contributions of G2, G1, G3, M3 and M2 are considered to be non- 
meshed as long as the fault is placed at the bus to which they are connected. These same contributions 
could be handled as meshed contributions to faults in other parts of the system. 


These engineering calculation preferences can be modified by changing the value of the entry IEC Short- 
Circuit Mesh Determination Method from the ETAP “Options (Preferences)” menu. 


cr ' 
Options (Preferences) =) 


4 Short Circuit a 


Consider Motor Decay 


IEC Short Circuit Mesh Determination Method 


Include Machine FLA Based on Maximum Through 1 
Print IEC Short Circuit Adjustment Factor 0 


Calculation Timeout (SC) 600 
0 
2 


This entry can take on the value of “0”, “1” or “2”. 


IEC Short-Circuit Mesh Determination Method = 0 

For a faulted bus, ETAP checks if any contributions can be classified as Meshed network contributions. If 
any contribution to a faulted bus is indeed classified as “Meshed”, then all contributions to the bus will be 
treated as if they are coming from a meshed network. If none of the contributions can be classified as 
Meshed, then all the contributions are treated as coming from Non-meshed parts of the system. In Figure 
16 above, all buses can be classified as meshed since meshed contributions are part of every bus faulted 
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bus in the system. In Figure 12, all the contributions would be considered as Non-meshed since none of 
them are considered to be Meshed. 


IEC Short-Circuit Mesh Determination Method = 1 

For a faulted bus, meshed or non-meshed contributions are determined based on individual contributions. 
That is, for non-meshed contributions, ETAP uses individual branch R/X ratios. For all the meshed 
network contributions it uses the R/X of the equivalent meshed part of the system. For Figure 16, the 
program will determine that the contributions of G1 and G2 are non-meshed for a fault at Bus 4 and 3. 
The rest of the contributions to these faulted buses will be handled as meshed. 


IEC Short-Circuit Mesh Determination Method = 2 

If a faulted bus is part of a PowerStation unit group (generator, unit transformer and auxiliary load 
connecting bus), then ETAP will handle this part of the system with the methodology described for option 
= 1. If the faulted bus is outside the PowerStation group (network bus), then ETAP will handle the 
meshed/non-meshed determination as if option = 0 had been selected. 


Impact of the Meshed/Non-Meshed Determination on Ib, Ik and Idc 

Once the program has determined the meshed and non-meshed parts of the system, then it makes some 
decisions based on this for calculating the value of Ib, Idc and Ik as described throughout IEC Standard 
60909-0 2001. 


1) Ide: If the branch contribution is considered to be coming from a non-meshed source, then the 
R/X of the individual branch is used to determine the value of the Idc coming into the faulted 
bus. The equivalent R/X value of the meshed network will be used to determine the value of Idc 
for the meshed contributions. Please see Sections 4.3.1.1, 4.3.1.2 and 4.4. 


2) Ib: If a contribution is non-meshed, then the program will use the method described in section 
4.5.2.2 Equations 71 and 72 to determine the contributions of Ib from different non-meshed 
components. If the system is meshed, then the program uses a very different approach to 
determine Ib, it will use Section 4.5.2.3 Equations 74 and 75 to determine the value of Ib. 


3) Ik: If the contribution or system is considered to be non-meshed, then the program will use the 
method described in Section 4.6.2 Equations 82 and 83. If the contribution of the system is 
considered to be meshed, then the program will use the method described in Section 4.6.3 
Equations 84 and 85 to determine Ik. Note that the use of these equations may result in the value 
of Ik being higher than Ib as can be observed in the results published in IEC Standard 60909-4 
2000 for Example 4. 


From the previous description in items 1-3, it becomes apparent that the determination of meshed and 
non-meshed parts of the system can have a drastic effect on the results. The options that ETAP provides 
are designed to provide choices on how the analysis should be performed. Comparison of Device Rating 
and Short-Circuit Duty. 


In the 3-phase Device Duty calculation, ETAP compares the protective device rating against bus short- 
current duty for the devices that are checked as complying with IEC Standard and also have device rating 
entered. In case the short-circuit duty is greater than the device duty, ETAP will flag the device as 
underrated in both one-line diagram and output reports. The following table lists the device ratings and 
short-circuit duties used for the comparison for MVCB, LVCB, and fuses: 


Device Type Device Capability Short-Circuit 
Current Duty 
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MVCB 


ip 
Making 
AC Breaking Tpsymm 
Tb,asymm ‘i Ib, asymm 
Tac * 
Tene Tih 
LVCB Making Ip 
Breaking Tbsymm 
Tb,asymm - Tb,asymm 
Ten lth 
Fuse Breaking Teva 
Tb,asymm oe Tb,asymm 


Comparison of Device Rating and Short-Current Duty 
*Device capability calculated by ETAP 


Calculation of IEC Device Capability 


As shown in the above table, some of the device capability values are calculated by ETAP based on 
capability provided by users and default parameters given in IEC Standards. 


e MVCB - The asymmetrical breaking and DC current ratings for MVCB are calculated as follows: 


(—2Emny 


t 


| eee ne eee i ae 2e 


—tnin 
lx = en (V2)e : 


where tmin is the minimum delay time and Ibsymm is the AC breaking current provided by the user. 
Following IEC Standard 62271-100, t is equal to 45 milliseconds. 


e LVCB - The asymmetrical breaking current rating for LVCB is calculated as follows: 


Anft nin 
Tema lem | bee exe - ee 


where f is the system frequency, tmin is the minimum delay time, and Ibsymm is the breaking current 
provided by the user. X/R is calculated based on a testing PF given in IEC Standard 60947-2, Table 
11. 


e Fuse — The asymmetrical breaking current rating for fuse is calculated as follows: 


Arf 


ee = 1 ssn ie 2 = exe - xX /R 
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where f is the system frequency, tmin is assumed to be a half cycle, and Ibsymm is the breaking current 
provided by the user. X/R is calculated based on the default testing PF of 15 %. 


e In — The thermal equivalent short-circuit current through LVCB and MVCB is calculated based on 
specifications on IEC 60909-0 2001 Annex A as follows: 


T, 


[Pde= TE (mst nly = 137 


0 1 \2 2 | 
1+ T; (eee Te Ig p Tj (.—en20% Ixy 4 
20T,, i ied! 2 ie 


' ve ’ 2 ‘ 
oe 1 T, )—e'™ Ik ne Ix abe 27; fet Ixy ag 
(fie) | St: I, Ip} Tx I 


K 
ib (ea ie “ay i =| 
5,57, ea fe Nokes | 


ps 1 le" In(k-1) 24 
2 fT, In(k -—1) 


These equations represent the Joule Integral and the equivalent short-circuit current I, that ETAP 
determines in order to compare against the value of In, specified on the Circuit breaker rating page (LV or 
MV). 


ETAP compares the Circuit Breaker (CB) rated short-time withstand thermal energy in Mega Joules 
(calculated as current (I:n-)* times the “rated short-time in seconds (Tir)”) with the calculated thermal 
equivalent short-circuit energy in MJ (calculated as current (Iin)* times, either the “rated short-time in 
seconds (Ti,)” or the “user-defined short-time in seconds (T;)”). The comparison of thermal energy 
values is provided in the summary report. An example of the report is provided in the image below. As 
can be observed in the image below the rated thermal energy for CB11 is 192.0 MJ, while the short- 
circuit thermal energy was determined to be 126.0 MJ. 
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Short-Circuit Summary Report 


Device Capacity 3-Phase Short-Circuit Duty Results 
Rated Thermal Thermal 
Bus ID Device ID Tthr (KA) Tkr (sec.) Energy (MJ) Tth (KA) Tkr (sec.) Energy (MJ) 
Sub2A CBil 8.000 3.00 192.00 6.481 3.00 126.01 


Ithr = Rated short-time withstand current (Icw for low voltage circuit breaker) 
Tkr = Rated short-time 
Ith = Thermal equivalent short-time current 


* Indicates a device with calculated duty exceeding the device capability. 


hsseccticns/ Namnctots 
[Association 
The circuit breaker has a higher dc rating as a Generator CB. 


Be8 te BP Clon) 
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Transient Short-Circuit Calculation 


In additional to device duty calculations, ETAP also provides transient short-circuit calculation per IEC 
Standard 61363-1. The transient short-circuit calculation presents fault current waveforms as a function of 
time, considering a number of factors that affect short-circuit current variations at different time after the 
fault. These factors include synchronous machine subtransient reactance, transient reactance, reactance, 
subtransient time constant, transient time constant, and DC time constant. It also considers decay of short- 
circuit contributions from induction motors. This detailed modeling provides an accurate evaluation of the 
short-circuit current for sizing protective devices and coordinating relays for isolated systems such as 
ships and offshore platforms. The calculation can be conducted on both radial and looped system with one 
or multiple sources. 


Based on the equations given in IEC Standard 61363, the SC current includes 3 parts: subtransient, 
transient, and steady state components. The subtransient and transient components equal to a magnitude 
multiplied by an exponential term. The short-circuit current at any given time is the summation of the 
three components. In the Short-Circuit Summary Report, the magnitude of the three components are 
printed under subtransient, transient, and steady-state current columns. 


The IEC 61363-1 performed by ETAP applies to both meshed and non-meshed systems since it is 
unrealistic to expect an electrical system to be completely non-meshed. The same approach is used to 
determine the contributions from meshed systems as is used for non-meshed systems since there is no 
other methodology provided in the guideline to handle the transient short-circuit currents for meshed 
systems. 


As calculation results, ETAP provides short-circuit current as function of time up to 0.1 second at 0.001 
second time increment. It also presents short-circuit current as function of cycles up to 1 cycle at 0.1 cycle 
increment. Along with the instantaneous current values, ETAP also furnish calculated AC component, DC 
component, as well as top envelope of the current waveform. In the summary page, it also provides the 
subtransient, transient, and steady-state fault current for each bus. 


In addition, ETAP provides options to increase the time of the transient waveform plots, plot all three 
phases, and also modify the angle at which the fault will initiate. Note that extending the time beyond the 
default and previous value of 100 ms falls outside of the scope of the IEC 61363 standard. The plots are 
assumed to be the natural decay of the time constants of the electrical system and machinery. Machine 
control units are not considered for this calculation. Please see the Standard page of the Study Case Editor 
for more details. 
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15.8 AC-DC Converter Models 


Charger 


When performing AC analyses, chargers and UPSs are considered as loads to their input AC buses. The 
rectifiers in these elements block the current from flowing back into the AC system. Therefore, chargers 
and UPSs are not included in an AC Short-Circuit Analysis. 


3-Phase UPS in 3-Phase System Calculation 


The 3-Ph UPS element is modeled as a voltage source behind impedance in 3-phase system short-circuit 
calculations. This impedance is determined from the short-circuit current contribution (specified on the 
“SC Imp” page of the UPS editor). This impedance value is determined using the “rated output kV” of the 
UPS and the “Isc” fault current value. The maximum UPS current contribution will be limited by the 
equivalent impedance of the UPS. It is a function of the pre-fault voltage at the faulted buses downstream 
of the UPS. 


The 3-Ph UPS has a bypass switch. If the bypass switch is open, then the UPS contribution is determined 
from its internal impedance as described above. If the bypass is closed, then there is a tie-pd connection 
between the input and output which allows the direct contribution of a short-circuit current towards the 
output of the UPS. The bypass is not allowed if the UPS rated output voltage is not the same as the UPS 
rated input voltage. If a bypass needs to be modeled under these conditions, then an external transformer 
which steps the voltage up/down would be required and the UPS output and input voltage should then be 
set to the same value. 


UPS Input Bus 


_—_—— UPS Input Bus 
0.48 kV apa —_—— 
a an FA 3-Phase UPS | 
156 kVA | 
UPS Output Bus _| +-288 KA UPS Output Bus | ¥14.51 kA 
0.48 kV 0.28 nee na ei | 
*<08 ka . 14,5 kA 


The 3-Ph UPS output is modeled as a part of the regular 3-Ph short-circuit calculations. All short-circuit 
calculations, except for the 1-Ph device duty calculation (Panel/1-Ph UPS/1-Phase System Device Duty), 
model the 3-Ph UPS as an equivalent impedance behind an ideal voltage source. Since the 3-Ph UPS is 
modeled as a part of the regular 3-Ph short-circuit network, it means that the UPS output can be operated 
in loop configurations. This is a major enhancement for modeling short-circuit faults for higher reliability 
designs (i.e. data centers) with multiple UPS units operating in parallel or looped systems. The following 
image shows the short-circuit results for a looped 3-Ph UPS system. 
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yi-42 kA UPS SWGRB 


2.8 ka 0.48 kV 


The 3-Ph UPS has a grounding option which allows the unit to be modeled as solidly grounded or 
ungrounded on the output terminal. Checking the “Grounded” option allows zero sequence currents to 
flow for an unbalanced (i.e. phase to neutral) fault. The negative and zero sequence impedance of the 3- 
Ph UPS are the same as the positive sequence. The grounding resistance “Rg” at the output is not 
considered at this time. 


AC Secondary Grounding 


(¥] Grounded Rg 03 Ohm 


Earthing Type 


UPS Modeling in 1-Phase System Calculation 

UPS elements involved in 1-Ph device duty short-circuit calculations are mostly 1-ph UPS. However, 
there can be 3-Ph UPS powered by a panel and it will be modeled the same way as a 1-Ph UPS described 
in this section. The 1-Ph UPS output short-circuit is modeled only as part of the 1-Ph device duty short- 
circuit calculation. 
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The 1-Ph UPS is modeled as an impedance behind a voltage source, then its contribution is determined 
similarly as the 3-Ph UPS in 3-Ph system calculations. The resistance of the UPS is determined using the 
rated output voltage and rated Isc of the unit. 


The following image shows the voltage behind impedance results for the same pair of UPS units. In this 
case, the short-circuit current of the 1-Ph UPS units can only be equal to Isc if the fault is at the output 
terminals of the UPS. If the fault is anywhere downstream from the UPS output terminal (i.e. with 
additional circuit impedance), then the fault current will be less and is limited by the sum of the UPS 
equivalent resistance plus the impedance of the downstream output elements. 


1-P UPS 1-P UPS1 


1P UPS OUTPUT | 135 kA 4P UPS OUTPUT! | 135 kA 


a | | 9.135 
| 135 ks (A) | KA (4) 


UPS Fdr Cab UPS Fdr Cab1 


' Panel A1 
| y061 kA (A) 


| 
| 085 kA (A) 


0. 0. 
a: ka (A) "85 kg (A) 


Inverter / Photo Voltaic (PV) Array / Wind Turbine Generator (WTG) Type 4 


An inverter is a voltage source to the AC system. Under fault conditions, it will provide fault contribution 
to the AC system. When its terminal bus is faulted, the contribution from an inverter is equal to the 
multiplication of its AC full load amp by a constant K, which is entered on the Rating page of the Inverter 
editor or Imp/Model page of the WTG Editor. This is the maximum possible contribution from the 
inverter. If the fault location is away from the terminal bus, then the contribution from the inverter 
decreases. The inverter is modeled similar to that of the 3-Ph UPS. 


The inverter elements have a grounding option which allows the units to be modeled as solidly grounded 
or ungrounded on their output terminal. Checking the “Grounded” option allows zero sequence currents 
to flow for an unbalanced (i.e. phase to neutral) fault. The negative and zero sequence impedance of the 
inverter units are the same as the positive sequence (Rn = Ro = Rp). The grounding resistance “Rg” at the 
output is not considered at this time. 
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Variable Frequency Drive (VFD) 


With the bypass switch for short-circuit set to “open”, the VFD element is modeled as a voltage source 
behind an impedance. The resistance of the VFD is determined from the rated output voltage and Isc of 
the unit. Similar to the 3-Ph UPS and Inverter elements, the short-circuit contribution is determined 
assuming a voltage behind impedance approach. With the bypass switch open, no short-circuit 
contribution from any motors on the output of the VFD can flow towards a fault on the input AC bus of 
the VFD. This is due to the fact that the rectifiers in VFD block the current from flowing back into the 
input AC system. The bypass is not allowed if the VFD rated output voltage is not the same as the VFD 
rated input voltage. 


There is no VFD operating output frequency variation considered for short-circuit calculations on the 
output side of the VFD. This means that the short-circuit calculation for a VFD (with the bypass switch 
open) only considers the system nominal frequency (typically 50/60 Hz or as defined in the Project 
\Standards\Frequency value). The operating frequency and V/Hz settings do not have any effect in the 
short-circuit current calculation. (The effect of operating output frequency will be considered for both 
short-circuit and arc flash in future versions of the program.) 


If the bypass switch condition is set to “closed”, then the VFD is not considered and the short-circuit 
current flows directly from the input AC bus into the output of the unit and vice versa (similar to a tie- 
protective device). Also, any motor short-circuit contribution from the electrical network on the output 
AC bus of the VFD can flow towards a fault on the input AC bus of the VFD. The following image 
illustrates short-circuit results (at nominal system frequency) for the VFD with bypass switch “open” and 
“closed”. It can be seen that full contribution from the AC Input bus flows into the VFD output fault and 
that the output motor contributes towards a fault on the input AC bus with the bypass closed. 
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Input AC Bus 
0.48 kV 


Ct mo 
EZ VFD1 i VFDZ 29 


VFD Output Bus |}-269 KA VFD Output Bus? ||j27-55 kA 


0.48 kV te24ka 7-915 k4 0.48 kV *824kA 784 kq 


VFD Fdr Cab VFD Fdr Cab1 


7261 KA ff Mtr Term1 
9 
+9859 kA 25 kg 0.48 kV 


The VFD element has a grounding option which allows the unit to be modeled as solidly grounded or 
ungrounded on its output terminal. Checking the “Grounded” option allows zero sequence currents to 
flow for an unbalanced (i.e. phase to neutral) fault. The negative and zero sequence impedance of the 
VFD unit are the same as the positive sequence (Rn = Ro = Rp). The grounding resistance “Rg” at the 
output is not considered at this time. 


Note: For Short-circuit / Arc-Flash studies: If you attempt to change the system nominal frequency by 
changing the Project\Standards\Frequency setting, then all reactances need to be adjusted manually or 
obtained again from the library (in case of cables), in order to adjust the reactances (which are typically 
entered at nominal frequency). The program does not adjust most reactances automatically. 


The reason for this is that in most cases, the reactance is specified in the libraries and impedance fields at 


nominal frequencies instead of specifying the actual inductance or capacitance (L & C) of the elements. 
Careful considerations should be taken when performing such frequency manipulations. 
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However, for other load flow-based studies, the reactances of all branch elements and loads are adjusted 
based on the operating output frequency of the VFD. This means that the effect of frequency variations 
for motor dynamic acceleration or for steady-state load flow VFD operation is considered. The frequency 
limitation on the output of the VFD applies only to short-circuit-based studies including sequence-of- 
operation and STAR short-circuit. 


High Voltage DC Link (HVDC) 


When a bus on the inverter side of a High Voltage DC Link is faulted, the DC link will make short-circuit 
contribution. Due to the application of Voltage Dependent Current Order Limiter (VDCOL), which is 
very common in a DC link, the short-circuit contribution is limited about 150% of rated current and lasts 
only about 1.5 cycle. 


In ETAP short-circuit calculations, a DC link is represented as a constant voltage source behind an 
equivalent reactance. The voltage source has a constant voltage value equal to the prefault voltage. The 
equivalent reactance is determined so that if a 3-phase short-circuit fault occurs at the inverter side 
terminal bus, the contribution from the DC link is equal to maximum operating current Imax. 


Due to the very short duration of short-circuit current contribution from a DC link, for ANSI Standard, 


ETAP considers the contribution only in 1% cycle (momentary) short-circuit current calculation. For IEC 
Standard, the contribution is included only in calculation of ip, I’x, Ib, and Tac. 
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15.9 Short-Circuit Result Analyzer 


The Short-Circuit Result Analyzer is a powerful tool which allows the filtering and analysis of the short- 
circuit results of multiple output reports (scenarios). The SCRA design and operation is similar to that of 
the load flow result analyzer except that it has been customized for the purpose of fault analysis. In 
addition, ETAP presentations and toolbars are still accessible while the analyzer window is open. 


2 Short Circuit Duty Analyzer [2s] 
Study Reports 
ID kV ~| ANSI-Duty ~| ANSI-Duty1 | ANSI-Duty2 | ANSI-Duty3 
Standard Study Type T 
eee CBS 13.8 
@ ANSI (@ 3-Ph Device Duty 
2 =|CB5 13.8 
IEC 1-Ph Device Duty 
3 |CB6 13.8 
UnCheck All 4 |CBS 4.16 31.71273 31.71421 31.71422 
5 |CB18 4.16 31.71273 31.71421 31.71422 
Ref Select Reports = 6 |CB36 13.8 
© | wv ANSI-Duty E 7 |CB37 13.8 
O|f ANSI-Duty1 8 |CB38 13.8 
(2) v ANSI-Duty2 9 |CB39 13.8 
O|f ANSI-Duty3 3 = ; 
Fd ANS|-Duty4 
7 ANSIDuty5 i. = Results Alert 
7 ; eae Sz v7] >) Mom. Asymm. kA 7) Critical 100% 
< C mW » mr Mora. Pook kA J hohese = 
CI Type ‘ oe ¥) Marginal 95 = [| 
Project Report Selection {| Rated Int. kA Mom. M.F. 
Worst Case 
© Example-ANS| [-) CPT (Cycle) Mom. X/R Ratio 
Alll projects reports in this directory Bus © Int. Adj. Symm kA \V) Skip Non-Alerted Devices 
Selection Device Type Int. Symm. kA 
) Bus Int. M.F. 
General @ HVCB Int. X/R Ratio 
LVCB 
@) Device Duty Generator CB 
Unit 
) Fuse Current Voltage 
Switch kA y| [kV +| 
| Help | | Cancel | | OK 


15.9.1 Study Reports 


This section provides the information about the types of short-circuit analysis which are supported by the 
Short-Circuit Result Analyzer. 


Standard 


Two standards are currently supported by the SCRA. ANSI and IEC results can be analyzed at this point, 
and in the future GOST will be available. 


ANSI 

This toggle radio box determines which set of results the SCRA is currently analyzing. If ANSI is 
selected, then the 3-phase & 1-Phase Device Duty (ANSI-Duty) results are accessible in the results 
window and report list windows. 
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IEC 

This toggle radio box determines which set of results the SCRA is currently analyzing. If IEC is selected, 
then the 3-phase & 1-Phase Device Duty (IEC-Duty) results are accessible in the results window and 
report list windows. 


Study Type 


The study type section allows the selection between 3-phase and 1-phase device duty reports. 


3-Ph Device Duty 
Selecting this toggle radio box option allows the SCRA to filter through only the 3-phase device duty 
short-circuit results. 


1-Ph Device Duty 
Selecting this toggle radio box option allows the SCRA to filter through only the 1-phase device duty 
short-circuit results. 


Note: In the future, unbalanced short-circuit results will also become part of the study type section. 


Report Selection 


This section allows the selection of which scenarios / output results to be compared by the SCRA. 


Ref (Reference) 

This radio box allows the selection of the report whose input data will be used as reference in the SCRA. 
This means that for a “Bus” the Info fields like Nominal kV, Equipment Type and Prefault Voltage are 
taken from the report marked as “Reference.” 


Note: It is unlikely for this situation to occur, but possible to change information (input) fields in 
revisions and through different study cases. However, the short-circuit result analyzer alerts are always 
done based on comparison of the device rating in the individual report and thus an alert will be valid 
based on individual comparisons. 


Select 
These checkboxes allow the selection of the results to be analyzed or compared. 


Reports 
This column lists the names of the reports which are available for analysis/comparison. The names of the 
reports are filtered, based on the Standard and Study Type selected. 


Project Report Selection 

This toggle radio box allows ETAP to show in the report selection window all the reports which are 
present in the current project directory (even if they were generated with a different project database). By 
default, the toggle radio box is selected to show only the reports which were generated for the active 
(open) project database. 


Furthermore, if any reports (from previous versions of ETAP such as ETAP 12.6.5) are present in the 
active project directory, then they will also be shown in the report selection window. 
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15.9.2 Selection 


This section allows the SCRA to show a brief summary of the options used to generate the short-circuit 
results for each selected output report or to show individual device duty evaluation results for each device 


type. 


General 


The “General” radio box position configures the SCRA to show a list of the input options selected in 
each output report. The listed items are mostly options taken from the study case used for each report, but 
details on the configuration, revision and study type are also provided. The image below shows the output 
results window for several reports showing the different options selected to run each of the selected 


reports. 


& Short Circuit Duty Analyzer 


Study Reports 
Standard Study Type 
@® ANSI @) 3-Ph Device Duty 
IEC 1-Ph Device Duty 
UnCheck All 
Ref Select Reports 
® | ff ANSI-Duty 
oO!] ANSI-Duty1 
() Vv ANSI-Duty2 
oO | w ANSI-Duty3 
Oo|f ANSI-Duty4 
oO Vv ANSI-Duty5 
cant mal 


AMeCI nar 
« ue 


Project Report Selection 
@) Example-ANSI 
>) All projects reports in this directory 


Selection 


@ General 


Device Duty 


mW 


Study ID 


Study Case ID 


Study Type 
Data Revision 
Configuration 


Buses 
Branches 
Generators 
Power Grids 
Loads 


VE Option 

Equip Cable, MV 
Equip Cable. LV 
Machine X/R 


Device Duty Che... 


37.010 
HV CB Adj 


HV CB & Bus Mo... 


MCCB/ICCB MF 


[mesm 
ANSI-Duty ANSI-Duty1 ANSI-Duty2 ANSI-Duty3 ANSI-Duty4 } 
ANSI Duty ANSI Duty1 ANSI Duty2 ANS! Duty3 ANS! Duty4 4 

ANSI-3Ph Devic... | ANSI-3Ph Devic... | ANSI-3Ph Devic... | ANSI-3Ph Devic... | ANSI-3Ph Devic... | ANS 

Base Base Base Base Base 
Normal Normal Normal Normal Normal 
23 23 23 23 23 
18 18 18 18 18 
3 3 ce 3 3 
1 1 1 1 1 
21 21 21 21 21 
105% Nominal kV | 102% NominalkV | 102% NominalkV | 102% NominalkV | 102% NominalkV | 102 
Excluded Included Excluded Excluded Excluded 
Excluded Excluded Included Excluded Excluded 
Fixed Fixed Fixed Fixed Fixed 
Total Bus if Total Bus If Total Bus if Total Bus if Total Bus If 
1999 1999 1999 1999 1999 
Nominal kV Nominal kV Nominal kV Norminal kV Norminal kV N 
Based on Calcul... | Based on Calcula... | Based on Calcula... | Based on Calcula... | Based on Calcula... | Base 


Asymmetrical Curr... | Asymmetrical Curr... | Asymmetrical Curr... | Asymmetrical Curr... | Asymmetrical Curr... | Asym 


The following fields are displayed in the results window when the “General” radio box is checked and 
ANSI short-circuit results are selected. 


Study Case ID 
Study Type 

Data Revision 
Configuration 
Number of Buses 
Number of Branches 


ETAP 


Number of Generators 
Number of Power Grids (Utility Sources) 


15-115 ETAP 19.0 User Guide 


Short-Circuit Analysis Short-Circuit Result Analyzer 


Number of Loads 
Prefault Voltage used 


If Equipment Cable Impedance is Considered or Not for LV & MV 

If the machine X/R was taken as “Fixed” or “Variable” 

If the C37.010 1999 or 1979 is used for HVCB evaluation 

If the HVCB rating is adjusted based on Nominal kV or Nominal kV* Vf 
Options for establishing the Momentary Duty of HVCB’s 

Options for establishing the asymmetrical current for MCCB/ICCB MF 


The following fields are displayed in the results window when the “General” radio box is checked and 
IEC short-circuit results are selected. 


Study Case ID 

Study Type 

Data Revision 

Configuration 

Number of Buses 

Number of Branches 

Number of Generators 

Number of Power Grids (Utility Sources) 
Number of Loads 

Short-circuit current (Max, Min, etc) 

C factor (<1001 V) 

C factor (1000 < V < 35000) 

C factor (> 35000 V) 

X/R for Peak kA ( Method A, B , C) 
Cmax for Z adj. 

Device Duty Check 

LVCB breaking capability (report or not) 


If Equipment Cable Impedance is Considered or Not for LV & MV 


Please note that for details on each of the options above you can refer to the study case sections for both 
ANSI and JEC short-circuit. 


Device Duty 


This radio box selection allows the SCRA to show the device duty evaluation results for all the selected 
(3-phase and 1-phase) device duty results (depending on the Standard & Study Type selections). 


The following devices show results in the device evaluation section of the SCRA if the ANSI Standard is 
selected. 


Bus 


Generator CB 
Fuse 
Switch 


ETAP 


HVCB (High Voltage Circuit Breaker) 
LVCB (Lowe Voltage Circuit Breaker) 
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The following devices show results in the device evaluation section of the SCRA if the IEC Standard is 
selected. 


Bus 

HVCB (High Voltage Circuit Breaker) 
LVCB (Lowe Voltage Circuit Breaker) 
Fuse 

Switch 


Details on each of these devices are provided in the next sections. 


15.9.3 Bus Device Duty Evaluation (ANSI/IEC) 


This section talks about how the SCRA presents the bus device evaluation results. Note that this section 
talks about both ANSI and IEC Bus Device Duty Evaluation. When more than one report is checked 
from the input section, the result parameters are now displayed as radio toggle buttons, which means the 
analyzer will compare a single result parameter for multiple reports. 


Bus 


Info 

This section shows the information fields for the bus voltage (Nominal kV), type and the pre-fault voltage 
(ANSID/ Voltage C factor (IEC) with respect to the reference report selected. Please note that when 
multiple reports are selected, the info fields are taken from the reference report. 


Results 
The following results are available for bus device duty (ANSI) to be displayed in the analyzer. When 
multiple reports are selected the results become radio buttons showing the values for each result from 


different reports. 
Short Circuit Duty Analyzer = Px | 
Study Reports 
1D ~| NominalkV | Symm.kA | Asymm.kA | PeakkA ws MF. ~| X/RRato ~|  NACD + 
Standard Study Type 
rt 0.48 2808688 38.7452 6.41014 1.379477 7.901114 1 
© ANSI © 3-Ph Device Duty 
2 |Bus2 0.48 1262384 12.75645 19.68736 1.010504 1.380702 1 
IEC 1-Ph Device Duty 
3 |Bus23A 0.48 16.47368 2152046 37.1461 1.306354 6.038655 1 
4 |LvBus 0.48 15.76663 24.27954 40.76112 1.539932 16.65207 1 
5 | Main Bus 345 213505 I 1 sso92 4428036 0.9583611 
Ref Select Reports 6 |mcct 0.48 1785617 28.4177 47.35951 1.591477 23.61645 1 
©|@ ANSI Duty 7 | Sub2a 138 6.424398 10.22544 17.04682 1.589183 23.2034 1 
fe) ANSI Duty1 8 | Sub2B 138 11.38766 18.76792 31.0229 1.648093 41.05885 0.7184872 
o|8 ANSI Duty2 9 |Sub3 4.16 26.3349 43.29784 71.6105 1.644212 39.14727 1 
fe) ANSI Duty3 10. | Sub3 Swor 4.16 24.32985 36.67667 61.85276 1.507476 13.89542 1 
fe) ANSI Duty4 11 | Sub22 3.45 1093131 16.35153 2761975 1.495843 13.08951 1 
12 | Sub23 3.45 1053735 15.7613 26.64303 1.497163 13.177 1 
Info Results Alert 
7] Nominal kV T] Symm. kA I Critical | 
T; Asymm. kA 
ie zieev [WZ] Marginal 5 : 
Project Report Selection VE(%) V| Peak kA 
© Example-ANSI vMF 
All projects reports in this directory J] XIR Ratio [) Skip Non-Alerted Devices 
Selection Device Type ¥] NACD 
© Bus 
» General > HvcB 
LvcB 
@) Device Duty Generator CB 
Unit 
Fuse Current Voltage 
Switch kA x] {kv . 
Help Cancel OK 
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Symm.kA 
Displays momentary, (1/2 cycle), rms symmetrical value of bolted fault current in kA or Amp based on 
the units. 


Asymm.kA 
Displays the asymmetrical rms value of momentary short-circuit current in kA or Amp. 


Peak kA 
Displays the peak value of momentary short-circuit current. This value is the calculated peak or crest fault 
current. 


M.F. 
Displays the value of momentary multiplying factor calculated based on the X/R. 


X/R Ratio 
Display X/R ratio used to determine the MF. 


NACD 
Displays the “No AC Decay” ratio calculated at the fault location. 


I”k 
Displays the initial symmetrical rms value of the AC short-circuit current based on JEC standard in kA or 
Amp. 


Ip 


Displays maximum possible instantaneous value of the available short-circuit current in kA or Amp. 


Ik 


Displays the rms value of the steady-state short-circuit current in kA or Amp. 
HVCB 


Info 

This section shows the information of the voltage, type, rated interrupting short-circuit current, contact 
parting time (CPT in cycles) and the connected Bus ID of the High Voltage Circuit Breaker (HVCB) 
based on the reference report for ANSI short-circuit calculation. Please note that when multiple reports 
are selected, the info fields are taken from the reference report. 


For IEC short-circuit calculation, the info section shows the rated kV, type, voltage c factor and 
connected Bus ID for the HVCB. 


Results 
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{Short Circuit Duty Analyzer - =a 
Study Reports 
Rated | cpr Mom Mom = Mom Int. Adj Int = Int 
Standard Study Type ID yi KV y) Tye y| Ite! Cycle) v| Bus | Asymm. 5! Peak 5! yp y| WR ¥| Symm  ¥) Sym. y| yey] WR 
© ANsi © 2-Ph Device Duty kA kA kA Ratio kA kA Ratio 
- 
= +:Ph Device Duty >1 [ERM 345 | Scysymce| 40 3 Main Bus | 3630418 | 5995928 | 1.653912 | 4428096 | 2678313 | 21.77046 | 1.230251) 4453081 
2 |ce2 | 345 | ScySmcB| 40 3 Main Bus | 36.3041 | 5995928 | 1.653912 | 4428036 | 2678313 | 21.77046 | 1.230251 4453081 
[ check a 3 |cB3 | 416 | 5cySymcB| 33 3 | Sub3 Swor | 36.67667 | 61.85276 | 1.507476 | 13.89542 | 2391665 | 23.9165 1 | 14.0472 
—— 4 |ce4 | 138 | 5cySymcep| 18 3 sub2B | 13.73761 | 2272585 | 2469168 | 3842289 | 8.120424 | 8.120424 | 1.394393| 39.0983 
Ref__ Select Reports 5 |cB5 | 138 | 5cySymCB) 18 3 Sub2B | 18.76792 | 31.0229 | 1.648093 | 47.05885 | 13.19265 | 1114369 | 1.183867| 41.60502 
©|u ANSI Duty 6 |cps | 138 | 3cySymcB| 193 2 Sub2B | 18.76792 | 31.0229 | 1.648093 | 47.05885 | 13.09389 | 11.14369 | 1.175004 41.60502 
o|o ANSI Duty! 7 |cps | 416 | ScySymcB| 41 3 Sub3 | 43.29784 | 71.6105 | 1.644212 | 39.14727 | 31.29749 2592155 | 1.207393) 39.69798 
o|8 ANSI Duty2 8 |cB9 | 416 | ScySymcB) 29 3 Sub3 | 4329784 | 71.6105 | 1.644212 | 39.14727 | 3129749 | 2592155 | 1.207393| 39.69798 
o|o ANSI Duty3 9 |cBi0 | 245 | 5cySymCB) 40 3 Main Bus | 36.30418 | 5995928 | 1.653912 | 4428036 | 2678313 | 21.77046 (1.230251 44.53081 
= 
o|0 ANSI Duty 10 |cB13 | 416 | 5cySymCB| 41 3 | Sub3 Swor | 36.67667 | 61.85276 | 1.507476 | 13.9542 | 23.91665 | 23.9165 1 | 14.0472 
— 
o| 8 ANSI Duty5 11 |CBI8 | 4.16 | 5cySymCB 29 3 Sub3 | 43.29784 | 71.6105 | 1.644212 | 39.14727 | 31.29749 | 25.92155 | 1.207393| 39.69798 
12 |cB19 | 4.16 | ScySymcB| 41 3 Sub3 | 43.29784 | 71.6105 | 1.644212 | 39.14727 | 31.29749 | 2592155 | 1.207393, 3969798 
13 |cB24 | 138 | 8cyTotCB | 289 4 Sub2B | 18.76792 | 31.0229 | 1.648093 | 47.05885 | 1355044 | 1114369 | 1.215974] 41.60502 
Info Results Alert 
kV [7] Mom. Asymm. kA 1 Critical 7 
T [7] Mom. Peak kA ee 
uI Type there =] Marginal o % 
Project Report Selection V] Rated Int. kA {¥] Mom. M.-F. 
@ Example-ANSI ¥] CPT (Cycle) [¥] Mom. XIR Ratio 
All projects reports in this directory 7] Bus [7] Int. Adj. Syrm kA Skip Non-Alerted Devices 
Selection Device Type {¥] Int. Symm. kA. 
Bus (Int. ME 
General @ HVCB {¥] Int. XR Ratio 
LvcB 
@ Device Duty Generator CB 
Fuse Current Voltage 
Switch kA x| [kv x] 
[Hep] [icCancet] | Ok ] 


Mom. Asymm.kA 
Displays the calculated asymmetrical rms value of momentary short-circuit current in kA or Amp. 


Mom. Peak kA 
Displays the calculated peak value of momentary short-circuit current in kA or Amp. 


Mom. M.F 
Displays the calculated momentary multiplying factor based on the X/R on the fault location. 


Mom. X/R Ratio 
Displays the X/R ratio value for momentary short-circuit calculation on the fault location. 


Int. Adj.Symm kA 
Displays the rms value of adjusted interrupting short-circuit current in kA or Amp. 


Int. Symm.kA 
Displays the calculated rms symmetrical interrupting value of short-circuit current in kA or Amp. 


Int. M.F. 
Displays the calculated interrupting multiplication factor based on the X/R ratio on the fault location. 


Int. X/R Ratio 
Displays the X/R ratio calculated on the fault location based on the 1.5-4cycle network. 


I’k 
Displays the calculated initial rms symmetrical value of short-circuit current in kA or Amp. 
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Ip 
Displays the peak short-circuit current in kA or Amp. 


Ib Sym 
Displays the rms value of an integral cycle of symmetrical AC component of the available short-circuit 
current in kA or Amp. 


Ib Asym 
Displays the asymmetrical breaking current for HVCB in kA or Amp. 


Idc 
Displays the DC component of the short-circuit current for the minimum delay time of a protective device 
is calculated based on initial symmetrical short-circuit current and system X/R ratio. 


Ith 
Displays the calculated thermal equivalent short-circuit current in kA or Amp. 


Thermal Energy 
Displays the calculated thermal energy in MJ. 


**Please note that the current version of the short-circuit analyzer shows the results of Recloser only if it 
is selected as HVCB type from the rating page. 
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LVCB 


Info 


This section shows the information of the Voltage, Type, Rated Interrupting short-circuit current, test 
power factor, connected Bus ID of the Low Voltage Circuit Breaker (LVCB) and the circuit number for 
the panel connections for single-phase duty results based on the reference report for ANSI short-circuit 
calculation. Please note that when multiple reports are selected, the info fields are taken from the 
reference report. For IEC short-circuit calculation the analyzer also shows the Cfactor. 


Results 
1 Serra Aner A et 
SEIBAEEE ces = | int. Adj. int. 
Standard Study Type iD | kV tye el etea ce pre | Bue ~) Sym. 5| Symm. | Int. ME. Int. X/R Ratio | 
© ANSI @ 3-Ph Device Duty = |__kA |__kA 
we ae >1 fy 0.48 | Molded Case a | 2 MCC1 2279258 | 17.5642 | 1.276436 aco 
2 |cB15 0.48 | Molded Case 2 20 MCC1 22.79258 | 1795642 | 1.276436 2362734 | 
ar 3 |cB17 048 | MoldedFused | 25 | 20 | CCI | 2279258 | 1785642 | 1.276436 | 2362734 
4 |cB22 048 | PowerUnfuse 65 15 Bus! 2897307 | 2808824 | 1.031502 7.901404 
| Ref Select Reports 5 |CB23 0.48 | PowerUnfuse 65 15 Bust 2897307 | 28,08824 1.031502 7.901404 
| © | @ | ANSI Duty 6 |ce2e | 048 | MoldedCase | 18 30 Bus23A 1863033 | 161514 | 1.153481 5980188 | 
o|EF ANSI Duty1 7 |cex | 048 | Powerlnfuse 42 T 15) | Bus2 16245 | 126245 | 1 | (138074 | 
o|a ANSI Duty2 8 |CB32 048 | Molded Case 50 20 Bus2 1262445 | 12.62445 1 1.380714 
| O - ANSI Duty3 9 |ceao 048 | PowerUnfuse | 50 15 LVBus 17.7827 | 1576686 | 1.127858 1665689 | 
| © | ANSI Duty 10 |cB41 048 | Molded Case 30 20 LVBus 19.47345 | 15.76686 1.235088 16.65689 
fo) ANSI Duty5 = a 7 ~ Se 7 — 
Info Results Alert 
wk [W] Int. Adj. Symm. kA Fl critical 0% 
(¥] Type [J Int. Symm. kA Fl Marainal $5 - — 
Project Report Selection (U7 Rated Int. kA (¥] Int. ME. 
@ Example-ANS| {¥] Test PF [| Int. XIR Ratio 
© All projects reports in this directory 7] Bus [5 Skip Non-Alerted Devices 
Selection Device Type {© Circuit Number 
5 Bus 
© General ) HVCB 
® LVCB 
© Device Duty Generator CB 
> Fuse Current Voltage 
) Switch kA x| [kv x| 
Help] [Cancel] [0K 
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1 Sette i TI A Ae i 


Study Reports T 
ioe Circuit | ‘et. Ad. ee Int. X/R 
Standard Study Type ID yf kV ¥| Twe 5} Wt} ppt] BUS wl tember =v) Sym. y| Sym. 5] Int. MFL ¥} ~ 
® ANSI © 3Ph Device Duty |_kA kA kA | 
nie See ne rt 0.48 | Molded Case | 10 50 | Mcct 1 2720863 | 1795642 | 1523521 | 193103 
2 |MainPNL | 0.48 | MoldedCase | 30 20 MCC1 2239094 | 1785642 | 1.253944 19.3103 
UnCheok All 3 |MainPNL | 0.48 | MoldedCase | 25 20 MCC1 2 2239094 | 17.8562 | 1.25394 | 193103 
= 4 |MainPNL | 0.48 |MoldedCase | 14 30 MCC1 7 2457143 | 1758051 | 1.397652 21.5915 
|_ Ref Select Reports 5 |MainPNL | 0.48 |MoldedCase | 100 20 MCC1 8 22.2716 1758051 1.266835 21.5915 
©|f ANSI-1PhDuty 6 |MainPNL | 0.48 |MoldedCase | 14 30 MCC1 9 2457143 | 1758051 | 1.397652 21.5915 
7 |MainPNL | 0.48 | Molded Case | 20 MCC1 10 19.3952 | 1546991 | 1.253737 19.2724 
8 |MainPNL | 0.48 |MoldedCase | 14 30 MCC1 "1 2457143 | 1758051 | 1.397652 21.5915 
9 | Pni2 0.24 | Molded Case | 20 = |240vP... 6.426392 | 6.426392 1 3.486792 
< m | > 
Info Results Alert 
[¥] kV [i] Int. Adj. Symm. kA © Critical 100 % = 
wT; wl = 
wv! Type AIS [Ey Marginal 5 % 
Project Report Selection [¥| Rated Int. kA [i] Int. M.F. 
(@ Example-ANS| [V7] Test PF [¥] Int. XIR Ratio 
© All projects reports in this directory ¥] Bus [F) Skip Non-Alerted Devices 
Selection Device Type [¥] Circuit Number 
Bus 
© General 5 HVCB 
® LVCB 
@ Device Duty 
Unit 
Fuse Current Voltage 
>) Switch kA x] (kv . 
Help | Cancel | | Ok 
; 
Int. Adj.Symm. kA 


Displays the adjusted asymmetrical rms value of the interrupting short-circuit current in kA or Amp. 


Int. Symm. kA 
Displays the calculated symmetrical rms value of the interrupting short-circuit current in kA or Amp. 


Int. M.F 
Displays the multiplying factor, considering the system X/R ratio and the low voltage circuit breaker 
testing power factors. 


Int. X/R ratio 
Displays the X/R ratio calculated at the fault location for interrupting short-circuit duty results. 


I’k 
Displays the calculated initial rms symmetrical value of short-circuit current in kA or Amp. 


Ip 
Displays the peak short-circuit current in kA or Amp. 


Ib Sym 
Displays the rms value of the breaking current in kA or Amp. 


Ib Asym 
Displays the asymmetrical breaking current for HVCB in kA or Amp. 
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Idc 
Displays the DC component of the short-circuit current for the minimum delay time of the protective 
device. 


Ith 
Displays the calculated thermal equivalent short-circuit current in kA or Amp. 


Thermal Energy 
Displays the calculated thermal energy in MJ. 
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Generator Circuit Breaker 


Info 

This section shows the information of the voltage, type, contact parting time (CPT in cycles) of the 
HVCB associated as generator circuit breaker. The generator pre-fault loading conditions at lagging, 
leading and no load power factor can also be selected for both generator and system side faults. Please 
note that when multiple reports are selected, the info fields are taken from the reference report. 


Results 
& Short Circuit Duty Analyzer {rem 
Study Reports 7 
Standard Study Type fe ny tre | Cr Source & Mom. ie Nem gue poise Symm, Int. DC__| Int. Deg. of 
@ ANSI @ 2Ph Device Duty ’ | ‘ycle * GenPF * SymmkA fay Y kA ’ kA ad EN vy Peak kA Asymm, % 
IEC 1-Ph Device Duty >1 en 138 | 5cySymCB) 3 GenNoLoad | 1.628331 4.463094 6.458256 | 1.58288 | 3388156 | 2.238531 | 2995679 | 193.8235 
—— 2 Gen-LaggingPF | 1.952862 | 4575027 | 6.903376 | 1.809347 3516728 2559003 | 3015566 | 117.8507 
Check A 3 Gen-LeadingPF | 1.957999 | 4472451 | 6.395642 | 1.517664 | 3381912 | 21463 | 3.022255 | 1408123 
Ref Select Reports 4 SysNoLoad | 8.243062 | 1354091 | 2240026 | 7.990572 | 10612  11.30097 | 6.983212 | 61.79629 
©|@f ANSI Duty 5 SysLagging PF 8.04541 13.21622 | 21.86315 | 7.794173 | 1035117 | 11.02262 | 6.811573 | 61.79529 
O ANSI Dutyt 6 Sys-Leading PF 8.35553 1372566 | 2270589 | 8104445 | 1076323 11.46142 | 7.08273 61.79629 
(e) ] ANSI Duty2 
(e) ANSI Duty3 7 = ; 
oO ANSI Duty4 
>) ANSI Duty Info Results 
¥) kV ¥) Mom. Symm. kA 
7] Type 7] Mom. Asymm. kA 
Project Repott Selection 7] CPT (Cycle) 7] Mom. Peak kA 
@) Example-ANSI Source & Gen PF 7] Int. Symm. kA 
All projects reports in this directory ¥] Gen-Lagging PF J] Int. Asymm. kA 
Selection Device Type HB! Gen- Leading FF 7] Int. Symm. Peak kA 
Ee [¥) Gen-No Load [W] Int. DC kA 
General HVCB oho Soman 7] Int. Deg. of Asymm. 
LvcB ¥) Sys-Leading PF 
©) Device Duty @) Generator CB 2 
Fuse oh Current Voltage 
Switch kA SA kv bd 


Help Cancel OK 


Mom. Symm kA 
Displays the momentary rms symmetrical value of bolted fault current in kA or Amp. 


Mom. Asymm.kA 
Displays the calculated asymmetrical rms value of momentary short-circuit current in kA or Amp. 


Mom. Peak kA 
Displays the calculated peak value of momentary short-circuit current in kA or Amp. 


Int. Symm kA 
Displays the rms value of interrupting short-circuit current in kA or Amp. 


Int. Asymm.kA 
Displays the calculated rms asymmetrical interrupting value of short-circuit current in kA or Amp. 


Int. Symm Peak kA. 
Displays the calculated interrupting symmetrical peak value of short-circuit current in kA or Amp. 
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Int. DC kA 
Displays the DC component of the asymmetrical short-circuit current in kA or Amp. 


Int.Deg. of Asymm 
Displays the degree of asymmetry at the contact parting time. 


Please note that the short-circuit analyzer shows only one set of results for the generator circuit breaker 


(either the generator or system side) depending on the highest value of symmetrical rms short-circuit 
current. 
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Fuse 


Info 

This section shows the information of the voltage, type, rated interrupting short-circuit current, test power 
factor, connected bus ID of the fuse for ANSI short-circuit calculation. Please note that when multiple 
reports are selected, the info fields are taken from the reference report. For IEC short-circuit calculation 
the analyzer also shows the Cfactor. 


Results 
{ Short Circuit Duty Analyzer x] 
St ort: 
uy Topas ‘i ” = Rated Test wi Int. Adj Int. Symm. — Int. 
Standard Study Type 4 y| (PE OT! int.kA oy) PFO ov} “Sv! SymmkA oY kA = li ceeseataiek, | MATa 
@ ANSI @ 3-Ph Device Duty r1 345 Fuse 10 665 | MainBus | 23.85685 21.9505 1.086848 | 44.28036 
IEC 1-Ph Device Duty 2 | Fuse2 0.48 Fuse 200 15 MCC1 21.35424 17.85617 1.195902 | 23.61645 
3 | Fuse3 0.48 Fuse 200 20 MCC1 22.79142 17.85617 1.276389 | 23.61645 
Check All 4 | Fused 4.16 Fuse 26 665 | Sub3Swor | 24.32985 24.32985 1 13.89542 
TOM PTER aes 5 | Fuse6 0.48 Fuse 200 20 MCC1 22.79142 17.85617 1.276389 | 23.61645 
©! - ANSI Duty 6 | Fuse7 0.48 Fuse 200 15 Bus2 12.62384 12.62384 1 1.380702 
Oo ANSI Duty1 
12) ANSI Duty2 
Info Results Alert 
V) kV {¥] Int. Adj. Symm. kA IF Critical 100 %, Ey 
W) Type itso [-] Marginal 95 % [] 
Project Report Selection V| Rated Int. kA [] Int. M.-F. 
© Example-ANSI VJ Test PF [7] Int. XIR Ratio 
») All projects reports in this directory 7] Bus ] Skip Non-Alerted Devices 
Selection Device Type 
Bus 
General HVCB 
LVCB 
@) Device Duty Generator CB 
Unit 
@ Fuse Current Voltage 
Switch kA 7 kv a 
Help| [Cancel | [OK 
= 
Int. Adj.Symm. kA 


Displays the adjusted symmetrical rms value of the interrupting short-circuit current in kA or Amp. 


Int. Symm. kA 
Displays the calculated symmetrical rms value of the interrupting short-circuit current in kA or Amp. 


Int. M.F 
Displays the multiplying factor, determined based on the system X/R ratio. 


Int. X/R ratio 
Displays the X/R ratio calculated at the fault location for interrupting short-circuit duty results. 


I”k 
Displays the calculated initial rms symmetrical value of short-circuit current in kA or Amp. 
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Ip 


Displays the peak value of the available short-circuit current in kA or Amp. 


Ib Sym 
Displays the rms value of the breaking current. 


Ib Asym 
Displays the asymmetrical breaking current in kA or Amp. 


Idc 
Displays the DC component of the short-circuit current. 
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Switch 


Info 

This section shows the information of the voltage; type and connected bus ID of the fuse for ANSI short- 
circuit calculation. Please note that when multiple reports are selected, the info fields are taken from the 
reference report. For IEC short-circuit calculation the analyzer also shows the Cfactor. 


Results 
Ewe ee Im 
Study Reports 
Mom. | Mom. 
Standard Study Type | D ¥| kV ~| Tre ,| Bus a le 
@ANS| — @ 3-Ph Device Duty 1 34.5 SPST Switch Main Bus 3.40087 | 1.653927 44| 
> IEC >) 1-Ph Device Duty 2  |SPST1 4.16 SPST Switch Sub 3 445798 | 1.644307 39. 
| Ref Select Reports 
|o|oH ANSI Duty 
oO ia ANSI Duty1 
®| w ANSI Duty2 
«| m r 
| 
Info Results Alert 
[¥] kV [¥] Mom. Asymm. kA © Critical 100 % = 
Fa Vv ME. = 
[¥] Type [¥] Mom, [] Marginal 95 ZA | | 
Project Report Selection [¥] Bus [¥] Mom. X/R Ratio 
@ Example-ANSI 
© All projects reports in this directory [-) Skip Non-Alerted Devices 
Selection Device Type 
» Bus 
~) General © HVCB 
») LvcB 
@) Device Duty © Generator CB 


Mom. Asymm.kA 
Displays the calculated asymmetrical rms value of momentary short-circuit current in kA or Amp. 


Mom. M.F. 
Displays the momentary multiplying factor calculated from the X/R ratio at the fault location. 


Mom. X/R Ratio 
Displays the X/R ratio value for momentary short-circuit calculation on the fault location. 


I’k 
Displays the calculated initial rms symmetrical value of short-circuit current in kA or Amp. 
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Ip 
Displays the maximum possible instantaneous value of the available short-circuit current in kA or Amp. 


Alerts 

This section explains the “Alert” section of the short-circuit result analyzer. The alerts point out devices 
considered to be over duty. This section also contains an option to show the worst-case device duty 
results when multiple reports are selected. 


x § Short Circuit Duty Analyzer xs 
renn ma ~~ ~|_NominalkV | ANSIDuty ~| ANSIDuty! ~| ANSIDuy2 > 
aes meee [ha 0.48 28.08688 28.9138 28.9138 
f | 2 |Bus2 0.48 12.62384 12.9564 1299564 
AES Sime oy | 3 [Bus23A 0.48 1647368 16.62644 1662644 
| 4 |UvBus 0.48 15.7663 16.23041 16.23041 
oe | 5 [Main Bus 345 21.9505 2.59494 2.59494 
Ref Select Reports | 6 |mcct 0.48 1785617 18.3814 18.3814 
o|@ ANSI Duty | 7 |Sub2a 138 | 6.434398 6.623615 6623615 
o|@ ANSI Duty1 | 8 |Sub2B 138 11.38766 11.71475 1.71475 
o|@ ANSI Duty2 | 9 |Sub3 416 2633349 27.1161 27.1161 
| 10 | Sub3 Suge aie | ~—s24.32985 =| «2508774 «=| =—(25.04774 
| 11 |sub22 3.45 1093131 1.25281 11.25281 
| 12. | Sub23 3.45 10.53735 10.81386 10.81386 aod 
Basic colors: 
ee eee ee ES _eeCeee 
{¥] Nominal kV @ Symm. kA lw] Critical 100 % a fon aoa 
El Type hemes [7] Marginal 5% EERE EEE 
Project Report Selection E)M(%) © Peak kA mice EER BSE eee 
tena ) MF. EE EE SEES 
All projects reports in this directory © XR Ratio (7) Skip Non-Alerted Devices EE Ee eeer 
Selection Device Type © NACD ete cae 
ling Citi a 
General ) HVCB Cr I 
LVCB 
@ Device Duty © Generator CB Define Custom Colors >> 
© Fuse bi Current Voltage Cancel 
© Switch kA 7} [kv x - 
=) a So 


Critical 

This option allows flagging the device duty results when the calculated value is greater or equal to the 
percentage value specified in the critical field. The respective results are also displayed based on the 
selected color code. 
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3 Shor Crctit Duy Ae |_ 30) 
Suit Tevet [ 1D Nominal kV wy); ve aI I 
sa | = = ()_»|_ANSIDuty | ANSIDuty? | ANSIDuty2 
ane FR era | »1 fast 0.48 Switchgear 702 
d 2 | Bus2 | 048 Switchboard 102 1275696 13.13217 1313217 
‘sts Bee | 3. |Buwaaa 0.48 Switchboard 102 21.0519 21.67446 21.67446 
ao | 4 /LVBus 048 Mec 102 24.28033 24.99446 24.99446 
—— ~~ 5 Main Bus 4S Open Air 102 
| Ref Select Reports 6 |mcct 0.48 mec 102 28.41872 29.25457 29.25457 
|o|m| ANSI Duty 7 |Sub2a 138 Switchgear 102 10.2054 1052615 1052615 
|o|m@| ANSI Duty 8 |sub2B 138 Switchgear 102 18.75583 1930747 1930747 
[o | w | ANSI Duty2 9 |Sub3 4.16 Switchgear 102 
10 || Su3 Swor 416 SS 402 
| 11 | subz2 345 Switchgear 102 
| 12. |sub23 345 Switchgear 102 SS 
a, 
Info Resuts Nett a, 6m 
7] Nominal kV 5 Symm, kA Wl Citical a! | Zn 
7] Type ©) Asymm. kA ane ann 
5 (7) Marginal 95 % Ea “Ts 
Project Repatt Selection vic) > Peak kA : 
© Example-ANSI rae [Worst Case Tn | 
© All projects reports in this directory >) XIR Ratio (CF) Skip Non-Alerted Devices 
Selection Device Type © NACD 
© Bus 
|| © General © HvcB 
) LVCB 
© Device Duty Generator CB 
> Fuse = Current Voltage 
5 Switch kA 7) {kv x) 


Marginal 


This option allows flagging the device duty results when the calculated value is greater or equal to the 
percentage value specified in the marginal field. The respective results are also displayed based on the 


selected color code. 


Worst Case 


This option is available only when more than one report is selected. The analyzer displays the worst-case 
(maximum) duty results among the various reports selected, and provides the corresponding 
configuration, output report name, and revision details of the individual output report. 


% Short Circuit Duty Analyzer (eentzee| 
Study Reports - — — , 
ID +| NominalkV + Type + Mi (4) | Asymm.kA | Output Rpt. ~+| Configuration + Revision aa 
Standard Study Type 1 
z : rt 048 Switchgear 102 ANSI Duty Normal Base 
@ ANSI (@ 3-Ph Device Duty SS Ss a as IF = 
- e 2 | Bus2 0.48 Switchboard 102 13.13217 ANSI Duty1 Normal Base 
> IEC © 1-Ph Device Duty 
3 | Bus23A 048 Switchboard 102 21.67446 ANSI Duty1 Normal Base 
UnCheck All 4 | LVBus 0.48 McC 102 24.99446 ANSI Duty1 Normal Base 
5 | Main Bus MS Open Air 102 ANSI Duty1 Normal Base 
| Ref Select Reports 6 |MCC1 048 McC 102 29.25457 ANSI Duty1 Normal Base 
|o|e ANSI Duty 7 |Sub2A 138 Switchgear 102 10.52615 ANSI Duty1 Normal Base 
| O | @ | __ ANsiDuyt 8 | Sub2B 138 Switchgear 102 1930747 ANSI Duty1 Normal Base 
|o | @ ANSI Duty2 9 | Sub3 4.16 Switchgear 102 ANSI Duty1 Normal Base 
10 | Sub3 Swgr 4.16 Switchgear 102 ANSI Duty1 Normal Base 
11 | Sub22 3.45 Switchgear 102 ANSI Duty1 Normal Base 
12 | Sub23 3.45 Switchgear 102 ANSI Duty1 Normal Base 
Info Results Alert 
¥) Nominal kV © Symm. kA (W) Critical 700 % ede | 
wit = 
|v) Type @ Asymm. kA [7] Marginal 95 x ra 
l Project Report Selection [¥] VE (%) ) Peak kA ae 
© Example-ANSI > ME {¥] Worst Case 
» All projects reports in this directory © XIR Ratio {F Skip Non-Alerted Devices 
Selection Device Type ) NACD 
© Bus 
) General © HVCB 
© LvcB 
@) Device Duty © Generator CB 
Unit 
Fuse Current Voltage 
Switch kA >| {kv x) 
Help| [| Cancel] [0K 
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Skip Non-Alerted Devices 
This option filters out the Non-Alerted devices. The combination of this option along with Worst-Case 
selection, gives a more effective way to quickly find and isolate device duty problems. 


% Short Circuit Duty Analyzer exe] 
Stu port: 
at Sepats iD ~| NominalkV +] Type | (®)—sy|ANSIDuty |“ ANSIDuty! ~—~| ANSI Duty2 
Standard Study Type 
; >1 Bus1 0.48 Switchgear 102 
@ ANSI @ 3-Ph Device Duty 
2 =| Main Bus 34.5 Open Air 102 
IEC 1-Ph Device Duty = 
3 |Sub3 4.16 Switchgear 102 
UnCheck All 4 | Sub3 Swor 4.16 Switchgear 102 
5 | Sub22 3.45 Switchgear 102 
Ref Select Reports 6 = | Sub23 3.45 Switchgear 102 
© A ANSI Duty 
oO | ANSI Duty1 
(e) v| ANSI Duty2 
Info Results Alert 
¥] Nominal kV Symm. kA Y) Critical 100 x, =| 
Ty = 
I Type _ Naan 7] Marginal s  % 
Project Report Selection iV] VF(%) Peak kA 
@ Example-ANSI re Worst Case 
All projects reports in this directory XR Ratio ¥] Skip Non-Alerted Devices 
Selection Device Type NACD 
@ Bus 
General HVCB 
LVCB 
® Device Duty Generator CB 
Unit 
Fuse Current Voltage 
Switch kA x) [kv . 
[Hep] [cance] | oK | 


Note: The short-circuit result analyzer settings, (checked boxes and toggle radio box selections), are 
saved automatically after closing the SCRA. This has been implemented starting with Version 14.1.0. The 
SCRA still may not save certain selections, such as column repositioning or re-arranging. When toggling 
between different device types, the positioning or selections may not be saved. This will be enhanced in a 
future release of the program. 
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15.9.4 Export 


Export Data to MS Excel from the SC Result Analyzer. With this tool you can perform your filtering of 
the results and then proceed to export the results to MS Excel by simply clicking on the Export button 
starting from Version ETAP 16.0. The process is described below: 


First click on the export button. The SC Result Analyzer export function editor will come up: 


% Short Circuit Duty Analyzer x 
‘ 1D kV | rete it. kA Bus es Output Rot Configurati Re . 
Standard Study Type x | teenie SUC | aa] emcee aa | lee 
@ANS| ~— @ 3-PhDevice Duty cece By 7.16 Bus74 17.8534 Duty7 Noma Base 
IEC © 1-Ph Device Duty 2 |cBes 66 40 esi Rw Normal Infol 
|} 3 |CB65 66 40 Bus81 18.62395 Duty6 Normal Base = 
| 4 |cBes 66 315 Bus81 18.62395 Dutyé Normal Base 
| 5 |CB67 66 31.5 Bus81 20.13945 Duty2 Normal Infol 
Ref = Select Reports = f 5 = 
} a Duty] |} 6 |CB68 12.6 3.72 Bus74 Duty7 Normal Base 
- 7 q J 
fo) wv Duty2 q | CB69 66 88 Bus81 Duty6 Normal Base 
fo) wl a = ——— Bus80 Duty6 Normal Base 
ol fm Short Circ Duty = ears — Bus74 14.48569 Duty7 Normal Base 
Oo | @ Export File EE EE IIIs 
O18 N. i Aer 
ro) w Jame ‘Worst Case Interrupting kA 
[W) Critical 100% 
ail wT Path C:\ETAP 16\Worst Case Interrupting kA, a3 : = 
Project Report Selection w wl a = BS 
@ Active Project Results to be exported are based on Output Report, Elements Options, W] Worst Case 
© All projects reports in this , Selection options and Filters. FE] Skip Non-Al Daicce 
TCS-SC-352A, 
Selection cell Heb [ox] Conca 
© General @ HVCB 0 
) LVCB 
@ Device Duty Generator CB 
Fuse Unt Current Voltage 
>) Switch kA >| {kv = 
a ee Se 


Second enter the name of the MS Excel Spreadsheet that you want to create. 


r 


Short Circuit Duty Analyzer Export 


Export File 


Name Worst Case Interrupting kA 


Path C:\ETAP 16\Worst Case Interrupting kA 


Browse ... 


Results to be exported are based on Output Report, Elements Options, 


Selection options and Filters. 


Cancel 


Last, click on the OK button and the analyzer will take care of the rest. 


ETAP 
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. —— 
{Short Circuit Duty Analyzer cs 
Study Reports ~] int. Adj. ' = A 
Standard Study Type | ID =| kV ~| Rated Int. kA | Bus =|). Sasa icA. ~| Output Rpt. || Configuration || Revision ~| 
@ANS| «© 3 Ph Device Duty a 126 37.16 Bus74 17.8534 Duty7 Normal Base 
© lec © 1-Ph Device Duty 2 |CB64 66 40 Bus81 Duty2 Normal Info 
3 |CBe5 66 40 Bus81 18.62395 Duty6 Normal Base . 
4 |ce6s 66 315 Bus81 1.62395 Dutyé Normal Base 
5 |cBe7 66 315 Bus81 20.13945 Duty2 Normal Info 
Ref Select f 
mt = i 
2 a s iormi 
al = 6 |cpes 126 372 Bus74 Duty7 Normal = 
"omer mas 7 |\cBes 66 88 Bus81 Duty6 Normal Base , 
Ol m ae = 8 |cB70 138 125 Bus80 Duty6 Normal Base 
o|m Daya 9 |cB102 126 125 Bus74 1448569 Duty7 Normal Base 
10 |cB103 126 20 Bus74 16.7375 Duty7 Nommal Base 
o|@ Duty5 8 
i 
olf Dutyé : : 
oO 7 Duty7 Info Results Alert 
a] m7 iar Ww) kV © Mom. Asymm. kA | Critical io 60 1 
Type © Mom. Peak kA ; - 
5 : - ¥] Marginal 95 % LC] 
Froject Report Selection [| Rated Int. kA © Mom. MF. 
© Active Project eaese 3 5 [¥] Worst Case 
a ycle) © Mom. X/R Ratio 
© All projects reports in this directory imi z i Skip Non-Alerted Devices 
TCS-SC-352A [ES @ Int. Adj. Symm ke 
— =a © Int Symm. kA 
| Selection Device 
© Bus © Int MF 
| © General © HVCB © Int. XIR Ratio 
3): W9-@-)= . Worst Case Interrupting kA.xls [Compatibility Mode] - Microsoft Excel 
a) 
| Home | Insert PageLayout Formulas Data_—Review ‘View Add-Ins @-7%x 


ee Arial st fto = Aa | =] i} Wrap Text General se | 2] z7 i> == = ri aa ig wv 
= SF B Bh + -|O- An = — 3B) = faj Merge &Center~ |$ > % 9 (a8 28}| 


Conditional Format Cell Insert Delete Format Sort& Find & 
Clipboas5'|| Alignment a Number Gi Styles. | Cells | 


Formatting ~ as Table ~ Styles + nA ve se | 2 Clear ~ Filtery Selecty 


A 


17.8534 


|O) eo No )on) eo 


18.62395 
18.62395 
20.13945 


14.48569 
16.73775 
13.86367 
13.84915 
15.27641 


Ee) iS 


Please note that you must have installed MS Excel 2003 or higher for this feature to work properly. 
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15.10 Required Data 


Bus Data 
Required data for short-circuit calculation for buses include: 


e Nominal kV (when the prefault voltage option is set to use nominal kV) 
e %V (when the prefault voltage option is set to use bus voltage) 
e Type (such as MCC, switchgear, etc.) and continuous and bracing ratings 


Branch Data 
Branch Data is entered into the Branch Editors (i.e., 3-Winding Transformer, 2-Winding Transformer, 


Transmission Line, Cable, Reactor, and Impedance). Required data for short-circuit calculations for 
branches include: 


Branch Z, R, X, Y, or X/R values and units, tolerance, and temperatures, if applicable 
Cable and transmission line length and unit 

Transformer rated kV and MVA 

Base kV and MVA of impedance branches 


For unbalanced short-circuit calculations you will also need: 


e Zero sequence impedances 
e Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for short-circuit calculations for utilities include: 


e Nominal kV 
e %V and Angle 
e 3-Phase MVAsc and X/R 


For unbalanced short-circuit calculations, you will also need: 


e Grounding types and parameters 
e Single-Phase MVAsc and X/R 


Synchronous Generator Data 


Required data for short-circuit calculations for synchronous generators include: 


Rated MW, kV, and power factor 

Xa”, Xa’, Xa”/Ra, X2/R2, Xo/RO, Ra, R2, RO. 
Generator type 

IEC exciter type 

GOST exciter type 

Rdc for GOST short-circuit calculation 
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For unbalanced short-circuit calculations, you will also need: 


e Grounding types and parameters 
e Xo(Zero Sequence Impedance) 
e X2(Negative Sequence Impedance) 


Synchronous Motor Data 


Required data for short-circuit calculations for synchronous motor includes: 


Rated kW/hp and kV and the number of poles 

Xa’, Xa’/Ra, X2/R2, Xo/RO, Ra, R2, RO. 

% LRC, Xq, and Tq’ for IEC short-circuit calculation 
GOST exciter type 

Rdc for GOST short-circuit calculation 


For unbalanced short-circuit calculations, you will also need: 


e Grounding types and parameters 
e Xo(Zero Sequence Impedance) 
e X2(Negative Sequence Impedance) 


Induction Motor Data 
Required data for short-circuit calculations for induction motors include: 


e Rated kW/hp and kV 
e X/R plus one of the following for ANSI Short-Circuit calculation: 
Xsc at % cycle and 1.5-4 cycle if ANSI Short-Circuit Z option is set to Xsc, or 
%LRC if ANSI Short-Circuit Z option is set to Std MF 
e %LRC, Locked Rotor PF and Ty’ (IEC 61363) for IEC & GOST short-circuit calculations 


For unbalanced short-circuit calculations, you will also need: 


e Grounding types and parameters 
e Xo 
e X2(Negative Sequence Impedance) 


Lumped Load Data 


Required data for short-circuit calculations for lumped load includes: 


Rated MVA and kV 

% motor load 

% LRG, X/R, and Xsc for % cycle and 1.5-4 cycle for ANSI Short-Circuit calculation 
% LRG, X’’, m and Tq’ (IEC 61363) for IEC & GOST short-circuit calculation 


Additional data for unbalanced short-circuit calculations include: 


e Grounding types and parameters 
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Inverter Data 
Required data for short-circuit calculations for inverters include: 


e Rated kW, kV, and power factor 
eK factor in the Rating page 


Additional data for unbalanced short-circuit calculations include: 


e AC grounding status 


UPS Data 


Required data for short-circuit calculations for UPS include: 


e Rated kW, kV, and power factor 
e =Kac factor in the SC Impedance page 


Additional data for unbalanced short-circuit calculations include: 


e AC secondary grounding status 


VED Data 


Required data for short-circuit calculations for VFDs connected to a bus on output side include: 


e Rated HP, kV, and power factor 
eK factor in the Rating page 


Additional data for unbalanced short-circuit calculations include: 


e Output grounding status 


High Voltage Circuit Breaker Data 


Required data for short-circuit calculations for high voltage circuit breakers include: 


ANSI Standard Circuit Breaker: 


e Max kV 

e Rated Int. (rated interrupting capability) 

e = =Max Int. (maximum interrupting capability) 

e C&Lrms (rms value of closing and latching capability) 

e C&L Crest (crest value of closing and latching capability) 
e Standard 

e Cycle 


IEC Standard Circuit Breaker: 
e Rated kV 


e Min. Delay (minimum delay time in second) 
e Making (peak current) 
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AC Breaking (rms AC breaking capability) 

I: (short-circuit withstand current) 

Tx (user-defined duration of short-circuit withstand current) 
Ti: (rated duration of short-circuit withstand current) 


ETAP calculates the interrupting capabilities of the circuit breaker from the rated and maximum interrupting 


capabilities. This value is calculated at the nominal kV of the bus that the circuit breaker is connected to. 


Low Voltage Circuit Breaker Data 


Required data for short-circuit calculations for low voltage circuit breakers include: 
ANSI Standard Circuit Breaker: 


Type (power, molded case, or insulated case) 
Rated kV 

Interrupting (interrupting capability) 

Test PF 


IEC Standard Circuit Breaker: 


Type (power, molded case, or insulated case) 

Rated kV 

Min. Delay (minimum delay time in second) 

Making (peak current) 

Breaking (rms AC breaking capability) 

In (Short-circuit withstand current) 

Tx (user-defined duration of short-circuit withstand current) 
Tir (rated duration of short-circuit withstand current) 


Fuse Data 
Required data for short-circuit calculations for fuses include: 


e FuseID 

ANSI Standard Fuse: 

e Fuse rated kV 

e Interrupting (interrupting capability) 
e Test PF 

IEC Standard Fuse: 

e Fuse rated kV 


e Breaking (rms AC breaking capability) 
e Test PF 
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Other Data 


There are some Study Case-related data, which must also be provided, and you can enter this data into the 
Short-Circuit Study Case Editor. The data includes: 


Standard (ANSI/IEC/GOST) 

XFMR tap option (transformer tap modeling method) 

Prefault voltage 

Report (report format) 

Machine X/R (machine X/R modeling method) 

Faulted buses 

Cable/OL Heater (select this option to include cable and overload heater elements) 

Ta,eq (specify the method of equivalent time constant Ta,eq to be used for GOST only) 

Lump Load Model (specify the lump load modeling to be used for GOST only) 

Cable R adjustment (specify the method of cable resistance adjustment to be used for GOST only) 


Bus Duct 


The Bus Duct element does not have any impedance and it will not limit any fault currents. Currently it is 
just a symbol which illustrates the presence of the element in the actual system. In reality, bus duct 
elements have impedance and its effect will be considered using BusWay from ETAP. 


Bus Way 


BusWay ID 

Length 

Tolerance 

Number of BusWay per phase 

Symm. RMS Bus bracing rating 

Impedance (Positive and Zero sequence impedance 
Temperature 


Open Delta Transformers 


The current version of ETAP does not perform any short-circuit calculations below open-delta 
transformers. This will be offered in a future release of the program. 
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15.11 Output Reports 


ETAP provides Short-Circuit Study Output Reports with different levels of detail, depending on your 
requirements. The following are just some examples that show this flexibility. ETAP 5.0.0 reports show 
total and individual fault current contributions for all the different types of faults (3-phase, LG, LL & 
Lie) 


15.11.1 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the output report that is listed in the Study Case toolbar with the selected format. In 
the picture shown below, the output report name is short-circuit-Duty and the selected format is 
Complete. 


@B3 ANSI Duty + de ANSI-4Cycle . Complete + | 


Generator 
High Voltage DC Link 
Impedance 

Line Compensation 
Loads 

Power Grid 

Reactor 

Short-Circuit LG Report 
Short-Circuit LL Report 
Short-Circuit LLG Report 
Short-Circuit Report 
Summary 

Switched Capacitor 


15.11.2 Short-Circuit Report Manager 


To open the Short-Circuit Report Manager, simply click on the Report Manager button on the Short- 
Circuit Study toolbar. The editor includes four pages (Complete, Input, Result, and Summary) 
representing different sections of the output report. The Report Manager allows you to select formats 
available for different portions of the report and view it via Crystal Reports. There are several fields and 
buttons common to every page, as described below. 


Output Report Name 
This field displays the name of the output report you want to view. 


ETAP 15-139 ETAP 19.0 User Guide 


Short-Circuit Analysis Output Reports 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will simply close the editor. Click on the Cancel button to 
close the editor without viewing the report. 


Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type, 
including Bus, Cable, Cover, Adjustments, Generator, Loads, Reactor, Transformer, UPS, and Utility. 


f 7 
ANSI Unbalanced SC Report Manager x=} 


@® Viewer 


© PDF 
© MS Word 


Rich Text Format 
High Voltage DC Link : 
Impedance MS Excel 


Loads [| Set As Default 
Pawer Grid 


Path 
C:\ETAP\Example-ANS! 
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ETAP 
5.0.0C 


Project: Example 

Location: Ive, Calfornia 
Comtract: OTI-12345678 

Engimeer: Operation Technobgy, Ix. 
Filmame: EXAMPLE 


Study Case: ANSI Duty 


This info is printed on every output report, lst remark lire. (120 characters) 
Second lme of remarks for "ANSI Duty" study case. 


Page: 3 
Date: 07-22-2004 
SH: 850TGO125 


Revision: Base 
Comfig.: Nomal 


Bus Input Data 
Bus Initial V cltage 
wm Type Hom.1¥ Based V  Sabsyr Mag. Ang. 
Bul load o4@ 049 1 100.00 000 
Bud load 04a) 04m) 1 100.0 000 
But load 13. #0 13.0 1 100.00 ono 
Bu? Lead 13.90 1¢1i¢ 1 100.00 0.00 
Bu2i hk lead 0400 O410 1 10145 123 
LVBw Load 04a) 04m) 1 STN9 “349 
Main Bo IWHG 3+ 500 3+ 500 1 100.00 O00 
Heel Load O40 0492 1 MH “396 
fab2 A Lead 13.90 1¢15¢ 1 101 52 -121 
fub2B Gen 13.0 13.0 1 100.0 143 
fab 3 Lead +160 +160 1 WA 048 
fabs Swe load +160 +160 1 #59 0.50 
fab22 Load 3450 3538 1 100.00 0.00 
fub23 load 3450 3.450 1 100 0 000 
tl Load 3+ 500 3+ 500 0 100.00 0.00 
15 Buses Totl 
Allw bags mported by Pownrftate nam in % of bw Nomimli V. 
Bare 3V values of boar am cak uhtd and wed intemally by Po written. 
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Results Page 


This page allows you to select formats to view the Short-Circuit Result portion of the Output Report. If 
you run a 3-phase fault, there is only one Short-Circuit Report format shown in the Report Manager. If 
you run an unbalanced fault calculation, the results section will include short-circuit reports that include 
individual contributions for LG, LL, & LLG faults. The same applies for IEC 3-phase or unbalanced 
faults. 


- : ; 
ANSI Unbalanced SC Report Manager x=) 


® Viewer 
© PDF 
MS Word 
© Rich Text Format 
» MS Excel 
(-] Set As Default 


Path 
C:\ETAP\Example-ANS! 
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Short-Circuit Report 
3-phase fault atbus: Mam Bus 


Prefaultvoltage = 36.225 


105.00% of nommal bus kV ( 34.500 kV) 
105.00 %. of base ( 34.500 k¥) 


Contob ution 1/2 Cycle 145 tod Cycle 
Fom Bo Io By %e VW JA 1A Imz JASymm, %V JA 1A Imaz. 14 fymm. 
wD pia) Fom Bo Koal Imagmry sal Magzimis FromBo Beal Imagmry Beal Magnitmis 
Main Bo Total 0.00 0541 -22.620 418 22.627 0.00 0522 -22431 $30 22.438 
fab2é Main Bo lel 0027 0397 ug 0398 11.62 0.020 0285 WS 0286 
#Tl Main By ose onee “1143 250 1lt+ 043 0.033 1065 319 lace 
Trility Main By 105.00 O463 -21981 +50 21.086 105.00 0463 -21081 +50 21.086 
Bul SablA 1625 O0+5 0474 10? O46 11.69 0.033 0351 105 0352 
Mr Sabl 11259 0.020 0495 242 O49 11259 op15 0345 23.6 0345 
#£ub2B tl 29.78 0029 1951 36s 1952 28.68 0.023 1913 #33 1913 
#fub3 tl 309 O17 099 53 ON 14 opl0 0.053 53 0.053 
fub22 Bu? 310+ O0t5 0474 107 O46 22.64 0.033 0351 105 0352 
But fab2B 29.79 ols 0.053 35 O56 28.68 0901 0.009 3.6 0009 
Genl fab2B 105.00 O0+7 -2313 +97 2314 105.00 O51 “2347 +00 2347 
Synl fab2B 109.77 on09 0261 281 0262 109.77 0.007 0177 269 0177 
fub3 Swa fub3 335 0143 0.758 33 O77 209 ONS -O436 53 O4t+ 
Bul fub3 309 0.900 0.900 Feo 0.000 14 0.900 0.000 WO 0.000 


HAL D kath = 0.96 


# Indicate a fault coment contribution fr ma thme-winding tra former 
* Indicates o fault coment through 4 tis cimcuit bm aber 


Iffauled bo i} mw hed mbo p fo med by po ection devices, the ¢ hortcimuit contibute mw tho ugh there PDs willnotbe mported. 


Load Terminal Fault Report 


Load Terminal Fault Short-Circuit Current - 1/2 Cycle 


1/2 Cycle 
Feeder Z (ohm) Short Circuit Current 
S.-C ___kA Symmetrical 
Bus ID ID Type kV HRAW kVA Cabk R Cabk X System Load Total 

MCC1 Mtré Ind. Motor 0.460 120.00 53.74 0.00000 0.00000 17.50 0.354 17.847 
MCC1 Mtrt Ind. Motor 0.460 125.00 = 110.12 0.00000 0.00000 17.12 0.731 17.847 
MCC1 Mtr3 Ind. Motor 0.460 75.00 66.20 0.00000 0.00000 17.41 0.437 17.847 
MCC1 Murs Ind. Motor 0.460 50.00 4532 0.00152 0.00000 17.39 0.298 17.691 
MCC1 LTG Load Static Load 0.480 100.00 100.00 0.00000 0.00000 17.85 0.000 17.847 
Comp Mtrl Mtré Ind. Motor 0.460 120.00 53.74 0.00000 0.00000 17.50 0.354 17.847 
Comp Mtrl Mtrt Ind. Motor 0.460 125.00 110.12 0.00000 0.00000 17.12 0.731 17.847 
Comp Mtrl Mtr3 Ind. Motor 0.460 75.00 66.20 0.00000 o.00000 17.41 0.437 17.847 
Comp Mtrl Mtr Ind. Motor 0.460 50.00 45.32 0.00152 0.00000 17.39 0.298 17.691 
Comp Mtrl LTG Load Static Load 0.480 100.00 100.00 0.00000 0.00000 17.85 0.000 17.847 
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Summary Page 


This page allows you to select formats to view Summary Reports of the Output Report. 


ANSI Unbalanced SC Report Manager =) 


Path 


C:\ETAP\Example-ANS! 


© MS Word 
© Rich Text Format 
© MS Excel 
(-] Set As Default 


Inter: ing, D Report 
3-Phase Fault Cumrents: (Prefault Voltage = 105 % of the Bus Nom imal Voltage) 
Bus Device Interrupting Duty Device Capability 
CPI gym. Kk Adj. Sym. Tust Rated = Adjwtd 
iv mD Type (Cy) JA Rati uF. JA om iv PF Int. Int. 
Bul 048 CB22 Po wa rUnfes 23380 79 1932 29+ O44 15.00 £5,000 65.000 
CB23 Po we rUnie eo 2350 79 1032 29m+ 04m) 15.00 £5,000 £5,000 
Bul 049 CB32 Mo Med Caso B14 30 1000 231% 040 20.00 30.000 30.000 
Fou? Foo Ble 30 1000 Bla 0.600 15.00 200.000 200.000 
CB31 Po wa rUnfe es 231% 30 1000 231% 04 15.90 50 000 50.000 
Bul3 A 0400 19933 62 
LVBw 04m) 17136 163 
Main Be 34500 CB2 Say SymCB 30 - 22438 HS 1230 27.600 38000 +0000 +0000 
Feel Feo 22.627 43 1087 2+ 591 33.000 0.65 3450 S450* 
CBlo Say SymeB 30 22438 HS 1230 27.600 33000 +0000 +0000 
CBl Say SymCB 30 22.438 45 1230 27.600 33.000 +0000 +0.000 
MCC1 049 CBI? Mo Had Cara 18372 Bs 127% 23.450 0.600 20.00 25,000 25.0008 
CBls Mo Mad Care 18372 23.6 12% 23.450 0.600 20.00 22.000 22,000 « 
CB? Mo Med Case 18372 Bs 12% 23.450 04m 20.00 30.000 30.000 
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Complete Page 


In this page you can select the complete crystal report format, which brings up a comprehensive report for 
the Short-circuit study. The report includes input data, results, and summary reports. 


la : ; 
ANSI Unbalanced SC Report Manager x=) 


© Viewer 
© PDF 
MS Word 
© Rich Text Format 


© MS Excel 
("| Set As Default 


Path 
C:\ETAP\Example-ANS! 


M 


You can open and save the report in PDF, MS Word, Rich Text format, or Excel format. If you wish this 
selection to be the default for reports, click the “Set As Default” checkbox. 
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Electrical Transient Analyzer Program 


ETAP PowerSiation 


Short Circuit Analysis 
ANSI Standard 


3-Phase, LG, LL, & LLG Fault Currents 
1/2 Cycle Network 


Number of Buses: 1 1 12 14 


XFMR2 XFMR3 Reactor Line/Cable Impedance Tie PD Total 
Number of Branches: 7 1 0 4 0 0 12 


Synchronous Power Synchronous Induction Lumped 
Generator Gnd Motor Ivlachines Load Total 


Number of Machines: 1 1 3 6 3 14 


System Frequency: 60 Hz 


Unit System: English 
Project Filename : EXAMPLE 
Output Filename : FAETAPS 40\PowerStation\Example\EXAMPLE 542 


ETAP 15-146 ETAP 19.0 User Guide 


Short-Circuit Analysis Alert View 


15.12 Alert View 


To make it easier for you to check the device ratings after a device duty calculation, ETAP provides a 
Short-Circuit Analysis Alert View that lists all devices that have a critical or marginal rating violation. 
Open this view by clicking on the Alert View button. If the Auto Display box is checked in the Study 
Case, the Alert View will be automatically open once the device duty short-circuit calculation is 
completed. 


Study Case: ANSI Duty Data Revision. Base 
Configuration: = Normal Date: 07-30-2015 
|| Zone Filter || Area Filter Region Filter 
ie) 1 a) 1 a 
Critical 

Device IB Type Condition Rating/Limit Operating % Operating 
SPST1 Switch C&L ims 12 kA 43.306 360.9 
Main Bus Open Air Bracing Asymm. 20 kA 36.303 181.5 
Main Bus Open Air Bracing Crest 33.75 kA 59.957 177.6 
Fusel Fuse Interrupting 10kAé 23.856 238.6 
CB28 L¥ CB Interrupting 18 kA 18.63 103.5 
CB15 LY CB Interrupting 22 kA, 22.792 103.6 


Marginal 


Device ID Condition Rating/Limit Operating % Operating 


15.12.1 Alert View Entries 


Device ID 
The Device Identification group of the Alert View window lists the names of the components that 
qualified as alerts after the short-circuit calculation. 


Type 
The Type group of the Alert View window displays information about the type of the device having the 
displayed alert. 


Rating 


The Rating group of the Alert View window provides the rating information being used to determine 
whether an alert should be reported and of what kind of alert was found. 
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Calculated 

The Calculated group of the Alert View window displays the results (duty) from the short-circuit 
calculation. The results listed here are used in combination with those displayed in the ratings section to 
determine the operating percent values. These values are then compared to those entered in the Short- 
Circuit Study Case Editor Alarm page. 


% Value 

This group displays the percent operating values calculated based on the short-circuit results and the 
different device ratings. The values displayed here are directly compared to the percent of monitored 
parameters entered directly into the Study Case Editor Alarm page. Based on the element type, system 
topology and given conditions, ETAP uses these percent values to determine if and what kind of alert 
should be displayed. 


Condition 

The Conditions group of the Alert View Window provides a brief comment about the type of alert being 
reported. In the case of short-circuit alarms, the different conditions reported are the same as those listed 
in the bus and protective device monitored parameters tables. 


Phase 
In future releases of ETAP, alerts for unbalanced fault conditions will be provided. Currently ETAP 
provides only alerts for 3-phase faults (ANSI & IEC Duty). 


15.12.2 Parameters Monitored and Conditions Reported 


Bus Alert 


Short-circuit simulation alerts for buses are designed to monitor crest, symmetrical, and asymmetrical 
bracing conditions. These conditions are determined from bus rating values and Short-Circuit Analysis 
results. The conditions reported for buses are the same for ANSI and JEC Project Standards. The 
following table contains a list of monitored parameters and the conditions that their corresponding alerts 
report: 


Bus Alerts Monitored Parameters and Condition Reported 


Type of Device Monitored Parameter Condition Reported 
Momentary Asymmetrical. rms kA Bracing Asymmetrical 
HV Bus (> 1000 Volts) 
Momentary Asymmetrical. crest kA Bracing Crest 
Momentary Symmetrical. rms kA Bracing Symmetrical 
LV Bus (<1000Volts) 
Momentary Asymmetrical. rms kA Bracing Asymmetrical 
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Protective Device Alert 


Short-circuit alerts monitor certain conditions of interest for both ANSI and IEC Project Standards. The 
conditions reported by the alerts depend on whether you run ANSI or IEC Short-Circuit Analysis. ANSI 
and IEC Standards have different sets of monitored parameters. The following table contains a list of 
monitored parameters used for both standards: 


Protective Alerts Monitored Parameters 


Device Type ANSI Monitored Parameters IEC Monitored Parameters 

Interrupting Adjusted Symmetrical. rms kA Breaking 

ca Rated Thermal Energy 
Momentary C&L Making 

Momentary C&L Crest kA N/A 

ree Interrupting Adjusted Symmetrical. rms kA Breaking 

Rated Thermal Energy 
FUSE Interrupting Adjusted Symmetrical. rms kA Breaking 
SPDT Momentary Asymmetrical. rms kA Making 
SPST Switches Momentary Asymmetrical. rms kA Making 


Short-circuit alerts for protective devices report different conditions depending on the monitored 
parameters. The following table contains a list of the corresponding conditions reported in the Alert View 
window: 


Protective Device Reported Condition 


Device Type ANSI Reported Condition IEC Reported Condition 

LVCB Interrupting Breaking 
Interrupting Breaking 

HVCB C&L Making 
C&L Crest N/A 

Fuse Interrupting Breaking 

SPDT C&L Making 

SPST Switches C&L Making 
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Star Protection and Coordination Analysis 


Star is a fully integrated system protection and coordination (selectivity) module within ETAP. Star 
consists of state-of-the-art tools for performing equipment protection and protective device coordination. 
This is achieved by utilizing intelligent one-line diagrams, comprehensive protective device libraries, an 
integrated multi-dimensional database, graphical presentations of time current curves, sequence of 
protective device operation, and automated protection and coordination evaluation. 


Star enables power engineers to easily and efficiently perform protection and coordination studies. The 
built-in intelligent features provide informed and reliable recommendations regarding the feasibility of 
the devices under consideration. Engineers can quickly realize possible design issues and make informed 
decisions to improve system reliability, increase system stability, and boost financial savings. 


This chapter provides an overview of the features and capabilities in Star. By exploring this chapter, you 
will become familiar with many of the key concepts and capabilities of the Star module. Each section is 


available in an interactive format, allowing you to visualize each step as it is explained in this chapter. 


Note: Some of the directory paths shown in the figure below will be different if you have chosen a 
custom installation path. 
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16.1 Star Mode Toolbar 


Create Star View 

Star View Manager 

Run / Update Short-Circuit Clipping kA 
Run / Update 1-Phase Short-Circuit Clipping kA 
Fault Insertion (PD Sequence-of-Operation) 
Sequence Viewer 

Path Detection Tools 

Protection Zone Viewer 

Star Auto-Evaluation 

Star Auto-Evaluation Report Viewer 
Display Options 

Report Manager 

Device Settings Reports 


Halt Current Calculation 


Create Star View 


Click this button to generate a new Star presentation. A Star View is a presentation that may contain 
network paths (a set of one or many elements that reside in the one-line diagram) and their specific plots. 
To activate the Create Star View toolbar button, select an element or a group of elements on the one-line 
diagram. This is called rubber-banding a zone for a selected Configuration. Composites (nested networks) 
can be opened up, rubber-banded, and grouped with their external connecting elements for coordination. 


Star View Manager 
Click this button to launch the Star View Manager editor. Star View Manager allows for the following 
actions: 


Append - Add element(s) from the One-Line View to existing Star View(s). 
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Purge — Delete selected Star View(s) 
Star View Selection [| | 


Star Views 


|| Filter Star view list by selected component(s] 


Components 


Bus 1- TCC 

Main Bus - Feeder 1 

Main Bus - Feeder 2 
Main Bus - Feeder 2* 
MTR 5-TCC 

Starl 

Star2 

Star3 

Star4 


Bus6 
Cable20 
Cable23 
CB13 
CB2 
CB25 
CB26 
CB4 
CONTI 
CT1 
CT11 


git 


x 


Append 


Sub3 Swar: XFMA3 CT5 
CT6 
CT? 
CTs 
Fusel 
Gen! 
OCR3 
OCR4 
OCRS5 
OCRS8 
PT1 


Select All Deselect All 


Filter Star View list by selected component(s) 
Checking this option will list the IDs of all the components (elements) in the project. This allows 
selection of Star Views based on the elements that are contained within them. 


Star Views 

The Star Views column lists all the Star Views in the project. By default, the last accessed Star View will 
be selected (highlighted) from the list of Star Views. Multiple Star Views can be selected by using the 
Shift or Ctrl keys. 


Select All 
Select all the Star Views from the list to append the selected element(s) or purge. 


Deselect All 
Deselect all the Star Views from the list to append the selected element(s) or purge. 


Components 
The Components column lists the IDs of the element(s) that are included in the selected Star View(s). The 
Components column will list the IDs of all elements in the project. 
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Star View Selection (eS 


| Filter Star view list by selected component(s) =< 
Star Views Components 


Battery 
Bus 
Bus10 
Bus2 
Bus234, 
Bus3 
Bus4 
Bus5 
Bus6 
Bus? 
Bus3 
Cable11 
Cable13 
Cablel4 
Cable15 
Cable16 
Cable18 
Cable19 
Cable2 
Cable20 
Cable21 
Cable22 


SelectAll || Deselect All 


Append 
The Append button in Star View Manager is activated only when an element or group of elements are 
selected on the one-line diagram. Click on the Append button to add the selected elements to the Star 
View(s). 


Purge 
The Purge button in Star View Manager allows for deletion of one or multiple Star Views. A 
confirmation dialog is issued to verify the purge action. 


Run / Update 1-Phase Short-Circuit Clipping kA 


Click this button to perform a 1-phase short-circuit study to update the time-characteristics curve clipping, 
short-circuit kA and minimum kA for the applicable elements. This button is activated when the 1- 
Phase/Panel/1-Pahase UPS Subsystem option is enabled from the Star Study Case editor. If the output 
name file is set to prompt, ETAP will prompt you to specify the output report name. Upon completion of 
the study, the output report is generated and the study results are displayed on the one-line diagram. 


1-Ph/Panel/1-Ph UPS Subsystem 
1-Phase 
Panel 
1-Phase UPS 
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Fault Insertion (PD Sequence-of-Operation) 


Protective Device (PD) Sequence-of-Operation initiates upon placing a fault on the one-line diagram 
using the Fault Insertion button from the Star Mode. The fault insertion icon changes based on the type 
of fault selected from the Study Case. 


F # Fi t 


3 Phase Line-to-Ground Line-to-Line Line-to-Line-to-Ground 


Once the fault insertion button is selected, the cursor icon changes to a fault symbol which can be 
dropped on any valid AC one-line diagram elements (e.g., buses, connectors). As you move the Fault 
Insertion cursor over the one-line diagram, the cursor color changes to red (or custom color) indicating an 
allowable (valid) fault insertion location. The fault insertion cursor can be dragged and re-dropped on 
any valid one-line diagram to initiate a new sequence-of-operation calculation. To cancel the fault 
insertion, press the Esc key on the keyboard. 


Fault Insertion is not allowed for the following: 
e De-energized elements 

Panel systems 

DC elements 

Grounding elements 

CT / Relay connections 


Sequence Viewer 


The Sequence Viewer button is enabled when you perform a Sequence-of-Operation Study. If you click 
the Sequence Viewer button, ETAP displays the Sequence-of-Operation Events dialog box that displays a 
tabulated sequence summary list of actions for the applicable protective devices. 
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fa , 
&  Sequence-of-Operation Events - Output Report: SQOP-Sub2A =) 
| 3-Phase [Symmetrical] fault on bus: Sub24, 
Data Rev.: Base Config: Normal Date: 07-29-2011 


Time [ms] If (kA) T1 [ms] T2 [ms] Condition 
117 5.55 117 Phase - OC1 - 51 
149 2.22 149 Phase -OC1 - 51 
217 100 Tripped by OCR 4 Phase - OC1 - 51 
217 100 Tripped by OCR4 Phase - OC1 - 51 
232 83.3 Tripped by OCR3 Phase - OC1 - 51 
271 184 

913 OC1 - 51 


996 83.3 Tripped by OCR1 OC1 - 51 


Mw 


Path Detection Tools 


The Path Detection Tools provide an easy way to automatically identify and define a protection / 
coordination path. 


z+ 3 


Each path selection tool requires that elements be selected in order to determine the path. Only 3-phase or 
1-phase elements can be selected on the OLV (DC elements are not included). De-energized element 
selection is dependent on the setting of the “Honor configuration Service Status for Path Detection” in 
Option (Preferences). 


Extend Path to Source 


After clicking on this button the cursor will change to an arrow pointer as it is moved over the OLV. Once 
an element is clicked on, the path shall extend from the selected element to the nearest source, and the 
cursor will return to normal. 


Pressing ESC at any time will return the cursor to normal. 
The zone viewer is automatically launched after the element is selected. It will contain all zones for all the 


paths identified. If more elements are selected, the additional zones will be added to the zone viewer tree 
view. 
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2 
Extend Between * 
After clicking on this button the cursor will change to an arrow pointer to select the first element as it is 
moved over the OLV. Upon selecting the first element, the arrow pointer will change to for selection of 
the second element. 


Two elements are required to be selected. After selecting the two elements on the OLV, the shortest path 
shall be or highlighted between the two elements and the cursor will return to normal. 


Note: The same element cannot be selected twice. 
Pressing ESC at any time will return the cursor to normal. 


The zone viewer is automatically launched after the two elements are selected. It will contain all zones for 
the path identified. 


pane 


Extend Path by Bus Level ~ 

After clicking on this button the cursor will change to an arrow pointer as it is moved over the OLV. Once 
an element is clicked on, the path shall be extended by a pre-defined number of bus levels in all directions 
as defined in the “Bus Levels Away for Path Detection” in the Options (Preferences), and the cursor will 
return to normal. 


Pressing ESC at any time will return the cursor to normal. 
The zone viewer is automatically launched after the element is selected. It will contain all zones for all the 


paths identified. As more elements are selected, the additional zones will be added to the zone viewer tree 
view. 


Protection Zone Viewer 


The Protection Zone Viewer (Zone Viewer) provides a user interface to view the zones of protection for 
the elements highlighted on the OLV. 
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‘arcane 
[i] [2] Zone[anr] Voltage |All) 


=... 


Star View TCC’s 
Create individual Star View perzone  v¥ 


Open Star Views after creating 


The tree view will display the zones for the elements selected on the one-line. The zone tree toolbar 
allows for sorting and filtering the tree view. 


Zone Types 


There are four types of zones: 


e 0 Branch Zones 


e 5 Bus Zones 


e O Load Zones 
e i Source Zones 
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Zone Level 
The zone level displays the ID of the element which the zone is based on, i.e. the load, branch, bus, or 
source element ID. 


When this level is selected (highlighted) in the zone viewer, the elements which make up the zone will be 
highlighted on the OLV. 


Element Level 
The element level displays the ID’s of the elements that make up the zone. When this level is selected 
(highlighted) in the zone viewer, the element will be highlighted on the OLV. 


Ascending / Descending: 
This button allows for sorting of the tree view into either ascending or descending alphanumeric order as 
well as connection order. 


Zone Filter 
Non-editable check list box with the following selections: 


All (default) 
Branch 

Bus 

Load 
Source 


According to the selection, the types of zones displayed in the tree view will change. Note: The OLV 
selection will remain the same. For example, when “Any” is selected, all five types of zones will be 
displayed. When “Branch” is selected, only those zones which are branch zones will be displayed in the 
list. 


Voltage Filter 

According to the entries in this field, the zones displayed in the tree view will be filtered by analyzing the 
kV rating of the zone elements. Note: The OLV selection will remain the same. For example, if “<=” 1 
kV is entered, then only those zones whose elements have a rating of less than or equal to 1 kV will be 
displayed in the tree. Any zone in which the all the elements are rated above 1kV will be filtered-out. 


Select All / Deselect All 
Select All will check all the boxes in the tree view. Deselect All will uncheck all the boxes in the tree 
view 


Expand All / Collapse All 
Expand All will expand all the levels in the tree view. Collapse All will collapse all the levels in the tree 
view. 


Star View TCC’s 
To create Star Views of the checked elements in the tree view, select the method of Star View creation 
and click on Create/Append button. 


e Create individual Star Views per zone - When “Create individual Star Views per zone” is 


selected, a star view will be created for each zone checked or in the intermediate state in the tree. 
If a zone is not checked, then a star view will not be created for the zone. 
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e Create single Star View - When “Create single Star View” is selected, then only one Star View 


will be created containing all the elements checked in the tree. 


e Append to existing Star View - When “Append to existing Star View” is selected then the 
checked elements will be appended to an existing Star View. When the Append button is clicked, 
the zone viewer dialog will close and the Append to Star View dialog will open. Since the 
checked elements are selected on the OLV, only those will be appended to the star view. 


Display Options 


Refer to the Display Options section in this chapter for more information about customizing display 
annotations and color themes on the one-line diagram. The Display Options — Star (PD Coordination) 
dialog box contains options for Star Short-Circuit Study and Sequence-of-Operation results, as well as 


associated device parameters. 


Report Manager 


Short-Circuit Output Reports are provided in Crystal Reports format. The Star Report Manager contains 
four pages (Complete, Input, Result, and Summary) for viewing the different sections of the Output 


Report in Crystal Reports. 


Available formats for Crystal Reports are displayed on each page of the Report Manager for short-circuit 
clipping kA and Sequence-of-Operation studies. 


- 
ANSI Star Report Manager 


rx} 


| Complete | input | Result | Summary | 


| Complete 
Complete LG 

| Complete LL 
Complete LLG 


Output Report Name 
STARModeSC 


Path 
C:\Example-ANS! 


®) Viewer 
PDF 
~) MS Word 


Rich Text Format 


MS Excel! 


("| Set As Default 


oe] 


. 


You can also view output reports by clicking the List Output Reports button on the Study Case toolbar. 
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Star Mode Toolbar 


7 i Complete 


STARModeSC 
Prompt 


ANSI-4Cycle 
ANSI-Max 
ANSI-MIN 


SQOP-Sub2A 


Ss 


List Output Reports Button 


A list of all output files in the selected project directory is provided for the performed calculations. To 
view any of the listed Output Reports, click the Output Report name, and then click the View Output 


Report button. 


Search Example-ANS! 


Organize v 


New folder 


y® Favorites 
WD Desktop 
Be Downloads 


‘S] Recent Places 


Libraries 
3) Documents 
m) Music 
Pictures 

& Videos 


@) Comnuter 


* jj Output 
[| SQOP-Sub2A.SQ1S 
=| _ [_]STARModeSC.ST1S 


aa 


File name: 


LF Report (*.Ifr,*.LF1S,*.LF1) 
ULF Report (*.UL1S,*.UL1) 
SC Report (*.shr,*.SA1S,*.SA1,*.SA2S,*,SA2,*.SA4S,*.SA4,*.SILS, *.SI,*.S12S,*.S12,*.SBS,*.SB,*.SI4S,*.S14) 
GOST Report (*.SG1S,*.SG1,*.SG2S,*.SG2) 
MS Report (*.msr,*.MS1S,*.MS1) 

HA Report (*.har,*.HA1LS,*.HA1) 

TS Report (*.tsr,*.TS1S,*.TS1) 

OPF Report (*.OP15S,*.OP1) 

RA Report (*.RALS,*.RAL) 

OCP Report (*.CA1S,*.CA1) 

DCLF Report (*.DL1S,*.DL1) 

DCSC Report (*.DS1S,*.DS1) 

BS Report (*.DB1S,*.DB1) 

CD Report (*.cdr,*.CD1S,*.CD1,*.CD2S,*.CD2) 
Star Report ( Sigs DA pa : He IE Ae 
Auto Star Report (*.AS1S,*.AS1,*.AS2S) 

Voltage Drop Report (*.vdr,*.VD1S,*.VD1) 

AC Voltage Drop Report (*.vdr2,*.VD2S) 

AF Report (*.AAF1S,*.AAF1,*.AAFS,*.AAF,*.IAFS, *.IAF,*.UAFS,*.UAF) 
DCAF Report (*.DA1S,*.DA1) 

Voltage Stability Report (*.VS1S) 

All Files(*.*.*) 

Switching Optimization Report (*.SO1S) 

FMSR Report (*.FM1S) 

TD Unbalanced Load Flow Report (*.TU1S) 

Traction Power Report (*.TP1S) 

Unbalanced Short Circuit(*.SC5$) 

CA Report (*.CA2S) 

Text File (*.txt) 


’ 


ST4S,*.ST4,*.SQ1S,*.SQ1,*.SQ2S,*.SQ2) 


The Output Reports for Star Short-Circuit Studies have an extension of .ST1; .ST1S; .ST3; .ST3S for 
ANSI and .ST2; .ST2S; .ST4; .ST4S for IEC standards. 
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The Output Reports for Star Sequence-of-Operation studies have an extension of .SQ1; .SQ1S for ANSI 
and .SQ2; .SQ2S for and IEC Standards. 


Device Settings Reports 
Click on the Create Device Settings Report button to display the Device Settings Report Manager. The 
Report Manager allows you to preview and print the protective device setting data using the Crystal 
Reports, PDF or Excel formats. 


The device settings report is created for the whole network if no element is selected on one-line. As an 
alternative, partial selection (highlight) of one-line will make the device settings report for selected 
elements, including the De-energized elements. 


Crystal Reports or PDF 

To print the device settings: 

1. Select the desired report type for the all or selected element on the one-line diagram. 
2. Select the Base or Revision data, 

3. Select Viewer or PDF and then click OK. 


ikhywzSeaQgRpoRn® 
a 


fC \ 
Device Settings Report Manager =a) 


—_ ey 


All Devices (AC, DC) Include Elements 
Fuse (AC, DC) De-energized 
In-Line Overload Relay e-energize 
LV Circuit Breaker (AC, DC) aes 
MV Solid State Trip nergizec 
Overcurrent Relay 
Overload Heater 
Overload Relay Base / Rev Data 
Recloser @) Viewer 


A 


If the “(AC, DC)” is not included in the name of report type then it contains only the AC protective 
devices. 


When you select a report, ETAP will ask if you would like to save the project prior to generating the 
report. 
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p database. 
Save and continue? 


Clicking the OK button will save the latest changes to the database and launch the selected report. Click 
Cancel to exit back to the previous editor. 


Note: The project database can only be saved in Base revision. 


Excel Reports 
To generate the excel report of the device settings: 


1. Click the Create Device Settings Report button to display the Device Settings Report Manager. 

2. In Excel tab, select the desired report types and click OK to generate device settings report for all 
or selected protective devices in active project, including the De-energized elements. 

3. In Base/Rev Data section, base or revision can be selected from drop down list for report 
generation. 


2 Device Settings Report Manager 


Settings Excel 


All Devices - Brief & Sort (AC. DC) Base / Rev Data 
All Devices - Brief & Sort with Revision (AC, DC) ——— 
All Devices - Brief (AC, DC) ‘Base v 
All Devices - Detail (AC, DC) 


Revision vs Base 


Revision vs Revision 
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4. When a revision is selected from dropdown list, the “Revision vs Base” and “Revision vs 
Revision” radio buttons become active for generating of comparison* report. Select Revision vs 
Base to create comparison* report for them. Similarly, when Revision vs Revision radio button is 
selected, the dropdown list for selection of other reference revision becomes active for generating 
the comparison* report. 


*All Devices — Brief & Sort with Revision (AC, DC) should be used for generating comparison report 


? Device Settings Report Manager 


All Devices - Brief & Sort (AC, DC Base / Rev Data 


Sort with Revision (AC, DC) 
: Modifications + vs | Base 


O Base / Revision 
@ Revision vs Base 


O Revision vs Revision 


= 


2 Device Settings Report Manager 


All Devices - Brief & Sort (AC, DC Base / Rev Data 
es - Brief & Sort with Revision (AC, DC) 
Modifications + 


O Base / Revision 
O Revision vs Base 
@ Revision vs Revision 


= 
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Excel Report Types 
The Excel Device Settings Reports have flexibility in customizing the desired format and are presented in 
following Types or formats. 


All Devices — Brief & Sort (AC, DC) 

This is a Brief report for all of protective device types (including the AC and DC devices) with Sorting 
and filtering capability. Protective devices in this report can be sorted or filtered by connected bus of the 
protective devices. 


All Devices — Brief & Sort with Revision (AC,DC) 

In addition to sorting and filtering, this report is designed to show the comparison between each record 
(row) of selected revision and base or another revision. If there is settings change in any record of 
selected revision and it is different from base or another revision, the changed record will be marked with 
different color and displayed in report. If there are no settings difference between selected revision and 
base or other revision records, only base or other revision settings will be displayed in report. 


The user can modify the color of marked or highlighted records, which is defined in Project Info page of 
above Excel template. The location of all templates is explained at the end of this section. 


Protective Device Settings - Fuse 


; Base / 
E aoe e pe eee See 
= a = [+ 


Manufacturer 
ee s st ae 


All Devices — Brief (AC, DC) 

This is a Brief report for all of protective device types (including the AC and DC devices) with only 
required settings data. It is designed to fit the settings data for each device type in single page of print 
with repetitive header on top of each page. 


Other Reports 

The other report types which contain the “Brief” as part of their names, are subset of “Add Devices — 
Brief (AC, DC)” with extracted protective device types for convenience. If the “(AC, DC)” is not 
included in the name then it contains only the AC protective devices. 
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Protective Device Settings - Low Voltage Circuit Breaker with Solid State / Microprocessor Trip Device 


Long Time Short.Time / Ground Inst. / Maintenance’ 
Rating Pickup Delay Pickup Delay Pickup 
[ela com | aoe || em | ome | | se i 


300ms 
sy OR) 


{=P Bebe - ES v= [85 [SS 

Element 

Sseese=s== 
Cee ee i Reel ol AMD Rae ED OD) 

| 

ie =a Se ees Se Ss ae SSS SSS ee a ee ee es ee ee ee eee 


Protective Device Settings - Relay Test Points 


Fee eee cener sna] __Terhom-teTeeananona Poon | 
Relay ID Manufacturer | Model |Current: Curve 
"la Be fn |) Be || | 


147s 


080s | 0519s | 037s | 0225s 


De [ee [me [ 
Tm [ee [ammo om | 
All Devices - Detail (AC, DC) 

This is a detailed report with all of protective device types and data (including the AC and DC devices) 
and as such may have many columns of data for some device types such as LVCB, relay and recloser. 


The Adjacent Bus column in this report can be used for sorting the device settings by bus (substation) if 
the columns within the sorting criteria are not merged. 


Dial / 
[Model [Tag #] z Device Trip Element Levet [Range | Setting ee 
| BPU-2000R || [Overcurrent [Phase] Oci| |__| ANSI-Extremoly inorso] 04-12 Sec ZA] 5.100 [306.000] 4-40 [ 1000] |__| 
| DPU-2000R | —|—ses orcas —| “Gens cr] } aire eel 0-2 Sec [ar ono 0 — SE 
|} ss005 | | _free__1¢ | TANS! Lis} 


$6] 0.05 - 20 xCT See | 0,250 | 375 000} 0-100 | 


Project Into | Fuse | Relay | Ot Heater ic) ‘ 
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The format of Excel template for Excel device setting report can be edited by the user as far as the layout 
and structure is not changed. The location of the template is typically in C:\ETAP 
XXXX\FormatsXXXX\Device Settings\Excel. (The XX XX represents the ETAP version number). 


Halt Current Calculation 


The Halt Current Calculation button is normally disabled. When a Star Study has been initiated, this 
button is enabled allowing the user to terminate the current calculation. The display results will not be 
shown on the one-line diagram if you terminate the calculation before it completes. The output report will 
be incomplete. 
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16.2 Study Case Editor 


The Star Mode Study Case Editor contains solution control variables, faulted bus selection, and a variety 
of options for output reports. ETAP allows you to create and save unlimited number of study cases. Star 
Short-Circuit and Sequence-of-Operation calculations are conducted and reported using the settings of the 
study case selected in the toolbar. This allows you to switch between Study Cases without having to reset 
the study case options each time. This feature is designed to organize your study efforts and save you 
time. 


With respect to the multi-dimensional database concept of ETAP, study cases can be used for any 
combination of the three major system components. The system components are configuration status, 
one-line diagram presentation, and Base and Revision Data. 


You can access the Star Mode Study Case Editor by clicking the Edit Study Case button on the Study 
Case toolbar. You can also access this editor from the System Manager by double-clicking the Study Case 
name in the Star Analysis folder. 


ANSI-4Cycle 
ANSI-Max 
ANSI-MIN 
SQOP-Sub2A 


STARModeSC 
Prompt 


To create a new study case, go to the System Manager, right-click the Star Analysis Study Case folder, 
and select Create New. The program will then create a new study case, which is a copy of the default 
study case, and add it to the Star Analysis Study Case folder. 


Sy Study Cases a 

# Arc Flash -7 

(Hq Battery Sizing - 2 

()~(@@ Cable Derating -1 

#4 Contingency Analysis - 1 

Es DC Arc Flash - 3 

rs DC CSD Analysis - 1 

(Gq DC Load Flow -1 

(4) DC Short Circuit -1 

(Gq Distribution Load Flow 

i) Distribution Short Circuit 
(G@ Failure Mode Analysis - 1 =| 

(4) Fault Management and Service Restorati! 

(4) Harmonic Analysis - 1 

(4) Intelligent Load Shedding -1 

(4) Load Flow -5 

(Qj Motor Starting - 2 

(4)~(Gy Optimal Capacitor Placement - 1 

(Gj Optimal Power Flow - 1 

c#) Railway Traction - 1 

(HG Reliability Analysis - 1 

(4) Short Circuit - 7 

=)-Zy Star Analysis - 7 in 
a DSM - Defaul Create New | 

SQoP 
i)-(@y StarZ-1 a 
<] m > 


w Rules & Libraries 
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16.2.1 Info Page 


Star Mode Study Case 


Info Standard SeqofOp. Star Auto Adjustment 
Study Case ID Transformer Tap Equip. Cable & OL Heater 
@ Adjust Base kV Include Impedance for: 
SM [1] MV Motor 
© Use Nominal Tap [_] LV Motor 


Motor Contribution Based on 1-Ph/Panel/1-Ph UPS Subsystem 
@ Motor Status [_]1-Phase 

© Loading Category (CPanel 

© Both [1] 1-Phase UPS 


Bus Selection 
Dont Fault 


Bus1 [_] All Buses 
Bus2 

Bus6 [_] MV Buses 
Bus7 [_]LV Buses 
Bus23A 
LVBus << Fault 


Main Bus 
MCC1 ~Fault >> 


Study Remarks 
— line of remarks for "SM" study case. 


kl [sw Y| [Bi] | Cony New | Delete Hep | [OK ]) Cancel 


Study Case ID 


The Study Case ID is displayed in this text box. You can rename the study case by deleting the old ID and 
entering a new one. The Study Case ID can be up to 12 alphanumeric characters. Use the Navigator 
buttons at the bottom of the editor to display any of the exiting Study Cases in the editor. 


Transformer Tap 


The following two methods are provided for modeling transformer off-nominal tap settings: 


Adjust Base kV 
Base voltages of the buses are calculated using transformer turn ratios, which include the transformer 
rated kVs as well as the off-nominal, tap settings. 


Use Nominal Tap 


Transformer rated kVs are used as the transformer turn ratios for calculating the base voltages of the 
buses (that is, all off-nominal tap settings are ignored and transformer impedances are not adjusted). 
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If a system contains transformers with incompatible voltage ratios (including taps) in a loop, it can lead to 
two different base voltage values at a bus, which prevents the short-circuit calculation from continuing. If 
this situation occurs, ETAP will post a message to inform you and give you the option to continue the 
calculation with the Use Nominal Tap option. If you click ‘Yes’, it will carry out the calculation with the 
Use Nominal Tap option. 


Cable/OL Heater 


Select the appropriate checkboxes in this group to include the impedance of equipment cable and 
overload heaters of medium (MV Motor) and/or low voltage (LV Motor) motors in Short-Circuit Studies. 


Motor Contribution Based on 
Select one of the following options for considering motor contribution in short-circuit studies: 


Motor Status 

When this option is selected, motors with a status of either Continuous or Intermittent will make 
contributions in short-circuit. Motors with Spare status will not be considered in the Short-Circuit 
Analysis. 


Loading Category 

When this option is selected, you can select a loading category from the selection box to the right. In the 
short-circuit calculation, motors that have non-zero loading in the selected Loading Category will have a 
contribution in short-circuit. Motors with zero loading in the selected Loading Category will not be 
included in the Short-Circuit Analysis. 


Both 

When this option is selected, a motor will make a contribution in the Short-Circuit Analysis if it meets 
either the Motor Status or the Loading Category condition. That is, for a motor to be excluded from the 
short-circuit analysis, it would have to be in the Spare status and have zero loading in the selected 
Loading Category. 


1-Ph/Panel/1-Ph UPS Subsystem 


ETAP allows you to perform short-circuit clipping current and device reference kV update for 1-Ph 
systems, 3-Ph and 1-Ph Panels as well as 1-Ph UPS elements. The Info page has three options which 
allow selecting which type of subsystem to include in the calculation. Note: At least one of these options 
must be checked to enable the 1-phase short-circuit update button in the Star Mode toolbar. 


Panel 
When this option is selected, all panel subsystems (3-Phase and 1-Phase) are included in the calculations. 


1-Phase UPS 

When this option is selected, all UPS subsystems (3-Phase and 1-Phase) are included in the calculations. 
The 1-Ph UPS can be modeled as constant current “Constant I” option or as voltage source being an 
impedance. Please refer to the Short-Circuit calculation methodology section for more details. 


1-phase 


When this option is selected, all single phase subsystems connected below phase adapters will be 
included in the calculations. 
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Please see the Short-Circuit calculation methods section for more details on the Panel/UPS/1-Phase short- 
circuit analysis. 


Bus Selection 


ETAP is capable of faulting one or more buses in the same run; however, multiple buses are faulted 
individually, not simultaneously. Depending on the specified fault type, the program will place a 3-phase, 
line-to-ground, line-to-line, and line-to-line-to-ground fault at each bus that is faulted for Short-Circuit 
Studies. 


When you open the Star Mode Study Case Editor for the first time, all buses are listed in the Don’t Fault 
list box. This means that none of the buses are faulted. Using the following procedures, you can decide 
which buses you want to fault for this study case. 


e To fault a bus, highlight the bus ID in the Don’t Fault list box and click the Fault button. The 
highlighted bus will be transferred to the Fault list box. 

e To remove a bus from the Fault list box, highlight the bus ID and click the ~Fault button. The 
highlighted bus will be transferred to the Don’t Fault list box. 

e If you wish to fault all buses, medium voltage buses, or low voltage buses, select the appropriate 
options and click the Fault button. The specified buses will be transferred from the Don’t Fault list 
box to the Fault list box. 

e To remove all buses, medium voltage buses, or low voltage buses from the Fault list box, select the 
appropriate options and click the Fault button. The specified buses will be transferred from the Fault 
list box to the Don’t Fault list box. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this field. Information entered here will be printed on 
the second line of every output report page header line. These remarks can be used to provide specific 
information about each Study Case. 


Note: The first line of the header information must be the same for all Study Cases. To change the first 
line, select the Project menu, select Information, and change the Remarks text box. 
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16.2.2 Standard Page 


Standard 

Both ANSI and JEC standards are available for Short-Circuit Studies. Select the Short-Circuit Study 
Standard by clicking the Standard notation. Different sets of solution control variables (prefault voltage, 
calculation methods, etc.) are available for each standard. 


When you create a new Study Case, the Short-Circuit Standard is set equal to the project standard you 
have specified in the Project Standards dialog box (from the Project menu, select Standards). You can 
change the Study Case standard independently of the project standard. 


When the ANSI standard is selected, this page will appear as shown below. 


Star Mode Study Case x 
Info Standard SeqofOp. Star Auto Adjustment 
Standard Prefault Voltage 
OlEC © Fixed G00 @ Nominal kV 
Le O Base kV 
@ ANSI © Vmag X Nominal kV from Bus Editor) 
Zero Sequence Z Short-Circuit Current Prefault Loading Conditions 
Generation Category 
1/2 Cycle kA 
[_] Include Branch Y ® = Design v 
© 30Cycle kA [_] Operating P.Q.V 
(_] WTG/inverter Control Adj. Angle 
<| SM vy! |>|] | Copy New Delete | Help Cancel 


When the IEC Standard is selected, the study options will change and you will see the page shown below. 
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Star Mode Study Case x 


Info Standard SeqofOp. Star Auto Adjustment 


Standard Short-Circuit Current Cmax for Z Adjustment (< 1kV) 
© O Max. @ 1.05 (+6% V Tol) 
@®)\EC 

© User-Defined c Factor © 1.10 (410% V Tol } 
ANSI 
- @ Min. (Exclude Duty Calc) 
c Factor 
Zero Sequence Z <1kV |0.95 Prefault Loading Conditions 
Generation Category 
1.001 kVto 230 |1 
[J Include Branch Y Design v 
> 230kKV [1 [Operating P.Q.V 


Update Min. TCC kA Based on 
@ kk Min. 
Ol’ Min. 


[_] WTG/Inverter Control Adj. Angle 


<|| |SM v! |> Copy New Delete Help OK || Cancel 


Prefault Voltage - ANSI Standard 


You can select either fixed or variable prefault voltages for all buses. 


Fixed 

This option allows you to specify a fixed prefault voltage for all the faulted buses. This fixed value can be 
in percent of bus nominal kV or base kV. Bus nominal kV is the value you entered in the Bus Editor to 
represent the normal operating voltage. The bus base kV is calculated by the program and is only reported 
in the results section of the Star Mode Short-Circuit Report for each faulted bus. 


The process of computing base kV starts from one of the swing machines, such as a utility or a generator, 
by taking its design voltage as the base kV for its terminal bus. It then propagates throughout the entire 
system. When it encounters a transformer from one side, the transformer rated voltage ratio will be used 
to calculate the base kV for the buses on other sides. If the Adjust Base kV option is selected on the Info 
page of the Star Mode Study Case Editor, the transformer tap values will also be used in the base kV 
calculation along with transformer rated voltage ratio. This calculation procedure demonstrates that the 
base kV is close to the operating voltage, provided that the swing machine is operating at its design 
setting. 
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Vmag X Nominal kV (from Bus editor) 

If you select the Vmag X Nominal kV (from Bus Editor) prefault voltage option, ETAP uses the bus 
voltages entered in the Bus Editors as the prefault voltage for faulted buses. Using this option, you can 
perform Short-Circuit Studies with each faulted bus having a different prefault voltage. For instance, you 
can perform Short-Circuit Studies using the bus voltages calculated from a specific Load Flow Study and, 
therefore, calculate fault currents for an actual operating condition. To do so, from the Info page of the 
Load Flow Study Case Editor, select Initial Bus Voltages from the Update group. Then, run a Load Flow 
Analysis. 


Since the short-circuit current is proportional to the prefault voltage, different options will most likely 
give different results. However, with any of the above options, the calculated fault current is the same as 
long as the prefault voltage in kV is the same. The options used for a study depend on your judgment and 
the objective of the study. If you want to calculate the fault current to size protective switching devices, 
you may want to apply the maximum possible prefault voltages in the calculation. This can be done by 
selecting the Fixed option with Base kV. If the bus normal operating voltage is entered in the Bus Editor 
as the bus nominal voltage, you may also use the Fixed option with Nominal kV. 


% Cycle kA — ANSI Standard 
Select the % cycle kA option to calculate the short-circuit based on the ANSI % Cycle Method 
(momentary kA) and update the TCC clipping kA for applicable elements. 


30 cycle (Minimum) kA — ANSI Standard 


Select the 30 cycle (Minimum) kA option to calculate the short-circuit based on the ANSI 30 Cycle 
Method (steady state kA) and update the minimum kA for applicable elements. 


Zero Sequence Z — ANSI Standard 


Include Branch Y & Static Load 

This option allows you to consider the effect of zero-sequence capacitances of lines and cables, as well as 
shunt admittances of distinct static load elements for ANSI LG short-circuit calculations. This means that 
if a cable has a susceptance value specified under the Y field (Impedance page), ETAP will convert this 
value into the zero sequence capacitance and consider it in the calculation of 3Io. 


Prefault Loading Conditions (ANSI and IEC) 


This group of options is for selecting the generation category for inverters, WIG Type 4 and Type 3 (with 
current limiting mode) and PV inverters. These elements can be modeled as constant-current sources in 
ETAP 18.0.0. 


Generation Category 
Select the generation category for constant current type of short-circuit sources. 


Operating P, Q, V 
This option is only used for real-time applications. 
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WTG/Inverter Control Adj. Angle (ANSI and IEC) 


This sub-group of options allows the specification of a control adjustment reference angle for the 
constant-current source injection during short-circuit conditions. 


Individual WTG / Inverter 
The control adjustment angle is specified individually at each constant-current source. 


Global 


Apply a global control adjustment angle for all constant-current sources. 


For more information on the handling of constant-current sources and their relation to generation 
categories, please refer to the calculation methodology section of this chapter15. 


Short-Circuit Current - IEC Standard 


When the IEC Standard is selected, you can specify the maximum or minimum short-circuit current to be 
calculated and based on the selection, different c factors will be used to modify source voltage. There are 
three options available: Max, User-Defined c Factor, and Min. 


When the Max option is selected, the maximum values for c factor as defined in Table I of IEC 60909- 
2016 Standard are used to calculate maximum fault current: 


<1kv c Factor = 1.05! (or 1.1 depending on Cmax option) 
1001 to 230 kV c Factor = 1.10 
> 230 kV c Factor = 1.10 


Note’ that the c Factors for voltage below 1 kV may vary depending on the “Cmax for Z Adjustment (< 1 
kV)” option. 


When the User-Defined c Factor option is selected, ETAP uses the user specified c factor. The ranges for 
the c factors are as follows: 


<1kVv c Factor = 0.1 -- 1.95 
1.001 to 230 kV c Factor = 0.1 -- 1.95 
> 230 kV c Factor = 0.1—1.95 


When the Min. option is selected, the minimum values for c Factor as defined in IEC 60909 Standard are 
used to calculate minimum fault current. 


<1kV c Factor = 0.95 
1001 to 230 kV c Factor = 1.00 
> 230 kV c Factor = 1.00 


With the Min option selected, there are two options to update the minimum TCC kA: 
Ik min: Steady-state Minimum current. 
Tv min: Initial symmetrical current. 


Cmax for Z Adjustment (<1 kV) 


This group allows you to specify which constant value to use in the calculation of the K correction factors 
used to adjust the impedance of devices like transformers and generators. 
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1.05 (+ 6% V Tolerance) 
Use cmax = 1.05 for calculating the impedance correction factors for systems with 6% Voltage Tolerance. 


1.1 (+ 10% V Tolerance) 
Use cmax = 1.1 for calculating the impedance correction factors for systems with 10% Voltage Tolerance. 


Note: These constants are not used as c Factors for the adjustment of the prefault voltage. They are only 
used to calculate the impedance adjustment (i.e., Kt, Kg, etc.) 


Zero Sequence Z — IEC Standard 


Include Branch Y & Static Load 

This option allows you to consider the effect of zero-sequence capacitances of lines and cables, as well as 
shunt admittances of distinct static load elements for IEC 909 LG short-circuit calculations. This means 
that if a cable has a susceptance value specified under the Y field (Impedance page), ETAP will convert 
this value into the zero sequence capacitance and consider it in the calculation of 3Io. 
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16.2.3 Seq of Op. Page 


This page provides the parameters for performing protective device Sequence-of-Operation analyses. 


Star Mode Study Case 


Info Standard SeqofOp. Star Auto Adjustment 


Fault Value Protective Devices Considered 


@ Sym. ms 
© Asym. ms 


Bus Levels Away from Fault 


Fault Type Protective Devices Operated 


© 3 Phase 


O Line -to - Ground 
Devices to Flash 


O Line -to - Line 


@ Line -to - Line -to - Ground 


Fault Value 
Select Asymmetrical or Symmetrical value to be considered for phase or ground fault type. 


Fault Type 


Select from 3 Phase, Line-to-Ground, Line-to-Line, or Line-to-Line-to-Ground fault type for protective 
device sequence-of-operation study. This will change the Fault Insertion (PD Sequence-of-Operation) 
button accordingly. 


Protective Devices Considered 


Choose the maximum bus level away from the fault, which the study will check for protective device 
operation. 
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Protective Devices Operated 


Choose the number of devices to flash on the one-line diagram in chronological order upon performing a 
Sequence-of-Operation Analysis. The default is set to 3 with a maximum of 9 devices to flash. 
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16.2.4 Star Auto Page 


Star Mode Study Case 


Info Standard SeqofOp. Star Auto Adjustment 
Rule 
Star Auto Rule ID | ETAP Default (ANSI/NEC) 


Reference |IEEE/ANSI and NEC Standards 


Description | Reference Standards: 
NFPA 70 (NEC), IEEE Std 242, IEEE Std 446, IEEE Std C37.91, IEEE 
Std C37.96 


Evaluation 
© Protection 
O Coordination 
@ Protection & Coordination 


Evaluation Messages 


[] Include Pass Messages in Report 


kl (sm | Bi Copy | | New | (Belete! | Help | [OK 11| Cancel 


Rule Book 


Rule ID 

This is a dropdown list box with the list of available Rule IDs in the selected rule book file. The selected 
Rule ID to be used for Auto-Evaluation is displayed and saved with study case and make the “Used in 
Project” column in Star Auto Rule Book editor checked. 


View 


Click View Button next to the dropdown list box to open the selected rule ID from the rule book file in 
Read-Only Mode. 
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rc 
Rule Book: Star Auto Star Mode Study Case = 


Rule 


Info__| Standard | Seq of Op.| Star Auto | Adjustment 


Selected in Project Rule 
ETAP Default (ANSI/NEC) Star Auto Rule ID {ETAP Default (ANSI/NEC) zy} [View 


& | ETAP Default (IEC) 


Reference |EEE/ANSI and NEC Standards 


Description Reference Standards: 
NFPA 70 (NEC), IEEE Std 242, IEEE Std 446, IEEE Std C37.91, IEEE 
Std C37.96 


Reference 
Displaying reference field based on the selected Rule ID from the rule book file in read-only mode 


Description 
Displaying description field based on the selected Rule ID from the rule book file in read-only mode 


Evaluate 
This section is used to define the requested type of evaluation in Analysis Viewer and Reports. 


Protection 
Provides protection evaluation results for selected zones 


Coordination 
Provides coordination evaluation results for selected zones 


Protection & Coordination 
Provides protection & Coordination evaluation results for selected zones 


Fault Type 


This section is used to define the requested fault type for protection and coordination evaluation. 


Phase 
Select to run the protection and/or coordination evaluation based on 3-phase fault. 


Ground 
Select to run the coordination evaluation based on Line-to-Ground fault. 


Phase & Ground 
Select to run the protection evaluation based on 3-phase fault and coordination evaluation based on 3- 
phase and Line-to-Ground faults. 


Note: The assumptions used for calculation of Auto-Evaluation through fault current are based on 
selected options in other pages of Study Case. The Auto-Evaluation program is using the maximum fault 
current meaning the % Cycle option for ANSI and Max or User-Defined c Factor options for IEC 
Standards are used from the Standard page of Study case for through fault current calculation. 


Evaluation Messages 


Check this option to display messages for Pass conditions in the Excel Evaluation report. The Pass 
messages are not displayed in the Auto-Evaluation Analysis Viewer or Report Viewer irrespective of this 
selection. 
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16.2.5 Adjustment Page 


Star Mode Study Case 


Info = Standard ~SeqofOp. Star Auto Adjustment 
Impedance Tolerance Length Tolerance 


Transformer Cable / Bus Duct 
@ Individual @ Individual 
O Global O Global 


Reactor Transmission Line Length 
@ Individual @ Individual 
CO Global O Global 


Overload Heater 
@ Individual 
© Global 


Resistance Temperature Cormection 


Cable / Bus Duct 
@ Individual Min. Temp. 
Fault ZF O Global 


Include Fault Impedance Z 
Transmission Line 


2 @ Ohm 
ri Ox 


2 a 


Impedance Tolerance 


This group allows the user to consider tolerance adjustments to equipment resistance and impedance. 
Each tolerance adjustment can be applied based on the individual equipment percent tolerance setting or 
based on a globally specified percent value. 


Transformer 

This adjustment is applied to the transformer impedance. The adjustment includes positive, negative, and 
zero sequence impedance depending on the type of fault being performed (3-Phase or LG, LLG, and LL). 
The net effect of the transformer impedance adjustment in short-circuit calculations is to decrease the 
impedance by the specified percent tolerance value. For example, if the transformer impedance is 12% 
and the tolerance is 10%, the adjusted impedance used in the short-circuit calculation will be 10.8%, 
resulting in a higher fault current. 


The impedance adjustment can be applied to individual transformers by using the tolerance percent value 
specified on the Rating page of the Transformer Editor. A global transformer impedance adjustment can 
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be specified as well by selecting and specifying a global tolerance other than 0% in the corresponding 
field on the Adjustment page of the Star Mode Study Case Editor. The global impedance adjustment 
overrides any individual transformer tolerance value. 


Reactor 

This adjustment is applied to the reactor impedance. The Star Mode Short-Circuit reduces the reactor 
impedance by the specified percent tolerance resulting in smaller impedance and consequently a higher 
fault current. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the 
adjusted reactor resistance used in the short-circuit calculation is 0.095 Ohm. 


The impedance adjustment can be applied to individual reactors by using the tolerance percent value 
specified on the Rating page of the Reactor Editor. A global reactor impedance adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
on the Adjustment page of the Star Mode Study Case Editor. The global impedance adjustment overrides 
any individual reactor tolerance value. 


Overload Heater 

This adjustment is applied to the Overload Heater (OH) resistance. The Star Mode Short-Circuit reduces 
the OH resistance by the specified percent tolerance resulting in smaller resistance and consequently a 
higher fault current. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the 
adjusted OH resistance used in the short-circuit calculation is 0.095 Ohm. 


The resistance adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified on the Rating page of the Overload Heater Editor. A global overload heater resistance 
adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field on the Adjustment page of the Star Mode Study Case Editor. The global resistance 
adjustment overrides any individual overload heater tolerance value. 


The adjustments only apply if the Cable/OL Heater option is selected for MV or LV motors. 


Synchronous Machine Direct-Axis Subtransient Reactance (X”a) Adjustment 

The direct-axis subtransient reactance (X”a) for a synchronous generator or a synchronous motor will 
always be adjusted by the X”, tolerance value entered in the Imp/Model page of the corresponding editor. 
The Star Mode Short-Circuit reduces the X”« value by the specified percent tolerance resulting in smaller 
impedance and consequently a higher fault current. For example, if the X”q value is 10% and its tolerance 
is 5%, then the adjusted X”,4 value used in the short-circuit calculation is 9.5%. 


Impedance Tolerance for IEC Minimum Short-Circuit Current Calculation 

In general, to calculate a more conservative (higher) short-circuit current, the impedance tolerance value 
is taken as a negative value, resulting in a smaller impedance value. However, in an IEC short-circuit 
current calculation, if the Min (Exclude Duty Calc) option is selected in the Short-Circuit Current group 
of the Star Mode Study Case Standard page, the impedance tolerance value will be taken as a positive 
value. This leads to a larger impedance value and lower short-circuit current. 


Impedance Tolerance (Length) 


This group allows the user to consider tolerance adjustments to cable and transmission line length. Each 
tolerance adjustment can be applied based on the individual equipment percent tolerance setting or based 
on a globally specified percent value. 
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Cable Length 

If you select this option, the Star Mode Short-Circuit reduces cable length by the specified percent 
tolerance resulting in smaller impedance and consequently a higher fault current. For example, if the 
length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in the short- 
circuit calculation is 190 ft. 

The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 
on the Info page of the Cable Editor. A global cable length adjustment can be specified as well by 
selecting and specifying a global tolerance other than 0% in the corresponding field of Star Mode Study 
Case Editor Adjustment page. The global length adjustment overrides any individual cable tolerance 
value. 


Transmission Line Length 

If you select this option, the Star Mode Short-Circuit reduces the transmission line length by the specified 
percent tolerance resulting in smaller impedance and consequently a higher fault current. For example, if 
the length of the transmission line is 2 miles and the tolerance is 2.5%, then the adjusted transmission line 
length used in the short-circuit calculation is 1.95 miles. 


The length adjustment can be applied to individual lines by using the tolerance percent value specified on 
the Info page of the Transmission Line Editor. A global transmission line length adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
on the Adjustment page of the Star Mode Study Case Editor. The global length adjustment overrides any 
individual transmission line tolerance value. 


Length Tolerance for IEC Minimum Short-Circuit Current Calculation 

In general, to calculate a more conservative (higher) short-circuit current, the length tolerance value is 
taken as a negative value, resulting in shorter length. However, in IEC short-circuit current calculation, if 
the Min (Exclude Duty Calc) option is selected in the Short-Circuit Current group of the Star Mode Study 
Case Standard page, the length tolerance value will be taken as a positive value. This leads to longer 
length and lower short-circuit current. 


Resistance Temperature Correction 


This group allows the user to consider resistance correction based on the minimum operating temperature 
for cable and transmission line conductors. Each temperature resistance correction can be applied based 
on the individual cable/line minimum temperature setting or based on a globally specified value. 


Cable 

This adjustment is applied to the cable conductor resistance. The Star Mode Short-Circuit adjusts the 
conductor resistance based on the minimum operating temperature. If the minimum operating temperature 
is less than the rated base temperature of the conductor, then its resistance is reduced. 


The temperature correction can be applied to individual cables by using the minimum operating 
temperature value specified on the Impedance page of the Cable Editor. A global temperature correction 
can be specified as well by selecting and specifying a global minimum temperature value in the 
corresponding field on the Adjustment page of the Star Mode Study Case Editor. The global temperature 
correction value overrides any individual Cable Impedance page minimum temperature. For more 
information, see the Cable Editor Impedance Page Section in Chapter 11, AC Elements. 
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Transmission Line 

This adjustment is applied to the transmission line conductor resistance. The Star Mode Short-Circuit 
adjusts the conductor resistance based on the minimum operating temperature. If the minimum operating 
temperature is less than the rated base temperature of the conductor, then the resistance is reduced. 


The temperature correction can be applied to individual lines by using the minimum operating 
temperature value specified on the Impedance page of the Transmission Line Editor. A global 
temperature correction can be specified as well by selecting and specifying a global minimum 
temperature value in the corresponding field on the Adjustment page of the Star Mode Study Case Editor. 
The global temperature correction value overrides any individual Transmission Line Impedance page 
minimum temperature. For more information, see the Impedance Page in the Transmission Line Editor 
Section of Chapter 11, AC Elements. 


IEC Minimum Short-Circuit Current Calculation 

In general, to calculate a more conservative (higher) short-circuit current, the resistance temperature 
correction is conducted according to the minimum operating temperature, resulting in a smaller resistance 
value. However, in an JEC short-circuit current calculation, if the Min (Exclude Duty Calc) option is 
selected in the Short-Circuit Current group of the Star Mode Study Case Standard page, the resistance 
temperature correction will be conducted according to the maximum operating temperature. This leads to 
an higher resistance value and lower short-circuit current. 


Fault Zf 


You can consider fault impedance in the unbalanced fault calculations. In this group, you specify the fault 
impedance to be applied to all the faulted buses. Depending on the type of faults applied to a bus, the 
specified fault impedance is assumed to be between locations as given below: 


e Fora line-to-ground fault, the fault impedance is assumed to be between phase A and the ground. 

e For a line-to-line fault, the fault impedance is assumed to be between phase A and phase B. 

e For a line-to-line-to-ground fault, the fault impedance is assumed to be between the ground and the 
short-circuit point between phases A and B. 


Include Fault Impedance Zf 
Select this option to include fault impedance in the calculation. You can enter fault impedance in the R 
and X text boxes. 


R and X 
In these two editor boxes, you enter the fault impedance in either Ohms or percent, depending on the fault 
impedance unit selected. These values apply to all the faulted buses. 


Ohm or % 

You can enter the fault impedance in either Ohms or percent. If the Ohm option is selected, the values in 
the R and X Editor boxes are in Ohms. If you select the percent option, the values in the R and X Editor 
boxes are in percent based on 100 MVA and the nominal kV of the faulted bus. 
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16.3 Display Options 

The Display Options - Star (PD Coordination) Editor consists of a Results page and pages for AC, AC- 
DC, DC annotations and color theme information. The colors and displayed annotations selected for each 
study are specific to that study. 


16.3.1 Results Page 


The Results page of the Display Options is where you select different result annotations to be displayed in 
the one-line diagram. Depending on short-circuit study type, ANSI or IEC, this page gives you different 
options for 3-phase fault results. If the study type is for IEC Short-Circuit Analysis, you will see the 
Results page as shown below. 


' Display Options - Star (PD Coordination) [aa 


Resuts [AC | AC-DC_| Colors | 


[| Show Units 
Fault Type 
Initial Sym. ms 
@) 3-Phase 
Line+o-Ground 
() Line+o-Line 
Line+o-Line+o-Ground 


Bus Voltage Unit [kV 


Display Motor Contributions 
[| Medium Voltage Motors 
[] Large Low Voltage Motors 
[] Small Low Voltage Motors 


sta) Catia] (cman 
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If the study type is for ANSI Short-Circuit Analysis, you will see the Results page as 4% Cycle kA or 30 


Cycle kA depending on the option chosen in the Star Mode Study Case. 


1/2 Cycle Sym. 
(@ 3-Phase 
© Line+o-Ground 
(©) Line+o-Line 
©) Line+o-Line+o-Ground 


ate 
Display Motor Contributions 
1] Medium Voltage Motors 


Large Low Voltage Motors 


| Small Low Voltage Motors 


©) Line+o-Ground 
(©) Lineto-Line 
©) Lineto-Line+o-Ground 


Bus Voltage Unit 


Display Motor Contributions 
Medium Voltage Motors 


(] Large Low Voltage Motors 
["] Small Low Voltage Motors 


Fault Type 


Select to display the 3-Phase, Line-to-Ground, Line-to-Line, or Line-to-Line-to-Ground currents on the 
one-line diagram for Short-Circuit Clipping Analysis. For PD Sequence-of-Operation Analysis, the 
display result is fixed to the applied fault type. 


For Line-to-Ground, Line-to-Line, or Line-to-Line-to-Ground fault the currents and voltages displayed 
are dependent on the selection as described below. 
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' Display Options - Star (PD Coordination) 


[ Resuts |__Aac | AGDC.|,Colos | 


(-] Show Units 

Fault Type 
1/2 Cycle Sym. 

© 3-Phase 

@) Lineto-Ground 

Line+o-Line 

(©) Line+o-Line+o-Ground 
Fault | & V 

@ Vb, 3lo 


() Sequence Values (1, 2, 0) 
~) Phase Values (A, B, C) 


Bus Voltage Unit 


Display Motor Contributions 
(] Medium Voltage Motors 


(] Large Low Voltage Motors 


Small Low Voltage Motors 


Fault & V 


For line-to-ground, line-to-line, and line-to-line-to-ground faults you have the options of displaying the 
total fault current for every faulted bus, along with the phase and sequence values for both current and 
voltage. 


e You can select to display the value of three times the zero sequence current (3Io) in kA, as well as the 
phase B (Vb) Voltage in kV. 

e You can select to display the positive sequence values for current (11), negative sequence current (12) 
and zero sequence current (10) in kA, along with the positive sequence voltage (V1), negative 
sequence voltage (V2), and zero sequence voltage (Vo) in kV. 

e You can select to display the fault current values for phases A, B, and C in kA along with their 
corresponding phase voltages in kV. 
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If multiple buses are faulted, the program shows the individual branch contributions for 3-phase and line- 
to-ground-faults only at the faulted bus level. If only one bus is faulted at a time, ETAP shows individual 
contributions from the entire system for all types of faults. 


16.3.2 AC Page 


This page includes options for displaying info annotations for AC elements. 
Display Options - Star (PD Coordination) (=i) 


AC-DC | Colors 


ID Rating kV A DY Z 


v 


v 


Composite Mtr 


Composite |[V 
Net 


Use Default Options Show Eq. Cable 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 

Generator kW/MW 

Power Grid (Utility) MVAsc 

Motor (Synchronous and Induction) HP/kW 

Load/Panel kVA/MVA and HP/kW and kvar/Mvar and Panel Phase 

Bus kA Bracing (Asymm. RMS) 

Node Bus Bracing (Asymm. RMS kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (kA) 

PT & CT Transformer Rated Turn Ratio 

Branch (Impedance and Reactor) Base MVA and Continuous Amps 

Transformer Rated kVA/MVA 

Cable (Size) # of Cables - # of Conductor/Cable - Size 

Line (Size) Line Phase Conductor Code 

Relay Display Tag for OC, Multi-Function, and MTR Relays 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For transformers, the kV checkbox is replaced by %Tap checkbox which displays both transformer rated 
kV as well as total % Tap (Fixed Tap + LTC setting) for both two-winding and three-winding 
transformers. 


For cables/lines, the kV checkbox is replaced by type checkbox. This checkbox displays the cable/line 
conductor type (CU/AL) on the one-line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, the Amp checkbox is replaced by the length checkbox. Select this checkbox to display 
the cable/line length on the one-line diagram. 


D-Y 
Select the checkboxes under this heading to display the winding connection types of the selected elements 


on the one-line diagram. 


For circuit breakers, fuses and switches, the D-Y checkbox is replaced with N.O. checkbox. When 
checked, switching devices that are normally open have a N.O. designation on the one-line diagram. 


For relays, the D-Y checkbox is replaced with Tag checkbox. When checked, it displays user-defined tag 
for OC, Multi-Function, and Motor Relays. 
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Info 


ID |Relay1 | 


Display Tag |50/51/67/51V | 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % on 100 MVA base (R + j X) 
Motor % LRC 


Branch (Impedance Impedance in % (R+jX) or Ohms 
and Reactor) 


Transformer Positive Sequence Impedance PS (%Z) for two-winding 
transformer and PS/PT/ST (%Z) for three-winding transformer 


Cable Positive Sequence Impedance (R + j X in Ohms or per unit length) 


Line Positive Sequence Impedance (R + j X in Ohms or per unit length) 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


Show Eq. Cable 

This checkbox displays or hides equipment cables from the one-line diagram. Equipment cables are 
specified as part of the loads. Double-clicking on the equipment cable will bring up the Equipment Cable 
Editor. 


Sub2A Sub2A 
CB21 7] CB21 [] 
tue ) LY ue ) 
MR1 MR1 
Mtr2 
2500 HP Mtr2 
2500 HP 
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16.3.3 AC — DC Page 


This page includes options for displaying info annotations for AC-DC and DC elements. 


Display Options - Star (PD Coordination) (=i 


Composite CSD 
Converter 


Bus 


Size Type 
eo 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC and DC elements on 
the one-line diagram. 


Rating 


Select the checkboxes under this heading to display the ratings of the selected AC-DC and DC elements 
on the one-line diagram. 
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Device Type Rating 

Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 

Battery Ampere Hour 

Motor HP/kW 

Load kW/MW 

Composite CSD kW/MW 

Converter kW/MW 

Cable (Size) # of Cables - # of Conductor/Cable - Size 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


For DC elements, voltage units are changed from kV to V. For cables, the voltage checkbox is replaced 
with Type checkbox. When this checkbox is selected, cable conductor type (CU/AL) is displayed on the 
one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 

Inverter DC FLA & AC FLA 

UPS Input, output, & DC FLA 

Motor FLA 

Load FLA 

Composite CSD FLA 

Converter DC-DC Converter Input/Output FLA 


For cables, the Amp checkbox is replaced by the Length checkbox. Select this checkbox to display the 
DC cable length (one way) on the one-line diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the cables and impedance 
branches on the one-line diagram. 


For CB, Fuse and Switch, the Z checkbox is replaced by the N.O. checkbox which displays N.O. 
annotation on the one-line when the switching devices are in normally open state. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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16.3.4 Colors Page 


This page allows you to setup the colors used for displaying annotations on the one-line diagram. 


Display Options - Star (PD Coordination) (=i 


Color Theme 
Select the annotation colors specified in the Theme Editor by selecting the appropriate theme name. 


Theme 
Click this button to access the Theme Editor in order to quickly change the theme colors for annotations. 
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Annotations 

Select the source of colors to be used for displaying annotations. Annotation colors can be used from the 
Display Options Editor or from the Theme Editor. By default, ETAP will use user-defined (Display 
Option Editor) colors to display annotation colors. Select the color for information annotations for AC, 
DC, AC-DC, Composites and Star Mode results to be displayed on the one-line diagram. Switch to 
Theme to use the selected theme annotation colors. 
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16.4 Star Sequence-of-Operation 


With ETAP Star, not only can you work with the time-current curves, you can also determine the 
operating time of protective devices simply by placing a fault on the one-line diagram. The Sequence-of- 
Operations are automatically calculated and listed in an Event Viewer, which is dynamically linked with 
the one-line diagram. This one-step concept utilizes the intelligent one-line diagram and performs a 
complete set of actions to determine the operation of all protective devices. This includes internal shifting 
(normalizing) of each time-current characteristic curve based on the individual fault contribution level. 


Sequence-of-Operation provides a system wide solution for an accurate and realistic operating time and 
state of protective devices, such as relay, fuse, circuit breaker, trip devices, contactor, etc. The operation 
time is calculated for each protective device based on its settings, time current characteristic, and 
interlocks for a specified fault location and type. 


Features & Capabilities 

e Graphically place a fault anywhere on the one-line diagram 

e Automatically calculate and display the fault current contributions on the one-line diagram 

e Determine the operating time and state of all protective devices based on the actual fault current 
contribution flowing through each individual device 

e Globally view post fault actions and associated operating time via a tabulated event viewer 

e Graphically examine the operation of protective devices via the one-line diagram 

e Display / flash the tripped devices in chronological order on the one-line diagram 


16.4.1 Protective Device Actions 


The Sequence-of-Operation Study is essentially a time-domain simulation of protective devices action 
based on a user-specified fault location and type. Protective device actions are determined at different 
time instants (events). 


When a fault is placed on a valid bus or connector on the selected one-line diagram configuration, a short- 
circuit study is performed in accordance with the selected Star Mode Study Case parameters. The 
calculated through fault current of each valid protective device is then compared with its settings, time 
current characteristic, and applicable interlocks to determine the operating time band. 


Protective device tripping actions can be categorized in two main groups: 
e Integral Trip 
e Non-Integral Trip 


Integral Trip 


The action of the integral trip components, such as low voltage circuit breaker (trip device), fuse, and 
overload heater, is based on the internal tripping mechanisms or melting elements of the device which in 
turn can cause the device to operate by melting or tripping, respectively. 
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Non-Integral Trip 


Non-integral trip action of devices in power system is typically initiated by remote operation via a relay 
or shunt tripping by a sensing device. The operation of circuit breakers in power systems are often 
controlled via a relay or through a lock-out device. In the case of current sensing relays, the current 
transformer will sense the fault current based on its relative location to the fault and the magnitude as well 
as the type of the fault current. When the operating current exceeds that of the relay characteristic setting, 
the relay will signal its pre-programmed trip contacts to operate accordingly. For instance, a current relay 
will trip off circuit breakers once the measured current by relay exceeds a pre-set value. To use relay- 
controlled actions, you can add a relay and connect it to the one-line diagram via a PT or CT, depending 
on the type of relay. Next in the Relay Editor, the user specifies the relay-controlled device ID, action, 
time delay, and other data related to the selected relay operation. During the SQOP simulation, if a relay 
setting is met, then its controlled device (i.e., HVCB) will take an action as specified in the Relay Editor. 
This method avoids requesting to give a pre-defined action time and is a true resemblance to power 
system real operating conditions. 


The following table shows the list of relay-interlocked devices as well as their inherent operating time 
delay. Note that the operating time for Close and Open actions are assumed to be the same. 


Device Type Operating Time 

ANSI HVCB Operating cycles as specified in the HVCB Editor 

IEC HVCB Min delay as specified in the HVCB Editor 

ANSI LVCB (PCB) 3 cycles’ — per IEEE Std 1584b-2011 

ANSI LVCB (MCCB, ICCB) 3 cycle’ — per IEEE Std 1584b-2011 

IEC LVCB Min delay as specified in the LVCB Editor’ 

SPST No time delay 

Contactor Drop out time delay as specified in the Contactor Editor 
Notes: 


1. ANSI LVCB operating time is fixed at 3 cycles for Star SQOP. In Arc Flash mode, when IEEE 
1584-2018 method is used, the ANSI LVCB operating time can be customized in Options 
(Preferences) under the Arc Flash & Star section. 

2. Use global IEC LVCB external trip opening times can be set in Options (Preferences) under Arc 
Flash & Star section. 
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16.4.2 Sequence-of-Operation Events Viewer 


&  Sequence-of-Operation Events - Output Report: STARModeSC 


3-Phase [Symmetrical] fault on bus: Main Bus 


Data Rev.: Base Config: Normal Date: 08-22-2011 


Time [ms] If (kA) T1 [ms] T2 [ms] Condition 

101 2.224 101 Phase - OC1 - 51 

153 20.483 < 153 OC1 -51 

184 83.3 Tripped by OCRS5 Phase - OC1 - 

236 83.3 Tripped by OCR1 OC1 - 51 

865 865 Phase - OC1 - 51 

949 83.3 Tripped by OCR2 Phase - OC1 - 

2868 2868 Phase - OC1 - 51 

2968 100 Tripped by OCR4 Phase - OC1 - 

2968 100 Tripped by OCR4 Phase - OC1 - 

4785 4785 OC1 -51 

4968 83.3 Tripped by OCR? OC1 - 51 

5000 5000 Jam 

5083 83.3 Tripped by OCR8 Jam 

5150 150 Tripped by OCR8 Jam 

5505 5505 Overload Phase - Thermal 

5589 83.3 Tripped by OCR8 Overload Phase - Thermal 
5655 150 Tripped by OCR8 Overload Phase - Thermal 
11415 I > 11415 Phase - OC1 - 51 

11499 83.3 Tripped by OCR3 Phase - OC1 - 51 


Header 

The first part of the header includes information regarding the type and location of the fault. The second 
section of the header includes information on data revision, system configuration, and date for which the 
study was performed. 


Time 
This is the total event time (in milliseconds) from the initiation of the fault in sequential order. 


ID 
Displays the Protective Device Identifier 


If (kA) 

Through fault current in kA as seen by the protective device. The fault current component that is used to 
determine the operating time of a protective device is based on the current sensing characteristic of that 
device. For example, a fuse may operate for phase and ground fault current depending on the fault current 
magnitude where as a ground relay will only operate for ground fault. For relays the current sensing 
characteristics is defined by the relay trip elements such as Phase, Ground, Neutral, Sensitive Ground, 
Negative Sequence, etc. Furthermore, the location and type of the CT connected to a relay determine the 
current sensing characteristic of the relay. For example, a Negative Sequence trip element of a relay will 
operate for negative sequence current (Iz) component of a ground fault. Similarly, for a ground fault, the 
ground trip element of a low voltage solid-state trip device will operate for 3Io current component (where 
as a phase trip element of the LVSST will operate for line current (Ia). 
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T1 (ms) 

Operating time event 1 in milliseconds for the protective device. This is the initial tripping or minimum 
time of the device where applicable. For example, T1 represents the minimum melting time of the fuse or 
the minimum trip time of a thermal-magnetic circuit breaker. 


T2 (ms) 

Operating time event 2 in milliseconds. This is the final tripping or maximum time of the device where 
applicable. For example, T1 represents the total clearing time of the fuse or the maximum trip time of a 
thermal-magnetic circuit breaker. Note that T2 will be zero for device with a single band or definite 
operating time (i.e., HVCB operating time). 


Condition 
This column includes pertinent information regarding the device action. For relays this will include the 


particular trip function and level for which the relay has operated on. 


Footer 
Include information on assumption or exception for Sequence-of-Operation Analysis. 
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16.5 Star Auto-Evaluation 


Auto-Evaluation is a STAR mode feature which is designed for automated protection and coordination 
evaluation of electrical networks with overcurrent protective devices based on rules. The capabilities of 
this powerful tool can be summarized as follows: 


Automated and intelligent detection of protection zones 

Automated overcurrent Protection and Coordination Evaluation 

Customized evaluation criteria based on Rule Book 

Through-fault current calculation based on ANSI and JEC standards 

Support of standards and industry practice rules 

Evaluation and Fault Current Type selection 

Tabular and graphical display of evaluation results in colorful formats 
Extensive condition messages highlighting the violation of evaluation criteria 
Dynamic capability to correct the violations and update the results 
Easy-to-make reports from graphical snapshots and evaluation tabular sheets 


The requirements for running the Auto-Evaluation program are minimal and can be summarized as 


follows: 


Being able to run the short-circuit calculation for requested fault types (3-phase and Line-to- 
Ground) 

Addition of protective devices to electrical model on one-line and selection of respective models 
from library 

Having radial system configuration for portion of the electrical model to be evaluated 


The provided capabilities by Auto-Evaluation can be accessed through following key features. 


ETAP 


Rule Book 

Study Case 

Analysis Viewer 

Reports 

Options (Preferences) 

Scenario / Study / Project Wizard 
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16.5.1 Rule Book 


The automated evaluation is based on the rules for overcurrent protection and coordination. The 
applicable rule is selected in Star Auto page of STAR Study Case and content of the rule can be edited 
through the Rule option from top menu bar. 


The selection of Star Auto from the Rules drop-down menu opens the dialog for available rules where the 
selected rules in Study Case are identified with checkmark under Used in Project. 


cr 
Rule Book: Star Auto 


Lock ID 
f& =| ETAP Default (ANSI/NEC) 
fa} ETAP Default (IEC) 


Edited By Locked By 
Name OT! Name OTI 


Date 07-21-2015 Date 07-21-2015 


Rule 


This section displays the available Star Auto rule books in selected rule file. 


Lock 
Displays image to show if rule is Locked or Unlocked. 


ID 
Displays the ID of the rules 


Used in Project 
Displays a check mark if the Rule has been used in the project (selected in study case) 


Edit 
Opens the rule editor for the selected rule from the list for edit if it is unlocked 


Delete 
Deletes the selected rule from the list if they are not ETAP Default rules 
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Copy 


Opens an editor to Copy the selected rule to a new rule with the user-defined ID. For creation of new 
customized rule, you can make a copy of any existing rule and then edit the content. 


“ 
Rule Copy 


From — ETAP Default (ANSI/NEC) 


Reference 
Displays the Reference for the rule. 


Description 
The Description of the rule is defined here. 


Edited By 
The Edited by Name and Date are displayed here. (Display only) 


Checked By 
The Checked by Name and Date are displayed here. (Display only) 


Locked By 
The Locked by Name and Date are displayed here. (Display only) 


Rule Editor 


Clicking on Edit in the Rule Book editor opens the Rule Editor. When the rule has been locked, all fields 
become Display Only. 


The Rule Editor has the following pages: 
e Info Page 


e Protection Page 
e Coordination Page 
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16.5.2 Info Page — Rule Book 


This page displays the general info about the rule and history of creation. 


i 
Star Auto Rule: ETAP Default (ANSI/NEC) x 
Info | Protection | Coordination 
Rule Edited By 
Name OT! 
Rule ID ETAP Default (ANSI/NEC) 4 


Date 07-21-2015 


Rule Info Checked By 


Reference IEEE/ANSI and NEC Standards Name 


Reference Standards: ae 


Description NFPA 7p (NEC), IEEE Std 242, IEEE Std 446, IEEE Std 
C37.91, IEEE Std C37.96 


Locked By 


Name OT! 


Date 07-21-2015 


Rule ID 
The ID of the Rule can be specified here. 


Lock 
Click on this to lock/unlock the rule. When locked the rule becomes display only. When unlocked, the 
rule can be edited. 


Reference 
The reference of the rule can be specified here. 


Description 
The description of the rule can be defined here. 


Checked By 
The Checked by Name and Date are displayed here. (Display only) 


Locked By 
The Locked by Name and Date are displayed here. (Display only) 
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16.5.3 Protection Page — Rule Book 


Protection Rule page provides the interface to view / define equipment protection rules to be used by 
Auto-Evaluation program. The Protection Rules and parameters vary based on the type of equipment. 


r 
Star Auto Rule: ETAP Default (ANSI/NEC) 


Info Protection | Coordination 


Equipment Type 8 

[SIDS «| General Protection Options 
be Low voltage system limit <= | 1000 | V 

Generator 

Lumped, Static Loads Evaluate cumulative transformer inrush current 

Induction Motor 

Synchronous Motor 

Transformer (HV) 

Transformer (LV) 

Transmission Line 


General 
General has the following protection options. 


Low voltage system limit 

The drop down list box defines the voltage limit of elements to be considered as low voltage for 
evaluation. Elements with Nominal Voltage less than or equal to selected value are considered as low 
voltage. Select between 1000V and 600V. 


Evaluate cumulative transformer inrush current 
Check this box to add cumulative inrush curve evaluation of downstream transformers connected to a bus 
when performing a bus evaluation. 


Bus 


Protection Evaluation Checkbox 
Check the protective device types to be considered in Bus Continuous Amps overload protection 
evaluation. The Check All on the first row of this column allows to select or de-select all the rows. 


Main or Tie Device / Sum of Feeder Protective Devices 


Define the maximum threshold of selected protective devices as percentage of Bus Continuous Amps 
Rating for overload protection evaluation. 
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Cable 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of cable damage curve. If 
unchecked, the device type is not considered for protection evaluation and the threshold evaluation is 
grayed out and unchecked. The Check All on the first row of this column allows to select or de-select all 
the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified reference. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Low Voltage/ High Voltage Maximum % 

Defines the maximum threshold limit of respective protective device based on voltage rating. The limit 
for recognition of an element as Low Voltage is read from general page of Protection rules and is the 
same for source and load side. 


Use maximum limit based on NEC Section 240 for HV cable 

When checked, the maximum limit value for overload protection devices in the High Voltage maximum 
column become display only and set based on NEC 240.101 (A). The maximum limit for the remaining 
devices are editable. 


Allow next higher setting / rating above the LV cable Ampacity based on NEC 

Check to allow the protective device threshold setting or rating to next available setting / rating above the 
cable ampacity/capacity. This option applies to protective device protecting a low voltage cable with 
threshold setting / rating less than 800A (Per NEC article 240.4 Section B) 


Report minimum protection tolerance of % from damage curve 
Check to report if the combined tripping curve is not to the left and below of the damage curve by at least 
the minimum tolerance specified. 


Report under-utilized cable if less than % of the Ampacity 


Check to report if the cable is under-utilized by setting the threshold reference below the specified 
percentage of cable Ampacity / Capacity. 
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Generator 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of generator damage point / 
curve. If unchecked, the device type is not considered for protection evaluation and the threshold 
evaluation is grayed out and unchecked. The Check All on the first row of this column allows to select or 
de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified Base. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Minimum / Maximum % 
Use these columns to define the minimum and maximum threshold limits of the respective protection 
device based on referenced Base. 


Base 

This is a display only field to define the base reference for the minimum and maximum threshold limit. 
The FLA is the Full Load Amps of the generator read from the Rating page of editor. The SC Decrement 
represents the intersection of decrement curve with 0.001 sec axis based on the selection in Short-Circuit 
Decrement section of protection page in editor. 


Allow next higher setting / rating above the maximum limit 
Check to allow the protective device threshold setting or rating to next available setting / rating above the 
maximum threshold limit. 


Report minimum protection tolerance of % from Thermal Capability curve 
Check to report if the combined tripping curve is not to the left and below of the thermal capability curve 
by at least the minimum tolerance specified. 


Report minimum protection tolerance of % from Forced/Compound Excitation Damage 
Point 

Check to report if the combined tripping curve is not to the left and below of the Excitation Damage Point 
by at least the minimum tolerance specified. 
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Lumped, Static Loads 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of Lumped Load Locked 
Rotor Current (LRC) marker. If unchecked, the device type is not considered for protection evaluation 
and the threshold evaluation is grayed out and unchecked. The Check All on the first row of this column 
allows to select or de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified Base. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
Lumped Load LRC protection evaluation if the protection evaluation checkbox is checked. The Check All 
on the first row of this column allows to select or de-select all the rows except the rows which are grayed 
out due to Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Minimum / Maximum % 
Use these columns to define the minimum and maximum threshold limits of the respective protection 
device based on referenced Base. 


Base 

This is a display only field to define the base reference for the minimum and maximum threshold limit. 
The FLA is the Full Load Amps of the Load read from the Nameplate page of Lumped Load editor or 
Loading page of Static Load Editor. The LRC is the Locked Rotor Current read from the Short-Circuit 
page of the Lumped Load editor. LRC is not available for Static Load. 


Allow next higher setting / rating above the maximum limit 


Check to allow the protective device threshold setting or rating to next available setting / rating above the 
maximum threshold limit. 
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Induction Motor, Synchronous Motor 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of generator damage point / 
curve. If unchecked, the device type is not considered for protection evaluation and the threshold 
evaluation is grayed out and unchecked. The Check All on the first row of this column allows to select or 
de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified Base. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Minimum / Maximum % 
Use these columns to define the minimum and maximum threshold limits of the respective protection 
device based on referenced Base. 


Base 

This is a display only field to define the base reference for the Minimum and Maximum threshold limit. 
The FLA is the Full Load Amps of the Motor read from the Nameplate page of the editor. The LRA is the 
Locked Rotor Amps read from the Imp page of the editor. 


Use maximum overload limit based on 
When checked, the maximum limit value for overload protection devices become non-editable and set 
based on the values defined in assigned tables to selected list box. The list box has following selections: 


- NEC 430.32(A)(1) 
- User-Defined 


Clicking on the Limits button for NEC 430.32(A)(1) opens a display only table where Maximum % 
(FLA) fields are fixed and defined based on motor Service Factor (SF) per NEC article. 


Clicking on the Limits button for User-Defined opens editable table where Maximum % (FLA) fields are 
defined by user. 


The maximum overload limit table defines the maximum allowable setting as a percentage of the Motor 
FLA depending on the Motor Service Factor for the Overload Protective Devices. 


Allow next higher setting / rating above the maximum limit 


Check to allow the protective device threshold setting or rating to next available setting / rating above the 
maximum threshold limit. 
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Report minimum protection tolerance of % from damage curve 
Check to report if the combined tripping curve is not to the left and below of the motor damage curve(s) 
by at least the minimum tolerance specified. 


Report minimum protection tolerance of % from locked rotor current 
Check to report if the combined tripping curve is not to the right and above of the locked rotor current 
curve by at least the minimum tolerance specified. 


Report minimum protection tolerance of % from acceleration time 
Check to report if the combined tripping curve is not to the right and above of the acceleration time curve 
by at least the minimum tolerance specified. 


Transformer (HV) 


The Transformer (HV) rule are applicable to any 2W transformer or pairs of 3W transformer when at 
least the Voltage Rating of one winding is greater than defined low voltage system limit in General 
section of Protection Rules. 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of transformer damage curve 
and inrush. If unchecked, the device type is not considered for Protection evaluation and the threshold 
evaluation is grayed out and unchecked. The Check All on the first row of this column allows to 
select/de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified Base. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Minimum - % Source / % Load & Maximum - % Source / % Load 
Use these columns to define the minimum and maximum threshold limits of the respective protection 
devices on Source and Load Side based on the selected Base. 


Base 

This dropdown list defines the base reference for the minimum and maximum threshold limit and can 
have either FLA or Inrush/FLA selection options. The Base FLA is the Full Load Amps of the 
Transformer read from the Rating page of the editor based on Display FLA selection option on the 
Protection page of editor. The reference FLA for protective devices on each side of the transformer is the 
respective transformer FLA of that side. 


The Inrush is the Magnetizing Inrush Multiplier read from the Protection page of the editor. 
Use maximum limit based on 


When checked, the maximum limit for some of protection devices become non-editable and set based on 
the NEC Table 450.3 (A). Clicking on the Limits button opens a display only table where maximum % 
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(FLA) fields are defined based on NEC table and transformer parameters. The voltage displayed in the 
headers of the table for Load Side Protection changes according to the selection of the low voltage system 
limit selected on the General page of the rule editor. 


Allow next higher setting / rating above the maximum limit 
Check to allow the protective device threshold setting or rating to next available setting / rating above the 
maximum threshold limit. 


Report minimum protection tolerance of % from inrush point/curve 
Check to report if the combined tripping curve is not to the right and above the inrush point/curve by at 
least the minimum tolerance specified. 


Report minimum protection tolerance of % from damage curve 
Check to report if the combined tripping curve is not to the left and below of the transformer damage 
curve by at least the minimum tolerance specified. 


Check short-time overload protection 

Check to enable the short-time overload portion of the transformer damage curve to be considered during 
the damage curve evaluation and report any crossing or tolerance violation. When unchecked, the short- 
time overload is ignored during the evaluation. 


Transformer (LV) 


The Transformer (LV) rule are applicable to any 2W transformer or pairs of 3W transformer when the 
Voltage Rating of both windings is equal or smaller than defined low voltage system limit in General 
section of Protection Rules. 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of transformer damage curve 
and inrush. If unchecked, the device type is not considered for Protection evaluation and the threshold 
evaluation is grayed out and unchecked. The Check All on the first row of this column allows to 
select/de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified Base. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protection Device 
Displays list the protective device types and functions to be evaluated. 


Minimum - % Source / % Load & Maximum - % Source / % Load 
Use these columns to define the minimum and maximum threshold limits of the respective protection 
devices on Source and Load Side based on the selected Base. 


Base 


This dropdown list defines the base reference for the minimum and maximum threshold limit and can 
have either FLA or Inrush/FLA selection options. The Base FLA is the Full Load Amps of the 


ETAP 16-59 ETAP 19.0 User Guide 


Star Protection & Coordination Analysis Star Auto-Evaluation 


Transformer read from the Rating page of the editor based on Display FLA selection option on the 
Protection page of editor. The reference FLA for protective devices on each side of the transformer is the 
respective transformer FLA of that side. 


The Inrush is the Magnetizing Inrush Multiplier read from the Protection page of the editor. 


Use maximum overload limit based on 
When checked, the maximum limit for some of protection devices become non-editable and set based on 
the NEC Table 450.3 (B). Clicking on the Limits button opens a display only table where maximum % 
(FLA) fields are defined based on NEC table. 


Allow next higher setting / rating above the maximum limit 
Check to allow the protective device threshold setting or rating to next available setting / rating above the 
maximum threshold limit. 


Report minimum protection tolerance of % from inrush point/curve 
Check to report if the combined tripping curve is not to the right and above the inrush point/curve by at 
least the minimum tolerance specified. 


Report minimum protection tolerance of % from damage curve 
Check to report if the combined tripping curve is not to the left and below of the transformer damage 
curve by at least the minimum tolerance specified. 


Check short-time overload protection 

Check to enable the short-time overload portion of the transformer damage curve to be considered during 
the damage curve evaluation and report any crossing or tolerance violation. When unchecked, the short- 
time overload is ignored during the evaluation. 
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Transmission Line 


Protection Evaluation Checkbox 

Check the protective device types to be considered in protection evaluation of line conductor damage 
curve. If unchecked, the device type is not considered for protection evaluation and the threshold 
evaluation is grayed out and unchecked. The Check All on the first row of this column allows to select or 
de-select all the rows. 


Threshold Evaluation Checkbox 

Check the protective device types to be considered in threshold evaluation based on specified reference. If 
unchecked the device Threshold Evaluation is not performed however, the device is considered for 
protection evaluation if the protection evaluation checkbox is checked. The Check All on the first row of 
this column allows to select or de-select all the rows except the rows which are grayed out due to 
Protection Evaluation unchecked. 


Protective Device 
Displays list the protective device types and functions to be evaluated. 


Low Voltage/ High Voltage Maximum % 
Defines the maximum threshold limit of respective protective device based on voltage rating. The limit 
for recognition of an element as Low Voltage is read from general page 


Use maximum limit based on NEC Section 240 for HV line 

When checked, the maximum limit value for overload protection devices in the High Voltage maximum 
column become non-editable and set based on NEC 240.101 (A). The maximum limit for the remaining 
devices are editable. 


Allow next higher setting / rating above the LV cable Ampacity based on NEC 

Check to allow the protective device threshold setting or rating to next available setting / rating above the 
line ampacity/capacity. This option applies to protective device protecting a low voltage line with 
threshold setting / rating less than 800A (Per NEC article 240.4 Section B) 


Report minimum protection tolerance of % from damage curve 
Check to report if the combined tripping curve is to the left and below of the conductor damage curve by 
at least the minimum tolerance specified. 


Report under-utilized cable if less than % of the Ampacity 


Check to report if the line is under-utilized by setting the threshold reference below the specified 
percentage of line Ampacity. 
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16.5.4 Coordination Page — Rule Book 


This page provides the interface to view and define the coordination evaluation rules between upstream 
and downstream protective devices and is consisting of following sections. 


Device Filter 


The selection here affects the display of Upstream and Downstream Protective Device Types in 
coordination table for convenience of time gap (time interval) data entry. 


Show All 
Select to show all the protective device types in coordination table. 


Upstream 
Select to apply filter and display only the selected upstream protective device type from list box in the 
coordination table. All other rows are hidden when this option is selected. 


Downstream 
Select to apply filter and display only the selected downstream protective device type from list box in the 
coordination table. All other rows are hidden when this option is selected. 


When Upstream or Downstream is selected then the drop down list box is enabled. Select the protective 
device type from the list box for filtering the display. 


Switching Device Operating Time 

The operating or breaking time of switching device connected to relay is defined here in cycles. If the 
relay is not connected to any switching device then switching device operating time is assumed as zero 
cycle. 


Individual 

Select this option to add the operating time of the interlocked switching device to the downstream relay 
TCC curve for coordination based on available values in switching device editor. If more than one 
switching device is available in zone and interlocked with the relay then the fastest operating time is used 
for the relay under evaluation. 


If zero, use ... cycles 
If operating time of the switching device in editor is zero then the specified operating time in cycles will 
be used instead. 


Global 


Select to add a global operating time (in cycles) to the downstream relay TCC curve for coordination. 


Coordination Preferences 


Below rules can also be applied in addition to evaluation and verification of time gap or time interval 
between protective device types. 


Enforce Main and Tie PD coordination when Tie PD is closed 
Check to implement coordination evaluation between the Main and Tie protective devices in Bus zone. 
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Enforce Instantaneous min current ratio 

Check to verify if the instantaneous or 50 function setting ratio between the up and downstream relays 
(electronic or electro mechanic) is equal or larger than selection for asymmetrical phase fault at 
downstream. 


Coordination Table 


Defines the minimum required time gap or time interval for coordination between upstream and 
downstream protective device types. 


Upstream / Downstream Device Type 
These are display only fields to display the upstream/downstream protective device types. 


Reference 
Select between min (start to open or melting) and max (clearing) to define the curve reference to be used 
in coordination when the time current characteristics of protective device type is represented as a band. 


Minimum Time Gap 

Define the minimum time gap or time interval allowed between the upstream and downstream protective 
device time current characteristics based on the curve reference for each set of protective device type. If 
the time difference between the 2 curves plus switching device operating time (if applicable) is less than 
this value at any location, then the protective devices are not coordinated. 
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16.5.5 Analysis Viewer 


The Star Auto-Evaluation Analysis Viewer displays the results of protection and coordination evaluation 
for selected zones on the one-line. 


The Star Auto-Evaluation button becomes enabled after selection of any portion of electrical network. 
Clicking on this button will save the evaluation results in defined output file and open up Analysis Viewer 
in Interactive mode. 


The Star Auto-Evaluation Report Viewer button becomes enabled after selection of evaluation output file 
name. Clicking on this button opens the Analysis Viewer in Report Mode. 


Each of these buttons are representing separate mode of operation for Auto-Evaluation program as 
explained below. 


Interactive Mode 


The Star Auto-Evaluation button in Star mode toolbar becomes enabled after selection of any portion of 
electrical network on one-line. Clicking on this button will open the Analysis Viewer in interactive mode 
after defining the output file name for saving the results. In this mode, the evaluation results are dynamic 
meaning they can be updated after changes to protective device settings and equipment parameters. 


The Analysis Viewer in interactive mode is initially displayed in tabular format representing the results of 
evaluation. In addition to extensive displayed messages explaining the issues found in evaluation and 
displayed under the Condition column, the color balls give the indication of evaluation results status as 
follows: 


Red Ball (Alert): Failed in evaluation due to violation from rules 

Orange Ball (Warning): Observed conditions which needs attention as it may change the results 
Green Ball (Passed): Passed the evaluation based on selected rules 

Blank Ball (Informative): Informative conditions 


The color balls can have symbol theme inside the ball to better represent the meaning of the color. The 
symbol theme can be enabled in the Star section of Tools > Options (Preferences) menu. As explained in 
Options (Preferences) section, changing the “Evaluation symbol theme for Star Auto-Evaluation Analysis 
View” setting to 2 will enable the symbol theme. 


In addition to tabular section, a graphical section similar to Star View TCC is also available which can be 
displayed on the side. The display of protective device TCCs and equipment damage or operating curves 
are automatically changed when navigating between the zones. 


In order to make changes to protective device settings and equipment parameters, the element editor can 
be accessed directly from tabular section as well as graphical section or Temporary Star View. The curser 
of mouse turns into a pointing hand dragged on equipment or device ID cells meaning double clicking on 
these cells will open the element editor. Similar to Star View, double clicking on TCCs or equipment 
operation/damage/marker will open the element editor as well. 


The Interactive mode is essential consisting of below sections which are explained in more details. 
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Bottom Tools 
The following tools can be found at the bottom of Analysis Viewer. 


O| | Evaluate | Rule Book ETAP Default (ANSI/NEC) [View [Help] [ <<Hide | 


Rule Book ETAP Default (ANSI/NEC) | View | (Help... | Expand > | 


Auto-Run 

By default the Auto-Run is ON (active). Clicking on Auto-Run button turns it OFF (inactive) and displays 
the Evaluate button next to it. Clicking on Auto-Run button again (when Evaluate button is displayed next 
to it) will turn it back ON. 


When Auto-Run is ON then the background of the button will turn green and manual Evaluate button is 
hidden. In this mode, the applied changes to protective device settings and equipment parameters from 
within Analysis Viewer will automatically rerun the evaluation and update the results. 


When Auto-Run is OFF, the applied changes to protective device settings and equipment parameters from 
within Analysis Viewer will NOT rerun the evaluation and update the results unless the Evaluate button is 
pressed. 


The background color of Evaluate button turns into orange if the evaluation results are not updated after 
applied changes. It becomes green after pressing this button and rerun the evaluation to indicate the 
results are in sync with present settings and equipment data. 


Rule Book Viewer 
The name of rule book used for evaluation is displayed at the bottom of interactive Analysis Viewer and 
the content can be viewed in read-only mode by clicking on View button. 


Expand/Hide 
The graphical presentation of evaluation results is docked to tabular section and can be displayed by 


clicking on Expand button or any cell selection of equipment IDs on protection and coordination pages. 


The elements which make up the zone and selected in the table will be shown in the Temporary Star 
View. The Expand button is changed to Hide once the Temporary Star View is displayed. 


The tabular section is essentially consisting of following pages. 
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General 


The general page displays the summary of protection evaluations and general messages for evaluated 
zones and is consisting of following columns. Double-clicking on the Status, Zone ID or Device ID cells 
in the General page can automatically go to the page containing the details of the zone evaluation if it is 
available. 


Status 
The color of the ball displayed in this column is representing the status of evaluation results. 


Zone ID 
The Zone ID is displayed here. It is named after the equipment ID as subject of the zone. When this cell is 
selected, the equipment will be highlighted and displayed on respective one-line. 


Zone Type 
The type of the zone is displayed here. 


Device ID 
The equipment ID is displayed here. 


Type 
The equipment type is displayed here. 


Condition 
The evaluation result messages are displayed here. 
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Bus 


This page displays the evaluated bus zones, the protective devices which are part of each zone, and results 
of Bus Continuous Amp protection as explained below. 


Bus ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Location 
The location of the protective device (Main, Tie, or Feeder) is displayed here. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Cont. Amp 
Indicate if the bus Continuous Ampacity is protected. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum fault current location is displayed here. 
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Cable/Line 


This page displays the evaluated Cable/Line zones, the protective devices which are part of each zone, 
and results of Pickup Limit (Threshold), Ampacity/Capacity, and Damage Curve protection as explained 
below. 


Cable/Line ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Location 
The location of the protective device (Source or Load side) is displayed here. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Pickup Limit 
Indicate if the element satisfies the pickup limit requirements (Threshold Evaluation) defined in the rule 
book. 


Amp 
Indicate if the element ampacity/capacity is protected. 


Damage Curve 
Indicate if the element damage curve is protected. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection through fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 
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Generator 


This page displays the evaluated Generator zones, the protective devices which are part of each zone, and 
results of Pickup Limit (Threshold), FLA, Excitation, and Damage Curve protection as explained below. 


Generator ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Pickup Limit 
Indicate if the element satisfies the pickup limit requirements (Threshold Evaluation) defined in the rule 
book. 


FLA 
Indicate if the element FLA is protected. 


Excitation 
Indicate if the element excitation damage point is protected. 


Damage Curve 
Indicate if the element damage curve is protected. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection through fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 
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Load 


This page displays the evaluated Static and Lump Load zones, the protective devices which are part of 
each zone, and results of Pickup Limit (Threshold), FLA, and LRC protection as explained below. 


Load ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Pickup Limit 
Indicate if the element satisfies the pickup limit requirements (Threshold Evaluation) defined in the rule 
book. 


FLA 
Indicate if the element FLA is protected. 


LRC 
Indicate if the protective device threshold is above Locked Rotor Current of Lump Load. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection through fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 
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Motor 


This page displays the evaluated Induction and Synchronous Motor zones, the protective devices which 
are part of each zone, and results of Pickup Limit (Threshold), FLA, Acceleration, LRC, and Damage 
Curve protection as explained below. 


Motor ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Pickup Limit 
Indicate if the element satisfies the pickup limit requirements (Threshold Evaluation) defined in the rule 
book. 


FLA 
Indicate if the element FLA is protected. 


Accel. 
Indicate if the protective device trip curve is clear of motor acceleration time. 


LRC 
Indicate if the protective device trip curve is clear of motor LRC curve. 


Damage Curve 
Indicate if the motor damage curve is protected. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection through fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 
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Transformer 


This page displays the evaluated 2W and 3W Transformer zones, the protective devices which are part of 
each zone, and results of Pickup Limit (Threshold), FLA, Inrush, and Damage Curve protection as 
explained below. 


Transformer ID 
The element ID is displayed here. When this cell is selected, the element is highlighted on OLV and 
Temporary Star View. Double clicking on this cell will open the element editor. 


Device ID 
The ID of the protective device is displayed here. When this cell is selected, the element is highlighted on 
OLV and Temporary Star View. Double clicking on this cell will open the element editor. 


Type 
The protective device type is displayed here 


Pickup Limit 
Indicate if the element satisfies the pickup limit requirements (Threshold Evaluation) defined in the rule 
book. 


FLA 
Indicate if the element FLA is protected. 


Inrush 
Indicate if the protective device trip curve is clear of transformer inrush point or curve. 


Damage Curve 
Indicate if the transformer damage curve is protected. 


Condition 
The evaluation result messages are displayed here. 


Max Fault 3Ph-Amp 
The maximum protection through fault current for 3-phase fault location is displayed here in Amps. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 
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Coordination 


This page displays the coordination evaluation results for the branch and bus zones and the 
upstream/downstream protective devices which are part of each zone as explained below. 


Zone ID 

The Zone ID which is named after the equipment (apparatus) is displayed here. For extended zones, the 
Zone ID is named after one of the equipment included in the zone. When this cell is selected, the element 
is highlighted on OLV. 


Zone Type 
The zone type (Bus or Branch) is displayed here. Branch zones are representing transformer, cable and 
line. 


Upstream PD 

The ID of the upstream protective device(s) is displayed here. When this cell is selected, the element(s) is 
highlighted on OLV and Temporary Star View. Also selection of this cell and the aligned cells on the left 
side displays all of the upstream and downstream device TCCs in Temporary Star View for overall 
review of coordination status. 


Downstream PD 
The ID of the downstream protective device(s) is displayed here. When this cell is selected, the element(s) 
is highlighted on OLV and Temporary Star View. Clicking on this cell will change the Temporary Star 
View to normalized mode and displays only the selected downstream together with upstream protective 
devices. This selection is useful for review of the coordination between individual downstream feeder 
PDs with upstream. 


Max Fault - Type 

The maximum coordination through fault current type, 3-phase (3Ph) or Line-to-Ground (L-G), is 
displayed here. The availability of L-G fault depends on Fault Type selection on Star Auto page of 
selected Star Study Case for evaluation. Clicking on this cell will change the Temporary Star View to 
phase or ground normalized mode depending on fault type. 


Max Fault - Amp 

The maximum coordination through fault current magnitude in Amps is displayed here which is used as 
clipping current of TCC and base current for normalization of curves. This magnitude is displaying the 
phase current when the fault type is 3Ph and 310 current when fault type is L-G. Clicking on this cell or 
other cells on the right side, will change the Temporary Star View to phase normalized mode when fault 
type is 3Ph and ground normalized mode when fault type is L-G. 


Ref. kV 
The Reference kV of the maximum through fault current location is displayed here. 


Coord. Status 
Indicate the overcurrent coordination status between the upstream and downstream protective devices. 


Amp Range 


The From and To columns display the amp range of applicable coordination status and condition message 
which correlates to Temporary Star View graphical presentation in normalized mode. 
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Condition 
The coordination result messages are displayed here. 


Temporary Star View 


The Temporary Star View is available for Interactive Analysis Viewer to display the graphical 
presentation of equipment damage/operating curves and protective device characteristics for protection 
and coordination pages. The Temporary Star View cannot be created from the report after closing the 
Analysis Viewer unless evaluation is ran again from the one-line. 


The Temporary Star View is automatically updated based on selected zone on tabular section of analysis 
viewer and displays the elements which make up the zone and used in evaluation. Similar to Star View, 
the displayed TCC curves can be graphically adjusted using the handles on TCC. Also double clicking on 
each TCC will open the editor of respective element for further modifications such as changing the 
configuration, condition or even the input data of the element. Such adjustment or modification can 
automatically update the evaluation results and output report depending on Auto-Run button status. When 
selecting an Element ID in the Analysis Viewer tabular section then corresponding curve(s) in the 
Temporary Star View is highlighted and vice versa. 


The available tools in top toolbar are similar to Star TCC View with following exceptions: 


Show All Elements of Zone 

The Temporary Star View by default displays the combined curve of the protective devices which make 
up the zone and used for evaluation. When Show All Elements of Zone is turned ON then it will show all 
elements of the zone even if they are not used in evaluation. The On or OFF status remains persistent in 
all pages and Temporary Star Views till it is changed. 


Phase / Ground Mode 

The available phase or ground mode is dependent on Fault Type selection in Star Auto page of Study 
Case. As explained in Study Case, The Phase mode is used and available for all protection pages and 
ground mode is only available for Coordination page of Analysis Viewer. The display of Phase or Ground 
Mode in Temporary Star View depends on selected cells in tabular section as explained in Coordination 


page. 
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Report Mode 

The Star Auto-Evaluation Report Viewer button becomes enabled after selection of evaluation output file 
name in output report list. Clicking on this button opens the Analysis Viewer in Report Mode. In this 
mode, the results are static representing the last snapshot of evaluation in tabular format only. The used 
Study Case, Rule ID, Revision, Fault type, Configuration, and Evaluation type are displayed on top 
portion of this report for reference. 


The tabular section is similar to Interactive Mode with the exception that adjustments or modifications are 
not available from within this report and Temporary Star View is not displayed. 


Please refer to Interactive mode for further details. 
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16.5.6 Reports 


The Auto-evaluation results can be saved in graphical and tabular forms as follows. 


Graphical Report 


The graphical presentation of evaluation results for each zone can be saved as report using the following 
buttons on top toolbar of Temporary Star View. 


Capture STAR View 

Capture STAR View button allows you to capture star view and paste it to third party applications such as 
Paint, Word, Excel, etc. Click this button to activate capture mode then left click anywhere on Star View 
and drag to select the area for capture. 


A confirmation dialog and message will show up after each capture. Click “OK” button to close this 
window. If “Do not show this message again” is checked then this message dialog won’t show up until 
reopening of project. 


The Capture mode will end after selection of area or you can press ‘Esc’ to quit ETAP capture mode. 


Export STAR View 
Export Star View button is the shortcut for existing Export Metafile feature. Click this button to open the 
dialog for export the Star View to EMF file. Please search and refer to Export Metafile for further details. 
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Report Manager 


Clicking on Report Manager button will open Star Auto Report Manger when the evaluation output file 
name is selected in output report list. 


a ’ 
ANSI Star Auto Report Manager =x) 


Complete | Input | Result | Summary | Evaluation 


| Complete @) Viewer 
|Complete LG PDF 
Complete LL D 


Complete LLG MS Word 
») Rich Text Format 
MS Excel 
| Set As Default 


Output Report Name 
Local Generation 
Path 
C:\_StarAuto SampleProjects\Star Auto-Evaluation Demo 


lattes = 


The Star Auto Report Manager Editor consists of four tabs: Complete, Input, Results, and Summary and 
Evaluation. The Complete, Input, Results, and Summary tabs are for short-circuit as the foundation of 
through-fault current calculation and Evaluation is for tabular Auto-Evaluation results. 


X 


The available report formats are sorted in each of these tabs. To view a report, select a report template and 
format and then click OK. 


Using the Report Manager you can view the Complete, Input, Results, and Summary output reports in 
Crystal Reports Viewer, PDF, MS Word, Rich Text Format, and MS Excel. The default format is set to 
the Crystal Reports Viewer. However, you can set the default to other formats by selecting a format and 
checking the “Set As Default” option. 


Note that PDF, MS Word, Rich Text Format, and MS Excel formats are exported from the report 
templates created with Crystal Reports. In some cases the exported formats may not appear exactly as the 
Crystal Reports templates. 


The output filename, project name, and path are also displayed in this dialog box. 


The Auto-Evaluation Report is only available in MS Excel with separate tabs for Project & Study Info, 
General, and available tabs for protection and coordination zones. The format of each protection and 
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coordination tabs are same as what can be seen in tabular section of Analysis Viewer with the option to 
show the Pass messages per selection in Star Auto page of Study case. 


View Output File 


Another method of viewing the output reports is from each Study Case toolbar. Click the View Output 
Report button on any study case toolbar to view output reports. A list of all output files in the project 
directory is provided. This list only includes the output reports associated with the active study mode. To 
view any of the listed output reports in Crystal Reports Viewer or Excel, select the output report name, 
select any of the report templates from the list box, and then click the View Output File button on the 
Study Case toolbar. 


Report Viewer 


The Report Viewer allows you to view reports, navigate to different pages, find by text search or element 
ID, print, and export to a variety of formats. 


Viewer Toolbar 
The Crystal Reports Viewer toolbar contains the following features: Find, Navigate, Print, Export, and 
Zoom. 


Find 
To activate the Find feature click on the Find icon on the top toolbar or go to View on the main toolbar. 
Find allows you to search by element ID or by text. 


To find by Element ID, select the Element option in the Find dialog box. Then select an element type 
from the Type list box. Based on the selected type IDs of the existing elements will be displayed in the ID 
list box. Select the ID of your choice and click on the Find button. Find searches for all occurrences of the 
selected ID and highlights them one by one. Note that for a complete search you must start your search 
from the first page. 


To find by Text, select the Text option in the Find dialog box. Then type in the text of your choice and 
click on the Find button. Find searches for all occurrences of the specified text and highlights them one by 
one. Note that for a complete search you must start your search from the first page. 


Note that the Find option is not case sensitive. 


Navigate 
To view all report pages, click the navigation buttons (arrow icons) to move forward or backwards. Also, 
you can type in a page number and click on enter to go the specified page. 


Print 
The Print option allows you to print all or a selected number of pages, to specify the number of copies to 
be printed, and the capability to collate them. 


You can also set up the printer to be used, the paper size and source, and the paper orientation by clicking 
the Printer Setup button. 


Export 

You can export your reports to a number of popular spreadsheet and word processor formats, into PDF, 
HTML, ODBC, and a number of common data interchange formats as well. To achieve the best text 
format results, use the Rich Text Format option. 
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Click the Export button to view a list of all available formats. 


Zoom 
Use the Zoom drop-down list to zoom in and out on your report. You can view your report from 25% to 
400% of its actual size. The zooming capability relates to viewing only and does not affect the printed 
results. 
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16.5.7 Options (Preferences) 


The Star section in Tools > Options (Preferences) menu option has settings for through fault current 
calculations and changing the theme for color balls in Star Auto as explained in than section as follows. 


e Bus Levels Away For Through Fault Current Calculation 
e Max No. of Upstream Contributing Branches 


Both of above options are defining the number of levels to go away from fault location to calculate the 
remote through fault current. 


é . 
Options (Preferences) ==) 
= a ey Bo) 
> Optimal Capacitor Placement 
Optimal Power Flow 
Printing / Plotting 
Project Database 
Real-Time 


Short Circuit 


Bus Levels Away for Path Detection 
: 
Evaluation symbol theme for Star Auto-Evaluation Analysis Viev 2 
Group One-line in Star TCC False 
Max No. of Composite Networks/Motors for Zone Detection 10 
Max No. of Upstream Contributing Branches 40 
Max. One-line Scaling Factor in Star TCC 400 
One-Line Display Area in Star TCC 30 
> StarZ 
> Switching Optimization & Fault Management and Service Restoration 


Bus Levels Away for Through Fault Current Calculation 
Specify the number of bus levels to travel up from the fault location toward the source to calculate element through fault current for Star 
Auto-Evaluation. The range for this entry is 1-20. 


e Evaluation symbol theme for Star Auto-Evaluation Analysis View 


The colorful balls displayed in Star Auto-Evaluation Analysis View can have symbol theme inside the 
ball to better represent the meaning of the color. The following selections are available for above option: 


1: Display colorful balls WITHOUT symbols 
2: Display colorful balls WITH symbols. 
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16.5.8 Scenario / Study / Project Wizard 


The Star Auto program supports the automated running of multiple scenarios as explained below. 


Scenario Wizard 


The Scenario Wizard can be used to create and run scenarios for Star Auto-Evaluation and creation of 
respective report. If the Study Mode is set to STAR MODE, the Study Type provides 2 options for Star 
Auto-Evaluation. 


e ANSI Star Auto 
e IEC Star Auto 


Selection of either Study Type provides the list of available Study Cases in Star mode based on the 
selected ANSI or IEC Standard in their Standard page with respective output report extension i.e. ANSI 
(Star Auto Output Report Type: AS1S) or IEC (Star Auto Output Report Type: AS2S). 


Once the Scenario is set for Study Mode, Study Type, Study Case, Output Report name, and the elements 
are selected and listed in the “What-If” Studies box then the Star Auto-Evaluation can be run by pressing 
the Run button. 


Pressing of Run button in Scenario Wizard runs evaluation for selected elements and associated 
protection zones based on the set Parameters and selected Rule Book in Study case and “Project and 
Library” option. The error message for unavailability of selected rule in study case will stop the Scenario 
Wizard for running the selected scenario. 


The results of evaluation is saved in the defined output report which can be retrieved and compared by 
clicking on Star Auto-Evaluation Report Viewer or Report Manager buttons. 


Element Selection 


The referenced elements for detection of protection zones and Star Auto-Evaluation need to be selected in 
the “What-If” Studies. The selection can be done in following procedures: 


“Select” Button 

The “Select” button next to “What-If” Studies box and keyword ‘SELECT’ inside the box is enabled only 
when Study Mode is set to STAR MODE. Pressing this button can display the selected elements in the 
box per below procedure. 


Note: Equipment cable cannot be directly added to Select list, the Load ID need to be added for 
equipment cable. 


Selection on One-line 

The referenced elements can be selected (highlighted) before opening the Study Wizard. In such case, 
pressing of the “Select” button next to “What-If” Studies box will list the ID of all selected elements from 
the one-line in separate rows within the “What-If” box. 


Selection in Scenario Wizard 

Pressing the Edit button next to “What-If” box will open a dialog for typing in the IDs of the elements to 
be evaluated in separate rows. Alternatively, “SELECTALL” keyword (not case sensitive) can be typed in 
to evaluate all of elements on the selected Presentation in Scenario Wizard. 
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P 
Scenario Wizard | x 


ID Local Generation 


Parameters 
Sym [awoken =) Sty Mode STARWODE =) 
Pesennion[OWVie) «Sky Type SL Sarto) 
simu + 
Outpt Repu Lees Genet» 


I] Get Real-Time Data 


Preferences/‘Ini File 


SELECT 
MCC-MV-1 
LV-PNL1 
Bus-IM-14 
MCC-LV-1 
LV-SWB-1 
TR11 

CT124 
CB-TL11 
CT-TH11 
ND-GEN1 
FD-GEN1 
BUS-SEC-G1 
CB-HVBT1 


Enter ‘what if commands to apply 


Study and Project Wizard 

The Macros in the Study Project Wizard will be available for running the Scenarios created per above. 
The error message for unavailability of selected rule in study case will stop the evaluation of selected 
scenario. Pressing the OK button on rule book error message dialog will stop the whole process. 
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16.6 Required Data 


Bus Data 
Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculation for buses includes: 


e Nominal kV (when the prefault voltage option is set to use nominal kV) 
e %V (when the prefault voltage option is set to use bus voltage) 
e Type (such as MCC, switchgear, etc.) and continuous and bracing ratings 


Branch Data 


Branch data is entered into the Branch Editors (i.e., 3-Winding Transformer, 2-Winding Transformer, 
Transmission Line, Cable, Reactor, and Impedance). Required data for short-circuit (Clipping kA and 
Sequence-of-Operation) calculations for branches include: 


Branch Z, R, X, Y, or X/R values and units, tolerance, and temperatures, if applicable 
Cable and transmission line length and unit 

Transformer rated kV and MVA 

Base kV and MVA of impedance branches 


For unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations, you will also need: 


e Zero sequence impedances 
e Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for utilities include: 


e Nominal kV 
e %V and Angle 
e 3-Phase MVAsc and X/R 


For unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations, you will also need: 


e Grounding types and parameters 
e Single-Phase MVAsc and X/R 


Synchronous Generator Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for synchronous 
generators include: 


Rated MW, kV, and power factor 
Xa”, Xa’, and X/R 

Generator type 

IEC exciter type 
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For unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations, you will also need: 


e Grounding types and parameters 
e Xo(Zero Sequence Impedance) 
e X2(Negative Sequence Impedance) 


Inverter Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for inverters 
include: 


e Rated MW, kV, and power factor 
eK factor in the Rating page 


Synchronous Motor Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for synchronous 
motor includes: 


e Rated kW/hp and kV and the number of poles 
e X,” and X/R 
e %LRC, Xq, and Tq.’ for IEC Standard 


For unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations, you will also need: 


e Grounding types and parameters 
e Xo(Zero Sequence Impedance) 
e X>»(Negative Sequence Impedance) 


Induction Motor Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for induction 
motors include: 


e Rated kW/hp and kV 

e X/R plus one of the following: 
Xsc at % cycle and 1.5-4 cycle if ANSI Short-Circuit Z option is set to Xsc, or 
%LRC if ANSI Short-Circuit Z option is set to Std MF 
% LRC, Xa, and Tw’ for IEC Standard 


For unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations, you will also need: 
e Grounding types and parameters 


Xo 
e X2(Negative Sequence Impedance) 
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Lumped Load Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for lumped load 
includes: 


Rated MVA and kV 

% motor load 

% LRC, X/R, and Xsc for % cycle and 1.5-4 cycle 
X’, X, and T.’ for IEC Standard 


Additional data for unbalanced short-circuit (Clipping kA and Sequence-of-Operation) calculations 
include: 


e Grounding types and parameters 


High Voltage Circuit Breaker / Recloser Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for high voltage 
circuit breakers include: 


ANSI Standard Circuit Breaker: 

Max kV 

Rated Int. (rated interrupting capability) 

Max Int. (maximum interrupting capability) 

C & Lrms (rms value of closing and latching capability) 

C & L Crest (crest value of closing and latching capability) 
Standard 

Cycle 


IEC Standard Circuit Breaker: 

Rated kV 

Min. Delay (minimum delay time in second) 
Making (peak current) 

AC Breaking (rms AC breaking capability) 
Ir (Short-circuit withstand current) 

Tx (duration of short-circuit withstand current) 


ETAP calculates the interrupting capabilities of the circuit breaker from the rated and maximum interrupting 
capabilities. This value is calculated at the nominal kV of the bus that the circuit breaker is connected to.\ 


Controller / Trip Device 
e Controller / Trip device type library parameters 
e Device settings / TCC curves 
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Low Voltage Circuit Breaker Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for low voltage 
circuit breakers include: 


ANSI Standard Circuit Breaker: 

e Type (power, molded case, or insulated case) 
e Rated kV 

e Interrupting (interrupting capability) 

e Test PF 


IEC Standard Circuit Breaker: 

Type (power, molded case, or insulated case) 
Rated kV 

Min. Delay (minimum delay time in second) 
Making (peak current) 

Breaking (rms AC breaking capability) 

Ine (Short-circuit withstand current) 

Ty (duration of short-circuit withstand current) 


Trip Device 
e Trip device type library parameters 
e Device settings / TCC curves 


Fuse Data 
Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for fuses include: 


e Fuse library data including Size and TCC curves 


ANSI Standard Fuse: 

e Fuse rated kV 

e Interrupting (interrupting capability) 
e Test PF 


IEC Standard Fuse: 

e Fuse rated kV 

e Breaking (rms AC breaking capability) 
e Test PF 


Overload Heater/49 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for OLH/49 
includes: 


e Resistance / Tolerance 
e OLH library parameters 
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CT/PT Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for CT and PT 
includes: 


e Bus or Branch or Source or Load Connections 
e Rating (Ratio) 


Relay/MVSST Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for Relay includes: 


e CT/PT Connections / Assignments 
e Interlocked Devices, Device ID, Action, Delay, Setting, Unit 
e Relay/MVSST Library parameters including settings and TCC curves 


Other Data 


There are some study case related data which must also be provided. You can enter this data into the Star 
Mode Study Case Editor. The data includes: 


e Standard (ANSI/IEC) 

e XFMR tap option (transformer tap modeling method) 

e =©Prefault voltage 

e Fault type (Phase / Ground) — Sequence-of-Operation 

e =Fault value (Asym/Sym) — Sequence-of-Operation 

e Bus levels to be considered — Sequence-of-Operation 

e Faulted buses 

e Cable/OL Heater (select this option to include cable and overload heater elements) 
e Adjustments 
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16.7 Output Reports 


ETAP provides short-circuit (Clipping kA and Sequence-of-Operation) clipping kA as well as Sequence- 
of-Operation Study Output Reports with different levels of detail, depending on your requirements. The 
following are just some examples that show this flexibility. ETAP reports show total and individual fault 
current contributions for all the different types of faults. 


16.7.1 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the output report that is listed in the Study Case toolbar with the selected format. In 
the picture shown below, the output report name is SM and the selected format is Adjustments. 


ey sm 7 XS soop-subza 


Adjustments 


Complete LG 
Complete LL 
Complete LLG 

Cover 

Generator 

High Voltage DC Link 
Impedance 

Line Compensation 
Loads 

Power Grid 

Reactor 

Sequence of Operation 
Short-Circuit LG Report 
Short-Circuit LL Report 
Short-Circuit LLG Report 
Short-Circuit Report 
Summary 

Switched Capacitor 
Transformer 

UPS 
VFD 


16.7.2 Star Mode Report Manager 


To open the Star Mode Report Manager, simply click on the Report Manager button on the Star Mode 
Study toolbar. The editor includes four pages (Complete, Input, Result, and Summary) representing 
different sections of the Output Report. The Report Manager allows you to select formats available for 
different portions of the report and view it via Crystal Reports. There are several fields and buttons 
common to every page, as described below. 


Output Report Name 
This field displays the name of the output report you want to view. 


ETAP 16-88 ETAP 19.0 User Guide 


Star Protection & Coordination Analysis Output Reports 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will simply close the editor. Click on the Cancel button to 
close the editor without viewing the report. 


Select Report Viewer Application 
Choose the appropriate application to open the selected report in Crystal Report Viewer, Adobe PDF, 
Word, Rich Text Format, or Excel. 


16.7.3 Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type, 
including Bus, Cable, Cover, Adjustments, Generator, Loads, Reactor, Transformer, UPS, and Utility. 


a , 
ANSI Star Report Manager x=) 


Complete | Input | Result Summary | 


Adjustments @) Viewer 


Branch : 
Bus PDF 


Cable ) MS Word 

Cover 

Generator ©) Rich Text Format 
High Voltage DC Link - 

impedance MS Excel 


Loads [Set As Default 
Pawer Grd 


Output Report Name 
STARModeSC 


Path 
C:\Example-ANS] 
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16.7.4 Result Page 


This page allows you to select formats to view the short-circuit (Clipping kA and Sequence-of-Operation) 
result portion of the Output Report. The same applies for IEC faults. 


r =I 
ANSI Star Report Manager x=) 
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16.7.5 Summary Page 

This page allows you to select formats to view Summary Reports of the Output Report. Note that if the 
Sequence-of-Operation Study Output Report is selected, the Summary page will include an additional 
report for the Sequence-of-Operation Summary. 


cr ; 
ANSI Sequence of Operation Report Manager Ex) 


| Complete | input | Result | Summary 


Project: Example ETAP Page: 1 

Location: = Irvine, California Date: 09-15-2004 
Contract: OTI-12345678 SN: 850TI30125 
Engneer Operation Technology, Inc. Study Case: SQOP Revision: Base 
Filename: EXAMPLE Config.: Normal 


This info is printed on every output report, lst remark line. (120 characters) 


Sequence of-Operation Event Summary Report 


Symmetrical 3-Phase Fault at Sub2A. 


Time (ms) D If (kA) T1 (ms) T2 (ms) Condition 
116 OCR4 5.629 116 Phase - OC] 
216 CB1l -0.001 100 Tripped by OCR4 Phase -OC1 
216 CB12 -0.001 100 Tripped by OCR4 Phase - OC1 
253 Fusel 2.309 170 253 
977, OCR3 2.309 977 Phase -OC1 
1061 CB2 -0.001 83.3 Tripped by OCR3 Phase -OC1 
4501 MRI 0.566 4501 Overload Phase 
4601 CB21 -0.001 100 Tripped by MR1 Overload Phase 
7739 (OLIL 0.566 7739 


Operating actions not included: 
Tie protective devices, 51V Voltage Control/Restraint, 67 Directional. 
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16.7.6 Complete Page 

In this page you can select the Complete Report in Crystal Reports format, which brings up the complete 
report for the short-circuit (Clipping kA and Sequence-of-Operation) Study. The Complete Report 
includes Input Data, Results, and Summary Reports. 


r ; 
ANSI Star Report Manager (wom 


@) Viewer 

») PDF 
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Output Report Name 
STARModeSC 


Path 
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Star View 


Chapter 17 describes how to create a new Star View and append elements to an existing Star View from 
Star Mode. This chapter details the various tools and features available while working with Star Views. 


A Star View is a presentation containing one-line diagram elements and their associated characteristic 
curves and diagrams. Star View provides a graphical user interface for viewing, coordinating, and 
customizing element curves and diagrams. 
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17.1 Star Systems 


Star Systems provides all the necessary tools for accessing, navigating, and coordinating curves 
associated with one-line diagram elements. Clicking the Star Systems button on the Systems toolbar 
opens the last accessed Star View and makes it the active window. 


Create / Open Star View Navigator Star View (TCC) Toolbar 
Star View from Create / Copy Star 
Star TCC View 


System Manager Views 
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Star Views are saved as presentations in System Manager under the Star folder. You can create a new Star 
View presentation by right-clicking the Star folder and selecting Create New or by clicking the Star New 
Presentation button. You can create either a new Star View or copy an existing Star View. 


ETAP 17-2 ETAP 19.0 User Guide 


Star View Star Systems 


System Manager x 
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Double-click the Star View name (for example Star1) in the System Manager to open an existing Star 
View. You can also right-click the Star View name to view, save, purge, rename (using Properties 
command), and print the view. 
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You can access an existing Star View by selecting it from the Presentation toolbar while in Star Mode. 
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Star View Star TCC View 


17.2 Star TCC View 


The Star Time Current Characteristic (TCC) View, displays the device characteristic curves on the Time 
versus Current frame. The Time versus Current frame dimension can be graphically adjusted and re- 
positioned. 


ReRe Hr aqakh SBL&Rex: & xk Bea 


ET 


The tools from left to right are described below. 


Pointer 
Click the Pointer button to select one-line diagram elements and curves in Star View. 
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Zoom In One-Line Diagram 


Click this button to zoom in on the one-line diagram in Star View. 
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Zoom Out One-Line Diagram 


Click this button to zoom out the one-line diagram in Star View. 


sizer 
tar 


i Fe 


ETAP 17-7 ETAP 19.0 User Guide 


Star View Star TCC View 


Zoom Fit One-Line Diagram 


Click this button to zoom fit the one-line diagram to the left bottom comer of Star View. The scale of the 
one-line diagram can be defined in the Options (Preferences) Editor (Tools > Options) using the entries 
“Max. One-line Scaling Factor in Star TCC” and “One-Line Display Area in Star TCC”. Refer to 
Chapter 4, Preferences for more details. 
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Pan 


Use the Pan tool to pan around a Star TCC View time-current grid. Hold the left mouse button to grab the 
Star View and move the hand pointer to pan the view. 
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Zoom In, Zoom Out 


To zoom in on the Star View, click the Zoom In button. Use the Zoom Out tool to zoom out of a Star 
View. 
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Zoom Fit 
To fit entire Star layout in the Star View window, click the Zoom Fit button. 
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Note: 

Single click on Axis or Legend in Star View will show black dots at 4 corners of the Star View, 
representing the canvas size. These black dots can be dragged and adjusted to change the canvas size 
while the aspect ratio is fixed. The change in canvas size will change the TCC plot but the font size and 
one-line remain constant. 
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Auto-Scale 


Star TCC View 


Use the Auto-Scale tool to determine the best possible Star View scaling for displaying all plotted curves. 
The tool can be used for both phase and ground views. For more details on auto-scaling, see section 17.3, 


Star View (TCC) Toolbar. 


Star View with Motor. Auto Scale OFF 


Star View without Motor. Auto Scale ON 
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Star View with Motor. Auto Scale ON 
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2nd Axis 


Click to show the second X-axis. 
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Star View Star TCC View 
Show/Hide Grid 
Click to display the grid. 
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Show/Hide Legend 
Click to show legend on the bottom of the Star View. 
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Hide/Show Range 

Device curves can be graphically adjusted in the Star TCC View. Handles are provided on the device 
characteristic curves to identify adjustable regions. Available ranges for a selected curve can be displayed 
and identified by clicking the Hide/Show Range button. The available ranges are grayed out when an 
adjustable curve is selected. The display of ranges is turned off by default. 
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Combined Curve 


Multiple device curves can be combined in the star view by using combined curve button. Select one 
curve, press ctrl and select another curve/multiple curves, then click combined curve button, ETAP will 
automatically combined these selected curves. Combined curve button can also be used in Normalized 


TCC mode. 
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At Fusel and OCR3 are selected, 
TT combined curves button is enabled. 
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Star View Star TCC View 


Los = 
Sia ies 


i 
Sema imatiiii EHH EHH 


ict 


ait qe il 
HLA Ball 


ial 
if 


=f N 
TN 


B $56 
' tat ee 
rerrriit 


imam, q 


ETAP 17-20 ETAP 19.0 User Guide 


Star View Star TCC View 


Label Auto-Layout 


Label Auto-Layout button helps you to re-organize labels in star view. Click on this button to adjust the 
label position automatically. It is automatically applied when creating new star views. 
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Click label layout button, all labels in 
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Print Preview 
Click the Print Preview button to view or modify the print layout of the selected Star TCC View. 
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Close 
Click this button to save the settings and layout, close the preview, and return to the Star TCC View. 


Print 
Click this button to bring up the Print dialog box and start a print job. 


Note: Star Views can be printed collectively via Star Batch Print menu. With a Star View open, go to 
File menu and select “Batch Print...” 


Print Setup 
Click this button to display the Print Setup dialog box, which contains options for selecting the 
destination printer and its connection. 


Star Print Options 


Click this button to display the Star Print Options dialog box, which contains options for printing (or not 
printing) one-line diagram and text boxes. 
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Close Print Setup Star Point zoom Fit (TCC View) 
Print Options —_, Options Next/Previous 
Preview Print Tec zoom In/Out Page Zoom In/Out (TCC only) 
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Next/Previous Page 
If the length of a Star View exceeds one page, you can navigate through multiple pages using the 
Next/Previous Page buttons. 


Toggle Display 
Click this button to toggle between previewing one or two pages at once. 
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Zoom In/Zoom Out View 
Zoom in or zoom out of the view to preview the details or overall layout of your Star TCC View prior to 
printing. This zooms in/out does not affect the print results. 


Fit to Page 
This fits all of the Star View into the selected page size and orientation. 


Zoom In/Zoom TCC 

Use this tool to zoom in or out of the Star TCC View so that the size of the view changes with respect to 
the page size. Once you print or close Print Preview, all settings are saved for future printing. Zoom levels 
for the Print Preview are independent of zoom levels for the Star TCC View. You can enter a specific 
magnification factor in the field provided. The Star TCC will be printed with the zoom factor specified. 


Scroll 

Scroll the Star TCC View to the right, left, top, and bottom with respect to the selected page size and 
orientation. These scroll capabilities are provided for centering and adjusting the location of the Star View 
with respect to the selected paper size for the Star View. Once you print or close Print Preview, all 
settings are saved for future printing. Scrolling in the Print Preview is independent of scrolling in the Star 
TCC View. However, you can specify the scroll length in the fields provided. 


Print Setup 
Print Setup {=| 


Printer 


Name: | \\otidc05\Gestetner 


Status: Ready 

Type: NRG 4545/4518/4532 PCL 6 
Where: — Printer Room 

Comment: 


Paper 
Size: _| Letter (8.5"x 11") 


Source: | Auto Tray Select 


| Help | | Network... 


Printer 

Select the printer you wish to use. You can choose the default printer or select one of the currently 
installed printers from the Name list. To install printers and configure printer ports, use the Windows 
Control Panel. 


Paper Size 
Select the paper size on which you want to print the document. 
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Paper Source 
Select the tray, if your printer offers multiple trays for paper sources. 


Orientation 
Choose Portrait or Landscape. 


Network 
Click this button to connect to a network location, assigning it a new drive letter. 


Help 
Click on Help to open the help topic on Print Setup options. 


OK 
Click on OK to close the Print Setup page and save all changes. 


Cancel 
Click on OK to close the Print Setup page without saving. 


Star Print Options 


Star Print Options 


Include 
(¥] One-Line Diagram 
OLE Objects 
TextBoxes 


en 


Check this box to include the TCC one-line diagram in the print. This box is checked by default. 


Include One-Line Diagram 


Include Text Boxes 
Check this box to include the text boxes in TCC in the print. This box is checked by default. 


Help 
Click on Help to open the help topic on Star Print options. 
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OK 
Click on OK to close the Star Print options page and save all changes. 


Cancel 
Click on OK to close the Star Print options page without saving. 


Capture STAR View 


Capture STAR View button allows you to capture star view and paste it to third party applications such as 
Paint, Word, Excel, etc. Click this button to activate capture mode then left click anywhere on Star View 
and drag to select the area for capture. 
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A confirmation dialog and message will show up after each capture. Click “OK” button to close this 
window. If” Do not show this message again” is checked then this message dialog won’t show up until 
reopening of project. 


The Capture mode will end after selection of area or you can press ‘Esc’ to quit ETAP capture mode. 


Export STAR View 


Export Star View button is the shortcut for existing Export Metafile feature. Click this button to open the 
dialog for export the Star View to EMF file. Please search and refer to Export Metafile for further details. 
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Purge 


Star TCC View 
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Metafile Type Instruction Set 
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Element Range 


@ All Elements 


© Selected Elements only 


Convert Viewable Area Only 
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Delete the active Star View. ETAP asks for confirmation before purging the Star View. 
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17.3 Star View (TCC) Toolbar 


The Star View (TCC) toolbar provides all necessary tools for viewing, coordinating, and plotting 
applicable device curves. Star View (TCC) toolbar is displayed and applicable for the active Star View. 
This section includes details on the various tools available on the Star View (TCC) toolbar. 


= Mode Tool - Toggle between Phase and Ground Mode 


Zoom to New Window 


EG l Time Difference Tool - Measure time difference between two curves 
ae + Crosshair - Use crosshair to display current/time at any point on TCC 
V2 User Curve - Create custom curves and fault arrows 


Plot Options - General, Axis, Grid, Legend and Device settings 
Display Options - Star one-line display options 


Alert View - View alerts/messages for device curves 


Normalize TCC mode - View normalized curves for specific fault 


[bs 
2 
ties Device Settings Report 


‘o Sequence Viewer - View summary of tripped devices for specific fault 
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17.3.1 Phase/Ground Mode 


The Mode tool allows you to view device characteristic curves in Phase or Ground Mode. You can toggle 
the Mode button to view the applicable curves for Phase or Ground Mode for the same Star View. 
Therefore, the Phase and Ground Modes are essentially sub-views of each Star View. The icon on the 
Mode button changes when you toggle between Phase and Ground Modes. 


— ak, 
—g 


Phase Mode Ground Mode 


Phase Mode 

Phase Mode, when selected, displays and includes device curves that respond to phase current. By 
default, this includes all phase-responsive device curves and device damage curves/fixed points (for 
example, motor starting and transformer damage/inrush point). 


Start 
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Ground Mode 
When you select Ground Mode, Star View displays device curves that respond to ground and phase 
current. By default, this includes ground current responsive device curves (for example, ground trip 


functions or residual connected relays). 


TCC Toolbar 


Note: Phase-responsive devices can be plotted in the Ground Mode from Star View Plot Options. 


ETAP 
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The table below shows a list of all devices plotted in Star View that can be displayed in Phase and Ground 


Modes. X indicates available modes for the given device curve. 


Device/Function Trip Element Phase Mode Ground Mode ee 
Default 
Fuse - xX xX Phase 
Phase xX xX Phase 
Ground - xX Ground 
Sensitive ground - Xx Ground 
Overcurrent Relay : 
Negative-sequence x Xx Phase 
Neutral - xX Ground 
Residual connection - xX Ground 
Thermal xX xX Phase 
Acceleration xX xX Phase 
Overload Relay 
Jam XxX xX Phase 
Ground - xX Ground 
; ; Phase xX xX Phase 
Low Voltage Solid-State trip 
Ground - xX Ground 
Thermal Magnetic trip - Xx Xx Phase 
Electro-Mechanical trip - Xx Xx Phase 
Motor Circuit Protector - xX XxX Ground 
Overload Heater - xX xX Phase 
In-Line Overload Relay - Xx x Phase 
Phase xX xX Phase 
Recloser Ground - xX Ground 
Sensitive Ground - xX Ground 
Medium-Voltage Solid State Phase X X Phase 
Trip Ground - xX Ground 
Transformer (2W, 3W) - Xx Xx Phase 
Cable - xX xX Phase 
: Phase Conductor xX xX Phase 
Transmission Line ; 
Ground Wire - xX Ground 
Motor Damage / Starting ; x x Phase 
(induction, Synchronous) 
Generator - xX xX Phase 
Contactor - xX xX Phase 
Bus (Arc Flash Curve) - xX xX Phase 
User Curve - Xx Xx poe 
Ground 


Note: The default Plot Options for all devices plotted in Star View can be set globally for the project. To set 
defaults, from the Defaults menu, point to Plot Options and select Star View. Refer to section 17.3.7. 


ETAP 


17-32 


ETAP 19.0 User Guide 


Star View TCC Toolbar 


17.3.2 Zoom to New Window 


Zoom to New Window 


To zoom into a region on a Star TCC View, use the Zoom to New Window tool. Click the Zoom to New 
Window button and draw a bounding outline around any section of the curve. The Zoomed TCC window 
is opened, displaying the selected portion of the curve. The crosshair pointer (+) in the zoomed window 
allows you to read the time and current coordinates at the bottom of the zoom window. Once you select a 
section of the curve and open a Zoomed TCC window, you can move the selected area to view other 
sections of the TCC View. 
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17.3.3 Time Difference 


The time difference tool calculates the graphical time difference at the selected points between any two 
device curves plotted in Star View. This tool helps you to display and verify possible mis-coordination or 
false operation between various plotted curves. 
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The time difference can be displayed and graphically adjusted using the following tools: 


e Time difference measurement pointer 
e Time difference handle 

e Time difference indicator 

e Time difference Editor 
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Time Difference Measurement Pointer 


The time difference measurement pointer allows you to select the From and To curves between which the 
time difference is to be calculated and displayed. Clicking the Time Difference button changes the mouse 
pointer to the time difference measurement pointer as shown below. Click the curve to select the From 
location. The pointer changes again, indicating you need to select the To location of the second curve. 
Once the two locations are selected, the time difference indicator lines are displayed in red. 
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Time Difference Handle 


The time difference handle allows you to graphically adjust and view the time difference along the length 
of the two curves. The handle can slide horizontally between the two curves, and the range of the handle 
adjustment is determined by the shorter of the two curves with respect to the X (current) axis. The handle 
is displayed upon the selection of the time difference location for the selected curves. 


Once the mouse pointer is placed on the handle, the symbol changes to a horizontal arrow that indicates 
you can adjust the handle to view the time difference along the length of the curves. Click to grab the 
handle and adjust the time difference. The time difference value displayed changes as you move the 
handle. The time values and current value at which the time difference is measured are indicated by red 
lines for the existing time difference and the adjusted time difference. 
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Time Difference Indicator 


The time difference indicator displays the value of the time difference measured. When you use the 
handle to graphically change the time difference, the value displayed by the indicator changes with the 
adjustment. The time difference indicator is displayed after the From and To points are selected for the 
two curves or after you click the time difference value already measured. The indicator, when selected, 
also displays the time values at which the difference is displayed by red lines. 


The position of the indicator can be adjusted horizontally to display the time difference at any desired 
location. 
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Bringing the pointer near the indicator or handle also displays the time difference in a screen tip. The 
screen tip displays the ID of the curves, the time difference, and the current in amperes at which the 
difference is measured. 


The time difference indicators or handles are added to a selected Star View. You can delete the time 
difference by selecting either the indicator or handle and clicking the Delete key on the keyboard. 


Note: The time difference is not calculated for two curves that do not have a common current value. 

For relay curves that can be integrated or linked, the time difference moves to the nearest point available 
on the curve, should the integration or TOC/IOC linking hides the portion of the curve where the time 
difference was originally placed. 
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Time Difference Editor 


Time Difference Editor allows you to find the time difference at specific current or find the current for 
entered time difference. It can be opened by double clicking the time difference handle, value, or 


indicator. 


TCC Toolbar 


This editor has 3 options for finding and moving the position of time difference as follows and after 
pressing Apply. 


Current 


Measures and updates the Time Difference at entered current. 


Time Difference 
Finds and updates the Current at which the time difference is equal to entered value. 


Find Minimum 
Finds the minimum time difference between two curves and updates both Current and Time Difference. If 
there are multiple occurrences of the minimum time difference, then the closest one to the current location 
of the time difference marker will be selected. 
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If the current or time value entered is not a valid point between the curves, then an error message is 
displayed in the editor as shown below and the time difference is not moved. The error message can be 
cleared by entering a valid current/time or closing the editor. If the editor is closed without fixing this 
error, then time difference will remain at its last valid point. 


Current 360 A®@ "360" is not a valid point on the curve 


Time 
Difference [0577 sec 


Find Minimum 
Apply 
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17.3.4 Crosshair 


The Crosshair tool displays the current (in amperes) and time (in seconds) at any location on the Star TCC 
View. Clicking on the Crosshair button changes the mouse pointer to a Crosshair cursor (+). The 
Crosshair can be dropped at any location on the Star TCC View to indicate the current and time values. 
As shown below, the crosshair is displayed with a label indicating the current and time values and an 
arrow pointing to the cursor point. The current and time values change with adjustment of the Crosshair 
cursor. Crosshair also works independently in Phase and Ground Modes. 
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To move an existing Crosshair, select the crosshair and move the mouse over the Crosshair cursor. The 
mouse pointer changes to a four-way arrow as shown below using which the crosshair can be moved. The 
Crosshair can be deleted by simply selecting it and pressing the Delete key on the keyboard. 
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The Crosshair can also be assigned to a device curve. This provides a tracking tool for current and time 
which can be moved along the device curve. To track a device curve using the Crosshair, first select the 
device curve and then click on the Crosshair button. As shown in the figure above, the crosshair moves 
only along the Fusel curve, (minimum melting curve or total clearing curve depending on the proximity 
of the crosshair to the curve) when selected. A tracking crosshair dynamically moves with any curve 
adjustment such as change in settings, Base kV (with respect to Plot kV), shift factor, etc. Also, in 
Normalized TCC Mode Crosshair displays the current in per unit of the fault current with the actual 
ampere value shown in parentheses. For more information on Normalized TCC Mode refer to section 
17.3.11. 


For relay curves that can be integrated or linked, the Crosshair moves to the nearest visible point available 
on the curve, should the integrated or linked portion of the curve becomes hidden where the crosshair was 
originally placed. 
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Crosshair Editor 


Crosshair editor allows you to move crosshair to location of entered time and current and can be opened 
by double clicking the crosshair. 


fl 


3k Starl (Normalized for 3-Phase (Sym) fault at Bus2) 3 ||) jes 


IQ [kk ® QE] ALL HE [se [Amey xX 2a lPits 


Per Unit 


3 5 1 3 5 10 


Normsiized (ghified) TCC i 
3-Phase (Sym) fault: 20.361kA @0. s2Kv 
Fsulted Bus: Bus2 H 
SQOP File: | SQOP-Bus2 
Dsts Rev: i Base 
Configuration; Normal 

: i 04-10-2015 


Va -27 pu (148083 A), 54.8 


ANS| - Extremely Inverse 

Pickup = 80 (20 - 100 xCT Sec) 

Time Dis! = 10 i 

3x =6.59 5, 5x= 247s, 8x=1.265 

0.755 kA @ 12. 47 kV 

11: 5.955 10 


Click Apply to move crosshair to desired location 


¢ 
| 
H 
i 
H 
i 


+ Fuset 
sic 
SMU-40 
Standard 29 kV 
80E 
0.755 kA @ 12.47 kV 
11) 0.267 s, 12:0.413 s 


5 
Per Unit 
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Sik Starl (Normalized for 3-Phase (Sym) fault at Bus2) (so |e js) 


FREQ MO [h YA QM] MLE H Ra) Slsle [Ge X Bales 


Per Unit 


Normsized (shified) TCC 
i 3-Phsse (Sym) fault: 20.361kA @0. 48Kv. 
500 i E Bus2 i _ 
i SQOP-Bus2 
20 i . Base Da 
j Normal i 
04-10-2015 


100 


735/737 50 
CT Ratio 300:5 

ANSI - Extremely Inverse yn 
Pickup = 80 (20-100 xCT Sec) 


Click Apply to move crosshair to desired location 


de ee | 


Seconds 
a 
spuogac 


Standard 29 kV 
Standard V 
80E 1 


0.755 kA @ 12.47 kV 
t1: 0.267 s, t2:0.413 s 


5 1 100 


Per Unit 


Project STAR Example Date 09-10-2004 
Location Irvine, Califronia SN: ETAP-OTI 
Contract OTI-12345678 Rev. Base 


Engineer: Operation Technology, Inc. Fault Phase(Normalized) 
Filename C:\Pecan64\Example-Other\StarExample| STARExampe On 


Thic ic on evomnis ta chow the fastires nf STAR nennram 


When crosshair is not assigned to a curve then it will be moved to the specified point based on time and 
current values entered in the editor. 


When crosshair is assigned to a curve then the name of linked element is displayed at title bar. The 


crosshair position will be moved along the assigned curve based on selected Current or Time radio button 
options and entered value, after pressing Apply button. 
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If the entered Current or Time value is not a valid point on the curve then an error message is displayed in 
the editor as shown below and the crosshair is not moved. The error message can be cleared by entering a 
valid current/time or closing the editor. If the editor is closed without fixing this error, then crosshair will 
remain at its last valid point. 


Crosshair - CB1 


© Current 360 r?) | 


Time [ 0577 sec 


"360" is not a valid point on the curve | 
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17.3.5 User Curve 


The User Curve button enables you to enter a customized curve in Star TCC View. You can enter current 
and time points, tolerances, and specify fault arrows. The User Curve parameters once defined and plotted 
are saved with the Star View presentation. The User Curve can also be added and saved to the ETAP 
library which allows for retrieval of the User Curve for use in other Star Views. User Curves are plotted 
in Phase and Ground Modes by default. You can change the default modes for User Curves from the 
Default Plot Options. User Curves are not element driven and hence revisions (different properties for 
same User Curve ID in base and revision) do not apply. 


Clicking on the User Curve button or double-clicking on an existing User Curve opens a Property Editor 
as shown below. 


(2 New User Curve Properties ==) 


Curve_Points_1 
Curve_Points_2 
Curve_Style 
Percent_Tol_Max 
Percent_Tol_Min 
© Remarks 


Description 
Link 


Reference 

© Settings 
Base_kV 
Fault_kA 
Show_Fault_Arrow 


Base_kV 
Base voltage in kV 


Note that the different properties available can be viewed categorically (default) or alphabetically. With 
the Categorized view, the properties are categorized into Info, Parameters, Remarks, and Settings. 
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Header 


The header section displays the selected Category and Curve Name when User Curve is selected from the 
User Curve Quickpick Library. The header is empty if no User Curve selected from library. The header is 
displayed in blue color if the User Curve’s parameters in the editor are modified and differ from those of 
the selected library. 


Info 


ID 
Enter the ID or name for the User Curve up to 30 alphanumeric characters. 


Pickup_Amps 
Enter the pick up value in amperes (base Amps) for the User Curve. This field defines the base current 
value for user curves that have their current Units set to multiples. 


Units 
Select the unit for the current values as either Amperes or Multiples. 


Parameters 


Curve_Points_1, Curve_Points_2 

Clicking on Curve_Points_1 (or Curve_Points_2) button as shown below opens the Edit Curve_Points_1 
(or Curve_Points_2) Editor. Enter the current (in amps or multiples as selected in units) and time (in 
seconds). Use Curve Points_1 to specify the lower band (minimum) curve and Curve_Points_2 to specify 
the upper band (maximum) curve. 


Edit Curve Pomretll ih 
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The different tools available are explained below: 


Paste from Clipboard 

Paste the current and time points copied into Clipboard. To paste the data, click on the first row and select 
the Paste from Clipboard button. Note that data from Microsoft® Excel cells or Microsoft® Word tables 
can be copied and pasted directly. 


Insert 
Click on this button to add a new row or insert a row above an existing row. 


Delete 
Delete selected rows. Multiple rows can be selected by either using the Shift/Ctrl key or by simply 
moving the mouse (left-click) along the first column as shown below. 


Edit Curve_Points_1 
eee 


Move point Up / Down 
The Up and Down arrows can be used to move the points entered to the desired order. The Up arrow is 
disabled (grayed out) for the first point and Down arrow is disabled for the last point. 


Cancel 
Click on Cancel to close the Curve Points Editor without saving any changes. 


OK 
Click on OK to close the Curve Point’s Editor and save any changes. 
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Curve Style 
Choose the curve style from Line, Smoothed curve, or Points. 


Percent_Tol_Max 

Enter the tolerance in percent (-99.99 to +999%) specified from the nominal curve (as defined by 
Curve_Points_1) to the maximum curve. The default value is set to zero. Entering a positive tolerance 
draws the band to the right of the nominal curve and negative tolerance draws to the left. The 
Percent_Tol_Max is not being applicable when Curve_Points_2 is defined; a Star alert message is issued 
when this condition is detected. 


Percent_Tol_Min 

Enter the tolerance in percent (-99.99 to +999%) specified from the nominal curve (as defined by 
Curve_Points_1) to the minimum curve. The default value is set to zero. Entering a positive tolerance 
draws the band to the right of the nominal curve and negative tolerance draws to the left. The 
Percent_Tol_Min is not being applicable when Curve_Points_2 is defined; a Star alert message is issued 
when this condition is detected. 


A single line curve can be defined by entering the points in Curve_Points_1 or Curve_Points_2. 


A band curve can be defined by any of the following methods: 
(a) Define Curve_Points_1 and Curve_Points_2 
(b) Define Curve_Points_1 and Percent_Min_Tol / Percent_Max_Tol 


Remarks 


Additional information on the User Curve can be entered in Remarks. Remarks are provided for reference 
only and may be left blank. 


Description 
Enter the description up to 100 characters, for the User Curve. 


Link 
Enter the User Curve web link or URL address up to 100 characters. 


Reference 
Enter the reference, up to 50 characters, for the User Curve. 


Settings 


Base kV 

Enter the User Curve base voltage in kV. Note: The User Curve is plotted in reference to its Base kV 
value. For example, if a base kV equals 4 and the Star View Plot kV is set to 4.16, the User Curve will be 
shifted by a factor of Base kV / Plot kV or 0.962. Default value is set to 0. 


Fault_kA 

Enter the clipping fault current in kA. Default value is set to 0. You can also define customized fault 
arrows by entering only the fault current value in this field and not defining any User Curve points. Note 
that when Normalized TCC Mode is enabled, the fault kA entered is taken as the through fault current. 
For more information on Normalized TCC Mode, refer to section 17.3.10. 
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Show_Fault_Arrow 
The fault arrow display can be enabled or disabled using the True/False options in this property. Note that 
the User Curve is clipped beyond the specified fault kA if the fault arrow is set to True. 


Add to Lib 


As mentioned previously, the User Curve can also be added and saved to the ETAP library. Click on the 
Add to Lib button to open the ‘User Curve Library: Add’ Editor. Note that that each User Curve record is 
saved as a unique category-curve combination. Hence the Category and Curve must be defined and be 
unique to add the User Curve to the ETAP library. You can also revise (overwrite) existing User Curve 
entries in the library. Note that if you update an existing User Curve library data, the changes 
automatically applies to all Star Views that use this User Curve. 


a , 
User Curve Library: Add =) 


Reclosers 


Category 


ieee Maas Cooper 3A_Curve A 
Remarks 


Reference Cooper Reclosers 


Link www.cooperpower.com 


Description Type 3A Phase Trip Curve, 400A 


Category 
Enter a Category name up to 30 alphanumeric characters. Existing category names are available for 
selection in the list box. 


Curve Name 
Enter a Curve name up to 30 alphanumeric characters. Existing curve names are be available for selection 
in the list box. 


Remarks 


Additional information on the User Curve can be entered in Remarks. Remarks are provided for reference 
only and may be left blank. By default, information in the User Curve Editor Reference field is entered. 
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Reference 
Enter the reference, if available, for the User Curve. By default, information in the User Curve Editor 
Reference field is entered. 


Link 
Enter the User Curve web link or URL address. By default, information in the User Curve Editor Link 
field is entered. 


Description 
Enter the description for the User Curve. By default, information in the User Curve Editor description 
field is entered. 


Help 
Open the Help topic for User Curve. 


OK 

Click on OK to close the ‘User Curve Library: Add’ Editor and save changes. The OK button is enabled 
only if both Category and Curve name are specified. On clicking OK, the User Curve Properties Editor 
displays the Category and Curve name as header information. 


Cancel 
Click on Cancel to close the ‘User Curve Library: Add’ Editor without saving any changes. 


Library Quickpick 


Click on the Library button to open the Library Quickpick for the User Curve. All User Curves that are 
added using the Add to Lib button are displayed in Quickpick. You may pick and retrieve parameters 
from the User Curve Quick pick library by selecting a category / curve name. 


fa , 
Library Quickpick - User Curve ox 
Category 
Delete | 
Curve Name 
Delete 
Reference 
Link 
Description 
Help None | | Cancel 
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Category 
Display list of all User Curve categories added. 


Delete (Category) 
Delete the selected category after confirming to warning. Note that all curves under the selected category 
will also be deleted. 


Curve Name 
Display list of all User Curve names under the selected category. 


Delete (Curve) 
Delete the selected curve after confirming to warning. 


Reference 
Displays the reference information for the selected curve. 


Link 
Displays the URL address for the selected curve. 


Description 
Displays the description for the selected curve. 


Help 
Open the Help topic for User Curve. 


OK 

Click on OK to close the Library Quickpick and populate the selected curve in User Curve Editor. On 
clicking OK, the User Curve Properties Editor displays the Category and Curve name as header 
information. 


Cancel 
Click on Cancel to close Library Quickpick Editor without saving any changes. 


None 

Click on ‘None’ to close the Library Quickpick Editor and remove the selected library entry from the 
header. Note here that ‘None’ removes only the header information; the points are retained in the User 
Curve Editor. 
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17.3.6 Plot Options 


The Plot Options tool provides all the necessary options to customize the display of the Star Time Current 
Characteristic (TCC) curve. You can customize the display of current and time axes, legend, grid, and 
curve plotting properties. Plot Options apply to the active Star View and are saved with the Star View 
once the options are set. In the figure below, the name of the Star View (Star1) is displayed on the header, 
indicating that the options selected apply to Starl View only. This section describes the different options 
available for your plots. The Plot Options Editor consists of the following pages: 


General 
Axis 
Grid 
Legend 
Devices 


=o ST a \2 Ls es) FM Q 


rT 
Plot Options (Main Bus - Feeder 2) 


General |Axis_| Grid | Leaend | Devices | 
(¥| Show Range 
[(¥] Show Extended Tooltip 
[¥) Extend relay/recloser curve to pickup 
(¥| Extend definite time curve 
\¥| Show as dotted line 


cS) 


Extend inverse time curve 


|] Extrapolate combined curve beyond last point 


User Curve Default ID UserCurve 


jab) (ama) (Gao) God 
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These pages can be accessed by using one of the following methods: 


e Click the Plot Options button and select a page. 

e Double-click an area of the Star Time Current Characteristic (TCC) View to bring up the relevant 
page. For example, double-click the grid space to bring up the Grid page. 

e Right-click a specific area of the Star TCC View and select the Plot Options command. For example, 
right-click the X-axis and select Plot Options to bring up the Axis page. For more information, see the 
Axis page section below. 

e Plot Options for a specific device curve or label can be accessed by right-clicking the device curve or 
label. 
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O.755 KA® 1247kKV 
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Properties... 


Plot Options... 
Bring Curve to Front 
Send Curve to Back 


Label 

Arrow 

Border 

ID 

Setting 

Show Label in Front 
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General Page 


The General page allows you to set the following options: 


Show Range 
Show Extended Tooltip 
Extend relay/recloser curve to pickup 
Extend definite time curve 
Show as dotted line 
Extend inverse time curve 


Extrapolate combined curve beyond last point 


User Curve Default ID UserCurve 
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Show Range 
Check this box to display the available ranges for a selected curve in Star TCC View. The available 


ranges are displayed in gray when an adjustable curve is selected. This checkbox is unchecked by default. 
Toggling this checkbox changes the state of the Show/Hide Range button on the Star View tool palette. 
Refer to section 17.2, sub-topic Show/Hide Range for more details. 
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Show Extended Tooltip 

Check this box to display the detail settings of device curves, time difference, cross hair, fault arrows, etc. 
plotted on the TCC View. The detail settings are displayed when the mouse cursor is moved over the 
device curve or label. This box is checked by default. Unchecking this box displays only the ID. 


CT Ratio 150:1 

Start Up Curve 

Accel Trip #1(1-1 xFLA) 
Acceleration Time=2.5 


GE Muitilin 


hnverse 
Pickup = 1.05 (0.05-4 Sec- 1A) 
Time Dial = 0.14 
3x = 1.48, Sx = 0.4678, 8x = 0.1788 


Amps X 1000 @ 0.48 kV 


Extend relay/recloser curve to pickup 
Check this box to connect the relay or recloser inverse and/or definite time curves (minimum multiple 
point of the relay curve) to the pickup marker on the top X-axis of the TCC. This box is unchecked by 


default. 
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Checking the Extend definite time curve connects the definite time curve and the relay pickup with a 
straight line. To display this connection as a dotted line, check the Show as dotted line checkbox. 


Checking the Extend inverse time curve extrapolates the inverse time curve to the relay pickup. The 
connection to pickup is displayed using a dotted line style to indicate that it is not specified in the 
manufacturer published data. 


Note: The extend to pickup does not apply when the integrated curves checkbox is checked in the relay 
editor (overcurrent or overload function). 


User Curve Default ID 

Enter the default Curve ID to be assigned for a new User Curve in Star View. As shown in the General 
page figure above, clicking on User Curve button for adding a new User Curve displays the Curve ID as 
‘User Curve’ followed by number 1, 2, 3... 


Default 

Click the Default button to set default options for the General page. The default options can be changed 
globally from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options 
and select Star View.) For more information, see section 17.3.7, Default Plot Options. 


Apply 
Click the Apply button to implement the General page settings to the selected Star View. You can reset to 
defaults by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


Axis Page 


The Axis page allows you to set different options for the X (current) and Y (time) axes. The Axis page 
can be accessed by clicking the Plot Options button and then selecting the Axis page from the Plot 
Options Editor. Alternatively, you can double-click an axis to display the Plot Options Editor on the Axis 


page. 
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Y Axis (Time) 

Minimum Maximum 
Time Scale 0.01 >| | 1000 = 
Units ® Seconds 


Line/Label 


Tick Mark 


Style |inside +] [Font | 


Minor Tick#s 35 aa 


The various options available on the Axis page are described below. 


Primary and Secondary X Axis (Current) 


Auto-Scale 

Star uses an intelligent automatic scaling algorithm to calculate the optimal current and voltage scale 
setting for the displayed TCC curve. With the Auto-Scale option selected, whenever a device curve is 
adjusted, appended, or deleted from the selected Star View, the current scale is recalculated. 


By default, the Auto-Scale option is selected. You can set Auto-Scale separately for each Star View you 
create. Auto-Scale works independently for Phase and Ground Modes. You can also change the default 
setting for Auto-Scale (ON/OFF) from the Defaults menu by pointing to Plot Options and selecting Star 
View. 


With Auto Scale turned OFF, the Current Multiplier and Voltage Reference fields are user definable. 


Voltage Reference selection list provides a list of Bus ID available on the selected Star View. The 
corresponding Plot kV is displayed in the Plot Voltage field. The Plot Voltage is based on either 
Calculated Base kV or Nominal Bus kV depending on the Project Setting selection (see Project > 
Settings — Star View Reference kV). With Auto Scale turned ON, the Voltage Reference Bus is 
automatically selected where applicable. Uncheck Display kV to hide the Plot kV value on the X-axis. 
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Primary X-Axis (Current Phase) 
Auto Scale 
Voltage Reference Sub2A ¥ 
Plot Voltage (kV) 13.8 |] Display kV 
Current Multiplier 1 ¥ 
5 1 3. 5 10 x @ 100 x 1K 3K SK ‘ok 


Amps X 100 Main Bus 


Voltage Reference can also be set to <User-Defined> selection which allows for direct entry of the Plot 
Voltage in kV. 


Primary X-Axis (Current Phase) 

Auto Scale 
Voltage Reference <User-Defined> v 
Plot Voltage (kV) 13.8 


Current Multiplier FRR ~ 


The primary and secondary axes scaling (current multiplier and voltage) can be independently set for 
different modes (Phase/Ground/Normalized). 


Primary X-Axis (Current — Phase): X-axis scaling for the Phase Mode. 


Primary X-Axis (Current Phase) 

|] Auto Scale 

Voltage Reference Sub2A v 

Plot Voltage (kV) a3 ¥| Display kV 
Current Multiplier 10 aa 


Secondary X-Axis (Current — Phase): X-axis scaling for the Phase Mode. 


Secondary X-Axis (Current Phase) 
¥| Display Secondary Axis 


Voltage Reference | Syb2A aa 


Plot Voltage (kV) 13.8 (¥| Display kV 


Current Multiplier [is] 


Primary X Axis (Current —- Ground): X-axis scaling for the Ground Mode. 
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% Axis (Current - Ground) 

[ Auto Scale 

Voltage Reference  Bus3 v 

Plot Voltage (kv) | 125 | Display k¥ 
Current Multiplier i 86ClClww 


X Axis (Current — Ground): X-axis scaling (primary/secondary axis) for the Ground Mode. 


X Axis (Current — Phase Normalized): X-axis scaling with current in per unit (primary/secondary axis) 
for the Phase Mode of a Normalized TCC. 


|| Starl (Normalized for 3-Phase (Sym) fault at Bus2) [ If x Plot Options (Star1) x) 
General] Axis [Grid | Legend | Devices 


X Axis (Current - Phase Normalized) 


Auto Scale 
Voltage Reference <User-Defined> v 
Plot Voltage (kV) 0.48 Display k 


Current Multiplier [FRE ~ 


by CBS Secondary X-Axis (Current Phase) 
e_eav—mn__— 0.618 KA @O.48 KV : 

20.202 kA @ 0.48 kV Display Secondary Axis 

11:0.01 5, 12:0.07s Fuset 


0.778 kA @ 12.47 kV 
tt: 0.253 s, 12:0.394s 


Prormaicsed (shited) 166 ecsecsenceceesees: 7 
}3-Prase (Sym) fault: 20.62kA @ 0.48kV: 


Bus2 H Y Axis (Time) 
—— ; Minimum Maximum 
Normal : Time Scale 0.01 Ba | | 1000 7’ 


Units @ Seconds 


Line/Label 
Color x ~ 
Tick Mark 
Style [Inside >| | Font | 
Minor Tick#s 35 oa 


ans Ga) Ga) Geman) 


X Axis (Current — Ground Normalized): X-axis scaling with current in per unit (primary/secondary axis) 
for the Ground Mode of a Normalized TCC. 
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Primary Axis 


Secondary Axis 


‘This Is an exemple to show the features of STAR program. 


By default, the Secondary Axis is unchecked (not displayed). It can be enabled from the Axis page or by 
clicking the 2nd Axis button on the Star View menu toolbar. Alternatively, the default setting for 
Secondary Axis can be changed from the Defaults menu in the ETAP menu bar. (From the Defaults 
menu, point to Plot Options and select Star View.) 
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Y Axis (Time 
The Y axis allows you to set the minimum and maximum time scales in seconds for the Y (time) axis of 
the Star View. You can set the minimum value of 0.1, 0.01, or 0.001 seconds and a maximum value of 


1000 or 10000 seconds. 


Y Axis (Time) 

Minimum Maximum 
Tne Sl 
Units @ Seconds Cycles 


tale meoaana ® 


Maximum time = 10000 


Seconds 


Minimum time = .01 sec. 


‘This Is en exemple to show the features of STAR program. 
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Line/Label 


Color 
Set the color for axes lines by selecting a color from the drop-down list. 


Line/Label 


Font 
Choose the font, font style, font size, and other font effects for the axes label by clicking the Font button. 
Font |prvreSwom| 
Font: Font style: 
Regular 
Microsoft Sans Serif ? 
Minion Pro Oblique 
Mistral »| Bold 
Modern No. 20 Bold Oblique 
Monotype Corstva + 
Effects Sample 
Strikeout 
Underi AaBbYyZz 
Tick Mark 
Style 


Choose the style for tick marks on the axes from the drop-down list. The options available are Cross, 
Inside, Outside, and None. 
Font 


Choose the font, font style, font size, and other font effects for axes tick marks and tick numbers by 
clicking the Font button. 


Tick Mark 
Sc 
Minor Tick#s 35 a 
ETAP 17-67 
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Minor Tick Numbers 

Choose the format for tick numbers on the axes from the drop-down list. The options available are 
Standard, All, and None. You can also enter a customized format for minor tick numbers as a series of 
numbers separated by commas. (See figure above.) The axis minor ticks for the format 1, 3, 5, 7 are 
displayed as shown below. 


uo 

4 
= 
wo 
ao 

4 
a 
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3 70 100 mw SO 1K K K K 1K 


Default 

Click the Default button to set default options for the Axis page. The default options can be changed 
globally from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options 
and select Star View.) For more information, see section 17.3.7, Default Plot Options. 


Apply 
Click the Apply button to implement the axes settings to the selected Star View. You can reset to defaults 
by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 
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Grid Page 

Grid page provides all options for customizing the display of the Star View grid. The Grid page can be 
accessed by clicking the Plot Options button and selecting the Axis page on the Plot Options Editor. 
Alternatively, you can double-click the grid to display the Plot Options Editor with the Grid page already 
selected. 


| Starl (Normalized for 3-Phase (Sym) fault at Bus2) | || © |e Plot Options (Star1) 
Ree Ages SERBx: BX BB és General | Axis_| Grid 
Per Unit a 
a (¥| Display 
[-] Draw grid on top 
¥| Keep Grid Square 
Major Grid 
Line Color 
Plot Options... al ae - 
Zoom Graph I : 
i Li | 
eet 0 a TINT. ne Sve . 
Minor Grid 
3 ° Line Color ES ~ 
8 a 
é > 
Line Style + 
Ticks / Decade 
Background 
Color oa 
Transparency 
+ U = 
Per Unit 
Per Unit Default [ Apply Lox) 
ingineer Operation Technology, inc. 
Filename: CAE TAP Exampie-OmerS TARExaempie OT) 
‘This ts en example to show ihe features of STAR program. 
«ld r 


Display 

Select this option to enable the grid options and to display the grid on the Star View. By default, the 
Display option on the Grid page is unchecked. The current setting can be changed either from the Grid 
page (select the Display option) or by clicking the Grid button on the Star View menu toolbar. 
Alternatively, the default setting for Display Grid can be changed from the Defaults menu by pointing to 
Plot Options, and then selecting Star View. 


Draw Grid on Top 
Select this option to display the grid on top of the device curves. 
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TCC Toolbar 


The user has the ability to resize the STAR TCC plot by selecting a border point (in the form of a black 
square) and dragging to resize the plot. Select this option to maintain a square grid when resizing Star 
TCC View. If this is unchecked, the user can drag horizontally or vertically without keeping the whole 


TCC Curve in the shape of a square. 


Major Grid 


The settings for Major Grid are enabled if the Display option is selected on the Grid page. 


Major Grid 
Line Color | v 
Line Style —————- v 


Line Color 
Set the color for major grid lines by selecting a color from the drop-down list. 


Line Style 
Set the style for major grid lines by selecting a line style from the drop-down list. 


Minor Grid 


The settings for Minor Grid, with the exception of the Ticks per Decade setting, are enabled if the Display 


option is selected on the Grid page 


Minor Grid 
Line Color aioe is 
Line Style ————— 


Ticks /Decade | 10 ” 


Line Color 
Set the color for minor grid lines by selecting a color from the drop-down list. 


Line Style 
Set the style for minor grid lines by selecting a line style from the drop-down list. 


Ticks per Decade 
Set number of ticks per decade of the log-log grid from the drop-down list. 
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Background 


Set the color and transparency for grid background. 


Background 
Color ¥ 


Transparency 
+ - 


Color 
Set the color for grid background lines by selecting a color from the drop-down list. 


Transparency 

Set the transparency for the grid background color by moving the slider. The positive sign indicates 
maximum transparency (white background) and the negative sign indicates minimum transparency (color 
fill). 


Default 

Click the Default button to set default options for Grid page. The default options can be changed globally 
from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options and select 
Star View.) For more information, see section 17.3.7, Default Plot Options. 


Apply 
Click the Apply button to implement the grid settings to the selected Star View. You can reset to defaults 
by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


ETAP 17-71 ETAP 19.0 User Guide 


Star View TCC Toolbar 


Legend Page 

The Legend page allows you to customize the legend contents for the Star View. This page can be 
accessed by clicking the Plot Options button on the Star View (TCC) toolbar and then selecting the 
Legend page. You can also double-click the legend box to display the Plot Options Editor with the 
Legend page active. 


La i rae | | rol = Ion Plot Options (Star1) - = 
Rae 7 Q|Q8 BERBx: B&B kK BB its General | Axis _|.Grid_| Legend | Devices| 
¥| Display 
Title 
¥| Name Star1 
¥| Right [tego] Etap_Logo_color_2005.jpg (J 
7] Left Operation Technology Inc. 
Info 
¥| Project Title STAR Example 
¥| Location Irvine, Califronia 
¥)| Contract # OTI-12345678 
3 ¢ ¥| Engineer Operation Technology, Inc. 
& Ea ¥| Filename CAETAP\Example-OtheriSTARExarr 
¥} Date / Rev. 09-10-2004 
¥) Serial # ETAP-OTI 
¥) Rev. Data Base 
7] Fault Phase(Normalized) 
| Circuit 
g| Project This is an example to show the 
Remarks features of STAR program. 
[= Study 
Remarks 


Defoutt ] {Appi} (OK }{_Cancet_] | 


Priect. STAR Examcie | Plot Options... 


s 
Engineer Operation Technology, inc. Fault: PhaseyNomalized) 
Flename: CoETAP Exemoie-Omend TARExamcie OT) 
‘This Is an example to show the features of ETAR progam. 


Display 

Select this option to display the legend on the Star View. By default, the legend is enabled for Star View. 
You can disable the legend view either on the Legend page or by clicking the Show Legend button on 
Star View menu bar. You can also change the default setting for the Display option for the legend from 
the ETAP Defaults menu by pointing to Plot Options and then selecting Star View. 
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Title 
Title 
¥| Name Star 1 
| Font | 
Z| Right Etap_Logo_color_2005jpg |... | 
¥) Left [Logo] Etap_Logo_color_2005.jpg = 
Name 


Enter a unique name for the Star View with up to 25 alphanumeric characters. If the name option is 
selected, the name you enter here is displayed in the Star View legend. 


ETAP automatically assigns a unique ID to each Star View. The assigned ID consists of the default Star 
View ID plus an integer, starting with the number one and increasing as the number of Star Views 
increase. The default Star View ID (Star) can be changed from the Defaults Menu in the ETAP menu bar. 
(From the Defaults menu, point to Plot Options and select Star View.) 


Font (Name) 
Choose the font, font style, font size, and other font effects for Star View name by clicking the Font 
button. 


Right (Logo or Text) 
Click on the checkbox to display logo or text information on the upper right corner of the legend. 


Toggle the button to Logo or Text to select a picture logo or enter a text label of up to 25 alphanumeric 
characters, respectively. The file containing the logo is not embedded in the legend. The path defined for 
accessing the logo picture is relative, so you should use a copy of the logo picture file that is placed in the 
project folder. 


Left (Logo or Text) 
Click on the checkbox to display logo or text information on the upper left corner of the legend. 


Toggle the button to Logo or Text to select a picture logo or enter a text label of up to 25 alphanumeric 
characters, respectively. The file containing the logo is not embedded in the legend. The path defined for 
accessing the logo picture is relative, so you should use a copy of the logo picture file that is placed in the 
project folder. 


Info 


Project Title 
Click on the checkbox to display the project title in Star View legend. Project Title must be changed from 
Project Information menu and is non-editable in the Legend page. 


Location 
Click on the checkbox to display the location in the Star View legend. Location can be changed using the 
Information command from the Project menu on the ETAP menu bar but cannot be edited on the Legend 


page. 
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Contract # 

Click on the checkbox to display the contract number in the Star View legend. Contract # can be changed 
using the Information command from the Project menu on the ETAP menu bar but cannot be edited on 
the Legend page. 


Info 
(¥| Project Title Example 
\¥| Location Irvine, California 


(¥] Contract # OTI-12345678 


\¥| Engineer Operation Technology, Inc. 

\¥| Filename C:\ETAP\Example-ANSI\EXAMPLE-? 
¥| Date / Rev. 09-03-2004 

(¥| Serial # ETAP-OTI 

¥| Rev. Data Base 

(¥| Fault Phase 

"| Circuit 

wy Project This info is printed on every output 
~~ Remarks report, 1st remark line. (120 

(=) Study 

~~ Remarks 


Font 


Engineer 

Click on the checkbox to display the engineer name in the Star View legend. Engineer name can be 
changed using the Information command from the Project menu on the ETAP menu bar but cannot be 
edited on the Legend page. 


Filename 
Click on the checkbox to display the project file name and path in the Star View legend. This is a non- 
editable field. 


Date / Rev. 
Click on the checkbox to display the project date and revision in the Star View legend. These fields are 
editable. 


Serial # 
Click on the checkbox to display the ETAP license serial number in the Star View legend. This is a non- 
editable field. 


Rev. Data 


Click on the checkbox to display the revision name in the Star View legend. This field displays the 
revision in which the Star View is created and is non-editable. 
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Fault 
Click on the checkbox to display fault type in the Star View legend. This field displays the fault type 
depending on the selected Phase or Ground Mode and is non-editable. 


Circuit 
Click on the checkbox to display the circuit information in the Star View legend. This field is editable and 
accepts up to 25 alphanumeric characters. 


Project Remarks 
Click on the checkbox to display the project remarks in the Star View legend. Project Remarks can be 
changed from Projects Information menu and is non-editable in the Legend page. 


Study Remarks 
Click on the checkbox to display the study remarks in the Star View legend. This field is editable and 
accepts up to 100 alphanumeric characters. 


Font 
Choose the font, font style, font size and other effects for the fields in the Info section by clicking Font 
button. 


Default 

Click the Default button to set default options for the Legend page. The default options can be changed 
globally from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options 
and select Star View.) For more information, see section 17.3.7, Default Plot Options. 


Apply 
Click the Apply button to implement the legend parameters to the selected Star View. You can reset to 
defaults by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 
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Devices Page 


The Devices page in Plot Options for Star View provides comprehensive and necessary options to 
customize device curves plotted in Star View. This page can be accessed by clicking the Plot Options 
button and selecting the Devices page. You can also access the Devices page for the selected device curve 
or label by right-clicking on the device curve and selecting Plot Options. 


The Devices page includes a graphical tree representation that lists the IDs of all elements plotted in 
selected Star View. The figure below shows the relay OCR2 plotted in Star1 listed with all trip elements 
(Phase, Neutral, Ground, Sensitive ground, etc.), levels (OC1, OC2 under each element), settings (51, 50 
under each level), and applicable fault arrows in a tree structure. Time difference and Crosshair used in 
Star1 are also listed. 


The Devices page includes three sub tabs; Appearance, Preferences, and Label which can be customized 
for the selected device curve. 


oe ane =| aae) | Plot Options (Start) rx) 
Rmiee HoQaang BERSBx{ & XK Bets General | Axis | Grid_[ Leaend| Devices 


5! Sta 


Device: Star1.OCR2.Phase.OC1 


= OCR2 = 
& Phase 
“OCI 
8 Ground 
Fault 3P a 
Fault: LG = 
Fault G-LG 
Fault: 3P (Min) 
Fault |G (Min) a 
Appearance | Preferences | Label 
[¥] Display © in Front of the curve 
[¥] Arrow © Behind the curve 
8 . S [-] Border 
8 Bring Curve to Front 8 _ 
® a v 
o Send Curve to Back ad sition eed 
Color | oa [Font | 
Label 
Arrow ss (¥) Label Setting 
ID 
: {Manufacturer} - 
oe {Model} Fc 
Show Label in Front CT Ratio {CTPrimary}:{CTSecondary} 7 
{CurveName} 
Pickup = {Pickup} ({PickupRangeName}) 
Time Dial = {TimeDial} 
3x= (TestPoint51_3X). Sx = (TestPoint51_5> ~ 
«| m | r 


Dei) (oot) (nO) Gama 


Project. STAR Exameie 

Location: levine, Calltoaie 

Conect: OTF12345678 

Engineer Operon Technology, inc Feuit: PraseiNomnailzed) 
Pueneme: C°ETAP Exampie-Omers TARExameie OT) 


‘This |s en example to show the features of ETAR program. 
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Plot Options (Main Bus - Feeder 2) 


Device: Main Bus - Feeder 2.Fusel 
| Main Bus - Feeder 2 


~~ Time difference: Fuse1 - OCR4-Phase-OC1 
Time difference: OCR4-Phase-OC1 - Fuse 
Time difference: Fuse - T2-100% Withstand 

i Time difference: OCR2-Phace W711 - Fiieet 


Appearance Preferences | Label 


Color Sequence [-] Use custom color/style 


WG 
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Device List 


The Device list provides a graphical tree representation that lists the IDs of all elements plotted in the 
selected Star View including crosshairs, time difference, etc. The name of the Star View is displayed at 
the top level under which all plotted devices are listed. For devices with sub layers (Relays with several 
trip elements), the tree structure is configured to be expanded (by clicking on the ‘+’ sign) to view the 
individual sub elements or collapsed (by clicking on the ‘-’ sign). When a specific device is selected, the 
ID of the device is displayed as the header along with the name of the Star View. In the example, shown, 
transformer T1 is selected in Star View Star1; so, the header displays Star1.T1. 


Device: Main Bus - Feeder 2.Fusel 

Fs} Z 

it OCR3 

+) OCR4 
Time difference: Fuse - OCR4-Phase-OC1 
Time difference: OCR4-Phase-OCi - Fuse? 
Time difference: Fusel - T2-100% Withstand 
Time difference: OCR3-Phase-OCi - Fuse7 
Time difference: Fuse - T2-100% Withstand 


The settings in Appearance, Preferences, and Label tabs can be applied to the any level in the tree 
structure. 


If the Star View name (top most level of the device list) is selected, the settings in the Appearance and 
Preferences tabs are disabled. For the Label tab, all options with the exception of Label ID color Label 
setting color/properties are available. Thus, you can set uniform label display options/fonts for all devices 
belonging to the selected Star View. 
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f~ 
Plot Options (Mam Eas. Feeder al x=) 


General | Axis | Grid | Leaend| Devices 


Device: Main Bus - Feeder 2.Fuse1 
4 Fusel 
#- OCR3 
#- OCR4 
~~ Time difference: Fuse1 - OCR4-Phase-OC1 
Time difference: OCR4-Phase-OC1 - Fuse7 
Time difference: Fuse - T2-100% Withstand 
*~ Time difference: OCR3-Phase-OC1 - Fusel 
“~ Time difference: Fuse1 - T2-100% Withstand = 


Appearance | Preferences | Label 


| Display >) in Front of the curve 
Arrow 
Border 

(| Label ID 


Color zz v 


Label Setting 
Color MM ~ |. Font Edit 


{Manufacturer} 
{Model} 

{ACStringHSpeed} {LibMaxkV} kV 
{DCStringHSpeed} {MaxV} V 

{SizelD} 

Shift Factor = {ShiftFactor} 


4 


XM 


Multiple trip / Multiple level elements 

Elements such as Relays, LV Solid State Trip, MV Solid-State Trip, Transmission Line, etc have several 
sub layers. The propagation of properties (in Devices page) between different elements/levels for these 
devices is described below. 


For devices with multiple trip elements/levels, any setting changes at a top level propagate to all the sub 
levels. This feature is illustrated and explained with the following exercise. 
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e Relay OCR2 is plotted in Star View (Star5) with time overcurrent (51) and instantaneous (50) 
curves. 


RmRe ROQaqgh Mt: #8xt & XK BE as 


-~ 


iB) 


Pickup 20 (20-100 xCT Sec) 
iTime Cfal= 10 
idx E595 Se 22475 feet 28 i 


Properties... 


Plot Options... 
Bring Curve to Front 
Send Curve to Back 


e —_ Right-click on the 51 curve label and select Plot Options. The Plot Options Editor points to the Label 
tab in the Devices page with the 51 curve selected as shown below. Note that the 51 and 50 curves 
are under level OC1 in the tree for relay OCR2. 
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Plot Options (Star1) 


Device: Star1.OCR2.Phase.OC1 
(8 Ground 
~~ Fault 3P 
~~ Fault LG 
~~ Fault G-LG 
~~ Fault 3P (Min) 
b= Fault 1G (Min) 


(¥] Display ©”) in Front of the curve 
| 


Arrow (@) Behind the curve 
Border 
Label ID 


Label Setting 
Color MM ~ | Font Edit 


{Manufacturer} 

{Model} 

CT Ratio {CTPrimary}:{CTSecondary} 

{CurveName} 

Pickup = {Pickup} ({PickupRangeName}) 

Time Dial = {TimeDial} 

3x = {TestPoint51_3X}, 5x = {TestPoint51_5> + 
4 | mW | b 


__ Apply | {OK} {_Cancel_| 


e With the 51 curve highlighted, check the ‘Border’ checkbox. 


e Move up to select OC1 (top level to 51 and 50). Note that the Border checkbox in an indeterminate 
state (checked and grayed out). This is to indicate that the Border setting has been changed at one or 
more of the sub levels. 
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fa 
Plot Options (Star1) =x) 


General | Axis | Grid | Leaend| Devices 


Device: Star1.OCR2.Phase 
&- Start 
~~ Normalized Fault Arrow 
[=] OCR2 
so gal 
4 Ground 
~~ Fault: 3P 
~~ Fault LG 
i Fault G-LG 


Appearance | Preferences | Label 


Display (©) in Front of the curve 
¥) Arrow © Behind the curve 


Label ID 


Color zz v 


Label Setting 


Color MM ~ | Font Edit 


{Manufacturer} - 
{Model} 


{Type} 
CT Ratio {CTPrimary}:{CTSecondary} 


XM 


e With OC1 level selected, click on Border checkbox. Note that the state of the checkbox changes 
from the indeterminate state to an unchecked state. 


e Now move down to select 51. Note that the Border checkbox is unchecked. The changes in setting at 
top level (OC1) propagated to 51 and 50 (sub levels). 


The above concept applies to all settings in Appearance, Preferences, and Label tabs for devices with 
multiple trip elements/levels. For more information refer to the Devices page in section 17.3.7. 
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Property changed at the top level (OC1); 
Label Border unchecked 


Label Border unchecked for settings 51 and 
50 (property propagates to sub levels) 


[ Plot Options (Start) (eS Plot Options (Stari) [pS 


General | Axis | Grid | Leaend| Devices 


Device: Star1.OCR2.Phase Device: Star1.OCR2.Phase.0C1 
E) Start E) Star1 
»~ Normalized Fault Arrow | a :~ Normalized Fault Arrow 

=  OCR2 

i Pee 

~~ Fault: 3P 

F » Fault LG 

i Fault G-1G 


Label | Appearance | Preferences Label 


© in Front of the curve ¥} Display © in Front of the curve 


¥| Arrow © Behind the curve 


¥} Label ID 


Label Setting Label Setting 
Color MI ~ (Fon am Color NN ~ (Font) (eat 


{Manufacturer} {Manufacturer} a 
{Model} {Model} (a 
{Type} CT Ratio {CTPrimary}:{CTSecondary} z 
CT Ratio {CTPrimary}:{CTSecondary} {CurveName} nl 
Pickup = {Pickup} ({PickupRangeName}) 
Time Dial = {TimeDial} 

3x = {TestPoint51_3X}, 5x = {TestPoint51_5> + 

| r 


«| m 


Det) (esi) (ok) (Geen) 
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Appearance Tab 


The Appearance tab allows you select the curve appearance from a color sequence list or use custom 
settings. 


Plot Options (Star1) 


Device: Star1.OCR2.Phase.OC1 
Normalized Fault Arrow 


-Fault G-LG 


Appearance | Preferences | Label 


[| Use custom color/style 


Preview 
The preview window allows you to preview the selected color sequence or custom settings before 
applying them to the curve. 
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Color Sequence 

The color sequence displays a list of 10 preset color settings and, the sequence number used for the 
selected device curve is highlighted. As shown in the figure below, color sequence #2 is used for OCR2 — 
OC1 — 51 curve. 


The Color sequence feature uses preset color settings in the sequence (1, 2, 3... 10) for multiple curves of 
the same device plotted in a Star View. As an example, if you rubber-band five LV breakers and create a 
new Star View (or append to an existing Star View), the breaker curves are assigned with color sequence# 
Te 2/0: 


Ree FHrQaakh BE #Bxt A XK BBeés 


Amps X 10 @ 0.48 kV 


Seconds 
spu0s9s 


x “ * * ~~ 


$s 1 3 5 ] x 


Amps X 10 @ 0.48 kV 


x ™% bs 
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This automated color sequence functionality facilitates better viewing and also saves time. The color 
sequence for each device curve can be set in Default Plot Options. It is important to note that color 
sequence functions at a global level and only one sequence (1, 2, 3... 10) can be set per device. For 
example, multi-function relay device has one color sequence set that applies to all sub-functions, 
elements, and settings. If the Star View has more than 10 curves of the same device the sequence is 
repeated. For more information on the setting and functionality of color sequence, refer to section 17.3.7. 


You can customize the settings of a selected color sequence by simply checking Use custom color/style 
which brings up the custom color/style options. As shown in the figure below, note that checking Use 
custom color/style for color sequence #2, transfers the color settings used in color sequence #2 to Line 
width, style, fill color, etc. which can be customized. 


é , 
Plot Options (Star1) x} Plot Options (Star1) se) 


General | Axis | Grid | Leaend| Devices General | Axis | Grid _| Leaend 


Device: Star1.OCR2.Phase.OC1 Device: Star1.OCR2.Phase.OC1 
I OCR2 = OCR2 
=) Phase = Phase 


» OC “OCI 

4) Ground sa - Ground 

~~ Fault 3P ~ Fault: 3P 

»~ Fault LG Fault LG 

-~ Fault G-LG = ~ Fault G-LG 

~~ Fault 3P (Min) Fault: 3P (Min) 
iow Fault 1G (Min) Fault LG (Min) 


Appearance | Preferences | Label | Appearance | Preferences | Label 


Use custom color/style Color Sequence Use custom color/style 
Line Width 


Line Style 


Line Color 


Fill Style 


Fill Color 


Foreground Color 


X 


Use Custom color/style 

Check this box to enter custom settings for line width, style, fill color, fill style, etc. for the selected 
curve. Note that checking this box hides the color sequence list box and displays the custom color/style 
options. If a color sequence was selected, the color/style used for the color sequence is transferred to the 
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corresponding custom options as shown in figure above. Unlike color sequence, custom colors can be set 
different for every sub-level in a device. The options available are explained below. Note that for single 
line curves (for example, damage curves) the fill style, fill color and foreground color are grayed out as 
they do not apply. 


Line Width 
Select or enter a value for the line width (thickness) of the curve. 


Line Style 
Select the style for the curve lines by selecting a line style from the drop-down list. 


Line Color 
Set the color of the curve lines by selecting a color from the drop-down list. 


Fill style 
Select the fill style (Solid, Forward Diagonal, etc.) for the curve from the drop-down list. 


Fill Color 
Select the fill color for the curve from the drop-down list. 


Foreground Color 
Select the foreground color for the curve from the drop-down list. 
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The Preferences tab provides options to Show/Hide and apply Shift Factors to device curves. 


Phase Mode 


in 
Plot Options (Star1) 


General | Axis | Grid | Leaend| Devices 


Device: Star1.Fusel 


== 


=) Stari 
~~ Normalized Fault Arrow 
~ Bus3 
~~ Bust 
GR Fuse! 
( Cable1 
-T1 
- OCR2 


Appearance Preferences | Label 


Visible 
\¥| Phase Mode 
|| Ground Mode 


Auto Shift 1.039 


Esrtar 


Check this box to display the curve in Phase Mode. This box is checked by default for all curves plotted 
in Phase Mode. Ground trip elements cannot be displayed in Phase Mode, so this option is grayed out for 
those elements. For more information, see section 17.3.1, Phase/Ground Mode. 


ETAP 


17-88 
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Ground Mode 
Check this box to display the curve in Ground Mode. This box is checked by default for ground trip 
elements. 


Shift Factor 
The selected device curve can be shifted by the specified shift factor. By default, the shift factor 
multiplier is set to 1 (no shift). The shift factor is available for all device curves. 


2-Winding Transformer Damage Curve Adjustment 
For 2-winding transformers, the Preferences tab displays options for transformer damage curves, in 
addition to the Show/Hide and Shift Factor options. 
Appearance | Preferences | Label 
Visible 
iv Phase Mode 
| Ground Mode 
Shift Factor 1 


Transformer Damage Curve 


Source and ©) Primary Side 
Protection on 
Secondary Side 


Fault on Secondary 
Curve Shift 058 


¥| Show Overload 


The Show Overload option is used to enable or disable the display of the transformer short-time overload 
capability curve. This option is selected by default. 


The Source and Protection on Primary Side and Secondary Side options allow you to display the 


transformer damage curve as seen for a fault on the secondary and primary sides, respectively. The 
default is set to Protection on Primary. 
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3-Winding Transformer Damage Curve Adjustment 


| Appearance | Preferences | Label| 
Visible 
\¥| Phase Mode 
| Ground Mode 


Shift Factor 1 


Transformer Damage Curve 


Source and ©) Primary Side 
Protectionon _ 
Secondary Side 


) Tertiary Side 
Fault on Secondary ¥ 


Curve Shift 0.87 


(¥| Show Overload 


The options are similar to the 2-winding transformer except that the Source and Protection on includes the 
Tertiary Side. The Fault on side can be any of the other sides, except the protection side. The default is set 
to the Protection on Primary Side and fault on Secondary Side option. 
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Label Tab 


The Label tab allows you to customize the label for each device/element plotted in the Star View. 


ia , 
Plot Options (Star1) x=) 


General | Axis | Grid | Leaend| Devices 


Device: Star1.OCR2.Phase.OC1 
E- OCR2 
Gl Phase 
8 Ground 
~~ Fault: 3P 
~~ Fault LG 
~~ Fault G-LG 
~~ Fault: 3P (Min) 
b= Fault 1G (Min) 


| Appearance | Preferences | Label 


¥| Display © in Front of the curve 
V7) Arrow @ Behind the curve 
Border 

¥| Label ID 


¥| Label Setting 


{Manufacturer} 

{Model} 

CT Ratio {CTPrimary}:{CTSecondary} 

{CurveName} 

Pickup = {Pickup} ({PickupRangeName}) 

Time Dial = {TimeDial} 

3x = {TestPoint51_3X}, 5x = {TestPoint51_5> + 
r 


4s nm 


Display 

Check this box to display the label for the selected device curve. This box is checked by default. The label 
display setting can also be changed by right clicking on the device label and checking/un-checking the 
‘Label’ option. Refer to the figure below. 
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Arrow 

Check this box to show the label arrow from the device label to the selected device curve. This box is 
checked by default. The label arrow setting can also be changed by right clicking on the device label and 
checking/un-checking the ‘Arrow’ option. Refer to the figure below. 


Border 

Checking this box draws a border around the label with a white background. The color of the label border 
is automatically set to the line color of the device curve. Refer to the figure below. This feature makes 
identifying labels for the different device curves easy, especially when a TCC has many curves. This box 
is unchecked by default. The border setting can also be changed by right clicking on the device label and 
checking/un-checking the ‘Border’ option. 


In Front of the Curve / Behind the Curve 

Click on the ‘In Front of the Curve’ or ‘Behind the Curve’ radio button to bring the label in front/behind 
its corresponding curve. Note that this feature applies to the selected label and its corresponding curve 
only and not other curves/labels in Star View. The default option is set to ‘Behind the Curve’. This setting 
can also be changed by right clicking on the device label and checking/un-checking the ‘Show Label in 
Front’ option. 


Label ID 


Color 


Select the color for the selected device/element label ID from the drop-down list. 


Font 


Choose the font, font style, font size and other font effects for the selected device/element label ID. 
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Label Setting 

Check this box to display the Label setting for the selected device curve. Label setting displays an 
expanded label with all parameters relevant to the selected device curve. This box is unchecked by 
default. The Label Setting can also be turned on/off by right clicking on the device label and checking/un- 
checking the ‘Setting’ option. 

Color 


Select the color for the selected device/element label from the drop-down list. 


Font 


Choose the font, font style, font size and other font effects for the selected device/element label by 
clicking the Font button. 


Edit 


Click on Edit to edit the label properties. Clicking the Edit button opens a Label setting window which is 
divided into two sections — Properties and Label Setting. The Properties lists all applicable parameters 
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that define the device/element selected. Select a property and click the Insert button to add it to the Label 
Setting list. You can add/insert any text before or after a label parameter. Click on OK to save the changes 
to label or Cancel to not save the changes. 


Label Setting x) 


MaxTCCRevision 
MaxV 
MinTCCID 


{ACStringHSpeed} {LibMaxkV} kV 
{DCStringHSpeed} {MaxV} V 
{SizelD} 

Shift Factor = {ShiftFactor} 


XN 


Label Preview Window 


The Label preview window displays the label parameters as it will be displayed on the Star View. Here 
again, you can add/insert any text before or after a label parameter. For example, you can type in a 
manufacturer name before the label {Manufacturer}, and the text is included in the label. You can also 
delete any label by selecting it and clicking the Delete button on the keyboard. 


Default 

Click the Default button to set default Plot Options. The Default button only applies to the selected 
device/element selected in the device list after confirmation. Thus for the Multi-Function Relay, if the 
Relay51 setting for Phase element and level OC1 (Phase > OC1~> Relay51) is selected, clicking the 
Default button applies default settings to the Relay51 setting only. 
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t- 7 
Plot Options (Star1) La J 


Device: Star1.OCR2.Phase.OC1 
El OCR2 

- Ground 

~~ Fault 3P 

~~ Fault LG 

~~ Fault G-LG 

~~ Fault 3P (Min) 

ioe Fault 1G (Min) 


Reset Starl.OCR2.Phase.OC1 to the default values? 


{Manufacturer} a 

{Model} a 

CT Ratio {CTPrimary}:{CTSecondary} 5 

{CurveName} 

Pickup = {Pickup} ({PickupRangeName}) 

Time Dial = {TimeDial} 

3x = {TestPoint51_3X}, 5x = {TestPoint51_5> + 
«| i | r 


_Defauit_|{ Apply |{__oK | {_Cancel_| 


XM 


If the Star View name (top level) is selected, then clicking the Default button applies default settings to all 
the devices in the Star View. 


The default options can be changed globally from the Defaults menu in the ETAP menu bar. (From the 
Defaults menu, point to Plot Options and select Star View.) For more information, see section 17.3.7, 
Default Plot Options. 
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Apply 
Click the Apply button to implement the settings to the selected Star View. Once you have applied your 
changes, you cannot undo them. You must change them manually or reset to defaults by clicking the 


Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


It is important to note that the Default, Apply, OK and Cancel buttons on the Devices page apply to all 
three tabs — Appearance, Preferences and Label. 
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17.3.7 Default Plot Options 


The Default Plot Options Editor allows you to set the default settings for Star View axes, grid, legend, 
and device curves at a global (application) level. Thus, every new Star View created in an existing or new 
project follow the default settings, unless you customize the display of the Star View or device curves 
using the local Plot Options as described in section 17.3.6. 


The Default Plot Options for Star Views can be accessed from Defaults menu in the ETAP menu bar 
(Defaults > Plot Options >Star View). The Default Plot Options Editor is similar to the Plot Options 
Editor as described in section 17.3.6. 
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The default Star View Plot Options settings are saved in OTIGraph.INI file. The location of 
OTIGraph.INI file can be specified in Options (Preferences) Editor (Tools > Options) by setting “ETAP 
Star TCC Plot Options Path” located in ETAP Application category. The location of the INI file can be 
set to App, User, Common, or Local. 


App 
Select App to access the OTIGraph.INI file located in ETAP application folder (i.e. ETAP 700 or current 


version). The ETAP application folder is set the path chosen during installation. 
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User 

Select User to access the OTIGraph.INI file located in user’s ‘Application Data’ folder. For example, if a 
user logs in as John Smith, the OTIGraph.INI file is saved in C:\Documents and Settings\John 
Smith\Application Data\OTI\ETAPS\7.0.0 (or current version). 


Common 

Select Common to access the OTIGraph.INI file located in ‘All Users’ > ‘Application Data’ folder. The 
OTIGraph.INI file is saved in C:\Documents and Settings\All Users\Application Data\OTI\ETAPS\7.0.0 
(or current version). 


Local 

Select Local to access the OTIGraph.INI file located in user’s ‘Local Settings’ > ‘Application Data’ 
folder. For example, if a user logs in as John Smith, the OTIGraph.INI file is saved in C:\Documents and 
Settings\John Smith\Local Settings\Application Data\OTI\ETAPS\7.0.0 (or current version). 


‘Application Data’ and ‘Local Settings’ are hidden folders. Windows folder options should be set 
accordingly to view these folders and the OTIGraph.INI file 


Options (Preferences) | x Ni 


Max Energized States of Elements 
© ETAP App 
UseWeightedFrequency 
© ETAP Application 
Allow Project Rename 
Area/Zone/Region Tooltip False 
Automatically Expand ETAP to Multiple Monitors When ETAP sta: False 
Automatically Reload Last Accessed Project False 
Compact Database While Saving True 
Controlled Dumpster Background Color (UGS Elements) [] Yellow 
Controlled Dumspter Background Color (One-Line Elements) [] Yellow 
Default Library File Path C\ETAP\Lib 
Default Unit Standard English 
App 
FTP Server Address 
FTP Server User Name 
Last Project Opened 
Last Project Opened Path 
Maximum Undo Actions 
Message Log Location 
Message Log Size (KB) 
— Messane: | oa Verhnsity ______ 
ETAP Star TCC Plot Options Path 
Location of OTIGraph.config. OTIGraph Path in the INI file can have the following values: App -- User's ETAPS program directory, User - 


- User's Application Data folder; Common -- All Users\Application Data folder, Local -- User's Local Settings\Application Data folder, 
directorySpecification -- Use the specified folder. 
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Changing the OTIGraph.INI file location in Options (Preferences) Editor requires ETAP to be restarted 
for the changes to take effect. When ETAP application is restarted, a new OTIGraph.INI file, with 
default ETAP settings (factory settings) is created in the new location (if it does not already exist). 


Note: In order to use your existing/customized Star View Plot Option defaults, it is necessary to manually 
copy the OTIGraph.INI file from the old location to the new location. 


General Page 


The General page allows you to set the following default options: 


r 
Plot Options (Star Defaults) 


Axis | Grid | Leaend | Devices 


V| Show Range 
Show Extended Tooltip 


V| Extend relay/recloser curve to pickup 
\V] Extend definite time curve 
Show as dotted line 


Extend inverse time curve 


User Curve Default ID 
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Show Range 
Check this box to display the available ranges for a selected curve in Star TCC View by default. The 
available ranges are displayed in gray when an adjustable curve is selected. Refer to the images below. 


Show Extended Tooltip 

Check this box to display the detail settings of device curves, time difference, cross hair, fault arrows, etc. 
plotted on the TCC View by default. The detail settings are displayed when the mouse cursor is moved 
over the device curve or label. Refer to the images below. 


Extend relay curve to pickup 
Check this box to connect the relay inverse and/or definite time curves (Minimum multiple point of the 
relay curve) to the pickup marker on the top X-axis of the TCC by default. 


Checking the Extend definite time curve connects the definite time curve and the relay pickup with a 
straight line. Checking the Extend inverse time curve extrapolates the inverse time curve connects it to 
relay pickup. Note that the connection to pickup is displayed using a dotted line style to indicate that it is 
not specified in manufacturer published data. Also note that extend to pickup does not apply for 
integrated curves (overcurrent or overload function). Refer to the images below. 
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User Curve Default ID 
Enter the default Curve ID to be assigned for a new User Curve in Star View. As shown in the figure 


above, clicking on User Curve button for adding a new User Curve displays the Curve ID as ‘UserCurve’ 
followed by number 1, 2, 3... 


Default 
Click the Default button to apply ETAP defaults for the General page. 


Apply 
Click the Apply button to apply the General page default settings. Once you have applied your changes, 


you cannot undo them. You must change them manually or reset to ETAP defaults by clicking the Default 
button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 
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Axis Page 


Select the default settings for the Star View X and Y axes. 


Plot Options (Star Defaults) 


Primary X-Axis (Current Phase) 
Auto Scale 
Voltage Reference 


Plot Voltage (kV) 0.48 Display kV 


Current Multiplier 


Secondary X-Axis (Current Phase) 
[| Display Secondary Axis 


Y Axis (Time) 
Minimum Maximum 


Tine Sale 
Cycles 


Units @ Seconds 


Line/Label 


Tick Mark 


sv (ide > 


Minor Tick#s Standard ~v 


The options available on the Axis page are described below. 


ETAP 


17-102 


TCC Toolbar 
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X_ Axis (Current) 


The X Axis (Current) allows you to set the default current multiplier and plot voltage in kV for the 
primary and secondary X axes. 


Primary 

Set the default Current Multiplier and plot Voltage (kV) options for the primary X-axis. The Current 
Multiplier and plot Voltage (kV) options for the primary X-axis are disabled (non-editable) when the 
Auto-Scale option is selected. Uncheck the Auto-Scale checkbox to enable the Current Multiplier and plot 
Voltage (kV) options for the primary X-axis. Select the desired default current multiplier from the drop- 
down list and enter the plot voltage (in kV). Note that the Voltage Reference field is blank for the Star 
View Defaults. 


Secondary X-axis 

Set the default Current Multiplier and plot Voltage (kV) options for the Secondary X-axis. The Current 
Multiplier and plot Voltage (kV) options for the Secondary X-axis are disabled (non-editable) when the 
Display checkbox is unchecked. Check the Display box to enable the Current Multiplier and plot Voltage 
(kV) options for the secondary X-axis. Select the desired default current multiplier from the drop-down 
list and enter the plot voltage (in kV). 


Note that you can set different the X axis current multiplier and voltage for Phase, Ground, Phase — 
Normalized and Ground — Normalized modes for each Star View by using the local Plot Options (Refer to 
section 17.3.6, Plot Options for details). 


Y Axis (Time 


The Y Axis (Time) option allows you to set the default minimum and maximum time scales in seconds 
for the Y axis of the Star View. You can set the default minimum value of 0.1, 0.01 or 0.001 seconds and 
a default maximum value of 1000 or 10000 seconds. 


Y Axis (Time) 

Minimum Maximum 
Time Scale 0.01 ~ | | 1000 v 
Units ® Seconds 


Line/Label 


Color 
Set the default color for X and Y axes lines by selecting a color from the drop-down list. 


Line/Label 


Color x ~ | a 


Font 
Choose the default font, font style, font size and other font effects for the axes label by clicking the Font 
button. 
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Font (aS 


Font: Font style: 
Arial Regular 
; 
Arial Rounded MT | |) Narrow Bold oa: 
Baskerville Old Face —_| | Narrow Bold Ital = 
Bavhaus 95 Bold a 


Bell Gothic Std Bold Italic + 


Effects 
Strikeout 
Underline 


Tick Mark 


Style 


Choose the default style for tick marks on the X and Y axes from the drop-down list. The options 
available are Cross, Inside, Outside, and None. 


Font 


Choose the default font, font style, font size and other font effects for the axes tick marks and tick 
numbers by clicking the Font button. 


Tick Mark 


Style | inside ’ Font 


Minor Tick#s Standard wv 


Minor Tick Numbers 

Choose the default format for minor tick numbers on the X and Y axes from the drop-down list. The 
options available are Standard, All, and None. Also, you can enter a customized default format for minor 
tick numbers, as a series of numbers separated by commas as shown in the Minor Tick Numbers drop- 


down list above. The axis minor ticks for the format of 1, 3, 5, 7, is displayed as shown in the figure 
below. 


Default 
Click the Default button to apply ETAP defaults for the Axis page. 
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Apply 
Click the Apply button to apply the Axis page default settings. Once you have applied your changes, you 
cannot undo them. You must change them manually or reset to ETAP defaults by clicking the Default 
button. 


OK 
Click the OK button to close the Plot Options (Star Defaults) Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options (Star Defaults) Editor and discard all the changes. 
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Grid Page 


Select the default settings for the Star View Grid. 


fC . 
Plot Options (Star1) =x 


Display 
Draw grid on top 


Keep Grid Square 


Major Grid 


Line Color —= v 


Line Style 
Minor Grid 
Line Color =| ¥. 


Line Style 


Ticks / Decade 


Background 


Color 


Transparency 


i? 


Display 
Check this box to display the grid on the Star View by default. 


Draw Grid on Top 
Check this box to display the grid on top of device curves, by default. 
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Keep Grid Square 
Select this option to maintain a square grid, by default, when resizing the Star TCC View. 


Major Grid 
Select the default settings for the major grid. 


Major Grid 
Line Color er | 7 
Line Style ————— v 


Line Color 
Select the default color for major grid lines from the drop-down list. 


Line Style 
Select the default line style for major grid lines from the drop-down list. 


Minor Grid 


Select the default settings for the minor grid. 


Minor Grid 
Line Color =| bg 
Line Style ————— v 
Ticks /Decade | 49 | 


Line Color 
Select the default color for minor grid lines from the drop-down list. 


Line Style 
Select the default line style for minor grid lines from the drop-down list. 


Ticks per Decade 
Select the default number of ticks per decade from the drop-down list. 
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Background 


Set the default color and transparency for the grid background. 


Background 
Color aa 


Transparency 
+ |, - 


Color 
Select the default color for grid background lines from the drop-down list. 


Transparency 
Select the default transparency for the grid background color by moving the slider. 


Default 
Click the Default button to apply ETAP defaults for the Grid page. 


Apply 
Click the Apply button to apply the Grid page default settings. Once you have applied your changes, you 
cannot undo them. You must change them manually or reset to ETAP defaults by clicking the Default 
button. 


OK 
Click the OK button to close the Plot Options (Star defaults) Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options (Star defaults) Editor and discard all the changes. 
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Legend Page 


Select the default settings for the Star View legend. 


Plot Options (Star Defaults) xr ™ Ines | 
General | Axis | Grid _ i 
Display 
Title 
Name Star Defaults 


eit (aaa 
T Left 


Info 
Project Title 


Location 


Contract # 


iv) 
iv 
[¥] 
[¥] 
| 
wy 
[¥] 
(¥] 


Engineer 


Filename 


Date / Rev. 
Serial # 


Display 
Click on this checkbox to display the legend on Star Views by default. 
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Title 
Title 
(¥| Name Star Defaults 
Font 
ort asa = 
} Left Text 
Name 


Check this box to display the Star View name in the legend by default. This field is non-editable for 
defaults as it displays the unique Star View name. 


Font (Name) 
Choose the default font, font style, font size, and other font effects for Star View name by clicking the 
Font button. 


Right (Logo or Text) 
Check this box to display, by default, the adjacent logo or text information in the upper right corner of the 
legend. Define the path for a logo or enter the text to be displayed. 


Left (Logo or Text) 
Check this box to display, by default, the adjacent logo or text information in the upper left corner of the 
legend. Define the path for a logo or enter the text to be displayed. 


Info 
Info 
\¥| Project Title Project Title 
(¥| Location Site 
\¥) Contract # Contract 
(¥| Engineer Engineer 
\¥| Filename Filename 
Vv! Date / Rev. 
'¥| Serial # Serial Number 
(¥] Rev. Data Current Revision Level 
(¥] Fault Fault 
(-] Circuit 
iy) Project Project Remarks 
~~ Remarks 
(=) Study 
~~ Remarks 
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The fields Project Title, Location, Contract #, Engineer, Serial #, Rev. Data, and Project Remarks are 
non-editable and can be changed from the Projects menu on the ETAP menu bar. The Fault field is also 
non-editable and is displayed as phase or ground depending on the Star View Mode. 


Date / Rev. 
Check this box to display, by default, the project date and revision in the Star View legend. Enter the date 
and revision. 


Circuit 
Check this box to display, by default, the details on the circuit plotted in the Star View legend. Enter up to 
25 alphanumeric characters. 


Study Remarks 
Check this box to display, by default, the study remarks in the Star View legend. Enter up to 100 
alphanumeric characters. 


Font 
Choose the default font, font style, font size and other font effects for the Info section by clicking the Font 
button. 


Default 
Click the Default button to apply ETAP defaults for the Legend page. 


Apply 
Click the Apply button to apply the Legend page default settings. Once you have applied your changes, 
you cannot undo them. You must change them manually or reset to ETAP defaults by clicking the Default 
button. 


OK 
Click the OK button to close the Plot Options (Star defaults) Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options (Star defaults) Editor and discard all the changes. 
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Devices Page 


The Devices page in Default Plot Options provides all necessary settings to customize and set the defaults 
for all device curves plotted in Star View. 


[ Plot Options (Star Defaults) x) 
General | Axis | Grid | Legend) Devices 


Device: Star Defaults.Multi-Function 
Relay.Phase.OC1.Relay51 


= Multi-Function Relay 


Preferences | Label 


Use custom color/style 
Line Width 


i?) 
2 
9° 
3 
8 
[= 
o 
| 
& 


Line Style 


Line Color 


Fill Style 


Fill Color 


vr 


LUO 


Foreground Color 


x 


The Devices page includes a graphical tree representation that lists all the elements and functions plotted 
in Star View. The Devices page includes three sub tabs: the Appearance, Preferences, and Label tabs. 
These tabs apply to the device selected in the device list. 
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The Device window provides a graphical tree representation that lists all the elements plotted in Star 
View including crosshairs, time difference, etc. under ‘Star Defaults’. For devices such as relays, different 
trip elements, levels and settings are layered as sublevels that can be expanded (using the ‘+’ sign) to 
view the individual sub elements or collapsed (using the ‘-’ sign). 


When a device type is selected, the name of device type is displayed as the header along with the name 
Star Defaults. In the above example, relay 51 damage curve is selected and hence the header displays Star 
Defaults.Multi-Function Relay. 


Device: Star Defaults.Multi-Function 
Relay.Phase.OC1 Relay51 
=| Multi-Function Relay “ 
=| Phase 
SJ OC1 
Relay51 
Relay50 
RelayST 
+) OC2 
+) OC3 
+) OCA 


The settings in Appearance, Preferences, and Label tabs can be set for selected device/element in the list. 
If Star Defaults (top most level) is selected, the settings in the Appearance and Preferences tabs are 
disabled. For the Label tab, all options with the exception of Label ID color Label setting color/properties 
are available. Thus, you can set uniform label display options/fonts for all devices, if desired. 
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Appearance 


Preferences | Label 
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Display 
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Border 


\¥| Label ID 


Color 


|| Label Setting 


Color 


() in Front of the curve 


(@) Behind the curve 


Multiple trip / Multiple level elements 
The propagation of properties (in Devices page) between different elements/levels for these devices was 
described briefly in Plot Options section 17.3.6. This section gives more details on this concept using 
Mutli-Function relay as an example. 


at) a) od Gem 


TCC Toolbar 


Devices with multiple trip elements/functions are represented in a tree fashion with the different 
elements/functions layered as sub levels. The figure below shows a simplified tree structure for 
overcurrent relay with one trip element (Phase) and one OC level (OC1). Each level in the tree is marked 
numbers 1 — 4. Other trip elements and OC levels for the overcurrent relay follow the same structure. 
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Function — Overcurrent, Overload G) 


Overcurrent Relay 


Elements — Phase, Ground, Neutral ... 


OC Level — OC1, OC2... OC6 


Setting — 51, 50, Short-Time 


Relay 51 Relay 50 Relay ST 


As seen from the simplified tree above, overcurrent relay (Level 1) has a Phase trip element (Level 2). 
The Phase element has OC1 level (Level 3) which in turn has 51, 50 and Short-Time settings (Level 4). 
The levels (1 — 4) follow a parent-child relationship for any setting changes in Appearance, Preferences or 
Label sub tabs. Any setting changed at a parent level propagates to all child levels. Similarly any setting 
changed at child level reflects as an indeterminate state at the parent levels. 


Thus checking the ‘Border’ checkbox on Label tab at the Function level propagates to all elements, OC 
levels and settings. Refer to the images below. 
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Device: Star Defaults.Multi-Function Relay.Phase 


&) Star Defaults 
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On the other hand, un-checking the ‘Border’ checkbox on Label tab for 51 setting (Phase > OC17> 51) 
changes the ‘Border’ checkbox on Label tab for OC1, Phase, and Multi-function relay levels to an 
indeterminate state (checked and grayed out). Refer to the images below. 
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I Multi-Function Relay 
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The table below shows how different settings in Appearance, Preferences or Label sub-tabs switch to an 
indeterminate state from the default state. 


TCC Toolbar 


Tab Setting Type ETAP Default | Indeterminate State 
Color Sequence List box * No color selected 
ec cusiiny Checkbox Unchecked Checked, grayed out 
color/style 
Line Width Number * Nowe depiayed 
(blank) 
Appearance Line Style List box * ‘Various’ displayed 
Line Color List box i ‘Various’ displayed 
Fill Style List box si ‘Various’ displayed 
Fill Color List box ‘i ‘Various’ displayed 
Foreground Color List box * ‘Various’ displayed 
Phase Mode Checkbox es Checked, grayed out 
Ground Mode Checkbox eee Checked, grayed out 
Preferences 
Shift Factor Number 1 Nowale depiaved 
(blank) 
Display Checkbox Checked Checked, grayed out 
Arrow Checkbox Checked Checked, grayed out 
Border Checkbox Unchecked Checked, grayed out 
In EPORE ORME pay Not selected Not selected 
curve button 
Label 
‘ Behind the curve Badly Selected Not selected 
button 
Label ID Color List box * ‘Various’ displayed 
Label Setting Checkbox Unchecked Checked, grayed out 
Label Setting : - are 
Caloi List box Various’ displayed 
* - ETAP default as set for the selected device 
** - Checked for Phase curves; grayed out for Ground curves. 
*** _ Checked for Ground curves; unchecked for Phase curves. 


The above intelligent feature helps you to correctly choose and set your device options within any sub- 


levels for the selected device. 


ETAP 


17-119 


ETAP 19.0 User Guide 


Star View TCC Toolbar 


Appearance Tab 


The Appearance tab allows you to set the defaults for curve automated color sequence or custom 
color/style settings for each device. 


Plot Options (Star Defaults) 


Device: Star Defaults.Multi-Function Relay.Phase 
= Star Defaults 
=I Multi-Function Relay 


[| Use custom color/style 
Line Width |4 


Line Style 


Line Color 


Fill Style 


Fill Color 


Preview 
The Preview window allows you to preview the selected color sequence or custom settings. 
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Color Sequence 

The Color sequence displays a list of 10 color settings that can be set as default for the selected device. 
Each color (1, 2, 3... 10) can be set by using the custom color/style options (Line width, Line style, etc.) 
on the right side of the Appearance tab. It is important to note that color sequence functions at a global 
level and only color sequence set (1, 2, 3... 10) can be defined per device. For example, multi-function 
relay device has one color sequence set that applies to all sub-functions, elements, and settings. 


As explained in section 17.3.6, the Color sequence feature uses preset color settings in the sequence (1, 2, 
3... 10) for multiple curves of the same device plotted in a Star View. As an example, if you rubber-band 
5 LV breakers and create a new Star View (or append to an existing Star View), the breaker curves are 
assigned with color sequence# 1, 2... 5. 


cae nara paimee al iciengectimanti sabe 
“Star Defauts 


x x x bo 
Amps X 10 @ 0.48 kV 


This automated color sequence functionality facilitates better viewing and also saves time. If the Star 
View has more than 10 curves of the same device the sequence repeats itself. 
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You can also choose to use custom color/style (and not color sequence) for the selected curve by simply 
checking the ‘Use Custom color/style’. 


Use Custom color/style 

Check this box to enter custom settings for line width, style, fill color, fill style, etc. for the selected 
device. Note that checking this box hides the color sequence list box and displays the custom color/style 
options. If a color sequence was selected, the color/style used for the color sequence is transferred to the 
corresponding custom options as shown in figures below. Unlike color sequence, custom colors can be set 
different for every sub-level in a device. The options available are explained below. Note that for single 
line curves (for example, damage curves) the fill style, fill color and foreground color are grayed out as 
they are not applicable. 


[ Plot Options (Star Defaults) ES Plot Options (Star Defaults) |S 
General | Axis | Grid | Legend) Devices 


General | Axis | Grid | Leaend| Devices 


Device: Star Defaults.Multi-Function 
Relay.Phase.OC1.Relay51 
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»~ Relay50 : i 2 Relay50 
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Use custom color/style 
Line Width 4 Line Width 
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> 


Line Style 


Line Color Line Color az 


Fill Style Fill Style 


Fill Color Fill Color 


0 


4 


Foreground Color Foreground Color 


L 


The custom color/style settings available are explained below. 
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Line Width 


Select or enter a value for default line width of the curve. 


Line Style 
Select the default line style for the curve lines. 


Line Color 
Select the default color for curve lines from the drop-down list. 


Fill Style 
Select the default fill style (Solid, Forward Diagonal, etc.) for the curve from the drop-down list. 


Fill Color 
Select the default fill color from the drop-down list. 


Foreground Color 
Select the default foreground color for the curve from the drop-down list. 
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Preferences Tab 


TCC Toolbar 


Set the default options to Show/Hide and apply Shift Factors to device curves in the Preferences tab. 


Phase Mode 


“ 
Plot Options (Star Defaults) 


General | Axis | Grid | Leaend| Devices 


Device: Star Defaults.Multi-Function Relay.Phase 


=) Star Defaults 
=) Multi-Function Relay 
@- Phase 
4 OC1 


g 
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Appearance Preferences | Label 


Visible 
\¥| Phase Mode 
|| Ground Mode 


Shift Factor 


Check this box to display the curve in Phase Mode. This box is checked by default for all curves plotted 
in Phase Mode. Ground trip elements cannot be displayed in Phase Mode, so this option is grayed out for 
those elements. For more information, see section 17.3.1, Phase/Ground Mode. 
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Ground Mode 
Check this box to display the curve in Ground Mode. This box is checked by default for ground trip 


elements. 


Shift Factor 
Enter the default factor to be used for shifting the selected device curve. The Shift Factor is available for 


all device curves. 


2-Winding Transformer Damage Curve 
For 2-winding transformer, the Preferences tab displays options for the transformer damage curve in 
addition to the Show/Hide and Shift Factor options. 


ilts) 
| General | Axis | Grid | Legend | Devices 


Device: Star Defaults.2\W Transformer Damage Curve 
+) Overload Heater a 
Contactor 
>” FLA Marker 
> Inrush 
*~ 100% Withstand 
Shifted Withstand 


ml 


< 


| Appearance Preferences | Label | 
Visible 

\v| Phase Mode 

Ground Mode 


Shift Factor 1 


Transformer Damage Curve 


Source and ©) Primary Side 
Protectionon _ 
_) Secondary Side 


Fault on Secondary 


Curve Shift 0.58 


Show Overload 


Defauit | Apply |[ OK | Cancel | 
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Select the ‘Source and Protection on’ to either Primary Side or Secondary Side to display the transformer 
damage curve shift. The ‘Fault On’ and ‘Curve Shift’ is then calculated and automatically updated based 
on above selection. The shift factor is also dependent upon: 


e Transformer Connection specified on the Info page of the Transformer Editor. 
e Winding connections specified on the Grounding page of the Transformer Editor. 


The table below describes this relationship: 


Transformer Connection Mune CCB meCuONS Factor 

ee ae a Source and Protection on Fault on aoa 
Shell, Core 3-Limb, Core 4-Limb, Delta Delta 0.87 
Core 5-Limb, (3) 1-Phase Delta Wye Solid Grounded 0.58 
Core, 3 Limb Wye Open Wye Solid Grounded 0.67 


Source: IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS. VOL. IA-22, NO.4, JULY/ AUGUST 1986 


Select the Show Overload option to display the transformer short-time overload capability curve by 
default. 
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3-Winding Transformer Damage Curve 


Preferences 
Visible 
[V] Phase Mode 


{| Ground Mode 


Shift Factor 1 


Transformer Damage Curve 
Source and ©) Primary Side 
Protectionon _ 

() Secondary Side 
© Tertiary Side 


Fault on Secondary 
Curve Shift 0.87. 


Show Overload 


a) om) GoD Gea 


For the 3W transformer select the ‘Source and Protection on’ to either Primary Side, or Secondary Side or 
Tertiary Side. Based on above selection, select ‘Fault on’ to either of the other two sides. Then ‘Curve 
Shift’ is calculated and automatically updated based on above selections. The shift factor is also 
dependent upon winding connections specified on the Grounding page of the Transformer Editor. 


The table below describes this relationship: 
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Winding Connections 
5 eee Factor 
Source and Protection on Fault on 3°° Winding 

Delta Delta Any 0.87 

Delta Wye Solid Grounded Any 0.58 

Wye Solid Grounded Wye Solid Grounded Delta 0.67 

Wye Open Wye Solid Grounded Delta 0.67 


Source: IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS. VOL. IA-22, NO.4, JULY/AUGUST 1986 


Label Tab 


The Label tab allows you to set the default label of each device/element plotted in the Star View. 
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Display 
Check this box to display the label for the selected device curve by default. 


Arrow 
Check this box to show, by default the label arrow from the device label to the selected device curve. 


Border 
Check this box to draw a border around the label with a white background by default. The color of the 
label border is automatically set to the line color of the device curve. 


In Front of the Curve / Behind the Curve 

Select the ‘In Front of the Curve’ or ‘Behind the Curve’ radio button to bring the label in front/behind its 
corresponding curve by default. Note that this feature applies to the selected label and its corresponding 
curve only and not other curves/labels in Star View. 


Label ID 


Color 


Select the default color for the selected device label ID from the drop-down list. 


Font 


Choose the default font, font style, font size and other font effects for the selected device label ID. 


3) Star Defaults =o] 
Rae raat ML #8x a xX Se 


Per Unit a 


=m a 23 2 3 8 = = | 


+ + oa op tet — ‘ 
Normalized (snified) TCC } 
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Label Setting 

Check this box to display the Label setting for the selected device curve by default. Label setting displays 
an expanded label with all parameters relevant to the selected device curve. 

Color 


Select the default color for the selected device/element label from the drop-down list. 


Font 


Choose the default font, font style, font size and other font effects for the selected device label by clicking 
the Font button. 


Edit 

Click on Edit to edit the label properties. Clicking the Edit button opens a Label Setting window which is 
divided into two sections — Properties and Label Setting. The Properties lists all applicable parameters 
that define the device/element selected. Select a property and click the Insert button to add it to the Label 
Setting list. You can also type text in the Label Setting window. Click on OK to save the changes to label 
or Cancel to not save the changes. 


Label Setting ==) 


MaxV 
MinTCCID 
MinTCCRevision 
Min Trip Time 
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Label Preview Window 


The Label preview window displays the label parameters as it will be displayed on the Star View. You 
can type text in the Label Setting window. For example, you can type in a manufacturer name before the 
label {Manufacturer}, and the text is included in the label. You can also delete any label by selecting it 
and clicking the Delete button on the keyboard. 


Default 

Click the Default button to set ETAP default options. The Default button only applies to the selected 
device/element selected in the device list after confirmation. Thus for the Multi-Function Relay, if the 
Relay51 setting for Phase element and OC1 level (Phase > OC1~> Relay51) is selected, clicking the 
Default button applies default settings to the Relay51 setting only. 


If the Star View name (top most level) is selected, then clicking the Default button applies ETAP default 
settings to all the devices. 


Apply 

Click the Apply button to apply the default settings for the selected device. Once you have applied your 
changes, you cannot undo them. You must change them manually or reset the defaults to the ETAP 
defaults by clicking the Default button. 


OK 
Click the OK button to close the Plot Options (Star defaults) Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options (Star defaults) Editor and discard all the changes. 


Note: The Default and Apply buttons on the Devices page are common for Appearance, Preferences and 
Label tabs. 
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17.3.8 Display Options 


The one-line diagram display options for the Star View can be accessed by clicking on the Display 
Options button. Note that by default, the selected element display annotations from the OLV in Star Mode 
are transferred to Star View upon creation of a new Star View. The Display Options — Star View Editor 
has the following three pages of properties: 


e AC 


e AC-DC 
e Colors 


AC Page 
Display Options - Star View |p rom| 


AC-DC | Colors 


ID Rating kV A DY Z 


v 
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ID 
Select the checkboxes under this heading to display the IDs of the corresponding AC elements on the one- 
line diagram. 


Rating 

Select the checkboxes under this heading to display the ratings of the corresponding AC elements on the 
one-line diagram. The table below describes the different rating parameters that are displayed for the AC 
elements: 


AC Element Rating 

Generator kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load/Panel kVA/MVA 

Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous amps 

Cable/Line # of cables - # of conductor/cable - size 
Bus kA bracing 

Node Bus bracing (kA) 

CB Rated interrupting (kA) 

Fuse Interrupting (kA) 

Relay Relays display tag (from the Relay Editor)* 
PT & CT Transformer rated turn ratio 


* Applies to Overcurrent, Multi-Function, and Motor Relays 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the corresponding 
elements on the one-line diagram. 


For cables/lines, the kV checkbox is replaced by type checkbox. This checkbox displays the cable/line 
conductor type (CU/AL) on the one-line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the corresponding elements on the one-line diagram. 


For cables/lines, the kV checkbox is replaced by type checkbox. This checkbox displays the cable/line 
conductor type (CU/AL) on the one-line diagram. 


Z 

Select the checkboxes under this heading to display the rated impedance of the corresponding AC 
elements on the one-line diagram. The table below describes the different impedances that are displayed 
for the AC elements: 
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AC Element Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 


D-Y 
Select the checkboxes under this heading to display the connection types of the corresponding elements 
on the one-line diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Use Default Options 
Select this option to use default display options. The default display options for Star View can be changed 
by selecting Display Options from the Defaults menu in the ETAP menu bar. 


Show Eq. Cable 

This checkbox displays or hides equipment cables from the one-line diagram. Equipment cables are 
specified as part of the loads. Double-clicking on the equipment cable brings up the Equipment Cable 
Editor. 


Sub2A Sub2A 
CB21 CB21 | 
(v8) C (un) 
aT MRI 
Mtr2 
2500 HP Mtr2 
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AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements. 


Display Options - Star View |S 


<] (S| [S| 8 


os 


|| 
Size Type Lath 


ID 
Select the checkboxes under this heading to display the IDs of the corresponding AC-DC elements on the 


one-line diagram. 
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Rating 

Select the checkboxes under this heading to display the ratings of the corresponding AC-DC elements on 
the one-line diagram. The table below describes the different rating parameters that are displayed for 
corresponding AC-DC elements. 


AC-DC Elements _ Rating 


Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 

VFD HP/kW 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the corresponding 
elements on the one-line diagram. 


A 

Select the checkboxes under this heading to display the ampere ratings of the corresponding elements on 
the one-line diagram. The table below describes the different ampere parameters that are displayed for the 
AC-DC elements. 


AC-DC Element Amp 


Charger AC FLA & DC FLA 

Inverter DC FLA & AC FLA 

UPS Input, output, & DC FLA 
Use Default Options 


Select this option to use default display options. The default display options for Star View can be 
changed by selecting Display Options from the Defaults menu in the ETAP menu bar. 
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Colors Page 


This page includes options for displaying color information annotations for elements and results. 
Display Options - Star View |p Sve 


[ac J acne | Colors | 


Theme 


Annotations 


Theme 


User-Defined 


Color Theme 
This area is grayed out and not selectable in Star View. 


Annotations 

Select this option to assign colors to AC, DC, Composite, and AC — DC elements, and to Results. The 
default display options for Star View can also be changed by selecting Display Options from the Defaults 
menu in the ETAP menu bar. 
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17.3.9 Alert View 


The Alert View tool logs possible alerts or messages for devices in the selected Star View. When active, 
clicking the Alert View button on the Star View (TCC) toolbar displays a summary of alerts that provides 
hints as to why a particular device curve is not displayed and informs you of any missing or disabled 
parameters for the device. The Alert View button is enabled only if an alert is detected; otherwise, the 
button is disabled. The information in the Alert Summary is displayed in two categories: 


(a) Alerts: Alerts are issued when data is missing for a device in the Star View. For example, a fuse not 
selected from the library or relay CT not defined in Relay Editor is categorized as an alert. Alerts are 


designated as “Star Alert”. When the Alert View Summary includes alerts, the Alert View button is 
shown as red in color. 


| Alert Summary for Main Bus - Feeder 2 


Star Warning-01: [OCR4] Negative Sequence - Trip element reference kV is not the same as plot reference kV. 
Star Warning-0O1: [T2] Device reference kV is not the same as plot reference kV. 

Star Message-01: [OCR4] Ground - disabled. 

Star Message-01-: [OCR4] Sensitive Ground - disabled. 


(b) Messages: Messages are lower priority alerts that are issued as a notification means to track the state 
of the disabled or hidden trip devices. Star Messages are provided for information purposes. For 
example, if you uncheck the Instantaneous element of relay from the Relay Editor it is categorized as 


a message. Messages are designated as “Star Message”. When the summary includes messages, the 
Alert View button is shown as yellow in color. 


=| Alert Summary for Main Bus - Feeder 2 

Star Warning-01: [OCR4] Negative Sequence - Trip element reference kV is not the same as plot reference kV. 
Star Warning-01: [T2] Device reference kV is not the same as plot reference kV. 

Star Message-01: [OCR4] Ground - disabled. 

Star Message-01: [OCR4] Sensitive Ground - disabled. 


When you double-click an alert or message, ETAP opens the corresponding Device Editor. 
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17.3.10 Device Settings Reports 


Click on the Create Device Settings Report button to display the Device Settings Report Manager. The 
Report Manager allows you to preview and print the protective device setting data using the Crystal 
Reports, PDF or Excel formats. 


The Report Manager generates reports using data from the active Star TCC View window. 


Crystal Reports or PDF 

To print the device settings: 

1. Select the desired report type 

2. Select the Base or Revision data, 

3. Select Viewer or PDF and then click OK. 


Include Hements 


De-energized 


LV Circuit Breaker (AC, DC) 
MV Solid State Trip 
Overcurrent Relay 
Overload Heater 

Overload Relay 

Recloser 


Energized 


\ 


If the “(AC, DC)” is not included in the name of report type then it contains only the AC protective 
devices. 


Your project’s database is used to generate these reports. When you select a report, ETAP asks if you 
would like to save the project prior to generating the report. 
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ETAP 


To generate the requested report, ETAP must save your project 
database. 
Save and continue? 


Clicking the OK button saves the latest changes to the database and launches the selected report. Click 
Cancel to exit back to the previous editor. 


Note: The project database can only be saved in Base revision. 


The report displays device settings for all devices on the Star TCC View, including De-energized 
elements. 


Excel Reports 
To generate the excel report of the device settings: 


1. 
2. 


Click the Create Device Settings Report button to display the Device Settings Report Manager. 
In Excel tab, select the desired report types and click OK to generate device settings report for all 
or selected protective devices in active Star TCC View. 


. In Base/Rev Data section, base or revision can be selected for report generation. 
. When a revision is selected from dropdown list, the “Revision vs Base” and “Revision vs 


Revision” radio buttons become active for generating of comparison* report. Select Revision vs 
Base to create comparison* report for them. Similarly, when Revision vs Revision radio button is 
selected, the dropdown list for selection of other reference revision becomes active for generating 
the comparison* report. 


* All Devices — Brief & Sort with Revision (AC, DC) should be used for generating comparison report 


ETAP 
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2 Device Settings Report Manager 


Settings Excel 


All Devices - Brief & Sort (AC, DC) 

All Devices - Brief & Sort with Revision (AC, DC) 
All Devices - Brief (AC, DC) 

All Devices - Detail (AC, DC) 


@ Base / Revision 


Revision vs Base 


Raley Test Points Revision vs Revision 


? Device Settings Report Manager 
Settings Excel 


All Devices - Brief & Sort (AC, DC Base / Rev Data 
All Devices - Brief & Sort with Revision (AC, DC) 
All Devices - Brief (AC, DC) Modifications ~ vs Base 

All Devices - Detail (AC, DC) 
a Ot Ren 
LV Circuit Breaker- Brief 

Panel Devices - Brief @ Revision vs Base 
a, re O Revision vs Revision 


| Cancel 
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? Device Settings Report Manager 


Settings Excel 


A Base / Rev Data 

All Devices - Brief & Sort v with Revision (AC, DC) 
All Devices - Brief (AC, DC) ‘Modifications ~| vs 
All Devices - ph ace 


O Base / Revision 
O Revision vs Base 
Relay ee Points @ Revision vs Revision 


= 


The report displays device settings for the selected devices or all devices on the Star TCC View, including 
De-energized elements. 


Excel Report Types 
The Excel Device Settings Reports have flexibility in customizing the desired format and are presented in 
following Types or formats. 


All Devices — Brief & Sort (AC, DC) 

This is a Brief report for all of protective device types (including the AC and DC devices) with Sorting 
and filtering capability. Protective devices in this report can be sorted or filtered by connected bus of the 
protective devices 


All Devices — Brief & Sort with Revision (AC,DC) 

In addition to sorting and filtering, this report is designed to show the comparison between each record 
(row) of selected revision and base or another revision. If there is settings change in any record of 
selected revision and it is different from base or another revision, the changed record will be marked with 
different color and displayed in report. If there are no settings difference between selected revision and 
base or other revision records, only base or other revision settings will be displayed in report. 


The user can modify the color of marked or highlighted records which is defined in Project Info page of 
above Excel template. The location of all templates is explained at the end of this section. 


Protective Device Settings - Fuse 


Base / 


| rents | Base = hae DO-Il 143G 
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All Device — Brief (AC, DC) 

This is a Brief report for all of protective device types (including the AC and DC devices) with only 
required settings data. It is designed to fit the settings data for each device type in single page of print 
with repetitive header on top of each page. 


Other Reports 

The other report types which contain the “Brief” as part of their names, are subset of “All Devices — Brief 
(AC, DC)” with extracted protective device types for convenience. If the “(AC, DC)” is not included in 
the name then it contains only the AC protective devices. 


Protective Device Settings - eee Solid State / Microprocessor Trip Device 
Trip Device 
feawtamme | roe | roe | a | | re |e al ras] ae | pe [ie fe fw fom] @ |] | | 
a W0ms 
=o Se £an || | 


Taran Device aaa — 


fe mn OCR (51, 51V), OLR (49, Ace.)| OCR (50), OLR (50, Jam) 
roe Pec Pickup fon eed Pickup pitas roc IMTA|Polariz. 


- Extremely 


i Device Settings - Relay Test Points 


OCR (51, ST), OLR (49) Test Points - Trip Time at Multiplie of Pickup 
preem, || EY ee Curve 
Kol Prim. | Time 
Pickup 2x 3x 4x 5x 6X 8x 10X 
Amps | Delay 
J ccm [sce | crus te ee ‘oe sts a — ate | vars [os said — sacl 
— aa ee ss] oman] cmt | oct | abana a a ania ja | a | a | = = ox 7 
. > ite Time 1.000 | 100.000] 0.300 03s 03s 03s 035 
Sequence 
piopaaas: eee ag ae cia seas a Se 


0.189 s 


| ow || Protective Device Settings - Fuse 


Max Voltage 
es] 


So none anit 
secant iN one 
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All Device — Detail (AC, DC) 

This is a detailed report with all of protective device types and data (including the AC and DC devices) 
and as such may have many columns of data for some device types such as LVCB, relay and recloser. 
The Adjacent Bus column in this report can be used for sorting the device settings by bus (substation) if 
the columns within the sorting criteria are not merged. 


He ~_150 


GE Muttilie _| 


pa [overt —| Pre ——T 00 
=a ——— oa 
ee c- [eae ees = arn Se TEE eee eee 
PT aT oe 220 Phase - fame Restrant 30-250 00 ca 138 KV 
PT 13.8KV.220 See Vol ae 30 - 250 peece Bay aE 


[file be ee joo. 2H% See 5 Sec ISE=Res Seen tee 
ec! PS 106 = 


Project info Fuse Relay | Ot Heater + 


The format of the template of the device setting Excel report can be edited by the user as far as the layout 
is not changed. The location of the Template is typically in C:\ETAP XXXX\FormatsX XX X\Device 
Settings\Excel. (The XX XX represents the ETAP version number). 
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17.3.11 Normalized TCC Mode 


Normalized (Shifted) TCC Mode is an analysis feature in ETAP Star View which is based on Sequence- 
of-Operation calculation. This analysis mode provides a graphical view (TCC plot) of the operation times 
of protective devices based on their corresponding settings and characteristics for specified fault location 
and type. Normalized TCC Mode graphically displays the TCC curves of protective devices in relation to 
one and another for a given fault. 


Upon performing a Sequence-of-Operation analysis, you can display the Normalized TCC plots by 
creating a new Star View. Alternatively, an existing Star View can be toggled to Normalized TCC Mode 
by clicking on the Normalized TCC button from the Star View toolbar. 


Note: Since Normalized TCC is based on a specific Sequence-of-Operation scenario, the corresponding 
output report must be selected in the report list box (refer to the figure below) in order to activate the 
Normalized TCC Mode button. 


"Star Defaults (Normalized for 3-Phase (Syen} fault at Bus2) - ETAP 14.00 (64 bit) Ey 


File Edit View Project Library Warehouse Rules Defaults Tools RerCortrot Real-Time Window Help 
O84 €G 44.8244 80.5) 9.0 GEDA TEYS @ Ba & |: wh SD tonoie Detour Phase a 


sh fase =D star Detautts = ‘Ae >: ee me - $QOP.Bus2 :- B “Le 


¥] A 
‘Sjrtem Manager 


J OLVL (Star Sequence-cf-Operstion) 2 eo of 


i] ‘One-Line Components 


ul 
® Gey AC Composite C90 200 MVAsc 
(AC C50 Contact 


@ {iy AC CSD Contact, Macto-Cert 59 — a — Fy pres (Hares ise aa san 
+) Gy AC CSD Control Cable a 29- we 1 —ryl —TFautod Bus 
Gy AC CSD Devices cB3 2 05 }} 1 } SOOP File SQOP Bus? 

770 . po 


© (By AC.CSV Push Button ; Ht +—| +t {Data Rev Base 

D Gy AC CSO Wwes Bus3 Configurator: Normal 
&y Battery 40.778 iii Baal } Date 06-09-2015 

WG bus -3 R 

HG Bus Duct ( 

vy Cable -t 

=) Qy Capacitor ae 

/ Gy Charger ( a OCR2 X | | 

Py Corcunt Breaker, HY -2 Cae TT TTihh 

© Gy Corcunt Breaker, LV -2 Tittbeectert | Th 

Gy Composite CSO + Cablel 

®-Gy Composite Motor 1 

@ Gy Componite, Network | 3 1-3/c 4/0 

+ Gy Contactor -1 f 
Gy CSD Contact \2 a) 

Gy CSO Contact, Macro-Clit » 

© Gy CSO Control Cable 


HG C0 Vences 772 
Gy CSO Push Button FuseD 
Fy CS Wires 


Gy OC Bus al 
2) Gy OC Cireuit Breaker WA 
ie) Gy OC Corwerter CrrYwyw 
* DQ OC Fuse 


ton D By OC impedance 
e {By OC Link High-Voltage cB4 
= Gy OC Lumped Load ” ” 9 «ul i) 
Gy OC Motor Bus2 


2) Gy DC Static Load 2 
+ fy DC Switch, Deuble- Theow cB5 ) 

D By OC Switch, Single- Throw ’ 
© (By Equivalent Gucuad 
z ery filter, Harmonic 


wD 
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Current: 1.13 pu, Time: 1.74 see - t ° Base 
c 


In the Normalized TCC Mode, the curves are shifted by a factor calculated based on the ratio of the 
through fault current seen by a PD and the total fault current at the point of the fault. The effected TCC 
curves are then shifted according to the total fault current. 
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Note: Fixed curves/points (equipment damage curve, motor starting curve, FLA Marker, Fault Arrow) are 
not displayed in the Normalized TCC View as they are not applicable to this mode. The features of the 


Normalized TCC Mode are explained by the tutorial below. 


1. From the File menu, select Open Project. Browse to the ETAP installation path for the Example- 


Other folder, select StarExample.oti, and then click Open. 


fe 


2 Open 


Organize ¥ 


yr Favorites 
WD Desktop 
ih Downloads 


4) Recent Places 


Libraries 
B Documents 
2 Music 
| Pictures 
Ew | Videos 


1 Computer 
&, Local Disk (C:) 
a Local Disk (D:) 


a... 


New folder 


- 


+ 


Name 


)) ARTTS 

|} IEEE4BUS 

}) IEEEQBUS 

|) IEEE13BUS 
|) IEEEL4BUS 
| IEEE30BUS 
|) IEEEStd399 
[t, Example2 

[t, Example3 

|?) STARExample 


File name: 


Date modified 


(2011 10:23 AM 
(2011 10:23 AM 
2/2011 10:23 AM 
2/2011 10:23 AM 
2/2011 10:23 AM 


8 
8/ 


/2/ 
2/ 
- 
2 
2 
2 
> 


8/ 
8/ 
8/ 
8/ 
8/ 
7/ 
7/ 
7/ 


2011 10:23 AM 
2011 10:23 AM 
(29/2011 12:22 PM 
29/2011 10:55 AM 
29/2011 12:24 PM 


Hil 

Type 

e folde 
e folde 
efo 
e folde 
€ folde 


e folde 


€ folde 
OTI File 
OTI File 
OTI File 


2. Open the OLV1 presentation by selecting it from the drop-down list for presentations or by double- 


clicking the OLV1 presentation in the System Manager. 


ETAP 
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3. Using the Mode toolbar, click the Star — Protective Device Coordination button to switch to the Star 
Mode. 


4. Select the StarMode1 Study Case and set the output report to ‘Prompt’. Click on the Fault Insertion 
(PD Sequence-of-Operation) button on the Star Mode toolbar. Place the fault on Bus2 as shown 
below. 
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1-3/C 4/0 


5. The calculation asks for an Output report filename. Enter SQOP-Bus2 as the name and click OK. 


Output FileName 
Name ‘SQOP-Bus2 


[Hee] (aK) [cance] 


6. The Sequence-of-Operation calculation displays the through fault current of the devices including 
braches, loads, and buses. It also displays a graphical animation of the sequence of PDs that trip for 
the fault. 
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8. Click on the Create Star View button on Star Mode toolbar to create a new TCC View. The TCC 
View opens up in Normalized mode (only if Sequence-of-Operation calculation is active in Star 
Mode) with the SQOP output report name (SQOP-Bus2) showing in the Output Report List and the 
Normalized TCC Mode set to ON. 


$h Star Defaults (Normalized for 3-Phase (Sym) fault at Bus2) <——— 
its 


SQiQMe [kk QQ VS lle eae x = 
Per Unit ad | 
‘FS <r cere TSS ™ a 
$3-Phase (Sym) fault: 20.82kA @0.48kV a] 
FFsulted Bi Bus2 + 
#saoP File: SQOP-Bus2 
{Data Rev Bese = ia 
ure! f 
= IS 
: Chl: de 
= ———= 
T ama 
Huse conn » fe 
ERE aa Hy 8 = 
; aL 
q 
= oe —— 
Fee SG 
“H id IIL 0. 2 
t Time differenc@MCB4-Phase - Fusel 
Bus?) | | || i | 00.532 sec @ 084 pu 7 


9. The different features of the Normalized TCC Mode are marked as A — G in the figure above and are 
described below: 


A — The header displaying the Star View title also has “Normalized for 3-Phase (Sym) fault at Bus2” 
added to it. This helps you to clearly identify the normalized TCC View. 


B — The parameters and description of the Sequence-of-Operation study is shown for a Normalized 
fault arrow with the label displaying the fault location, fault type, total current, output report name, 
data revision name, status configuration ID, and the date at which the study was preformed. 


C — For each displayed curve, the shift factor is calculated and displayed in the label. The label also 
shows the actual operation times for the device. 


D — The X-axis scale is displayed as a per unit scale (multiples of device curve current). Note that by 
default the normalized fault arrow (B) is placed at 1 per unit mark and all PD currents are normalized. 
The per unit value base is the through fault current as seen for each device. 


E — Add a time difference between Fusel and CB4. The current at which a time difference is 
measured is displayed in per unit in normalized mode. 


F — Drop a crosshair on the TCC. Crosshair, in normalized mode displays the current in per unit with 
the actual ampere value in parentheses. 


G — Note that the fault type in Legend changes to “Phase (Normalized)” for normalized mode. 
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10. Double click on the per unit X-axis scale to open the plot option axis page in Normalized TCC Mode. 
Note that the X-axis header reads “X Axis (Current — Phase Normalized)”. The X axis scaling for 
normalized TCC Mode (Phase and Ground), with current per unit and voltage in kV, can be 
independently set and do not affect the scaling for normal TCC Mode or auto scale. 


[ Plot Options (Star1) =x) 
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X Axis (Current - Phase Normalized) 


("| Auto Scale 
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Style |inside Font 
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11. Go to the Devices page. Select any device ID and open the Preferences Tab. Note that the Shift factor 
field is hidden for all devices in Normalized TCC Mode. The Auto Shift Factor for the curves that are 
shifted in normalized TCC Mode is now displayed. 


Plot Options (Star1) 


Device: Starl.OCR2.Phase 
_ °~ Shifted Withstand 
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Auto Shift 1.039 
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12. Toggling the Normalized TCC Mode button switches the TCC back to its normal mode. The Star 
View can be saved in the normal or normalized TCC Mode. 
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17.3.12 Sequence Viewer 


The Sequence Viewer button is enabled when you perform a Sequence-of-Operation study and select the 
output report from the report list box for the active Star View. Clicking the Sequence Viewer button, 
displays the Sequence-of-Operation Events dialog box that provides a tabulated sequence summary list of 
actions for the applicable protective devices. 


‘a ; 
&  Sequence-of-Operation Events - Output Report: SQOP-Bus2 —) 


| 3-Phase [Symmetrical] fault on bus: Bus2 


Data Rev.: Base Config: Normal Date: 07-29-2011 


Time [rms] If (kA) T1 [ms] T2 [ms] Condition 

70.0 19.624 100 70.0 Phase 

413 0.755 267 413 

5948 0.755 5948 Phase -OC1 - 51 

6032 83.3 Tripped by OCR2 Phase - OC1 - 51 
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17.4 Three-Phase and Single-Phase Elements 


The Star Time Current Characteristics (TCC) of the elements are plotted based on plot reference kV in 
regular Star View. Therefore if the reference kV of an element is different from the plot reference kV then 
the TCC of the element, if any, will be shifted based on the element reference kV over the plot reference 
kV ratio. 


The above procedure may not be applicable when elements with different phase connections are included 
in the same Star View as explained below. 


1. The reference kV of devices which are not 3-phase, can be different from the adjacent bus. This 
reference kV is based on phase connection types, and is internally calculated in ETAP and 


displayed on TCC kA or Protection page of device editor, after running Short-Circuit update. 


2. The curve shift factor due to difference in reference kV which is caused by 1-phase connection type 
is not applicable to device curves in star view when, 


a. There are only two devices and they are directly connected through a bus or branch such 
as cable or transformer. 


b. There are more than two devices but there is no center tap transformer between them. 


The above is true due to passing the same per unit magnitude of fault current through these 
devices when there is fault on load side of downstream device. 


3. The above rule for curve shift factor may not be applicable when both of below conditions exist: 
a. There are more than two devices included in the same Star View TCC. 
b. There is one or more center-tap transformer between the elements. 


In such case, the phase connection shift factor depends on the location of fault which is not defined 
and supported for single phase system in regular star view. 


Therefore it should be noted that for now, the curve shift factor caused by phase connection is supported 
only for item 2 above in ETAP. So the phase connection curve shift factor for any other condition needs 


to be reviewed and verified by the user. 


The following examples from below one-line diagram provide better understanding of above. 
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Example 1 


The reference kV for 1-pole and 1-phase breaker (CB-A) connected to 0.208kV bus is equals to 0.120kV 
(0.208/SQRT3). The 3-pole and 3-phase main breaker of this bus (CB-ABC) is 0.208kV, but current 
passing through both for line-to-neutral fault on load side of 1-pole breaker is equal. Hence there is no 
need for curve shift based on reference kV of each these devices, when both are displayed in same Star 
View (TCC). 


B-ABC 
Bus-ABC 
0.208 kV 


CB-A F 


let 
ae 


CB-LL 1 


BusA 
0.24 kV 


' 
| 1 
| | 


) CB-L1 ) CB-L2 


Example 2 


Consider single-pole single-phase breaker (CB-L1) with 1-PH L1 connection coming out of 0.24kV BusA 
connected to secondary of center tap transformer (TO). The reference kV for this device would be half of 
the connected bus voltage i.e. 0.12kV, while the transformer secondary 2-pole breaker (CB-LL) will have 
0.24kV as reference kV. Again, as explained earlier there is no need for curve shift based on reference kV 
of each of these devices when CB-L1 and CB-LL are displayed in same Star View (TCC). This is due to 
passing the same magnitude of fault current through both devices when line-to-neutral fault is placed at 
load side of CB-L1. 
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Example 3 


Consider 1-pole and 1-phase breaker (CB-A) with 0.120kV reference kV and 1-pole 1-phase breaker 
(CB-L1) contained in same Star View (TCC). The per unit magnitude of fault current passing through 
CB-L1 would be twice of the CB-A through fault current when the line-to-neutral fault is on the load side 
of CB-L1 breaker. This is due to split of TO transformer turn ration to half on secondary which feeds the 
CB-L1 breaker. Therefore a curve shift multiplication factor would be required due to phase connection 
of these devices and based on their through fault current. 


Example 4 


Consider 1-pole and 1-phase breaker (CB-A) with 0.120kV reference kV and 2-pole 1-phase breaker 
(CB-LL) contained in same Star View (TCC). The per unit magnitude of fault current passing through 
CB-LL would be same as CB-A through fault current when the line-to-line fault is placed on the load side 
of CB-LL breaker. This is due to application of TO transformer full turn ration on secondary which feeds 
the CB-LL breaker. Therefore no curve shift multiplication factor would be required due to phase 
connection of these devices and based on their through fault current. 


Example 5 


Now consider 1-pole and 1-phase breaker (CB-A) with 0.120kV reference kV, 2-pole 1-phase breaker 
(CB-LL), and 1-pole 1-phase breaker (CB-L1) contained in same Star View (TCC). As showed in 
examples 2, 3 and 4, the per unit magnitude of fault current passing through CB-A depends on fault type 
and location. Therefore for each pair of devices, such as CB-A and CB-LL in compare with CB-A and 
CB-L1, a different curve shift factor can be applied to TCC of CB-A. 


Presently in ETAP, the curve shift factor for such case would be similar to example 4, meaning the fault 
location is considered at BusA. 
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17.5 Star Tutorial 


This tutorial provides a brief overview of the capabilities available in the Star module. Once you finish 
this tutorial, you will be familiar with the key features and capabilities of Star and the various options 
available for accessing, navigating, and coordinating curves. Each section in this tutorial is presented in 
an interactive format, allowing you to work through each step as it is explained. 


Note: Some of the paths shown in the figures below may differ if you have chosen a custom installation 
path. 


The tutorial is divided into the following sections: 


Section 17.5.1: Create a New Star TCC View 
Section 17.5.2: Add a Device Curve to the Star View 
Section 17.5.3: Star Example 

Section 17.5.4: Star View Navigation Tools 

Section 17.5.5: Star View (TCC) Toolbar 

Section 17.5.6: Normalized TCC Mode 

Section 17.5.7: Short-Circuit Clipping, Minimum kA 


17.5.1 Create a New Star TCC View 


This section shows you how to create a Star TCC View. 


1. Start ETAP and, from the File menu, select New Project. 


1 C\ETAP\_\STAREample 

2 C\ETAP\_\EXAMPLE- ANSE 

3 CAETAP\Project\Proyect 

4 CAETAP 11\...\EXAMPLE-ANST 
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2. Enter a name for the new project file (for example, StarView), and click OK. 


Create New Project File . |e) 


Project File 


Name Starview 


Directory C:\ETAP\Starview 


Unit System Password ODBC 


@ English Driver |MSAccess 


|| Required 


© Metric Advanced Parameters ... 


3. ETAP prompts you for your user information. Enter the user name and access level information (if 
required) and click OK to continue. To learn more about setting up user accounts and access levels, 
refer to User Access Management chapter of the User Guide or click the Help button. 


User Information [ee -Sommn| 


User Name OTI 


Full Name Operation Technology 


Description Star View Example 


Access level permissions 


Administrator Revision Editor Librarian 


(¥] (¥] 
Project Editor | Checker ¥) Controller 
| Vv 


Base Editor Browser Operator 
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4. By default, a one-line diagram view OLV1 opens in ETAP. The toolbars and menus you will be using 


for this section of the tutorial are illustrated below. 


Edit Mode: Drag, Drop and Connect element 


STAR mode: Create STAR Views, Run Short-Circuit update, Sequence of Operation 


5)-q Starview - C:\ETAP\Starview\, 
Eq Presentations 
2-(@q One-Line Diagrams - 1 
|G Star 
(GG V/G Raceway Systems 
|G Ground Grid Systems 
@ Cable Pulling Systems 


@ais 
/~-(G@ Control Systems 
(-@ Dumpster 
<q Configurations 
| GG Procedure 
{@ Status -1 
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5. Click the Edit button on the Mode toolbar. 


6. Click the Overcurrent Relay button from Edit toolbar and drop it on the OLV1 presentation. 
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7. Double-click the overcurrent relay element to open the Relay Editor. The ‘Select a project library’ 
dialog to browse and load the library file for the project appears. Select the etaplib1100.lib (default) 
file and click Open. 
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Star Tutorial 


Date modified Type 


8/26/2011 9:41 AM LIB File 


8. Click the OCR page, and then click the Library button. This brings up the Library Quickpick - Relay 


dialog box as shown below. 
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Library Quickpick - Relay 
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| a Functions 


Overcurrent 
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Feeder Protection 


Application 
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Cox None Cancel 


9. Select manufacturer GE Multilin and model 735/737 and click OK. GE Multilin 735/737 relay data is 
populated in the OCR page. Set the relay as shown in the figure below; ensure that ‘Link TOC + IOC 
for this level’ is checked for OC1. To learn more about relay settings, refer to the Relay section in 
Instrumentation Elements chapter of the User Guide or click the Help button. 
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Overcurrent Relay Editor - Rey |S 
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10. Click the Input page. 


11. Enter primary and secondary ratings for Phase CT (800:5) and Ground CT (50:5) as shown below. CT 
ratios can be entered directly in the Relay Editor where no CT is connected to the relay. To learn 
more about Input page of Relay Editor, see the Relay section in the Instrumentation Elements chapter 


of the User Guide or click the Help button. 
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Mode. 


13. To create the Star View, select the relay, and then click the Create Star View button on Star Mode 
toolbar on the right-hand side. 
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oP T6e @ - Winigz 


This opens a new Star TCC View with the selected Relay1 curve. Star Views for other protective devices 
can be generated in a similar manner. Keep Star1 open for the next section of the tutorial. 
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17.5.2 Add a Device Curve to the Star View 


1. Switch to Edit Mode, and then drop a fuse in the one-line diagram view OLV1. 


4 OLV1 (Edit Mode) fo | 


Fusel 


OCR 


2. Double-click the fuse symbol to open Fuse Editor. 


3. Go to the Rating page and click the Library button to display the Library Quick Pick — Fuse dialog 
box. 


4. Select manufacturer S&C, and model SMU-20, at 27 Max. kV, with Standard speed and size 13E. 
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5. Switch to Star Mode using the Mode toolbar. Select Fuse1 and click on Append to Star View button 
open the Star View Selection Editor. 


© 6 |) © & xa = 
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6. Select Star1 in the Star View Selection Editor to append Fuse1 to Star1 View and click OK. 


Star View Selection 


Filter Star view list by selected component(s] 
Star Views Components 
Relay 
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7. Starl View opens with the Fusel curve added. Element or group of elements on the one-line diagram 
can be appended to one or more Star Views in a similar manner. To learn more about Append to Star 
View feature, refer to Chapter 16 — Star Device Coordination Analysis. 
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8. Another shortcut to add Fusel to Star1 View is to hold the Shift key down, and then select Fusel on 
the one-line and drag it to the active Star View (Star1). 


ETAP 17-171 ETAP 19.0 User Guide 


Star View Star Tutorial 


Fae EGR View Project Library Wearenouse Ruset Defaums Toot RevControl Real-Time Window Help 
fh Be DB te ik 8 a A EB H 


ez vARIQHE Th) 63 ae Be 


ANSI - Extremely Inverse 
Pickup = 0.05 (005-20 xCT Sec) 
Time Dial = 1.62 

3x5 1.21 5,5x2 04535, 8x= 0235 
Inst = 20 (0.05 20 xCT Sec) 
Tine Delay = 0.02 $ 


a a) =e 
Amps X 10 (Plot Het KV=0.48) 


5 
=| 
| RMR Haq 
| ‘Amps (Plot Ref, KV=0.48) 


Belayt-P 

GE Mustin 

mary 

CT Ratio 8006 

ANSI. Extremely inverse 
Pickup = 20 (20-100 xCT Sec) 
Time Dial «1 


de + 0.659 5, Sx #02475, 8x #01265 
inst 20 (4-20 xCT Sec) 
Time Delay «1 Oycies 


oFIeGnASWRRES 


Amps (Plot Ref. kV=0.48) 


ETAP 17-172 ETAP 19.0 User Guide 


Star View Star Tutorial 


10. Go to File menu and select Close project. ETAP will ask if you want save the project data. Select 
‘Yes’ if you want to save your changes. Keep ETAP window open for the next section of the tutorial. 
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17.5.3 Star Example 


In the previous section, you learned how to create a Star View for a device and append elements to an 
existing Star View. In this section, you will learn how to create Star Views for existing ETAP one-line 
diagrams. 


1. From the File menu, select Open Project. 
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3 C\ETAP\...\STARExample 
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5 CAETAP\Project\Project 

6 CAETAP 11\...\EXAMPLE-ANSI 


Exit 
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2. Browse to the ETAP installation path for the Example-Other folder, select STARExample.OTI, and 
then click Open. 


el 
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3. When ETAP displays the Logon dialog box, click OK to continue. ETAP displays the Select Access 
Level dialog box. 


ETAP Logon : |e) 


Project File 


Name STARExample 


Path C:\ETAPSExample-Other 


ETAP License Wizard ... 


Co) a (nt 


4. Select Project Editor, and then click OK to load the StarExample file. 


Select Access Level = : cl] 
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User Name OoTl 


Access Level 


Administrator 


(@ Project Editor ©) Browser 


©) Base Editor ©) Librarian 
() Revision Editor ©) Controller 


(©) Checker ©) Operator 


yes 
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5. Open the OLV1 presentation by selecting it from the drop-down list for presentations or by double- 
clicking the OLV1 presentation in Project Editor. 
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6. Using the Mode toolbar, click the Star — Protective Device Coordination button to switch to the Star 
Mode. 
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7. Draw a bounding outline around the elements from Utility U1 to Transformer T1 as shown, for which 
the Star TCC View is to be created. The protective device models have been already selected in 
STARExample file. You can also select a set of elements on the one-line diagram by holding the Ctrl 
key and clicking each element. 
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Bus3 


Cablel 
1-3/c 4/0 


Busl 


8. To create the Star View, click the Create Star View button on Star Mode toolbar on the right-hand 
side. 
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9. The ‘Select a project library’ dialog to browse and load the library file for the project appears. Select 
the etaplib550.lib (default) file and click Open. 
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10. The Star View generated for the selected one-line diagram is shown below. Keep this Star View 
(Star4) open for the tutorial sections below. 
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17.5.4 Star View Navigation Tools 

In this section, you will learn about the tools available to you for working with Star Views. Use the Star 
TCC View (Star4) that you created in the previous section for the one-line diagram selected in the 
STARExample file. 


1. Star TCC Views are saved as presentations in ETAP in the Project Editor. You can access the Star 


Views you created from the drop-down list for Star View presentations or by double-clicking on the 
Star View name in Project Editor. 
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2. By default, the elements of the one-line diagram generated in a Star View are ungrouped. To group 


ETAP 


the elements, draw a bounding outline around them, and then right-click and select Group. 


Note: The default setting for grouping and ungrouping one-line diagram elements in Star View can be 
defined in the Options (Preferences) Editor (Tools > Options menu), using the entry ‘Group One-line 
in Star TCC’. For more information, refer to Chapter 4, Preferences. 
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3. The Right-Click menu for the one-line diagram in Star View includes commands to cut, copy, change 
element size, symbols, and orientation, set default annotation position, and edit element properties 
(opens the element’s editor). 
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4. The one-line diagram can be moved anywhere in Star View, even placed outside the Star TCC frame 
as shown in the figure below. 
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5. Add existing devices from the one-line diagram to an open Star View using the Append to Star View 
button or drag-and-drop operation. 


6. The element connections in the one-line diagram are propagated in Star View. As an example, select 
CB4 on the one-line diagram (Star Mode) and click on Append to Star View on the Star Mode 
toolbar. CB4 connects to T1 secondary in the Star View one-line diagram. 
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7. Deleting the curve will delete the device from the Star View one-line diagram but not from the main 
one-line diagram. 
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8. The Star TCC View allows you to graphically adjust, zoom in or out, customize the TCC View, print, 
etc., using the tools described in the following steps: 
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Zoom In (TCC View) Show Legend 
Zoom Out (TCC View) Show Grid 
Zoom Fit (TCC View) 2nd Axis 


Auto-Scale 
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a) Click the Zoom In One-Line Diagram button to zoom in on the one-line diagram in Star View. 
Similarly, use the Zoom Out One-Line Diagram button to zoom out from the one-line diagram. 
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‘This Is en exemple to show the features of STAR program. 
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b) Click the Zoom Fit One-Line button to zoom fit the one-line diagram to the left bottom corner of 


Star View. 
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c) Use the Pan button (with the hand icon) to pan around a Star TCC View time-current grid. Hold 
the left mouse button to grab the Star View and move the mouse to pan around the Star View. 
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d) To zoom in on the Star View, click the Zoom In button. Similarly, use the Zoom Out button to 
zoom out of a Star View. 


A! 


Rete MTaqakh Mt #BXs & XK BBes 


snuanac 


ETAP 17-192 ETAP 19.0 User Guide 


Star View 


e) To fit entire Star layout in the selected window size, click the Zoom Fit button. 
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f) Click Auto-Scale in phase and ground views to automatically determine the best possible Star 
View scaling for all the plotted curves. Toggle the Auto-Scale button to OFF and append Mtr4 
from OLV1 to Star4. Note how the Mtr1 curve is partly visible. Now toggle the Auto-Scale 
button to ON to see how the scale is adjusted to properly view all curves. 
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g) Click the 2nd Axis button to display a second axis with different current and voltage scales. Use 
Show Grid button to display Log-Log Major/Minor Tics. The legend can be displayed by clicking 
the Show Legend button. All three buttons toggle their features on and off. 
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h) You can graphically display device curves on Star TCC View. Handles are provided on the 
device characteristic curves to identify adjustable regions. Use the Show/Hide Range button to 
toggle on and off the display of available ranges for a selected curve. The available ranges will be 
displayed in gray when an adjustable curve is selected. 
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9. Keep Star4 open for the next section of the tutorial. 
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17.5.5 Star View (TCC) Toolbar 


In this section of the tutorial, you will learn about the features of the Star View (TCC) toolbar. These 
features include options for viewing, coordinating, and customizing the device curves. The toolbar is 
shown below. 


= Mode Tool - Toggle between Phase and Ground Mode 


x Zoom to New Window 
es] Time Difference Tool - Measure time difference between two curves 
= + a Crosshair - Use crosshair to display current/time at any point on TCC 
4 User Curve - Create custom curves and fault arrows 
[KN Plot Options - General, Axis, Grid, Legend and Device settings 


Display Options - Star one-line display options 


Alert View - View alerts/messages for device curves 


Normalize TCC mode - View normalized curves for specific fault 


Ds 
Lies Device Settings Report 


() Sequence Viewer - View summary of tripped devices for specific fault 
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1. Click the Mode button to toggle between phase and ground display. Note that the X-axis scales for 
Phase and Ground Modes can be set independently. 
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2. To zoom into a region on the Star TCC View, click the Zoom to New Window button, and then draw 
a bounding outline around the region. Star View opens a Zoomed TCC window to display the 
zoomed region. Time and current can also be read from the bottom of the zoom window. 
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3. Click the Time Difference button to measure the time difference between any two curves in the Star 
View. Click the Time Difference button, and then click any two points on the displayed curves 
between which you want to know the time difference. Once you have selected the second point, the 
time difference value is displayed. 
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4. Click on the crosshair button to drop a crosshair at any point on the TCC and view the current/time at 
that point. Crosshair can also be dedicated to a curve by selecting that curve. 
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5. Click on the User Curve button to enter a customized curve in Star TCC View. You can enter current 
and time points, tolerances, and specify fault arrows. The User Curve parameters once defined and 
plotted are saved with the Star View presentation. The User Curve can also be added and saved to the 
ETAP Library. 
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6. Click the Plot Options button to customize plot attributes such as device appearance/label and TCC 
axis, grid and legend settings. You can also access Plot Options for a specific device by right-clicking 
the device curve or label, and then selecting Plot Options. 
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7. Customize general attributes such as extended tooltips or extend relay curve to pickup using the 
General page in Plot Options Editor. 


Show Range 
Show Extended Tooltip 
Extend relay/recloser curve to pickup 
Extend definite time curve 
Show as dotted line 
Extend inverse time curve 


Extrapolate combined curve beyond last point 


User Curve Default ID UserCurve 
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8. Customize the X and Y axes settings for Star View on the Axis page of Plot Options Editor. For 
example, display a secondary X-axis on Star View by selecting Display and then entering the current 
and voltage multiplier in the Secondary boxes. 
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9. Customize the grid settings for Star View on the Grid page of Plot Options Editor. For example, you 
can change the number of tics per decade for the minor grid, the line style for the major grid, or the 
background transparency. 
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10. Customize the legend settings for Star View on the Legend page of Plot Options Editor. For example, 
add a logo to the legend or change the name of the Star View. 
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11. Customize the appearance, adjustments, and label settings for a selected device or all devices in the 
Star View, using the Devices page of Plot Options Editor. For example, you can choose a different 
color sequence for Fuse1 from the pre-defined color sequence list or use custom color settings on the 
Appearance Tab of Devices page. 
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12. You can choose not to display the short-time of the transformer damage curve by unchecking the 
Show Overload option for transformer T1 on the Preferences tab of the Devices page. 
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13. Display the detail settings, label border and Base kV value for relay OCR2 by changing settings on 
the Label tab of the Devices page. Check the label setting and border checkboxes. Click on the Edit 
button and add Base kV property to Relay OCR2 > Phase > OC1 label. 
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14. Close Star4 TCC View. Go to OLV1 (Star Mode) and rubber band the section of one-line diagram 
containing Fuse1, T1, CB4, CB5 and Mtr1. Click on Create Star View button on Star Mode toolbar. 
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15. The Star View generated for the selected one-line diagram (Star5) is shown below. Note that the 
Label setting and grid display are tumed on. 
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16. This step describes the right-click options available for device curves/labels. You can perform the 


following tasks: 


(a) Select CB4 curve, right-click and choose ‘Bring Curve to Front’. CB4 is now placed on top of 


CB5 (bottom portion). 


(b) Select Fuse1 label 


. Label arrow for fusel is now hidden 


‘Border’. 
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“Arrow 


click and uncheck 


right- 
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The label now has a border with white 


click and check 


(c) Select CB5 label, right- 


background. 


(d) Select T1 


click and uncheck ‘Setting’. T1 label shows only the transformer ID. 
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click and check ‘Show Label in Front 
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17. To customize the display annotations for one-line diagram elements in Star TCC View, click the 
Display Options button. For example, the transformer T1 rating / %Z and the breaker rating/kV can 
be displayed on the one-line diagram in Star View by checking the applicable boxes in Display 
Options. (See the figure below.) 
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18. With ETAP Star, you can troubleshoot your device coordination studies for any Star View TCC. The 
Alert View button on the Star View (TCC) toolbar brings up a summary of alerts or messages (low 
priority alerts) that provides hints as to how and why a particular device curve is not being displayed 
or missing information regarding a device. The Alert View button is active if ETAP Star has detected 
errors; otherwise, the button is grayed out. 


®) Alert Summary for Star1 foll/e ls} 
Star Alert-O1: [Cablel] Ampacity is not specified_ a 


Star Message-01: [OCR2] OC1 Phase Instantaneous - disabled. 

Star Message-01: [OCR2] Fault: LG - disabled. 

Star Message-0O1: [OCR2] Fault: 3P (Min) - disabled. 

Star Message-0O1: [OCR2] Fault: LG (Min) - disabled. 

Star Message-01: [OCR2] Fault: G - LG (Min) - disabled. 

Star Message-01: [T1] Damage curves not available in Normalized view. 

Star Message-02: [T1] Damage curve plotted based on Source & Protection on Primary and Fault on Secondary 
Star Message-02: [T1] Damage curve shift is 0.58 

Star Message-O1: [Fusel] Fault: 3P (Min) - disabled. 

Star Message-O1: [Fusel] Fault: LG (Min) - disabled. 

Star Message-01: [Bus3] Fault: User-Defined la - disabled. 

Star Message-01: [Bus1] Fault: User-Defined la - disabled. 

Star Message-0O1: [Cablel1] Damage curves not available in Normalized view. 

Star Message-O1: [Cablel] Ampacity Marker - disabled. + 


4 r 
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19. Keep Star5 open for the next section of the tutorial. 
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17.5.6 Normalized TCC Mode 


In this section of the tutorial, you will learn about the features of the Normalized TCC Mode in Star 
View. Normalized TCC Mode provides a graphical view (TCC plot) of the operation times of protective 
devices, based on their corresponding settings and characteristics, for specified fault location and type. 
For more information on this feature, refer to section 17.3.11 


1. Go to OLV1 in Star Mode. Select the StarMode1 Study Case and set the output report to ‘Prompt’. 
Click on the Fault Insertion (PD Sequence-of-Operation) button on the Star Mode toolbar. Place the 
fault on Bus2 as shown below. 
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2. The calculation asks for an Output report filename. Enter SQOP-Bus2 as the name and click OK. 


Output File Name |p 


Name SQOP-Bus2 


3. The Sequence-of-Operation calculation displays the through fault current of the devices including 
braches, loads, and buses. It also displays a graphical animation of the sequence of PDs that trip for 
the fault. 
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4. Select Stars TCC View. Choose the output report ‘SQOP-Bus2’ from the report list above Stars TCC 
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5. Click on the Normalized TCC button to view Star5 in normalized (shifted) mode. The parameters and 
description of the Sequence-of-Operation study is shown for a Normalized fault arrow. For each 
displayed curve, the shift factor is calculated and displayed in the label. The label also shows the 
actual operation times for the device. Also note that the Normalized TCC is displayed in per unit 
scale (multiples of through fault current in amps as seen by the device). 


Note: Fixed curves/points (equipment damage curve, motor starting curve, FLA Marker, Fault Arrow) 
are not displayed in the Normalized TCC View as they are not applicable to this mode. 


:Normalized (shifted) TCC 

:3-Phase (Sym) fault: 20.82kA @ 0.48kV 
?Faulted Bus: Bus2 

?SQOP File: Untitled 

Data Rev: Base 
:Configuration: Normal 

sno Q6-09-2015 
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YY 


if 


a 


5 4 


Star4 


6. Toggle the Normalized TCC button to view Star5 TCC in normal mode. 
7. Close StarS TCC and proceed to next section of the tutorial. 


8. Alternatively, while Sequence-of-Operation result is active in the OLV, you can create a new Star 
View which will be automatically placed in Normalized TCC View. 
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17.5.7 Short-Circuit Clipping, Minimum kA 


The Run/Update Short-Circuit kA button on the Star Mode toolbar allows you to perform a short-circuit 
study to update the time-characteristics curve Clipping kA and Minimum kA for the applicable elements. 
The Clipping kA can be used for clipping the TCC curves and are specified on the Short-Circuit page of 
element editors. The clipping or minimum currents in kA can be set to Calculated or User-Defined. 


1. Calculated option updates the short-circuit kA values for both 3-phase and Line-to-Ground fault fields 
based on the Star Mode Short-Circuit Study. 


2. To manually enter the clipping/minimum kA, double-click a device to open the Device Editor, and 


then select the TCC kA page. For example, open Fuse1 Editor and select User-Defined option from 
the TCC kA page to enter the 3-Phase Fault and Line-Ground Fault clipping/minimum kA values. 


Fuse Editor - Fusel |S 


Model Info | Reliability | Checker | Remarks | Comment | 
29 kV max. 30E 


Standard Speed 20kA 


Se he) BP aca) 
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3. To run/update short-circuit clipping for various protective devices in the one-line diagram, open the 
OLV1 presentation in StarExample. Switch to Protective Device Coordination (Star) Mode using the 
Mode toolbar. 


4. Select the StarMode1 Study Case and set the output report to ‘Prompt’. 


Study Case 


wee i 
a] Saint [ERB] Poe EA] adres [Ea 


5. To update short-circuit clipping kA values; click the Run / Update Short-Circuit Clipping kA button 
to perform 3-Phase and Line-to-Ground fault calculations. 


ee ese co 
|| Eh | [eS 


yor 


j (ecr) OCR2 


= cablel 
3 1-3/c 4/0 


Busl 


Fusel f 


T1 
1000 kVA 


AAAS 
CYYY 


) 


6. ETAP will prompt you to enter an output report name for this study. Enter any suitable name (up to 
64 characters) for this Short-Circuit Study. 
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Output File Name |e 


Name UpdateSC 


7. Short-circuit calculation results are displayed directly on the one-line diagram. The results obtained 
after running short-circuit study for StarExample are shown below. 


= Cablel 
1-3/c 4/0 
al 
9.38 
Y Busl 41 kg 
40.028 
Fusel i 
bes are 
yy * 
CB4 
19.62 xv 9 
u Bus2 ’ 
2 
CBS ') wrS0 ie 
Mtrl 
100 HP 


The % cycle symmetrical and asymmetrical fault clipping kA currents for 3-phase and line-ground are 
updated for the protective devices. The minimum kA currents can be updated by choosing the 30 
cycle kA (or Min kA for IEC) option in the Star Mode Study Case. 
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8. To view the updated current values, double-click a device adjacent to any faulted bus and go to the 
TCC kA page of the Device’s Editor. The updated 3-phase and line-ground short-circuit 
clipping/minimum currents for Fuse1 are shown in the figure below. 


Fuse Editor - Fusel | eeSomn| 


(22) (GB) (39) [) [rset 2) 2) Calc) 


9. Select the Show on TCC option to display the fault arrows in Star View. The examples below show 
Fusel and circuit breaker CB4 curves with and without short-circuit clipping/minimum fault arrows. 
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‘This Is an example to show te features of TAR pagan. 


This concludes the tutorial for Star View. To learn more about the features and capabilities of the Star 


View Module, refer to the preceding sections in this chapter. 
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Arc Flash 


The ETAP Arc Flash Analysis Module incorporates the latest software technology available to investigate 
a worker’s potential exposure to arc flash energy, which may be required for the purpose of injury 
prevention and determination of the minimum Personal Protective Equipment (PPE) ATPV rating. The 
incident energy and flash boundaries are determined based on the following standards for Arc Flash 
Analysis: 


e National Fire Protection Agency (NFPA) 70E 2018. 

e JEEE Standards 1584-2002, IEEE 1584a 2004 and IEEE1584b 201, IEEE 1584.1-2013, IEEE 
1584-2018 

e CSA 2462-2015, CSA 2462-2018 


ETAP Arc Flash is a fully integrated module that takes advantage of all the capabilities already built into 
ETAP. The program automatically determines the bolted short-circuit current (3-phase and 1-phase). It 
also calculates the individual arcing current contributions and arc fault clearing time of all the protective 
devices involved in the arc fault by interfacing with ETAP Star (Protective device selectivity and 
coordination module). In addition, ETAP determines automatically the system grounding configuration 
(1584-2002 model only) and other information required to determine the most adequate and conservative 
incident energy results. All the automation dramatically reduces the time required to perform an Arc Flash 
Analysis according to the standards and guidelines. 


With ETAP Arc Flash, you can perform an Arc Flash Analysis for a single bus or hundreds at a time. It 
has built-in tools like the Arc Flash Result Analyzer and the Arc Flash Quick Incident Energy Calculator 
that is available at every bus. ETAP also includes global typical boundaries, equipment gap between 
conductors and working distances from JEEE 1584 and NFPA 70E, which minimize the data entry 
process. The global data options allow you to significantly reduce the AF data entry process to bare 
minimum. ETAP also has a powerful graphical sequence of operation simulation which can be displayed 
for all fault locations. Furthermore, starting with ETAP 19.0.0, ETAP has an enclosure editor. This editor 
allows the user to apply to a higher level of detail all the features of the new IEEE 1584-2018 model. 


ETAP has all the analysis functionality recommended by NFPA 70E and IEEE 1584, including the arcing 
current variation for systems with nominal voltage below 1 kV, the ability to change the prefault voltage, 
and the ability to select different levels of bolted 3-phase fault current and a robust AC-Decay/Gen 
Decrement curve method which allows you to model the decay in incident energy from different AC 
sources during the arc fault. Along with the analysis tools, ETAP Arc Flash provides sophisticated 
reporting which literally shows the arc flash results for every location on the one-line diagram or in 
comprehensive analysis reports for every location. The program gives you the ability to print or create 
custom MS Excel report by using the export feature from the AF Result Analyzer. It also includes built- 
in Summary Crystal Reports for all the faulted buses in the systems, which include the Arc Flash 
Boundary and the Hazard/Risk category. The final analysis results can be shown on Arc Flash Labels that 
can be placed on the equipment. The labels contain the necessary information to convey the arc flash 
danger level in multiple languages or unit systems. 
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18.1 Bus Editor 


The Bus Editor contains all the input data fields needed for the arc flash calculation. The pages that have 
information related to arc flash are: Info, Rating, Arc Flash, and Protection. 


18.1.1 Info Page 


The only parameters which are related to arc flash on the Bus Info page are the, Bus ID, Bus nominal kV, 
the Equipment name, Tag# and Description fields. ETAP uses the nominal kV to determine the right set 
of typical data according to IEEE Standards. Most of the fields on this tab may be displayed on certain arc 
flash label templates (see highlighted items below). Note that for the IEEE 1584-2002 model, the nominal 
voltage used to be used in the equations. For the 2018 model the nominal voltage is used to select typical 
equipment parameters, but the prefault voltage is used instead for the determination of the arcing current 
and incident energy. The prefault voltage can be a percentage of the bus nominal voltage or as described 
in the arc-flash study case standards page. 


| | 


Reliability Remarks 
Phase V | Load | Motor/Gen | Rating | ArcFlash | Protection 


13.8kV 800 Amps Asymmetrical 0kA 


Info — 


ID Sub2A Revision Data 


NominalkV 43.9 Base 


Bus Voltage Condition 
x, @in 
%V kV Angle a, 
Initial 101.524 14.01 12 © Out 


a 
Operating 0 0 0 . = 


Connection 
@ 3 Phase 
1 Phase 2W 


1 Phase 3W 


Load Diversity Factor 


Max. 
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18.1.2 Rating Page 


The Rating page contains information about equipment type (i.e., open air, switchgear, MCC, etc.). It also 
contains typical data for approach boundaries and equipment gap between conductors based on IEEE 
1584-2002 and 1584-2018. In addition starting in ETAP 18.0 the rating page contains typical enclosure 
dimensions, Gap between conductors L-G, and the Wilkins reflectivity coefficients (“a” and “k”). Please 
note that these new fields are only applicable to the ArcFault methods, refer to Chapter 56- ArcFault 
Section 56.1 for further details. The user also may enter custom data according to equipment 
manufacturer specifications. The Rating page also includes information about the required insulated glove 
classes. 


—— == = —~ 


© Bus Editor - Sub2A 
| Reliability Remarks Comment 
Info | Phase 'V | Load Motor/Gen Rating Arc Flash | Protection | Harmonic 
13.8 kV 800 Amps Asymmetrical 0 kA 
Standard Type Enclosure Isolation 
@aAnNsi OlEC Swichasat >| [¥) Main PD 
{- |Load PD 
Continuous Bracing 
800 y Amp Asymm.rms 0 vy kA Peak 0 kA 


Arc Flash Parameters 


Gap Between Conductors / Buses 153 mn Distance X Factor 0.973 
Gap Between Conductors L-G 51 mm 


Electrode Configuration YCB v [irenatosue Edior 


Height 1143 mm Width 762 mm Depth 762 mim 


Reflectivity Coefficients a 1050 mm k 0.395 


Shock Protection (NFPA 70E) 


Limited Approach Boundary 10°0" — ftin = Exp. Movable Conductor 
Print on Label 


@ Limited Approach Boundary 5'0" ftin Fixed Circuit Part 


Typical Data 
Data Options | 


Restricted Approach Boundary 2'2" ftin 


Insulating Glove Class 2 WRating 17000 VAC 


Shock Hazard when hinged covers are opened ’ 


[-] Automatically Update Arc Flash and Shock Protection Data 


& @ & ® (suze “> & Be [0K }|/ cancer | 
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Standard 

Select either the ANSI or IEC Standard. There is no IEC Arc Flash Standard, selecting IEC will change 
the short-circuit parameters for bracing to peak currents, but the arc flash results are unaffected by this 
option. This option only applies for short-circuit 60909-0 2016 device evaluation and not for AF at this 
point. 


Type 


Equipment Type 


The Type option allows you to select the different types of equipment that are supported for Arc Flash 
Analysis. The available equipment types are as follows: 


Other 

MCC 

Switchgear 

Switchboard 

Switchrack 

Panelboard 

Cable Bus (Junction box) 
Open Air 


Note: These types come from IEEE 1584-2002 Table 4. Tables 8, 9 and 10 of IEEE 1584-2018 contain 
similar information. The switchboard and switchrack are handled in the same fashion as the switchgear. 
The Type drop-down list plays a very important role in the determination of the incident energy for 
systems with voltage levels less than or equal to 15 kV. 


Note: In ETAP 18.0 the IEEE 1584-2002 method can be extended for equipment with voltage levels up to 
36KV. Refer to Chapter 56 — Arc Fault section 56.7 for further details on this item. 


Note: For voltages above 15 kV the selection of equipment type does not make any difference in the arc 
flash calculations since the Lee Method applied for those voltage levels. 


For new buses the default value is “Other” which is handled in the same manner as a cable bus, since in 
previous versions of ETAP the Cable Bus option was tied to this selection. 


If the option “Automatically Update Arc Flash and Shock Protection Data” is enabled, the fields in the 
bus editor related to arc flash are immediately populated with typical IEEE-1584, NESC-C2-2017, or 
user-defined IEEE 1584 and NFPA 70E parameters depending on the selection on the Data Options for 
Bus editor default editor. 


Enclosure Isolation 
Main PD (Main Protective Device Isolation) 


This is a major change on the calculation methodology of ETAP. This option can be used to configure the 
program to produce more conservative results by making the assumption that the main source protective 
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device(s) (PDs) are or are not adequately isolated from the bus and may fail to operate and be capable of 
de-energizing the arc fault before it escalates into a line-side arc fault. 


If this option is checked, then the program assumes that there is enough isolation and that the directly 
connected source protective device (main pd(s)) can de-energize the bus arc fault. If the option is 
unchecked, then it is assumed that no adequate isolation exists (i.e. no sheet metal or suficient barriers 
preventing the bus side arc fault from damaging the protective device itself and possible scalation into a 
line-side fault) and the directly connected source PDs are ignored. 


Note: This option (checked or unchecked) is not considered or applied into the calculation until the study 
case option “Main Protective Device is not Isolated” is enabled. 


The following table lists the default values of this option for different types of equipment. 


Default Values for “Main PD is Isolated” check box 


Isolation Check Box for Default 
Equipment Type 
Other Isolated (checked) 
MCC Not Isolated (unchecked) 
Switchgear Isolated (checked) 
Switchboard Not Isolated (unchecked) 
Switchrack Isolated (checked) 
Panelboard Not Isolated (unchecked) 
Cable Bus Isolated (checked) 
Open Air Isolated (checked) 


The operational logic for the “Main PD is Isolated” Checkbox is listed below: 


The check boxes get updated in the same way the Gap and X-Factors get updated as part of the typical 
data routine. That is: 


e Clicking on the “Typical Data” button resets the checkbox to the default value displayed in the 
table above. 

e If the bus nominal kV or equipment type are modified, then the checkbox is automatically 
updated back to default value. 

e The option is not available for buses with Nominal kV greater than 15kV. 


Note: The default value for the IEEE1584 typical data sets the MCCs, switchboards and Panelboards as 
potential equipment configurations which may have main protective device isolation issues. This 
assumption should be made based on individual equipment inspection. These are just suggested values 
based on intermediate drafts of IEEE1584b 2011. If the conservative approach is not required, then the 
equipment can be configured as isolated. 


Note: This option is used by both IEEE 1584-2002 and IEEE 1584-2018 methods; however, one an 


enclosure has been defined through the enclosure editor, the isolation of the location is determined based 
on the selection in the enclosure editor selection. 
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Load PD (Load Protective Device Isolation) 


This check box indicates if the equipment contains a separate compartment fed by a load protective 
device. A check box indicates that this separate compartment (fed by the load PD) is considered isolated 
from the load PD that supplies it. The arc flash program will consider the load PD as a candidate source 
protective device for an arc fault at this location. This concept is very similar to the Main PD isolation 
except that in this case, the load PD becomes the source PD for this location. 


Note: This option only applies to the IEEE 1584-2002 method. Load PD load side isolation is only 
applied through the enclosure editor for the IEEE 1584-2018 method. 


Continuous 
The Continuous Amp rating field is for new types and is not involved in the arc flash calculation. Do not 


confuse this value with the calculated or user-defined bolted fault current values that the Arc Flash 
Module uses in the calculation. 


Bracing 


The short-circuit bracing rating fields (Asymm. ms and Symm. ms) is for new types and is not involved in 
the arc flash calculation. Do not confuse these values with the calculated or user-defined bolted fault 
current values that the Arc Flash Module uses in the calculation. 


Arc Flash Parameters 


Gap Between Conductors / Buses 


This Gap is defined in IEEE 1584-2002 Section 9.4 as the gap between conductors or buses for the 
equipment at the fault location. This value is to be entered in millimeters (mm). 


The actual gap values come from IEEE 1584-2002 Table 4 pg. 12 and from Table 8 — Classes of 
equipment and typical bus gaps in IEEE 1584-2018. 


Table 1 shows the default values used for each device type. There is no gap between conductors for buses 
lower than 0.208kV or greater than 15.0 kV when using the IEEE 1584-2002 method (unless the options 
to extend the method beyond 15 kV is available). However, the gap is still applicable for voltage values 
below 0.208 kV when the IEEE 1584-2018 method is used. The range of the gap has been extended as 
well up to 254 mm (0.6 < kV < 15 kV). 


Please refer to the calculation methodology section for handling methods when the gap is outside their 
range of the IEEE 1584-2002 and 2018 methods. 


Distance X Factor 


The Distance X Factor field displays typical data per IEEE 1584-2002 however user defined data can be 
entered. The values displayed are selected according to the equipment type and voltage as described in 
Table1, under the column X Factor Value. This value is a constant for each type of device and is used in 
equation 5.3 of IEEE 1584-2002 as an exponent. There is no Distance X Factor for buses lower than 
0.208kV or greater than 15.0 kV. 


Note: In ETAP 18.0.0 the x-factor field is editable, the range for this field is listed in Table 1. 
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Note: This field is only used for the IEEE 1584-2002 method. The IEEE 1584-2018 method does not use 
it. 


Electrode Configuration 


Effect of Electrode Configuration for the IEEE 1584-2002 method: 


This field was previously known as orientation. This is the orientation of the conductors / electrodes. This 
field is currently used to select a multiplying factor for arc current and incident energy. The power system 
analysis industry recognizes that the IEEE 1584-2002 arc flash analysis guidelines only applied to VCB 
and VOA configurations. Configurations like VCBB, HCB and HOA were not considered. This option 
can be used to account for this effect with the use of correction factors which are user-definable. 


Effect of Electrode Configuration for the IEEE 1584-2018 method: 


This is the electrode configuration as defined in Table 9 — Correlation between actual equipment and 
electrode configuration of section 6.6 of IEEE 1584-2018. The electrode configuration is also described in 
section 3 as: 


VCB: Vertical conductors/electrodes inside a metal box/enclosure 

VCBB: Vertical conductors/electrodes terminated in an insulating barrier inside a metal box/enclosure 
HCB: Horizontal conductors/electrodes inside a metal box/enclosure 

VOA: Vertical conductors/electrodes in open air 

HOA: Horizontal conductors/electrodes in open air 


Once the orientation is selected, ETAP uses it to make all the equation selections based on the process 
described in section 4.3 of IEEE 1584-2018. 


Note: the electrode configuration selected in the rating page applies only to the IEEE 1584-2018 method 
as long as there are no defined enclosures through the enclosure editor. Once an enclosure editor entry has 
been added for the location, the selection in that editor takes precedence. 


Please see the calculation methodology section on arc current and incident energy correction factors for 
more details. 


Termination 


This field allows the user to enter the type of conductor / electrode termination. The termination field can 
have an effect in arc flash calculations depending on the correction factors selected for both VCBB and 
HCB configurations. This field used to be user-selectable in ETAP 18.1.1 and prior versions; however, it 
has become read-only in ETAP 19.0.0. The termination is “open tips” for VCB, VOA, HOA and HCB 
and “insulating barrier” for VCBB. 


Conductor Type 


This field allows the user to enter the material of the conductor / electrode. The default is copper which is 
the only material supported by IEEE 1584-2002 and IEEE 1584-2018. However, the conductor type can 
have an effect in the calculated incident energy and arc-flash boundary if the user specifies a correction 
factor value through the Tools\Options (Preferences) menu entry: 
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Electrode Material Correction Factor = 1.25 


If the material is aluminum, then ETAP applies this correction factor to the incident energy and arc-flash 
boundary. The value is user-definable and can be set to 1.0 if the “more conservative” correction factor 
suggested here does not need to be used. Note that this correction factor is not based on IEEE 1584 
standards and has been suggested based on internal research of ETAP arc-flash designers. 


Height 


This field is the enclosure opening height dimension in mm. Please see IEEE 1584-2018 section 4.2 and 
section 4.3 for information on how the height is considered in the IEEE 1584-2018 method. Note, this 
field is not considered by the IEEE 1584-2002 method. Please see chapter 56 for information on how this 
field is used by the ArcFault methods. 


Width 


This field is the enclosure opening width dimension in mm. Please see [EEE 1584-2018 section 4.2 and 
section 4.3 for information on how the width is considered in the IEEE 1584-2018 method. Note, this 
field is not considered by the IEEE 1584-2002 method. Please see chapter 56 for information on how this 
field is used by the ArcFault methods. 


Note: The width of the enclosure should be larger than four times the gap between conductors 
(electrodes). This is specified in IEEE 1584-2018. If this requirement is not met, the program will 
produce a warning. 


Notes: Maximum height or width: 1244.6 mm (49 in) and the Maximum opening area is 1.549 m? (2401 
in*) for the IEEE 1584-2018 method. Please refer to calculation methodology section for details on how 
the program handles height and width combinations outside the range. 


Depth 


This field is the enclosure depth dimension in mm. Please see IEEE 1584-2018 section 4.2 and section 4.3 
for information on how the depth is considered in the IEEE 1584-2018 method. Note, this field is not 
considered by the IEEE 1584-2002 method. Please see chapter 56 for information on how this field is 
used by the ArcFault methods. 


Note: the depth is only used by the IEEE 1584-2018 method for cases where the prefault voltage is less 
than 0.6 kV, the width and height are both less than 20 in. It is used to determine if an enclosure is of 
“shallow” or “typical” type. 

Note: The height, width and depth are all superseded by enclosure editor data once defined. 


a 


Please see chapter 56 for information on the usage of this field. 


k 


Please see chapter 56 for information on the usage of this field. 
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Enclosure Editor 


This button is a quick launch of enclosure editor directly from the Bus editor . The logic functions of this 
button is summarized below 


1. Initial launch of this button acquires the arc flash data from the bus editor and uses it to create 
enclosures for every equipment associated with this element. 


2. The enclosure editor button is color coded if enclsoures exists for the corresponding bus 
equipment as shown below. 


Arc Flash Parameters 
Gap Between Conductors / Buses 453 mm Distance * Factor [9973 | 
Gap Between Conductors L-G tC mim 
Electrode Configuration VCB Zi [hs Enclosure Eaton] 
Conductor Type 
Height 1143 mm = Width «= 762mm t Depth 762mm 
Reflectivity Coefficients a 1050 mm k 0395 


Revision: Base 


Skip Nodes [| Configuration 


Electrode Electrode 
: Enclosure ID 2 Element 1 Enclosure Type | Configuration 1 | Configuration 2 a 
Switchgear 


‘Sub2A-1 Sub2A Bus VCB YCBB 


Switchboard 


Sub2A-5 Load Terminal VCB 
Other 


Sub2A-4 Protective Device VCB 
Open Air 


Sub2A-3 Protective Device VCB 
Switchboard 


Sub2A-2 Protective Device VCB 
MCC 


Open Air 
McC 


Switchgear 


Sub2B 


Sub3 Swgr 


Sub22 


Enclosure Selection 


[Bus Only _ . A / | Delete =| [|__ Export [Typical | 
Setto Template (S| Get Template S| — vv 


mM [tee | {ok | Cancel | 
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3. The equipment type (enclosed or open-air) selection does have an impact on enclosure data based 
on JEEE 1584-2018 for different electrode configurations. Therefore, switching between 
equipment type between enclosed and open-air or vice-versa triggers a warning message as 
shown below 


ri) The equipment type has been changed from Enclosed to Open 


Air or vice-versa. This will cause data loss for existing enclosures 
when saved, 


4. If the equipment type is changed, ETAP generates another message when clicking the enclosure 
editor button after the first warning message , as shown below. Upon selecting the OK option, the 
program deletes any existing enclosure data and overwrites with new arc flash parameters from 
the bus editor prior to opening the enclosure editor. 


Bus data has been changed. The changes must be saved prior to 
opening the enclosure editor. 


Do you want to save and proceed ? 


5. It is recommended to confirm the Bus type (Open air or enclosed) before creating any enclosures 
(Both in Base and Revisions) to avoid any inconsistencies between the same. 


6. If enclosures are already created for a wrong Bus type, the best practice is to first delete any 
existing enclosures before finalizing the correct equipment type to be consistent with both editors. 
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Typical Data (Gap & Boundary) 
The Typical Data button brings in default values and ranges for the equipment gap, X-factor, Limited, 
Restricted, and Prohibited Approach Boundaries. The defaults and ranges are shown in Tables 3 ~ 9. 


If you click this button, the gap, X factor and boundaries are set to the default value selected in the “Bus 
Shock & Arc Flash Typical Data” editor as shown below: 


Se 


Bus Shock & Arc Flash Typical Data jr. 
Arc Flash Analysis Data 
@ IEEE 1584 2002 Typical Values 
>) IEEE 1584 2018 Typical Values 
~) User-Defined Values 
(© NESC C2-2017 Typical Values 
Shock Risk Assessment 
Approach Boundaries 
© NFPA 70E 2009 to 2012 
>) NFPA 70E 2015 
(@ NFPA 70E 2018 
© User-Defined 


Voltage-Rated Gloves 
@ ASTM D120-14a 
~) User-Defined 


Please refer to the Arc Flash Analysis Data Editor for a complete list of the typical data values used. Of 
course, if the user-defined options are used as the source of data for the bus, then the bus values will be 
populated with the customized values as defined by the user. 
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The following table summarizes the typical default values for the Conductor Gap under the column Gap 
Default Value (mm). 


Table 1: Range and Default Values for Gaps between Conductors and X Factors -[EEE 1584-2002 


Gap 
Bus Nominal Equipment Gap Range Default X-Factor X Factor 
kV Range Type* mm. Value Range Value 
(mm) 
Open Air 2.000 
40 
Cable Bus 13 2.000 
Bus Nominal | MCC 1 to 99999 25 1.641 
kV <=1.0 | Other 13 0.1-10 2.000 
ks Panelboard 25 1.641 
Switchgear 32 1.473 
Switchboard 32 1.473 
Switchrack 32 1.473 
Open Air 102 2.000 
Cable Bus 13 2.000 
MCC 102 0.973 
1.0 kV <Bus | Other 13 2.000 
Nominal kV 1 to 99999 0.1-10 
<=5.0kV Panelboard 102 0.973 
Switchgear 102 0.973 
Switchboard 102 0.973 
Switchrack 102 0.973 
Open Air 153 2.000 
Cable Bus 13 2.000 
MCC 153 0.973 
5.0 kV < Bus 
Other 13 2.000 
Nominal kV ea 0.1-10 
<= 15.0 kV* Panelboard 153 0.973 
Switchgear 153 0.973 
Switchboard 153 0.973 
Switchrack 153 0.973 


* Note: Any bus whose nominal voltage is less than 0.208 kV and higher than 15kV has the same 
default values as that of a 0.208 kV bus and a 15 kV bus; however the Lee method is used instead 
of the empirical IEEE 1584 equations to determine the arc flash result if the voltage is below 
0.208 kV and higher than 15kV. This means that the gaps and x-factors are disregarded for such 


ETAP 


cases. 


For default values based on the IEEE 1584-2018 method, please refer to the Arc Flash Analysis 
Data section of this chapter. 
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Limited Approach Boundary to Exp. Movable Conductor 


The Limited Approach Boundary (LAB) is defined according to NFPA 70E-2018, as the approach limit at 
a distance from an exposed energized electrical conductor or circuit part which a shock hazard exists. 


The LAB for exposed movable conductors is the distance, which unqualified persons may not cross when 
approaching a conductor that is not properly braced in a fixed position. The value should be entered in 
feet or meter. The default value is the minimum value allowed in Table 130.4 (D) (a) of NFPA 70E 2018. 
The module will select this value according to the kV of the bus. 


Values from older NFPA 70E standards may also be used depending on the selection on the “Bus Shock 
& Arc Flash Typical Data” default editor. 


Defaults for Limited Approach Boundaries 


The range and default values for the Limited Approach Boundaries are defined according to the values 
listed in NFPA 70E-2018 table 130.4 (D) (a) (Approach Boundaries to Energized Electrical Conductors). 
If you click the typical Gap and Boundary button, the values will be automatically updated according to 
the values listed in the tables below. If you change the Bus nominal kV, the values will be reset to the 
default ones. Tables 2 ~ 7 list the limited approach boundaries for the 2009-2012, 2015, and 2018 editions 
of NFPA 70E. 


Table 2: Limited Approach Boundary for Different kV Levels (NFPA 70E 2009-2012) 


Limited Approach Boundaries 
Bus Nominal kV Exposed Movable Conductor Exposed Fixed Circuit Part 
Range 
Default (ft-in) Range (ft-in) Default (ft-in) Range (ft-in) 
0.001 kV to 0.300 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.301 kV to 0.750 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.751 kV to 15 kV 10’ 0” 10’ 0” to 30’ 0” 5” 0” 5’ 0” to 30’ 0” 
15.1 kV to 36 kV 10’ 0” 10’ 0” to 30’ 0” 6’ 0” 6’ 0” to 30’ 0” 
36.1 kV to 46 kV 10’ 0” 10’ 0” to 30’ 0” 8’ 0” 8’ 0” to 30’ 0” 
46.1 kV to 72.5 kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
72.6 kV to 121 kV 10’ 8” 10’ 8” to 30’ 0” 8’ 0” 8’ 0” to 30’ 0” 
138 kV to 145 kV 11’ 0” 11’ 0” to 30’ 0” 10’ 0” 10’ 0” to 30’ 0” 
161 kV to 169 kV 11’ 8” 11’ 8” to 30’ 0” 11’ 8” 11’ 8” to 30’ 0” 
230kV to 242 kV 13’ 0” 13’ 8” to 45’ 0” 13’ 0” 13’ 0” to 45’ 0” 
345 kV to 362 kV 15’ 4” 15’ 4” to 45’ 0” 15’ 4” 15’ 4” to 45’ 0” 
|s00kvtossokv. | 1970” ~—s«|: ig’ 0” to 4570” | 190” «|: 19° 0 to. 4570 | 

765 kV to 800 kV 23’ 9” 23’ 9” to 45’ 0” 23’ 9” 23’ 9” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 

800 kV 
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Table 3: Limited Approach Boundary for Different kV Levels (NFPA 70E 2015) 


Limited Approach Boundaries 
Bus Nominal kV Exposed Movable Conductor Exposed Fixed Circuit Part 
Range 
Default (ft-in) Range (ft-in) Default (ft-in) Range (ft-in) 

0.001 kV to 0.300 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.301 kV to 0.750 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.751 kV to 15 kV 10’ 0” 10’ 0” to 30’ 0” 5’ 0” 5’ 0” to 30’ 0” 
15.1 kV to 36 kV 10’ 0” 10’ 0” to 30’ 0” 6’ 0” 6’ 0” to 30’ 0” 
36.1 kV to 46 kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
46.1 kV to 72.5 kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
72.6 kV to 121 kV 10’ 8” 10’ 8” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
138 kV to 145 kV 11’ 0” 11’ 0” to 30’ 0” 10’ 0” 10’ 0” to 30’ 0” 
161 kV to 169 kV 11’ 8” 11’ 8” to 30’ 0” 11’ 8” 11’ 8” to 30’ 0” 
230kV to 242 kV 13’ 0” 13’ 8” to 45’ 0” 13’ 0” 13’ 0” to 45’ 0” 
345 kV to 362 kV 15’ 4” 15’ 4” to 45’ 0” 15’ 4” 15’ 4” to 45’ 0” 
500 kV to 550 kV 19’ 0” 19’ 0” to 45’ 0” 19’ 0” 19’ 0” to 45’ 0” 
765 kV to 800 kV 23’ 9” 23’ 9” to 45’ 0” 23’ 9” 23’ 9” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 

800 kV 


Table 4: Limited Approach Boundary for Different kV Levels (NFPA 70E 2018) 


Limited Approach Boundaries 
Bus Nominal kV Exposed Movable Conductor Exposed Fixed Circuit Part 
Range 
Default (ft-in) Range (ft-in) Default (ft-in) Range (ft-in) 

0.001 kV to 0.300 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.301 kV to 0.750 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.751 kV to 15 kV 10’ 0” 10’ 0” to 30’ 0” 5’ 0” 5’ 0” to 30’ 0” 
15.1 kV to 36 kV 10’ 0” 10’ 0” to 30’ 0” 6’ 0” 6’ 0” to 30’ 0” 
36.1 kV to 46 kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
46.1 kV to 72.5 kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
72.6 kV to 121 kV 10’ 8” 10’ 8” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
138 kV to 145 kV 11’ 0” 11’ 0” to 30’ 0” 10’ 0” 10’ 0” to 30’ 0” 
161 kV to 169 kV 11’ 8” 11’ 8” to 30’ 0” 11’ 8” 11’ 8” to 30’ 0” 
230kV to 242 kV 13’ 0” 13’ 0” to 45’ 0” 13’ 0” 13’ 0” to 45’ 0” 
345 kV to 362 kV 15’ 4” 15’ 4” to 45’ 0” 15’ 4” 15’ 4” to 45’ 0” 
500 kV to 550 kV 19’ 0” 19’ 0” to 45’ 0” 19’ 0” 19’ 0” to 45’ 0” 
765 kV to 800 kV 23’ 9” 23’ 9” to 45’ 0” 23’ 9” 23’ 9” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 

800 kV 
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The units of the limited approach boundary can be set to metric units if the project standards are set to 
“Metric” units. 


Limited Approach Boundary to Fixed Circuit Part 


The Limited Approach Boundary for Fixed Circuit Parts is the distance, which unqualified persons may 
not cross when approaching a conductor that is fixed (not movable). The value should be entered in feet. 
The default value is the minimum value allowed in Table 130.4 (D) of NFPA 70E 2018. ETAP will select 
this value according to the kV of the bus. This value may be displayed on the Arc Flash Hazard Label if 
selected in the appropriate template. 


See Table 4 ~ 6 above for definitions of the range and default values for Limited Approach Boundaries. 


Limited Approach Boundary Toggle Radio Button 


This toggle radio button allows you to select which limited approach boundary to display on the Label. 
Depending on the selection, the label from the Bus Arc Flash page or the global arc flash calculation 
labels will show the “Exposed Movable Conductor” or the “Fixed Circuit Part” limited approach 
boundary. 


This toggle radio button basically serves the purpose of telling the program which one of these values 
should be passed to the arc flash labels. 


This value may be displayed on the Arc Flash Hazard Label if selected in the appropriate template. 


Restricted Approach Boundary 


The Restricted Approach Boundary (RAB) is defined according to NFPA 70E-2018 as the approach limit 
at a distance from an exposed live part within which there is an increased risk of shock due to electrical 
arc over combined with inadvertent movement. The value should be entered in feet-inch format or meters. 


Defaults for Restricted and Prohibited Approach Boundaries 


The range and default values of the Restricted and Prohibited Approach Boundaries are defined according 
to the values listed in NFPA 70E-2018 table 130.4 (D) (a) (Shock Protection Approach Boundaries to 
Exposed Energized Electrical Conductors or Circuit Parts for Alternating-Current Systems). If you click 
the typical Gap and Boundary button, the values will be automatically updated according to the values 
listed in the table below. If you change the Bus nominal kV, the values will be reset to the default ones. 


This value may be displayed on the Arc Flash Hazard Label if selected in the appropriate template. 
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Table 5: Restricted and Prohibited Approach Boundary for Different kV levels (NFPA 70E 2009-2012) 


Restricted and Prohibited Approach Boundaries 
Bus Nominal kV Restricted Approach Boundary Prohibited Approach Boundary 
Range 
Default (ft-in) Range (ft-in) Default (ft-in) Range (ft-in ) 

0.001 kV to 0.300 kV 1’ 0” 1’ 0” to 30’ 0” 0’ 1” 0’ 1” to 30’ 0” 
0.301 kV to 0.750 kV 1’ 0” 1’ 0” to 30’ 0” 0’ 1” 0’ 1” to 30’ 0” 
0.751 kV to 15 kV 22% 2’ 2” to 30’ 0” 0’ 7” 0’ 7” to 30’ 0” 
15.1 kV to 36 kV 207° 2’ 9” to 30’ 0” 0’ 10” 0’ 10” to 30’ 0” 
36.1 kV to 46 kV 2’ 9” 2’ 9” to 30’ 0” 15” 1’ 5” to 30’ 0” 
46.1 kV to 72.5 kV 3” 3” 3’ 6” to 30’ 0” 2’ 2” 2’ 2” to 30’ 0” 
72.6 kV to 121 kV 3” 4” 3’ 6” to 30’ 0” 2° 9” 2’ 9” to 30’ 0” 
138 kV to 145 kV 3’ 10” 3’ 10” to 30’ 0” 3” 4” 3’ 6” to 30’ 0” 
161 kV to 169 kV 4’ 3” 4’ 3” to 30’ 0” 3’ 9” 3’ 9” to 30’ 0” 
230kV to 242 kV 5” 8” 5’ 8” to 45’ 0” 57 2” 5’ 2” to 45’ 0” 
345 kV to 362 kV 9’ 2” 9’ 2” to 45’ 0” 8’ 8” 8’ 8” to 45’ 0” 
500 kV to 550 kV 11’ 10” 11’ 8” to 45’ 0” 11? 4” 11’ 4” to 45’ 0” 
765 kV to 800 kV 15’ 11” 15’ 11” to 45’ 0” 15’ 5” 15’ 5” to 45’ 0” 

* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 

800 kV. 


Table 6: Restricted Approach Boundary for Different kV levels (NFPA 70E 2015) 


Bus Nominal kV Restricted Approach Boundary 
Range 
Default (ft-in) Range (ft-in) 
0.001 kV to 0.300 kV 1’ 0” 1’ 0” to 30’ 0” 
0.301 kV to 0.750 kV 1’ 0” 1’ 0” to 30’ 0” 
0.751 kV to 15 kV 2’ 2” 2’ 2” to 30’ 0” 
15.1 kV to 36 kV ef? 2’ 9” to 30’ 0” 
36.1 kV to 46 kV 279” 2’ 9” to 30’ 0” 
46.1 kV to 72.5 kV 3” 3” 3’ 6” to 30’ 0” 
72.6 kV to 121 kV 3” 4” 3’ 6” to 30’ 0” 
138 kV to 145 kV 3’ 10” 3’ 10” to 30’ 0” 
161 kV to 169 kV 4’ 3” 4’ 3” to 30’ 0” 
230kV to 242 kV 5’ 8” 5’ 8” to 45’ 0” 
345 kV to 362 kV Or” 9’ 2” to 45’ 0” 
500 kV to 550 kV 11’ 10” 11’ 8” to 45’ 0” 
765 kV to 800 kV 15’ 11” 15’ 11” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 


800 kV. 
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Table 7: Restricted Approach Boundary for Different kV levels (NFPA 70E 2018) 


Bus Nominal kV Restricted Approach Boundary 
Range 
Default (ft-in) Range (ft-in) 

0.001 kV to 0.300 kV 1’ 0” 1’ 0” to 30’ 0” 
0.301 kV to 0.750 kV 1’ 0” 1’ 0” to 30’ 0” 
0.751 kV to 15 kV 2’ 2” 2’ 2” to 30’ 0” 
15.1 kV to 36 kV 2’ 9” 2’ 9” to 30’ 0” 
36.1 kV to 46 kV 2’ 9” 2’ 9” to 30’ 0” 
46.1 kV to 72.5 kV 3” 6” 3’ 6” to 30’ 0” 
72.6 kV to 121 kV 3” 6” 3’ 6” to 30’ 0” 
138 kV to 145 kV 3’ 10” 3’ 10” to 30’ 0” 
161 kV to 169 kV 4’ 3” 4’ 3” to 30’ 0” 
230kV to 242 kV 5” 8” 5’ 8” to 45’ 0” 
345 kV to 362 kV 9” 2" 9’ 2” to 45’ 0” 
500 kV to 550 kV 11’ 8” 11’ 8” to 45’ 0” 
765 kV to 800 kV 15’ 11” 15’ 11” to 45’ 0” 


* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 


800 kV. 


The units of the Restricted and Prohibited approach boundaries can be set to metric units if the project 


standards are set to “Metric” units. 


Prohibited Approach Boundary 


The Prohibited Approach Boundary (PAB) is defined according to NFPA 70E-2009 as the approach limit 
at a distance from an exposed live part within which work is considered the same as making contact with 
the live part. The value should be entered in feet-inch format or meters. 


For definitions of the range and default values for Prohibited Approach Boundaries, see Table 5 above. 


Note that ETAP no longer supports the PAB for NFPA 70E 2015 & 2018. The PAB was removed from 
NFPA 70E 2015. If the PAB needs to be included, you must configure the program to use it by checking 
the “Enable Prohibited Boundary” box from the “Shock Risk Assessment Data” editor. Please see images 
below where the PAB is displayed after the box is checked. 


ETAP 
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Shock Risk Assessment Data 


Typical Approach Boundaries to Live Parts 
@ NFPA, 70E 2009 to 2012 
OO NFPA 70E 2015 
ONFPA, 70E 2018 
O User-Defined 


Voltage Range 


Limited EMC fft4n) 


Limited FCP ft4n) 


(J Enable Prohibited Boundary 


on DOO FF WHY + 


0.001 kV to 0.300kV 


10°0" 


0.301 kV to 0.750kV 


10°0" 


0.751kVto 15kV 


10° 0" 


15.1kVto 36kV 


10°0" 


36.1kVto 46kV 


10°0" 


46.1kVto 725kV 


10°0" 


72.6kV to 121kV 


10° 8" 


138kVto 145kV 


11°0" 


Shock Risk Assessment Data 


Typical Approach Boundaries to Live Parts 
@ NFPA 70E 2009 to 2012 
ONFPA 70E 2015 
O NFPA 70E 2018 
O User-Defined 


Voltage Range 


Limited EMC tn) | 


Limited FCP tin) 


Enable Prohibited Boundary 


1 

2 
3 
4 
5 
6 
7 
8 
«< 


0.001 kV to 0.300kV 


10'0" 


76" 


0.301 kV to 0.750kV 


10°0" 


By oy 


0.751 kVto 15kV 


10° 0" 


5'0" 


15.1kVto 36kV 


10° 0" 


60" 


36.1kVto 46kV 


10° 0" 


80" 


46.1kVto 72.5kV 


10° 0" 


0" 


72.6kVto 121kV 


10' 8" 


0" 


138kVto 145kV 


11°0" 


Note: In ETAP 18.0 the Shock Risk Assesment data editor has been enhanced to list all shock protection 
boundaries in the “feet-inch” format as listed in the NFPA 70E Standard. When using the metric unit 
system the boundaries are listed in meters similar to previous ETAP versions. 
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Insulating Glove Class 


The insulating glove class field shows the insulating glove class and voltage rating determined based on 
the bus nominal kV. This information is updated automatically as soon as the bus nominal kV is known. 
The Table 8 below shows the nominal bus kV ranges and the corresponding insulating glove classes and 
voltage ratings according to ASTM D120/IEC903 Standards. 


Note: In ETAP the default values are editable and can be customized to allow only for higher glove 
classes than those specified by ASTM D120-14a. To modify the glove classes used by the program you 
need to access the user-defined portion of the “Shock Risk Assessment Data” editor from the 
Project\Settings\Arc Flash menu. 


Voltage-Rated Gloves 
© ASTM D120-14a 
@ User-Defined 


Voltage Range 


Bus kV <= 0.500kV 

0.5001 kV < Bus kV <= 1.0kV 
1.0kV < Bus kV <=7.5kV 
7.5kV < Bus kV <= 17.0kV 
17.0 kV < Bus kV <= 26.5kV 
26.5kV < Bus kV <= 36.0kV 
Bus kV > 36.0kV 


Help Cancel 


Table 8: ASTM Insulated Glove Voltage Classes: (ASTM D120/IEC903) Standards 


Maximum use 
Types of Insulating Glove voltage rating AC | Class | ETAP Bus nominal kV range 
Volts L-L 

Low Voltage Gloves 500 00 | Bus kV <0.500 
1000 0 0.500 kV < Bus kV < 1.0 kV 

High Voltage Gloves 7500 1 1.0kV < Bus kV <7.5 kV 
17000 2 7.5 kV < Bus kV < 17.0 kV 
26500 3 17.0 kV < Bus kV < 26.5 kV 
36000 4 26.5 kV < Bus kV < 36.0 kV 

No available class per ASTM N/A N/A_| Bus kV > 36.0 kV 


Note: ASTM does not define the insulating glove voltage rating or class for voltage higher than 36000 
Volts. As a result of this, the voltage rating is set to the bus nominal kV if the bus nominal voltage is 
higher than 36 kV and the glove class is omitted in the labels. 


Shock hazard when 


The “Shock hazard when” field may be used to provide additional information about electrocution (shock 
hazard) so that it may be printed on some label templates or the MS Excel Arc Flash Report. You can use 
it to add a description about when there is a shock hazard present. You can type up to 50 alphanumeric 
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characters and define your own informational message. The following table contains three possibilities 
that have been built into the program. 


Note: This information is only to be displayed on certain arc flash label templates and will not cause any 
effect on the arc flash results (i.e., effect of covers open or closed, etc.). The default for this field is 
“covers removed”. 


Table 9: Possible additional descriptions of the “Shock Hazard” for the AF labels 

Field Default Comments 
Shock Hazard when covers removed This could read “doors are open” 
enclosure doors are closed This could read “covers are on” 
hinged covers are open This could read “opening hinged doors” 


Automatically Update Arc Flash and Shock Protection Data 


This option configures the bus editor to automatically update arc flash data every time the bus nominal 
kV or the equipment type are modified. Selecting this checkbox saves you an extra click to update the 
typical or user-defined values for each bus that is configured. This option is selected by default. 


Data Options 


This button opens the default “Bus Shock & Arc Flash Typical Data” editor. This editor allows you to 
configure the bus editor’s data source for the Gaps, X-factors, working distances and protection 
boundaries. The bus arc flash typical data editor can also be accessed from the project \settings\Arc 
Flash\Bus Arc Flash Typical Data menu: 


Information... 

Standards... 

Settings » Loading and Generation Categories... 
Options... Avg Temp and Humidity... 


User Manager... 


Mutual Coupling Group... 


DC Control Cable Schedule... 
AC Control Cable Schedule... 


Default Calendar 


Duty Cycle Categories... 
Starting Categories... 
Load Priority... 

Data Type... 
User-Defined Fields... 
Cable Ampacity App. MF... 
Panel Code Factors... 
Rate Schedule 

Fuel Cost Profile... 
Emergeng Handling... 
Arc Flash 

Star View Reference kV... 
Area, Zone & Region 


GIS Coordinates... 
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Incident Energy Levels... 

Arc Flash Analysis Data... 

ArcFault Method 1 Coefficients... 

ArcFault Method 2 Coefficients... 

ArcFault Minimum Approach distance Data 


Shock Risk Assessment Data... 


Bus Shock & Arc Flash Typical Data... 
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ETAP brings data into the bus editor according to the selections on the Bus AF Typical Data editor. The 
selections on this editor are global defaults and this means that if you change the default at one bus, then 
the source of data changes accordingly for all buses. The fact that this editor can be opened from the bus 
rating page is purely designed for convenience. The following image illustrates the concept of the global 
data options: 


Arc Flash Analysis Data Sources 


Arc Flash Analysis Data x 
Typical Gaps / Woskirg Distance 


@IERE 1504 2002 Typacal Vokes 


O User Detinad Values 


[__[Vetoge Range | Easement tee [Geo xFecte [working Datance | 
ae ee | Ben | 200) On 4 
= 


id Are Flash Analysis Data es 


[_f)  TyypscatGape / Working Dieance 
(OOMRE 1584 2K Typical Valuos 


@ Ure Delined Vahowe Pretobaey Femeks | Comment 
Ino Prove MeteGen Flange Fiat | Memorie 


Bus Editor - Bust x) 


[ O4BkV 1200 Ange Seema 


Ss 2 i ERs Bus Arc Flash Typical Data Braces 
. (Global Selection Switch) : fee | | Aymeene|0__ S04 Semele 
Shock Risk Assessment Data Sources eS eT] 
Tanai aaa Ta = Bre hs ich Sela & OR PROTOS Ea 
ener caanhssieier| 35 jn 
OUsrdefned O User Defined Values Rewicted Approach Bounty T Tel 
Lirded EMC (8) | Late FCP t} | Rectcted pt) | Prchisted Shock Wasied tuhen Oud domemsectemen MLTR? 


10 i 35. i 1 i ar A“ 


@ NFPA ME zune) | Inculeting Glove Clarz | 00 VAsing 500 


ONFPa TE 208 Stock Hazerd when | covers remaved 
OUeeDelend PM) Avsomaticaly Update Arc Flach and Shock Protection Data 


Type Appeared Rouralaries to Live Pants 
NFPA 70E 2004 
NFPA ME 2003 


F 
[OASTM 0 120 Gea (ane Sea @o-« 
O User Defined 


When clicking on the typical 
data button, the parameters 
come from any of the sources 


- rs as specified by the default Bus 


Sa oe Arc Flash Typical Data editor 
[_}isTaV io 35k 10 6 | 2% | aes 


Vokage lated Glover 


OASTMD 120.020 


[_Joisoo1 kV < Bue kV cm 1 0KV) 
[ frow 

| JPSkV < Bus kv c= 17 ORV 
[Fiz OW Bus kV <= 285k 


[__J265 ec Bus kV ce ORY 


Voltage Rated Glove Class Sources 
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18.1.3 Arc Flash Page 


The Bus Arc Flash page contains two main sections. The calculated and the user-defined groups allow to 
view and to define key results and parameters respectively. There is a link to the new arc-flash calculator 
on this page. The calculator is a powerful analysis tool that allows you to perform a quick analysis. This 
page also contains options to help engineers visualize arc flash reference values in the time-current 
characteristic plots. 


( ? Bus Editor - Sub2A x3 
Harmonic Reliability | Remarks Comment 
Info Phase V Load Motor/Gen Rating Arc Flash Protection 
| 13.8 kV 800 Amps Asymmetrical 0kA 
Calculated User-Defined 
Disable Calculator... 
Cate Method EEE 15042002 
Bus Fault Current 6.154 kA 7 kA 
Bus Arcing Current (la) 6.018 kA 7.000 kA 
Source PD cB11 oa 
Source PD Arcing Current 5.42 kA 
es a Fixed FCT 
Fault Clearing Time (FCT) 0219 Sec 0.1 Sec 
Grounding Ungrounded Grounded Zz 
Incident Energy 2.141 cal/em? 5917 — cal/cm? 
Arc Flash Boundary 5437 ft 6674 ft 
User-Defined LevelB PPE Level LevelC PPE Level 
Working Distance 36 inch 36 y inch 
Working Distance LG inch 15 y inch 
Alerts 
Allowable Energy 10 cal/cm ? Energy Level Level D 
TCC Plot Energy TCC Plot Arcing Current 
© lof @ Calculated @ Calculated kV 
Ola © User-Defined © User-Defined 
Calculated Energy 
¥|Calculated/UD Source PD 
Allowable Energy 
Seb Wax \D) WB) OK) cone) 


This tab includes fields marked as “Calculated” which are updated by the global arc flash calculation to 
this page (read-only display fields). Those marked as User-Defined can be manually entered, except for 
the fault clearing time (FCT) and source PD arcing current when you have selected a source PD. 


Note: The Quick incident energy calculator which sits right on the User-defined page only works with the 
IEEE 1584-2002 and Lee methods. Click on the “Calculator” button to open the full arc-flash calculator. 
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Calculated 


This section displays the results of the global arc flash calculation. The Bus Editor Arc Flash page uses 
the update values to determine the incident energy. 


Method 


The method display field shows the calculation method chosen for the global arc flash calculation for this 
particular bus. This field may show the ArcFault methods, IEEE 1584-2002, IEEE 1584-2018 or the 
Theoretical Lee Method. These are the only methods supported by the global arc flash calculation. 


Bus Fault Current 


This field shows the total bus bolted (3-Phase/1-Phase) fault current in kA which is calculated by the 
Short-Circuit Program {1/2 cycle, 1.5 to 4 cycle (ANSI), Decay method or initial symmetrical current 
(I”k for IEC)}. This field may be updated from the global arc flash calculation if the option “Update Fault 
Currents to Bus AF Page” is selected from the Method page of the AF Study Case. 


Bus Arcing Current(Ia) 


This field shows the total bus arcing current calculated based on the 3-phase short-circuit current (1/2 
Cycle Symmetrical RMS, 1.5 to 4 cycle, Decay or initial symmetrical (I’”k for IEC)). This field may be 
updated by the global arc flash calculation if the option “Update Fault Currents to Bus AF Page” is 
selected from the Method page of the AF Study Case. 


Source PD 


This is the ID of the source protective device determined by the global arc flash calculation to be the 
device which clears the fault at the bus (last operating device to de-energize the fault). If there are 
multiple source branches with protective devices, ETAP will select the one that takes the longer to trip 
(clear the fault). 


The ID of the source PD is passed to the Bus Arc Flash page if the update options are selected in the 
Clearing time page of the Arc Flash Study Case. Once updated, this value is not recalculated by this 
editor. It is only recalculated and updated by the global arc flash calculation. The value will be updated 
only upon a successful global arc flash calculation. 


Source PD Arcing Current 


The fault current shown in this field is the actual arcing current in kA passing through the source PD that 
clears the fault. Please note that the current shown here is expressed using the base kV of the location of 
the protective device. This means that the current shown here could be the arcing current passing through 
the protective device on the primary side of the feeder transformer. 

This current value is passed to the Bus Arc Flash page if the option “Update Fault Currents” is selected in 
the Method page of the AF Study Case. Please note that this value is not calculated inside the editor, but 
passed by the global arc flash calculation. The value will be updated only upon a successful global arc 
flash calculation. Please also note that this value will not be updated if you are using the fault current 
decay method since the current is changing over time. 
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Fault Clearing Time (FCT) 


The arc duration is defined in ETAP as the Fault Clearing Time (FCT). This is the calculated time in 
seconds, which is needed by the protective device to completely open and clear the arc fault (extinguish 
the arc). The FCT value is calculated by the global arc flash calculations and is updated into this field. 
The global arc flash calculation will update this value if the option “Update FCT to Bus AF Page” is 
checked in the “Clearing Time” page of the AF Study Case Editor. 


Note: Once updated, this value is not recalculated by this editor. It is only recalculated and updated by the 
global arc flash calculation. 


Grounding (IEEE 1584-2002 only) 


The Calculated system grounding for arc flash calculations is defined as grounded or ungrounded 
according to IEEE 1584-2002. Grounded systems are those that have solidly grounded connections. 
Ungrounded systems are those that are open (Delta, Wye-open) and those that are high and low resistance 
grounded. 


This Calculated System grounding is determined by the global arc flash calculations and is updated into 
this field if the option “Update Grounding to Bus AF Page” is selected in the “Parameters” page of the AF 
Study Case. 


Note 1: Once updated, this value is not recalculated by this editor. It is only recalculated and updated by 
the global arc flash calculation. 


Note 2: As different protective devices operate, the system grounding configuration may change (i.e. if a 
source which is solidly grounded trips and the remaining sources are open or resistance grounded). ETAP 
assumes that the grounding configuration remains constant during the fault duration. If it is possible that 
the system grounding configuration will change during the fault, then assume that the system is 
ungrounded. This will yield more conservative results. 


Note 3: This field has no effect on the IEEE 1584-2018 method. 


Incident Energy 


This is the calculated incident energy based on the system calculated parameters. The units for the 
incident energy are cal/cm*. This display only field shows the incident energy calculated using either the 
empirically derived IEEE 1584 2002/2018 model, the Lee Method (depending on the system voltage and 
current), or the ArcFault methods. This value used to not be updated if the fault current decay method was 
used in previous versions of ETAP; however, it is now always updated if determined by the global arc 
flash calculation. 


The incident energy is sorted or grouped based on the selected PPE Level selection. The Arc Flash 
Boundary (ft.) is also determined based on this value. This field is empty if the calculation does not have 
enough parameters or the user has no authorization to run Arc Flash Analysis based on IEEE 1584- 
2002/2018 Standards. 


Arc Flash Boundary 


The Arc Flash Boundary is the distance from the arc source at which the onset of a second-degree burn 
could occur. This value is determined based on second-degree burn criteria of 1.2 cal/cm’. This is 
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determined from the incident energy and fault clearing time. The unit of this field is in feet. This value is 
empty unless the incident energy is calculated. 


PPE Level 


The PPE Level is determined based on the system calculated incident energy for the bus. This sorting 
system is based on the incident energy value. Note that this levels system is meant for an engineer to 
quickly sort results based on the range of incident energy. It is recommended that the engineer use generic 
names for this levels to avoid any confusion with the “Categories” described by NFPA 70E. 


Working Distance 

The working distance display field from the calculated section of the Bus Arc Flash page displays the 
distance value used by the global arc flash calculation to determine the incident energy. This parameter is 
updated by the global arc flash calculation. 


User-Defined 


The user-defined section of the Bus Arc Flash page allows the user to define parameters to perform an 
Arc Flash Analysis. Some of the user-defined parameters may also be used for the global arc flash 
calculation. 


Bus Fault Current 


This is the total bolted fault current value in kA, which may be known beforehand. The program will 
calculate the user-defined bus arcing current based on this value using the settings of the bus editor (local 
input parameters from the rating page). 


Bus Arcing Current 


This field displays the total bus arcing current calculated based on the user-defined Bus Fault Current in 
kA. This is a useful field since it shows the arcing current based on the available bolted 3-phase fault 
current. 


Source PD 


This drop-down list allows you to select a protective device which can be used to determine the fault 
clearing time (FCT) for a fault at this bus. The drop-down list contains all the overcurrent relays, in-line 
relays, re-closers, differential relays (not applicable), directional relays fuses, and low voltage circuit 
breakers in the system. The global arc flash calculation may use this protective device as the source PD to 
determine the FCT if the option “Except if PD is Selected in Bus Editor” is selected from the Clearing 
Time page of the Arc Flash Study Case, otherwise, it will be ignored when you run the global arc flash 
calculation. 


In ETAP, a relay must be interlocked with a breaker, contactor or switch. If you select a relay from this 
list then the program will find the current passing through the current transformer connected to the relay 
and then proceed to find the breaker from the interlock list that can actually clear the fault (breaker 
connected to a source path to the faulted bus). If you select a fuse or a low voltage breaker with its own 
trip device, the program will consider it to be the source PD to be used to determine the FCT. 
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If the Arc Flash Program uses a PD from this drop-down list, it will use it to calculate the FCT based on 
the actual arcing current passing through it. The arcing current is shown immediately below this drop- 
down list as a display only field. The FCT can be found from the reports only (i.e., Analysis section or the 
Summary Reports). 


Note: If no protective device is selected from this drop list (blank option selected), then the user-defined 
fault clearing time field becomes editable and you can define your own value. In previous versions of 
ETAP (i.e., 5.0.0 to 5.0.3 running the user-defined source PD calculation would overwrite this value. This 
is no longer true in version 5.5 since the only way to observe the source PD FCT is through the Crystal 
Reports). 


For IEEE 1584-2018 method starting from ETAP 19.0, The user-defined PD selected from the Bus 
enclosure (if exists) is used to determine the final FCT and it supersedes the selection made from the bus 
editor 


Source PD Arcing Current 


This display only field shows the arcing current (in kA) passing through the protective device selected in 
the User-Defined Source PD drop-down list. This value can be updated if the update Buses “Fault 
Currents” option has been selected in the Arc Flash page of the Short-Circuit Study Case Editor. If the 
global Arc Flash Program fails to determine the FCT or the arcing current through this PD, this field will 
not be updated. 


Fault Clearing Time 


This field is the User-Defined Fault Clearing Time in seconds. This value can be defined by the user as 
the Fault Clearing Time to be used in the determination of the incident energy for the faulted bus. 


The global arc flash calculation will use the User-Defined Fault Clearing Time only if the Fixed FCT 
checkbox is selected or if the User-Defined FCT option has been selected from the Study Case Arc Flash 
page. This field will be hidden if a User-Defined Source PD has been selected from the drop-down list 
right above this field. The default value for this field is 0.1 seconds. 


Please note that the minimum time delay for overcurrent relays operating in their instantaneous region is 
one cycle. This means that if the arcing current is above the instantaneous pickup of the relay and it has 
no specified time delay, then ETAP Arc Flash will add at least one cycle as the operating (trip) time of the 
relay. The trip time is then added to the operating time of the circuit breaker interlocked to the overcurrent 
relay. 


Please note that the minimum operating time for a fuse is 0.01 seconds for a case where the arcing current 
is above the total clearing time at the bottom of the curve (based on IEEE 1584 2002 section 4.6). 


Please note that the fault clearing time for circuit breakers with integral trip units will be determine solely 
based on the manufacturer provided time current characteristic curve since these curves include both the 
tripping and clearing time. 


Fixed FCT 


If this checkbox is selected, then the global arc flash calculation uses the User-Defined Fault Clearing 
Time (FCT) value to determine the incident energy of this bus. The calculation would be the same as that 
of the situation when the Study Case has the option “User-Defined FCT” selected. However in this case, 
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the program does not automatically try to find the FCT from the TCCs for this bus, but it automatically 
searches for the FCT of other buses which do not have this checkbox selected. 


Using the Fixed FCT feature does not imply that the program will use this set time to evaluate the 
incident energy of “Source Protective Devices” connected directly to the faulted bus. The program will 
still try to find the worst-case incident energy for faults on the line side of source PDs by searching 
upstream protective devices. 


If this checkbox is selected, the fields “Source PD ID drop List” and “Source PD Arcing Current” will be 
hidden since they are not applicable. The program will indicate that it used the Fixed FCT on the reports 
by showing a flag next to the bus FCT field. 


Grounding (IEEE 1584-2002 only) 


This drop-down list allows you to define the type of grounding to be used at this bus. The default value 
for this drop-down list is grounded. From the “Parameters” page of the Arc Flash Study Case, you have 
the option to use this selection for the global arc flash calculation. 


Incident Energy (does not work for IEEE 1584-2018) 


This is the incident energy based on the User-Defined parameters. The units for the incident energy are 
cal/cm?. This display only field shows the incident energy calculated using either the empirically derived 
IEEE 1584 2002 model or the Lee Method (depending on the system voltage). 


This incident energy value is used to determine the User-Defined Hazard/Risk Category and the User- 
Defined Arc Flash Boundary (ft.). This field is empty if the calculation does not have enough parameters 
or the user has no authorization to run Arc Flash Analysis based on IEEE 1584-2002 Standards. 


Arc Flash Boundary (does not work for IEEE 1584-2018) 


The Arc Flash Boundary is the distance from the arc source at which the onset of a second-degree burn 
could occur. This value is determined based on second-degree burn criteria of 1.2 cal/cm’. This is 
determined from the User-Defined Incident Energy and Fault Clearing Time. The unit of this field is in 
feet. 


PPE Level (does not work for IEEE 1584-2018) 


This sorting system follows the selection from the arc flash global calculation updated value in the 
“calculated” section. Similar to the PPE Level of the calculated section, this tool is only a featured used 
by engineers to sort incident energy results using different incident energy range. 


Working Distance 


Enter the distance from the possible arc point to the person in inches. This distance is defined as the 
distance between the arc point and the persons face and torso. This value has a range of 1 to 999.99 in. 
This is the distance value used to determine the incident energy. The default value is dependent on the 
voltage level of the device and the equipment type selected in the rating page of the bus editor. When a 
new bus is added to the one line diagram, the default equipment type is “Other” and the default working 
distance is set to 18. Once the equipment type is changed, the default value will change according to the 
typical values used which are based on IEEE 1584-2002 Table D.7.4. or Table 10 of section 6.7 of [IEEE 
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1584-2018. Open the Arc Flash Analysis Data table to view the working distance values used for the 
voltage ratings and equipment types (see next image). 


Typical Gaps / Working Distance 


IEEE 1584-2018 Typical Values || 


Voltage Range Equipment Type Bectrode i ote pret 
J0208-1.0kV | Other 8mm | 18.00 in il 
-1.0kV | MCC 1355. 8mm | 18.00 in 
-1.0kV | Switchgear | | 24.00 in 
=1.0kV | Switchboard | 508mm — | N/A |24.00 in 
-1.0kV | Switchrack | 
B-1.0kV | Panelboard 
-1.0kV | Cable Bus 
08-1.0kV  |Open Air 


11 
2] 
3 | 
4) 
5 
6 | 
7 
8 


Note: The Arc Flash Analysis Data table is located in the Project menu under Settings — Arc Flash. 


Alerts 


This section provides an input field which can be used as a measure of the allowable incident energy at 
this location. 


Allowable Energy 


In the Allowable Energy field, you can define the incident energy for alert purposes. The units are in 
cal/cm?. This value is compared automatically by the global arc flash calculation to the calculated incident 
energy. If the calculated value exceeds the available PPE protection, the module generates an alert. 
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TCC Plot Energy 


This section allows you to generate incident energy curves and plot the arcing current in a TCC (Star 
view). 


Ib/Ia 


This toggle radio box allows the use of bolted fault current or arcing current as the base for the incident 
energy curve displayed on the TCC plot. 


Calculated 


The system calculated radio box determines what data is to be used to generate the Arc Flash Label and 
what energy is to be displayed on the TCC plot. If this option is selected all the corresponding calculated 
values will be used to create the label. 


User-Defined (IEEE 1584-2002 only) 


The user-defined radio box allows you to use the user-defined data to generate labels or to show the user- 
defined incident energy curve on the TCC. If this option is selected all the corresponding user-defined 
values will be used to create the label. 


Template 


This drop-down list is no longer available in ETAP. Labels can only be generated from the report 
manager and the arc flash result analyzer. 


TCC Plot-Calculated or User-Defined Energy (IEEE 1584-2002 only) 


This checkbox allows you to display the system calculated or user-defined incident energy curve as it 
varies over time and fault current in the ETAP Star View TCC. If you select this checkbox, the 
corresponding curve will appear on the Star View that contains the same bus. 


The curve that appears on the Star View is a function of the incident energy and the parameters that vary 
are the time and current. If the incident energy value is kept constant, then any combination of FCT and 
bolted fault current that falls below this curve yields an incident energy value that is lower. 


TCC Plot-Allowable Energy 


This checkbox allows you to display the Allowable Incident Energy Curve as it varies over time and fault 
current in the ETAP Star View TCC. If you select this checkbox, the corresponding curve will appear on 
the Star View that contains the same bus. 


TCC Plot-All Energy Categories 


This checkbox allows displaying the incident energy categories or levels in the ETAP Star View TCC. 
The curves displayed correspond to the levels described for NFPA 70E 2009. The image below displays 
the incident energy lines. 


Note: The TCC plot selections described above are hidden when running the ArcFault methods. 
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TCC Plot Arcing Current 
This section allows the display of the arcing current on the ETAP STAR TCCs. 


Calculated/UD Source PD 


This checkbox determines if the arcing current is displayed in a TCC. This current can come from the 
calculated Source PD Arcing Current or from the user-defined source protective device field. 


User-Defined 


This checkbox determines if the user-defined arcing current value will be displayed in a TCC. The user- 
defined arcing current must be manually entered. 


Calculated/User-Defined kV 


This toggle radio box determines which base kV (reference kV) will be used to display the arcing current 
value. The value can be calculated or it can be user-defined. 


The following image shows the arcing current values displayed ina STAR TCC. 
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The arcing current can be used as reference for coordination of the TCC curves. When the fault current 
decay method is used the source protective device arcing current is not displayed. This is due to the 
multiple values determined over the fault duration. The display of the fault current with the decay method 
will be available in a future release of the program. 


Quick Incident Energy Calculator and Bus Arc Flash Page Logic 


This section describes logic which applies mainly to ETAP 18.1.1 and prior versions. The quick incident 
energy calculator from the arc flash tab has been superseded with a far more powerful calculator in ETAP 
19.0.0 which contains all the methods including the new IEEE 1584-2018 method. This section is 
intended to describe the behavior for versions prior to ETAP 19.0.0. 


Method Used 


For buses in the range of 0.208 kV to 15.0 kV, the empirically derived IEEE Std. 1584 Method is used. 
For buses with kV greater than 15, the theoretically derived Lee Method is used. ETAP automatically 
determines which method is being used according to the bus nominal voltage (Bus Info page). 


Range of Operation 


These calculations follow the methodology described in IEEE 1584-2002. The same limitations of this 
method apply to the quick incident energy calculator. 


1. If any of the following: the Bus Nominal kV, Bolted Fault Current or Fault Clearing Time are set 
to zero the calculation is not triggered, and there are no displayed results. This applies to either 
set of parameters (User-Defined and Calculated). 


2. If the bus nominal kV is less than 0.208 kV, this message is displayed: “Lee Method is used 
outside empirical method range”. This applies to the globally calculated results or “calculated” 
section. The method section will display the chosen method. For user-defined calculations, the 
method is not displayed however this section follows the same method range and limits as those 
used by the global calculation. 
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3. If the bolted fault current is outside the range of 0.7 kA to 106 kA and the bus nominal kV is 
between 0.208 and 15 kV the following message is displayed: “Lee Method”. 


4. If the user-defined source PD is selected, then there are no results updated into the calculated 
section. The only item which may be updated is the arcing current variation flag (for systems 


rated less than 1.0 kV) if applicable. 


If the IEEE 1584-2002 Arc Flash Method is not licensed, the calculation is disabled, and you will need to 
contact Operation Technology, Inc. to get authorization to run this program. 


The following table shows the parameters required to run an arc flash calculation in the Bus Arc Flash 
page. 


Table 11: Required Parameters for Bus Arc Flash Calculation 


Info Page Rating Page Arc Flash Page 
Bus Nominal KV Equipment Type Total 3-Phase Fault Current 
Gap Between Conductors — Fault Clearing Time(FCT) 
X-Factor System Grounding 
Working Distance 
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18.1.4 Protection Page 


Starting in ETAP 18.0 the Bus protection page contains fields used to plot the Arc Energy Damage Point 
in TCC plots for Arc Resistant equipment. This plot can be used observe if the equipment is applied 
within its limits by visual comparison of the equipment ratings in relation to the protection settings. Per 
the PCIC paper titled “PERFORMANCE OF AN ARC-RESISTANT MEDIUM-VOLTAGE MOTOR 
CONTROL CENTER FOR AN IN-SERVICE FAULT” (PCIC-2017-03) manufacturers typically provide 
the following nameplate data for this plot, the “Internal Arcing Short Circuit Current” and “Arcing 
duration”. This is the maximum RMS symmetrical prospective current and the period of time the 
equipment experienced the arcing fault during qualification testing respectively. For further details on the 
items described above please refer to IEEE C37.20.7 and the PCIC paper mentioned above. 


By default this option is disabled in the editor however when enabled the bus editor lists the option shown 
in the Figure below. 
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Plot Damage Point 
This check box enables/disables the Arc Energy Damage Point plot when generating TCC plots. 


Arc Current 


This is the arcing current rating listed on the nameplate of the equipment. The default value for this field 
is 50 kA and range for this field is of 0.01 kA to 999 kA. 


Arcing Time 


This is the amount of time the equipment is rated to sustain an internal arcing fault at the rated Arcing 
current. The default value for this field is 0.5 sec and range for this field is of 0.001 sec. to 99999 secs. 


Shown below is a sample TCC plot which has the Arc Damage Point plotted. 
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18.2 Arc Flash Study Case 


The Arc Study Case Editor contains solution control variables, faulted bus selection, and a variety of 
options for output reports. ETAP allows you to create and save an unlimited number of study cases. Arc 
flash calculations are conducted and reported in accordance with the settings of the study case selected in 
the toolbar. You can easily switch between study cases without the trouble of resetting the study case 
options each time. This feature is designed to organize your study efforts and save you time. 


With respect to the multi-dimensional database concept of ETAP, study cases can be used for any 
combination of the three major system components (i.e., for any configuration status, one-line diagram 
presentation, and Base/Revision data). 


The arc-flash study case editor can be accessed from the study case toolbar by clicking on the study case 
button. You can also access this editor from the System Manager by clicking on the arc flash study case 
folder. 


QBS AF Halfcycle > A AF-HalfCycle , Cable 


To create a new Study Case, go to System Manager, right-click on the Arc Flash Study Case folder, and 
select Create New. A new Study Case will be created, which is a copy of the default Study Case, and be 
added to the Arc Flash Study Case folder. 


System Manager x 
Ge One-Line Components | 
Multi-Dimensional Database | 
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18.2.1 Info Page 


On the Info page, you can select faulted buses and specify contribution level, etc. Refer to Chapter 15 - 
Short-Circuit Analysis Section 15.4.1 for more information. 


Arc Flash Study Case 


Info = Method Clearing Time Parameters Adjustment SC Standard Alert 


Study Case ID Transformer Tap 1-Ph/Panel/1-Ph UPS Subsystem 
AF © Adiust Base kV 1-Phase 
Panel 
ee © Use Nominal T: ] 1-Phase UPS 
C1Cale. Load Term. SC a ~ ay 
Equip. Cable & OL Heater Report Contribution Motor Contribution Based on 
Include Impedance for: ae @ Motor Status 
[J MV Motors - © Loading Category 
3 
[_] LV Motors O Both 
Bus Selection 
Fault Dont Fault 
Bus1 ~| LJAl Buses [Bus3 
Bus2 Bus4 
Bus23A LIMV Buses | 555 
LVBus [JLV Buses | Bus6 
Main Bus Bus7 
MCC1 << Fault Bus9 
Sub2A 
| Sub2B v ~Fault >> | 
Study Remarks 
Arc Flash study case 


ae 5 "Copy New Delete [ Help | _OK Cancel 
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18.2.2 Method Page 


The structure of the Arc Flash “Method” page is shown below: 


With the IEEE 1584-2018 Method Selected: 


Arc Flash Method 
@ IEEE 1594-2018 (W] Apply larc variation <= 0.6kV 
© IEEE 1584-2002 [] Apply larc variation > 0.6 kV 
© ArcFautt 

Bus Fault Current 


© Calculate © Symm. 1/2 Cycle 
@ 3-Phase System © Symm. 1.5to 4 Cycle 
© Panel/1-Ph UPS/1-Ph System @ Faut Curent Decay 


Steady-State Ibf at 30 Cycles = Syn. Gen Steady-State Ibf 


@ Limit Gen lbf to 300 %FLA 
© Determine from Decrement Curve 


Motor Contributions 
Remove after Exclude if Motor <= 
[¥] Incident Energy for LV Equipment 
Voltage <= 208 
12 cal/om*2 Ib <= 
F caven2 
Update AF Results to Buses 
@ Update 
© No Update 
© Update if Result is More Conservative 


[coor] [New ] [Delete] {Hep ] [OK] [cone 
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With the IEEE 1584-2002 Method Selected: 


[Info| Method Clearing Time | Parameters | Adjustment | SC Standard | Alert 
Arc Flash Method 

© IEEE 1584-2018 

@ IEEE 1584-2002 

© ArcFautt 
Bus Fault Current 

© User-Defined (Bus Editor) 


Arc Current Variation for LV (<1kV) 


© Calculate © Symm. 1/2 Cycle 
@ 3-Phase System © Symm. 1.5to 4 Cycle 
© Panel/1-Ph UPS/1-Ph System © Fault Curent Decay 


Steady-State Ibf at 30 Cycles = Syn. Gen Steady-State Ibf 


@ Limit Gen Ibf to 300 «= %FLA 
© Determine from Decrement Curve 


Update Fault Current to Bus AF Page 


Motor Contributions 
¥| Remove after 30 Cycles | Exclude if Motor <= 50 HPAW 


¥| Incident Energy for LV Equipment 
Voltage <= 208 Mmr< = 125, KVA 


12 cal/om*2.—sobfc= 5S KA S| RZ 
4 |cal/om*2 Ibf<= 10 kA | 35 |%Z 


[coor] {New | [Dette] [Hep | [OK] [cone 


Method 


This section is used to select which method to use when determining the incident energy for a faulted bus. 
The NFPA 70E option has been retired (removed) in ETAP 19.0.0. The IEEE 1584 option uses the 
equations listed in IEEE 1584-2002, but still uses sections of NFPA 70E-2000, 2004, 2009, 2012-2018 
for additional equations. Starting in ETAP 18.0 the ArcFault option is listed which includes two iterative 
Arc Flash analysis methods. The option called IEEE 1584-2018 uses the new IEEE 1584-2018 edition of 
the standard. 


IEEE 1584-2018 


If this option is selected the program performs the arc flash calculations based on the IEEE 1584-2018 
version of the standard. Whenever the system voltage, bolted fault current and gap are outside the range 
of the new method, ETAP may continue to use the method with warnings. The theoretically-derived 
Ralph is used only for some especial cases where the new JEEE 1584-2018 method cannot be used. 
Please consult the calculation methodology section for more details. 
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TEEE 1584-2002 


If this option is selected the program performs the calculations based on the IEEE 1584-2002 version of 
the standard. Whenever the system short-circuit current or nominal voltage are outside the range of the 
IEEE 1584-2002 method equations, ETAP may use the theoretically-derived Ralph Lee method since this 
version of the standard makes a reference to this method. 


ArcFault 


The ArcFault method is an arc fault analysis module in ETAP 18.0 which has been designed for the 
calculation of incident energy and arc flash boundaries for open air line-to-ground (LG) faults. The 
module can be extended to line-to-line and 3-phase faults as well in both open air and enclosed 
configurations. For further details on this method refer to Chapter 56- ArcFaullt. 


Arc Current Variation % (IEEE 1584-2002 only) 


Enter the arcing current variation in percent (0 to 30%). The Arc Flash Program will consider the arcing 
current reduction factor for determining the Fault Clearing Time. The default value for this field is 15% 
(or 85% of the original value), but ETAP provides a more flexible analysis tool by allowing you to 
analyze the variation up to 30% if desired. 


The arc current variation takes the original 100% of Ia value and the reduced Ja value to determine two 
Fault Clearing times (FCT). The incident energy is calculated based on both sets of parameters and the 
one which produces higher incident energy is selected as the set of values to be reported by ETAP. In 
other words, the Arc Flash Program Reports the set of values which yield the higher incident energy (i.e., 
85%la and its corresponding FCT or 100%la and its corresponding FCT). The program shows in the 
reports and the one-line diagram which set of values has been used to determine the incident energy. 


Note: The arcing current variation is not considered for faulted buses with nominal kV > 1 when the 
IEEE 1584-2002 method is used. 


Apply Iarc variation <= 0.6 kV (IEEE 1584-2018 only) 


Check this option to consider arc current correction factor based on IEEE 1584-2018 section 4.5 for low 
voltage systems. 


Apply Iarc variation > 0.6 kV (IEEE 1584-2018 only) 


Check this option to consider arc current correction factor based on IEEE 1584-2018 section 4.5 for 
medium voltage systems. 


Run Device Duty before Arc Flash Calculation 


This option configures ETAP Arc Flash to perform a protective device short-circuit duty evaluation at 
every faulted bus before performing the arc flash calculation. The program would generate alerts for any 
over duty device, but will still proceed to calculate the arc flash results. Please see the calculation 
methodology section for more details on how this option is used by ETAP Arc flash. 
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Bus Fault Current 


This group of the Arc Flash page indicates the source of the bolted fault current to be used for the Arc 
Flash Hazard calculations. ETAP uses the bolted fault current to determine the arcing current to be used 
in the determination of the incident energy. 


User-Defined (Bus Editor) (IEEE 1584-2002 only) 


Use the Bus Editor User-Defined Fault Current to perform the incident energy calculation. The arc flash 
calculation will use all the User-Defined values in the Bus Editor to perform the calculation. ETAP will 
only report the bus information along with calculated cal/cm’, boundary and risk category (similar to the 
bus quick incident energy calculation). 


If this option is selected, some of the options on the editor no longer apply since an actual short-circuit 
calculation may be needed to determine or apply such options. The unavailable options are those related 
to the calculated short-circuit current, automatic determination of the FCT and updating of the short- 
circuit and FCT results back to the faulted buses. 


Calculate 


Calculate the bolted fault current by means of a short-circuit calculation and use the calculated short- 
circuit bolted fault current values in the arc flash calculation. 


IEC (calculate) 


If there is no further option displayed after selecting this option, it means that the IEC standard is being 
used. Please note that IEC does not have any current guideline to calculate the incident energy. All 
equations are taken from [EEE 1584 or NFPA 70E, but the initial symmetrical fault current is used to 
determine the arcing current magnitude. 


3-Phase System 


Calculate the arc flash results at every faulted 3-phase bus. Select whether to use symmetrical % cycle 3- 
phase (momentary) fault current, symmetrical 1.5 to 4 cycle 3-phase (interrupting) fault, or the fault 
current decay to determine the fault clearing time and incident energy level when running an Arc Flash 
analysis on 3-phase buses. 


Panel/1-Ph UPS / 1-Ph System (1-Phase systems) 


If the 1-Phase option is selected, then the program will calculate the arc flash results for the buses 
connected below UPS, Phase Adapters and Panels. ETAP will only calculate Arc Flash results for the 
elements selected under the Panel/UPS/1Ph Subsystem section on the Info page. If single phase is 
selected, ETAP will use the initial symmetrical half cycle bolted short-circuit current to determine the 
arcing Current. 

1-Ph/Panel/1-Ph UPS Subsystem 

¥} 1-Phase 

¥| Panel 


¥\1-Phase UPS 
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3-Phase to 1-Phase CF 


The user-defined correction factor can be used to remove adjust the incident energy calculated for single- 
phase equipment. The use of three-phase equations published in IEEE 1584-2018 and 2002 can be 
overconserative since only one phase instead of three is arcing. The average power per cycle delivered by 
a single-phase arc is less than that of a three-phase arc. The default value is 1.0, but it can be adjusted to 


lower values as deemed appropriate based on engineering judgement. 
1-Ph/Panel/1-Ph UPS Subsystem 
¥| 1-Phase 
¥| Panel 


iv) 1-Phase UPS 


Symm. % Cycle 


If this option is selected, ETAP will use the symmetrical %2 cycle 3-phase (momentary) fault current to 
determine the fault clearing time and the incident energy. 


Symm. 1.5 to 4 Cycle 


If this option is selected, the module will use the symmetrical 1.5 to 4 cycle 3-phase (interrupting) fault 
current to determine the fault clearing time and the incident energy for medium voltage elements (above 
1.0 kV). 


Fault Current Decay 


When this option is selected, ETAP will automatically consider motor and generator current decay for the 
calculation of the arcing current and fault clearing times. ETAP will use changing arcing current values to 
determine the final protective device fault clearing time (FCT). The program determines automatically the 
subtransient, transient and steady-state bolted fault currents and uses these currents to determine the 
equivalent arcing current and final fault clearing time (by integrating the three equivalent arcing currents). 


Steady-State Ibf at 


This input field holds the time value in cycles at which the arc flash program will assume a steady-state 
bolted short-circuit current in order to determine the equivalent arcing current. At this time, the program 
will assume that all motor contribution has completely decayed and that the generator contribution is at a 
steady state value. This option is hidden unless the option “Gen Current Decay” has been selected. 


Syn. Gen Steady-State Ibf 


Select whether to limit the steady-state bolted fault current to a global user-defined value (for all 
generators) or have ETAP determine the steady-state bolted fault current based on each generator’s 
decrement curve. 


Limit Gen Ibf to 


This option allows the program to assume steady-state short-circuit contribution from synchronous 
generators assumming a current boost or forced sustained current value. The sustained short-circuit 
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contribution in %FLA is used to detemine the steady-state arcing current values coming from the 
generator. 


Determine from Decrement Curve 


Specify the generator contribution at steady-state conditions based on its equivalent impedance. This 
equivalent impedance is determined based on the generator decrement curve. Please note that the 
decreement curve of the generator may already contain sustained field forced current and thus the 
program will account for it automatically. 


Update Fault Current to Bus AF Page (IEEE 1584-2002 only) 

If this box is checked, then the arc flash calculation will update all the buses in the system with the 
calculated bolted arcing fault current values. Please note that the fault currents will not be updated if the 
fault current decay method is used. 


Motor Contributions 


This section allows the user to define the time (between 5 & steady-state time which is typically 30 
cycles) at which ETAP will not consider motor contribution for the calculation of the incident energy and 
allows the user to remove small motor contributions from the simulation. These options are available if 
the Fault Current Decay is used to determine the incident energy and fault clearing time. 


Remove after 


Check the box to remove the motor contribution from the calculation of the incident energy at a time in 
between four cycles and the user-defined value for steady-state current conditions. This time value in 
cycles has to be higher than 4 cycles and smaller or equal to the steady-state time value defined in the 
Bolted Fault Current section. 


Please notice that the program will assume motor current decay at % cycle, 1.5 to 4 cycle and at the final 
steady-state current value (this value is set to 30 cycles by default). This current contribution decay is 
automatically considered in the calculation of the fault clearing time. 


Please also note that by default the time value at which the program assumes the motor contribution has 
decayed to negligible values is 30 cycles and this happens to be the same default value for the steady-state 
current simulation time. 


Exclude if Motor < 50 HP/kW 


Check this option to entirely exclude small motors from making any contributions to the arcing fault 
currents regardless of time (i.e. these small motors are not considered to make any contributions at the 4% 
cycle current calculation or any time after that). This value is entered in either Horsepower or kilowatts. 
Please note that this option applies to motor loads and lumped loads with motor load ratings in kW less 
than the limit. 


Incident Energy for LV Equipment 


This option allows to assign a certain incident energy value for low voltage equipment where it is possible 
that the arc may not sustain. 


The IEEE1584-2002 equations applied to low voltage equipment can yield very high incident energy 
values. This is mostly caused by the low arc fault currents and the long clearing time they produce. It is 
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not certain for how long the arc will persist (or when it will self-extinguish); however, the program 
approach is to assume that the fault persists until the protective device upstream operates. Also the rate of 
energy accumulation should be proportional to the voltage level. The current equations of IEEE 1584- 
2002 do not account for this. Overall, the 2002 method may yield over conservative result for some LV 
equipments with low kVA rating. 


However, given the fact that the current and voltage combination to sustain the arc indefinitely, it may be 
possible to assume certain energy values for these locations to take a conservative approach until better 
calculation models are available. 


Incident Energy for LV Equipment 


Once enabled, the check box “Incident Energy for LV equipment” tells the program to find the locations 
specified below the voltage and kVA rating and to automatically assign an energy value to them. 


Voltage < 208 and Xfmr < 125 kVA (IEEE 1584-2002 only) 


These input fields serve the purpose of defining which locations are fed from transformers with the 
specified electrical characteristics. The default value in ETAP is 0.208 kV and 125 kVA These values 
are user defined. Both values also apply to single-phase locations. 


Voltage <= 208 (IEEE 1584-2018 only) 


This input field allows the user to configure the voltage threshold at which to apply the low-voltage 
sustainability exception. IEEE 1584-2018 states that arcs are less likely to sustain at voltage levels below 
240 VAC and fault currents below 2.0 kA. ETAP decided to take a conservative approach and set the 
default value at 208 VAC. This value is user-definable and can be se to any desired value. 


Incident Energy and Bolted Fault Current Values (First Set) (IEEE 1584-2002 only) 


This check box and input fields allow the assignment of the incident energy for any circuit which is has 
bolted fault current less than or equal to the specified value. The approximated impedance of the 
tansformer is also displayed. 


Incident Energy and Bolted Fault Current Values (Second Set) (IEEE 1584-2002 only) 
This check box and input fields allow the assignment of the incident energy for any circuit which has 
bolted fault current less than or equal to the specified value. The approximate impedance of the 
transformer is also displayed. The maximum bolted fault current which can be specified is 15 kA. 
In the image above, Ibf refers to: 
e Ibf” for 1-phase faults 
e  Ibf” or Ibf’ for 3-phase faults depending on Ibf value selected from the bolted fault current 
section. 
Note: Ibf for these options never stands for steady-state bolted fault current. 
%~L 


Display only fields which show the calculated impedance in percent. The equations used are: 
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V 
v3 x1 * 1000 , 


1 
Base Z ne 


where V = voltage entered into the Arc Flash page (i.e. 240 Volts) 
I = current entered into the Arc Flash page (i.e.10 kA) 
kVA = kVA entered from into the Arc Flash page (i.e 125 kVA) 


2 
(z000) 
AVA 
1000 


where Base Z = 


Incident Energy and Bolted Fault Current Values (First Set) (IEEE 1584-2018 only)= 


This check box and input fields set allows the user to defina a default incident energy value when the 
system voltage and bolted fault current are below the specified values. The default values are 1.2 cal/cm? 
and 2000 Amp. 


Incident Energy and Bolted Fault Current Values (Second Set) (IEEE 1584-2018 only) 


This check box and input fields set allows the user to define a default incident energy value when the 
system voltage and bolted fault current are above the first set of values but below the values specified in 
this section. The default values are 4.0 cal/cm* and 5000 Amp. This set of values are disabled based on 
the wording introduced in IEEE 1584-2018; however, based on user judgment or other engineering 
preferences users can enable this option to assign the incident energy value. 


Note: When the voltage and bolted fault current are above the enabled limits, the program calculates the 
results using the selected method. 


IEEE 1584-2018 Low-Voltage Sustainability Statement: “Sustainable arcs are possible but less likely in 
three-phase systems operating at 240 V or less with an available short-circuit current less than 2000 
A: 3” 


The program uses the same settings to assign incident energy to both three-phase and single-phase 
systems. Note that for the IEEE 1584-2018 method, the program only checks voltage and current and not 
if the system is radial or looped (contrary to how it was implemented with the IEEE 1584-2002 method). 


Application Notes on the Arc Flash Method Page 


Depending on the calculation methodology that you select, certain options are not enabled. The following 
table gives you a list of all the features which are enabled with for each calculation method: 


Method Features Not Available 

Fault Current Decay All features can be used 

% Cycle Motor contributions options are not available 
AC decay options are not available 

1.5 to 4 Cycle Motor contributions options are not available 
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AC decay options are not available 


1-Phase Arc Flash Motor contributions options are not available 
AC decay options are not available 
IEC Method Motor contributions options are not available 


AC decay options are not available 
Set Hazard Cat for LV Equipment options are not available 


The image below shows the results for two locations fed from small low voltage transformers. In one 
case, the incident energy was assigned as 1.2 cal/cm? and in the other as 4.0 cal/cm’. 


T8 
Level 1 
AFB = 3.12 ft I AFB ~ 1,50 ft 
IE = 4.00 cal/cm? @18 IE =1.20 cal/cm? @18" 


44-42 kA 
Bus11 


5 kA < Ibf"< 10 kA Ibf'=5 kA 


Update AF Results to Buses 


This group of options allows the user to update the results from the global arc flash calculation into each 
bus location. The main intent of this options is to provide quick access to the calculated results and to 
allows for the worst-case AF results to be displayed on the one-line diagram using datablock elements. 


Update 


When this radio box is selected, the program updates the arc flash result into the bus arc flash page all the 
time as soon as the calculation is complete. All faulted locations are updated automatically with the 
results of the simulation. 


No Update 


When this radio box is selected, the program never updates any result into the arc flash page of the faulted 
buses. Note that any result previously there remains unaffected. 
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Update if Result is More Conservative 


When this radio box is selected, the program updates the arc flash results into the bus arc flash page only 
if the results of the current simulation are higher than the results currently being stored in the arc flash 


page. 


18.2.3 Clearing Time Page 


This page allows you to configure all the settings related to the determination of the fault clearing time 
(FCT) based on different types of equipment and protective device operation (i.e. overcurrent and current 
limiting). 


Arc Flash Study Case x 


Info Method Clearing Time Parameters Adjustment SC Standard Alert 
Fault Clearing Time (FCT) 
@ Auto Select Source Protective Device (PD) 
[_] Except if PD is Selected in Bus Editor 
[Limit Maximum FCT Sec 
O User-Defined from Bus Editor 
Update FCT to Bus AF Page 
Main Protective Device Isolation 
M] Consider Main Protective Device Isolation 
O Individual (Bus Editor) 


@ Typical IEEE 1584 


Global 
® O User-Defined 


Current Limiting Devices 
| Determine CLF operation based on Peak Let-Through Curves 


For Class L & RK1, use IEEE 1584 Equations (f applicable) 
[_] Use bottom of CLF TCC (if peak letthrough not available) 


<)| | AF v| i) | copy || New | [Bele | Help OK | Cancel 


Fault Clearing Time (FCT) 


This group of the Arc Flash page allows you to set the Study Case options of the Fault Clearing Time. 
Unless clearly stated all the options listed in this tab apply to both the IEEE 1584-2002 and 2018 
methods. When the ArcFault methods are selected some options are hidden. Please refer to chapter 56 for 
more details on ArcFault Fault Clearing Time options. 
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Auto Select Source Protective Device (PD) 


If this option is selected, the Arc Flash Module will automatically determine the FCT from the available 
TCC curves of the source protective devices that can clear the fault. If no element TCC information is 
available, ETAP will display the message “FCT not determined”. 


If there is more than one protective device that needs to open to clear the fault, ETAP will select the FCT 
of the element that takes the longest to open. 


Except if PD is Selected in Bus Editor (IEEE 1584-2002 only) 


If this check box is selected, the Arc Flash Program will determine the Fault Clearing Time (FCT) based 
on the User-Defined Source Protective Device defined in the Bus Arc Flash page (if selected there). The 
program calculates the FCT automatically for those buses that do not have a selection. If this option is not 
checked, the Arc Flash Program will automatically calculate the FCT for all the faulted buses. 


Except if PD is Selected in Bus / Enclosure Editor (IEEE 1584-2018 only) 


If this box is selected, the arc flash program follows the same logic applied for the “Except if PD is 
Selected in Bus Editor” option from previous versions of ETAP (i.e. ETAP 18.1.1. and prior). However, 
the option enables the user-defined protective devices to be considered when defined through the 
enclosure editor. 


Limit Maximum FCT 


This option allows you to set a maximum fault clearing time for all the buses. If the FCT determined is 
greater than this value, then it will be clipped to this value. The program determines the incident energy 
based on the maximum FCT if the actual FCT exceeds it. This maximum FCT value applies to both the 
Bus and Source Protective Device FCT Incident Energy Calculations. 


In some situations only the FCT for a fault at a source PD may exceed this value. In this situation only the 
FCT for a fault at the source PD should be clipped to the Maximum FCT. The FCT for the bus is 
unaffected in this case. There is a flag in the Analysis and Summary Reports which indicates that there is 
a clipped value for the faulted bus FCT or source PD FCT. Please see the report section to see this flag. 
The default value is 2 seconds. 


Limit Maximum FCT field in Seconds. 


Enter the maximum FCT allowed to determine the incident energy for any element in the system (Buses 
and Source Protective Devices). The range is from 0.01 to 99 seconds. The default value is 2 seconds. 
Please refer to the calculation methodology section on how ETAP arc-flash applies this option for 
different conditions. 


User-Defined From Bus Editor 


If this option is selected, the Arc Flash Module will use the FCT values specified in the Bus Editor Arc 
Flash page to calculate the incident energy for all the buses in the system. If this option is selected, the 
program does not apply the arcing current variation or update the FCT to the bus Arc Flash page (these 
options are grayed-out). 
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Update FCT to Bus AF Page (IEEE 1584-2002 only) 


If this box is checked, the module will update the FCT (determined from TCCs) value into the Bus Editor 
Arc Flash page. 


Main Protective Device Isolation 

This section brings a major change in the calculation methodology of ETAP. This set of options can be 
used to configure the program to produce more conservative results by making the assumption that the 
main source protective devices are or are not adequately isolated from the bus and may fail to operate or 
be capable of de-energizing the arc fault before it escalates into a line-side arc fault. Please refer to the 
calculation methodology section for more details on the implementation of this option. 


Main Protective Device is not Isolated 


If this option is checked, then the program considers the “individual” or “global” isolation settings for the 
arc flash calculation. If the option is enabled, then the arc flash program considers the main protective 
device isolation to determine the fault clearing time. 


Individual (Bus Editor) / Global 


This toggle radio box determines which set of main PD isolation settings are used in the arc flash 
calculation. 


Typical IEEE 1584 / User-Defined 


If the isolation settings are determined globally, then this toggle radio box determines the data source of 
the global isolation settings. Please see the arc flash analysis data editor for details on these data sources. 


Note: For IEEE 1584-2018 method, when enclosures are created the main PD isolation is based on the 
“Enclosure Isolation” setting from configuration page of the enclosure editor. The concept of main 
protective device isolation does not apply to line side of main Protective Device (i.e. It is ignored) 


Current Limiting Devices 


This section enables the handling of current limiting fuses for arc flash calculations. Please refer to the 
calculation methodology section for more details on the implementation. 


Determine CLF operation based on Peak Let-Through Curves 


This checkbox enables the determination of the current limiting operation of fuses based on the peak let- 
through curves. 


For Class L & RK1, use IEEE 1584 Equations (if applicable) 


If this option is enabled, then the IEEE 1584 2002 current limiting fuse equations are used for class L & 
RK1 fuses as defined in section 5.6 of that standard or as defined in Annex H of IEEE 1584-2018. If the 
operating conditions or fuse ratings are not within the range of these equations, then the program can use 
the peak let-through curves to determine current limiting operation. Please refer to the calculation 
methodology section for more details on this implementation. 
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Note: For IEEE 1584-2018, this option only applies to VCB electrode configuration. When this option is 
applied to IEEE 1584-2002, this option does not check for electrode configuration. 


Use bottom of CLF TCC (if peak let-through curve is not available) 


If this option is enabled, then the program will attempt to determine current limiting operation for a fuse 
based on the time current curve in the library. This is for cases when the peak let-through curves for the 
fuse model or class are not available in the fuse library and the only curve available is the current limiting 
fuse TCC. Please refer to the calculation methodology section for more details on this implementation. 


18.2.4 Parameters Page 


Set the options for the selection of global or individual AF input data for the calculation. Also select a 
global selection for the standard that defines the incident energy levels and shock risk analysis you want 
to use for the arc flash study. The options presented in this tab may be disabled or hidden (not used or 
applicable) depending on the calculation method selected. This is clearly defined for each option. 


Arc Flash Study Case x 


Info Method Clearing Time Parameters Adjustment SC Standard Alert 


Bus Gap, Xfactor & Working Distance Arc Flash Boundary 
O Individual (Bus Editor) @ 1.2cal/cm? 
@ Global (Arc Flash Analysis Data) O User-Defined 
@ Typical IEEE 1584 
Shock Risk Assessment 
O User-Defined Edit 
Shock Protection Boundaries 
Incident Energy Levels 
O NFPA 70E 2000 O Individual (Bus Editor) 
O NFPA 70E 2004 @ Global 
CO NFPA 70E 2009 O NFPA 70E 2009 to 2012 
@ NFPA 70E 2012 to 2018 / User-Defined O NFPA 70E 2015 
Edit/Approve PPE @ NFPA 70E 2018 
User-Defi 
Raaeiadin O User-Defined 
Global Voltage-Rated Glove Class 
@ One-Line Diagram Connection 
@ASTM D 120-14a 
© User-Defined (Bus Editor) 
O User-Defined 


Update Grounding to Bus AF Page 


ic AF v 5] Copy New = Delete Help [ok | Cancel 
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Bus Gaps & Working Distance 


Select the source of the arc flash parameters to be used in the global AF calculation. The data can be 
defined in every single bus or it can be selected for all the buses depending on the nominal voltage of the 
equipment from a global location. Under Project Settings — Arc Flash, the Arc Flash Analysis Data table 
is used to determine the values for the each parameter if global is selected. 


Note: If the IEEE 1584-2002 method is selected, this group is called “Bus Gap, X-Factor & Working 
Distance”. 


Individual (Bus / Enclosure Editor) 


If this option is selected, the program will use the gaps, x-factors and working distances defined in each 
bus editor or in each enclosure defined through the enclosure editor when applying the IEEE 1584-2018 
method. 


Note: If the IEEE 1584-2002 method is selected, this option is called “Individual (Bus Editor)”. 


Global 


If this option is selected, then the program will use the gaps, x-factors and working distances as defined in 
the “Arc Flash Analysis Data” editor. The option to use the default typical IEEE 1584 2002 values can be 
selected to use the read-only values from the data editor. If the user-defined option is used, the user has 
the option to globally define gaps and working distances and use these global user-defined parameters in 
the calculation. 


This option presents a tremendous adavantage since it may reduce the data entry requirements for all 
similar equipment in your system. In essence all you have to define for each individual bus is the Bus 
Nominal KV and the Bus Equipment type (i.e. MCC, Switchgear, Open air, etc). Once it is defined for 
every bus, you can globally control the rest of the arc flash parameters to be used in the global arc flash 
calculation. 


Note 1: PLEASE NOTE THAT IF THE INDIVIDUAL AF PARAMETERS ARE DIFFERENT AT THE 
INDIVIDUAL BUSES, and the global values are different, then the results at the bus arc flash page 
calculator may be different from the global AF results. This is simply a result of making a different data 
source selection for the required parameters. 


Typical IEEE 1584 2002/2018 / User-Defined 


Select typical or user-defined global arc flash parameters. Depending on the calculation method selected, 
the typical 1584 option changes name accordingly to either IEEE 1584 2002 or IEEE 1584-2018. 


Edit 
This button open the arc flash analysis data editor. The global parameters can be defined from this editor. 
This section allows you to select the incident energy levels which can be used to sort and filter the 


incident energy results. There are four basic options to select. All four sets of filtering tools can be 
selected. 
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Incident Energy Levels 


This section allows you to select the incident energy levels which can be used to sort and filter the 
incident energy results. There are four basic options to select. All four sets of filtering tools can be 
selected. 


NFPA 70E 2000 (Applies only to IEEE 1584-2002) 


If this option is selected the PPE description is determined based on annex H of NFPA 70E-2000 and the 
incident energy sorting range values come from Table 3-3.9.3. 


NFPA 70E 2004 (Applies only to IEEE 1584-2002) 


If this option is selected the PPE description is determined based on annex H of NFPA 70E-2004 and the 
incident energy sorting range values come from Table 130.7 (C)(11). 


NFPA 70E 2009 (Applies only to IEEE 1584-2002) 


If this option is selected the PPE description is determined based on annex H of NFPA 70E-2004 and the 
incident energy sorting range values come from Table 130.7 (C)(11). 


NFPA 70E 2012 to 2018 / User-Defined 


If this option is selected the PPE descriptions are determined based on the user-defined settings. Since by 
new definitions in NFPA 70E 2012~2018, it is likely that this option should be used in conjunction with a 
power system analysis program method. There is some new information which is very likely to be added 
to NFPA 70E 2018 which shows samples of PPE selection which can be used in conjunction with this 
option of the program. 


Note: The PPE Requirements provided by ETAP are only samples and are based on different versions of 
NFPA 70E. It is recommended that all PPE Requirements be approved prior to implementation on any arc 
flash labels or reports. 


Note: This option is the only option supported with the IEEE 1584-2018 method since the standard was 
released in 2018. 


Edit/Approve PPE 


This button opens the PPE Requirements editor. This editor can be used to modify and approve the PPE 
Requirements which can be used to be printed on the arc flash labels. 
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= 
PPE Approval 


The PPE Requirements need to be approved before being 
printed on the safety labels. It is recommended that these 
requirements be approved by the facility safety manager or 
person in charge of PPE selection 


Furthermore, it is recommended to use the LATEST version 
of NFPA 70E to perform the are flash hazard calculations 
and/or to make PPE requirement selections. 


The default PPE requirements that are provided by ETAP 
are only samples and must be reviewed and approved. 
Checking the box below indicates approval of PPE 
requirements 


|| PPE Requirements have been Approved 


Ge) a) Gal 


Note: The PPE Requirements will not be printed on the arc flash labels, reports or arc flash analyzer until 
they have been approved by the engineer in charge or the facility safety manager. A warning message will 
appear when running the Arc Flash study if the PPE Requirements have not been approved. 


r 
Warning - PPE Approval Required 


The PPE Requirements have not been approved and will 
not be included in reports and labels until approval is done. 
The requirements can be approved from the PPE 
Requirements editor. 


Furthermore, it is recommended to use the LATEST version 
of NFPA 7OE to perform the are flash hazard calculations 
and/or to make PPE requirement selections. 


To approve, go to Project'\Settings\Incident Energy Levels’, 
Approve PPE 


Do not display this message again 


Note: Beginning with ETAP 12.6.0 anew warning message will appear when the NFPA 70E PPE 
Requirements are not set to the latest available year in the Parameters page of the study case editor. 
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7 
Warning Message 


It has been detected that the latest version of NFPA 70E is not selected from the study 
case. Itis recommended to use the LATEST version of NFPA 70E to perform arc flash 
hazard calculations and/or to make PPE requirement selections. 


| |Do not display this message for this session. 


Lo) [cance 


System Grounding (IEEE 1584-2002 only) 


The System Grounding group allows you to specify to the Arc Flash Program how to determine the 
grounding configuration of the faulted buses. This group of options applies only to IEEE 1584-2002. 


One-Line Diagram Connection 


If this option is selected, the Arc Flash Program automatically detects the faulted bus grounding 
connection. The Arc Flash Program runs a grounding system check on the elements connected around the 
faulted bus and depending on their grounding connection; the module will return a value of “grounded” or 
“ungrounded”. 


For example, a transformer connected 4.16/0.480 Delta/Wye-solid feeds a secondary bus at 0.480 kV. 
The system is purely radial (no alternate source). If you run the Arc Flash Analysis on the secondary bus 
and select the option “One-Line Diagram Connection”, ETAP will consider this bus as grounded for the 
arc flash calculation. 


Note: High and low resistance grounded systems are considered as ungrounded by the module. This is 
according to IEEE 1584-2002 section 9.5. 


User-Defined (Bus Editor) 


If this option is selected, the module will use the User-Defined System-Grounding configuration specified 
in the Bus Editor Arc Flash page. 


Update Grounding to Bus AF Page 


If this box is checked, then the program updates the calculated system grounding configuration to the Bus 
Editor Arc Flash page. 


Note: The System grounding selections are not used for ArcFault and hidden in the study case. 


Arc Flash Boundary 


Select the energy value to use to find the Arc Flash Boundary. The default value is 1.2 cal/cm?. This is 
based on the category 1 level from NFPA 70E 2009. This option applies to both [EEE 1584-2002, 
ArcFault and IEEE 1584-2018 methods. 
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1.2 cal/cm? 


Select to use 1.2 cal/cm*as given by NFPA 70E 2009. 
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User-Defined 


Enter a user-defined energy value to use to find the Arc Flash Boundary. If your safety program requires 
everyone at all times to wear PPE rated for cat 1 or Cat 2, then based on engineering supervision, the 
value of Ep can be set to a higher value than 1.2. this will reduce the required Arc Flash Boundary to a 
smaller distance. The program only allows you to set this value to a maximum of 40.00 cal/cm?. As an 
example we can show the difference in the calculated Arc Flash Boundary for two cases (please see 
image below). 

Arc Flash Boundary 


@ 1.2 cal/cm? 


O User-Defined 


Fuse4 4 


Bus5 i 
0.208 kv {2-36 ka Ia" = 3.05 kA 


rusea L*. 398 } kA gate ory 1 


i 0 
74,00 cal/cem? @45.72 cm 


Flash Protection Boundary with 1.2 cal/em2 


© 


Mtr7 
Arc Flash Boundary 


O 1.2 cal/cm? 


@ User-Defined 4 | cal/cm? 


0.208 kv 42-36 kA Ta" = 3.05 kA 


Fuses jena? kA 0.46 yi 
t ).46 Mm) 
_~ 4.00 cal/cm? @45.72 cm 


_ 


Flash Protection Boundary with 4.0 caliem? 


Mtr? 


As you can see the Arc Flash Boundary is reduced by almost 50% if you set Ex to 4.0 cal/cm’. 
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Shock Risk Assessment 


Configure the parameters used to display the shock risk assessment for the equipment to the working 
personnel. The values of the different boundaries and glove protection is selected based on the nominal 
bus voltage. Under Project Settings — Arc Flash, the Shock Risk Assessment Data table is used to 
determine the values for the each parameter if global is selected. Some options presented here do not 
apply to the IEEE 1584-2018 method. This is clearly specified for each option. 


Individual 


If this option is selected, the program will use the approach boundaries defined in each bus editor. 


Global 


If global is selected, select to use the approach boundaries set by either NFPA 70E 2009-2012, NFPA 
70E 2015, NFPA 70E 2018 or the User-Defined values as specified in the Shock Risk Assessment Data 
table. 


NFPA 70E 2004 (IEEE 1584-2002 only) 
Select to use the approach boundaries as defined by NFPA 70E 2004 table 130.2(C). 


NFPA 70E 2009 to 2012 (IEEE 1584-2002 only) 
Select to use the approach boundaries as defined by NFPA 70E 2012 table 130.4(C) (a) 


NFPA 70E 2015 (IEEE 1584-2002 only) 
Select to use the approach boundaries as defined by NFPA 70E 2015 table 130.4 (D) (a) 


NFPA 70E 2018 


Select to use the approach boundaries as defined by NFPA 70E 2018 table 130.4 (D) (a). This option 
applies to both IEEE 1584-2002 and 2018 methods. 


User-Defined 
Select to use the user-defined approach boundaries as set from the Shock Risk Assessment Data table. 
This option applies to both IEEE 1584-2002 and 2018 methods. 


Note: The shock protection selections are not used for ArcFault and hidden in the study case. 


Voltage Rated Gloves 


Define which set of gloves to use for a particular bus nominal voltage. The options allowed are ASTM D 
120-14a or User-Defined. The user-defined option would allow the user to specify a higher glove class to 
be used for certain equipment. The options presented for voltage-rated gloves apply to both IEEE 1584- 
2002 and IEEE 1584-2018 methods. 
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ASTM D 120-14a 
Select to use the class level for the gloves used as defined by ASTM D 120-14a 


User-Defined 


Select to use the class level for the gloves used as defined by the user-defined settings in the Shock Risk 
Assessment Data table. 


Edit 


This button opens the “Shock Risk Assessment” data editor. The shock risk global definitions can be 
defined from this editor. 


18.2.5 Adjustment Page 


The adjustment page only has one option related to AF, but it is an important option. It allows you to 
configure the program to run arc flash calculations using the maximum and minimum impedance 
tolerances. 


Apply Pos. Tolerance and Max. Temp. for Arc Flash 


If you select this option, the program will set all impedance tolerances to a positive value. This means that 
you will get a smaller fault current magnitude. This will tend to reduce the arcing currents. It is possible 
that the worst case incident energy may occur when the system provides minimum short-circuit currents 
because of the inverse overcurrent characteristic of several protective devices. A small reduction in the 
arcing current may significantly increase the fault clearing time and thus the fault would release energy 
for a longer time. 


ir 


Arc Flash Study Case [nese] 
[info | Method | Clearing Time | Parameters | Adiustment | SC Standard | Alert _| / 
Impedance Tolerance Length Tolerance 

(¥] Transformer (¥] Cable Length 
®) Individual ®) Individual : 
© Global ~) Global 
(¥| Reactor \¥] Transmission Line Length 
es a ae tual ' 


It may be a good idea to combine the positive tolerances option with the configuration which yields 
minimum short-circuit currents in order to estimate smaller fault current magnitudes. This combination 
should be considered when performing Arc Flash calculations. 


Note: This option should not be used in combination with the scenarios intended to yield the maximum 
fault current or when the “Run Device Duty Calculation Before Arc Flash” option is enabled. 
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18.2.6 SC Standard Page 


ANSI and JEC Standards are available for short-circuit studies. Different sets of solution control variables 
(prefault voltage, calculation methods, etc.) are available for each standard. Refer to Chapter 15 - Short- 
Circuit Analysis Section 15.4.2 for more information. 


The Arc Flash Study Case Editor ANSI SC Standard page is shown below: 


Arc Flash Study Case x 


Info Method Clearing Time Parameters Adjustment SC Standard Alert 


Standard Prefault Voltage HV CB Interrupting Capability 
Nominal kV . 
OlEc @red [02 ao : Adjust Based on Bus 
@ANsI 7 we @ Nominal kV 


O Vmag X Nominal kV from Bus Editor) ONominal kV & VF 


Zero Sequence Z Machine X/R LV CB Interrupting Capability 
Evaluate Based on Rated Max. kV Limit 
Include Branch Y @ Fixed 
O Variable @C37.13 / UL 489 
O User-Defined 
Prefault Loading Conditions WTG/Inverter Control Adjustment Angle 
Generation Category @ individual WTG/Inverter 
Design oe O Global 
[_] Operating P.G.V 
Protective Device Duty MF for HV CB & Bus Momentary Duty 
@ Based on Total Bus Fault Current @ Based on Calculated X/R 
ies . O Set to 1.6 & 2.6 (RMS & Peak) as Min. 
ee O Setto 1.6 & 2.6 (RMS & Peak) 
MF for LV CB (Molded & Insulated) Duty 
© Based on Peak Current 
@ 37.010 - 1999 @ Based on Asymmetrical Current 
EINES v| >i) | copy || New | [Delete | Help | | OK || Cance 
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The Arc Flash Study Case Editor IEC SC Standard page is shown below: 


Arc Flash Study Case x 


Info § Method Clearing Time Parameters Adjustment SC Standard Alert 


Standard Short-Circuit Current Cmax for Z Adjustment (< 1001 V) 
@IEC O Max. @ 1.05 (+6% V Tol) 
OANSI @ User-Defined c Factor © 1.10 (#10% V Tol ) 

O Min. (Exclude Duty Calc) Calculation Method 

c Factor X/R for Peak kA 

Zero Sequence Z <1kV Sera : 
Include Branch Y alata ai [11 | @ Method C 


>230kv [ 1.1 | 


Prefault Loading Conditions M]WTG/Inverter Control Adjustment Angle 

Generation Category @ Individual WTG/Inverter 

= 

Design i O Global 

[_] Operating P.Q.V 
Protective Device Duty LV CB Breaking 
@ Based on Total Bus Fault Current 

@ Use Ics 
O Based on Max Through Fault O Use Ieu 
Current 


i  clamala lama Thermal Withstand 
jay 


© Based on Total Bus If @ Use Thr 
© Based on Max Through If O Use Tk 


Bl ¥| 53] [com | [New | [Ba | ee | [| conc 


The majority of options presented in this tab apply to both IEEE 1584-2002 and IEEE 1584-2018 
methods. However, the prefault voltage options are used by the IEEE 1584-2018 method as input 
parameter to determine the arc current and any other voltage dependent calculation result (with the 
exception of the selection of typical equipment gaps, working distances and other dimension related 
parameters). 
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18.2.7 Alert Page 


The Alert page allows you to set up alerts on arc flash calculation results. The objective is to alert you to 
certain conditions of interest in arc flash studies. The alerts are determined based on predetermined device 
ratings and system topology after performing an arc flash calculation. 


Arc Flash Study Case x 
Info § Method Clearing Time Parameters Adjustment SC Standard Alert 


Critical Marginal 
Arc Flash 


Allowable Incident Energy % 5 |e 


Critical Marginal 
Device Duty 
Bus Bracing 100 ~ 390 % 
Protective Device Capability 100 % 90 % 
Auto Display 
$$$ | 
&l AF v Bl Copy || New Delete | Help OK || Cancel 


Alert 


There are two categories of alerts generated by the arc flash calculations: Critical and Marginal. The 
difference between the two is their use of different condition percent values for the same monitored 
parameter. If a condition for a Critical Alert is met, then an alert will be generated in the alert view 
window and the overloaded element will turn red in the one-line diagram. The same is true for Marginal 
Alerts, with the exception that the overloaded component will be displayed in the color magenta. Also, 
the Marginal Alerts checkbox must be selected to display the Marginal Alerts. If a device alert qualifies it 
for both Critical and Marginal alerts, then only Critical Alerts are displayed. 


Bus Alert 


Arc flash simulation alerts for buses are designed to monitor crest, symmetrical, and asymmetrical 
bracing conditions. These conditions are determined from bus rating values and Arc Flash Analysis 
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results. The percent of monitored parameter value in the Arc Flash Study Case Alert page is fixed at 
100% for Critical Arc Flash Alerts. The Marginal alert percent value is user-defined. 


Protective Device Alert 


The set-up of protective device simulation alerts is similar to that of bus alerts. You can enter the 
monitored parameter percent values for Marginal Alerts into the Arc Flash Study Case Editor alert set up 
page; however, this value is fixed to 100% for critical level alerts. 


For all protective devices the current rating will be compared against the maximum through fault current 
or the total bus fault current depending on the selection in the protective device duty in the Arc Flash 
Study Case SC Standards page. 


Marginal Device Limit 


ETAP flags all protective devices whose momentary and interrupting duties exceed their capabilities by 
displaying the element in red on the one-line diagram and flagging it in the output report. Select the 
Marginal Device Limit option and specify the marginal limit in percent of the device capability to flag 
devices with marginal capabilities. 


For example, consider a circuit breaker with an interrupting rating of 42 kA and a calculated short-circuit 
duty of 41 kA. The capability of this circuit breaker is not exceeded; however, if the marginal device limit 
is set to 95%, the circuit breaker will be flagged in the output report and will be displayed in purple in the 
one-line diagram as a device with marginal capability. 


Auto Display 
The Auto Display feature of the Arc Flash Study Case Editor Alert page allows you to decide if the Alert 
View window should be automatically displayed as soon as the short-circuit calculation is completed. 
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18.3 AF Display Options 


This section describes the display of arc flash result annotations on the one-line diagram (in Arc Flash 
Mode). The display annotations vary depending on the calculation method selected. Differences are 
highlighted in each section. The Arc Flash Display Options are shown below: 


f Display Options - Arc Flash 
Resutts | AC | AC-DC | Colors 


The type of arc fault Voltage Unit 


that you selected from 
the arc-flash study kW») 


case editor Fault Type 


@ la" (1/2 Cycle) 
© la’ (4 Cycle) 
©) la (steady-state) 
@ la - Arcing Current 
© Ibf - Bolted-Fault Current 


(@ 3-Phase 


Display Load Contributions 


¥| Medium Voltage Motors 


(¥] Large Low Voltage Motors 


¥| Small Low Voltage Motors 


Arc Flash results 
displayed on the one-line 


\W| Energy Level ¥| Bus & Load PD 


Arc Flash Boundary [|_| Source PDs 


Incident Energy Load Terminal 


| Load PD (Load Side) 
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Fault Type 

This section allows to display the bolted/arcing fault currents for different types of faults on the one-line 
diagram. This section also allows switching between the subtransient, transient and steady-state fault 
currents for AF with the fault current decay method selected. 


Logic for Fault Type Section 


The display options shown in this section are determined based on the options selected under the Bus 
Fault Current section of the Method page of the AF study case editor. The following images illustrate this 
logic: 


& , 
Arc Flash Study Case Display Options - Arc Flash x) 
Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert Resuts | AC | AC-DC_| Colors| 
Arc Flash Method 
>) NFPA 70E Annex D.2,D.3 @ IEEE 1584 Arc Current Variation for LV(<IkV) 15% Voltage Unit 
kMonsr (| Show Units 
Fault Type 


Bus Fault Current 


© Ia" (1/2 Cycle) 


> User-Defined (Bus Editor) © Symm. 1/2 Cycle @ 3-Phase reas 
@Calculate © Phase System © Symm. 1.5to 4 Cycle _ é 
© Panel/1-Ph UPS/1-Ph System , © Fault Curent Decay la (steady-state) 
@ Ia - Arcing Current 
Steady-State Ibf at 30 = Cycles Syn. Gen Steady-State Ibf 


© Limit Gen Ibf to 300 =%FLA 


i Display Load Contributions 
|¥| Update Fault Current to Bus AF Page © Determine from Decrement Curve 
|¥| Medium Voltage Motors 
|] Large Low Voltage Motors 
Fault Type 
la" (1 le) | Small Low Voltage Motors 
@ 3Phase _ 
la’ (4 Cycle 
Arc-Flash Arc Fault Location 
@ la - Arcing Current [¥] Energy Level [¥] Bus & Load PD 


Ibf - Bolted-Fault Current -_ 
[¥] Arc Flash Boundary —[] Source PDs 


[J Incident Energy [©] Load Terminal 
(FCT [Load PD (Load Side) 
Arc-Flash Sequence of Op. 

Fash 3 = Times 


tba) ei (em 


As can be seen by the image above, when you run the decay method, you can see six different sets of fault 
currents displayed on the one-line diagram for any fault location. The AF program utilizes all six sets of 
fault current to make the determination of the fault clearing time and the incident energy as the fault 
currents reduce over time. Please note that all currents displayed are those obtained assuming that no 
protective device operates and that the fault persists until steady-state conditions (i.e. 30 cycles or more). 


The following relationships show how ETAP determines the individual arcing current contributions from 
the bolted fault current values when the IEEE 1584-2002 method is selected: 
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I W 
a. "= a sai | bfc " Subtransient arcing current individual contribution 
bf 
I W 
ae — : u ak | b fo Transient arcing current individual contribution 
bf 
I W 
ems g —* T bfc Steady - state arcing current individual contribution 
bf 


The following relationships show how ETAP determines the individual arcing current contributions from 
the bolted fault current values when the IEEE 1584-2018 method is selected: 


m I m 
— _ da ‘ : Fe ate te Satna 
I ac XI bfc Subtransient arcing current individual contribution 
Ibe 
: I fal ' . . capetas ae 
I = x] bfc Subtransient arcing current individual contribution 
I bf 
J.. =-¢~x I, f Subtransient arcing current individual contribution 
ac c 
I bf 


Where: 


I 4 "total subtransient arcing current 
I ‘i total transient arcing current 
I ’ total steady - state arcing current (typicallyset to 30 Cycles) 


I bfc " subtransient bolted fault current individual contributions 
I bfc ' transient bolted fault current individual contributions 

I bfc steady - state bolted fault current individual contributions 
I bf " total subtransient bolted fault current 

I bf " total transient bolted fault current 

I bf total steady - state bolted fault current 


Ibfc”, Ibfc’ and Ibfc values represent the individual subtransient, transient and steady-state bolted fault 
contributions. 
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Arc Flash 


This group provides display options for calculated results from an Arc Flash Hazard Analysis. The results 
are provided for every faulted bus in the system. The program shows both the arcing current and the 
equivalent bolted fault currents used to obtain them. The arcing currents are denoted as Ia and the bolted 
fault currents are denoted as Ibf. 


Incident Energy 


If this checkbox is selected, the Arc Flash Module will display the calculated incident energy on the one- 
line diagram for each faulted bus. The results are placed next to the faulted bus. The units for this value 
are Cal/cm’. 


Arc Flash Boundary 


If the AFB (Arc Flash Boundary) option is selected, the Arc Flash Program will display the calculated 
Arc Flash Boundary on the one-line diagram. The results are placed next to the faulted bus. The units for 
this value are ft (m for metric). 


Energy Level 


This is selected incident energy levels selected from the arc flash study case parameters page. An incident 
energy level assigned to each bus based on the criteria selected from the parameters page. 


Total Arcing Current 


This is the total arcing current calculated for each bus. This is the current used to determine the incident 
energy at each bus. Its units are kA. It can be displayed in the same fashion as the total 3-phase fault 
current for each bus. The arcing current is the same as the bolted fault current for buses with nominal 
voltage > 15.0 kV. 


Also note that the individual current contributions shown on the one-line diagram can be either the arcing 
current or the bolted fault current depending on the selection of the toggle radio box “Ia-Arcing Current” 
or “Ibf- Bolted Fault Current”. 


FCT 


This option can be used to display the final fault clearing time (FCT) for every faulted bus (FCT of the 
bus only). The FCT can be displayed in seconds or cycles. 


Arc Flash Warnings Displayed on the OLD 


The Arc Flash Program provides certain warnings on the one-line diagram. The warnings are: 


1) The FCT not determined: This message indicates one of the following conditions: 
a. The user-defined FCT is set to zero 
b. The program failed to determine the bus FCT because there is no TCCs selected for the 
source PDs. 
c. There is no protection on the source branches. 
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d. The source protective device is outside the regular search area of the program (one way 
to correct this issue is to go to Options (Preferences) and increase the default value across 
from Bus Levels Away To Find Source PD). 


2) Exceeds Max PPE Arc Rating: This message indicates that the incident energy calculated is 
higher than the maximum value specified for the incident energy levels. 


3) Arcing Current Variation %Ia (Bus only): This message indicates that the incident energy was 
determined based on the reduced arcing current value. This may indicate problems with the 
coordination in the system or may be corrected with adjustments to the instantaneous pickup 
setting of overcurrent protective devices (applies to buses with kV rating less than 1000 VAC). 


Arc Fault Location 


This group provides display options for calculated results from an Arc Flash Hazard Analysis. The results 
are provided for every faulted bus in the system. Select to determine whether arc flash results should 
show at the selected location. The same Arc Flash Display Options apply if the IEC short-circuit 
calculation is performed. 


Bus & Load PD 


This check box allows you to show the arc flash analysis results for a fault right at the buses. Typically, 
the incident energy results for a fault at the load protective device are set the same as those as the bus. 


Source PDs 


This check box allows you to show the arc flash analysis results for a fault right at source protective 
device. Typically, the incident energy results for a fault at the source protective device are a lot worse 
than those of the fault at the bus. ETAP automatically determines the results at the source protective 
devices assuming that the source protective device itself is not capable of clearing the fault. Usually PDs 
upstream from the source PD location end up operating to clear this kind of fault. 


Load PD (Load Side) — Combined with IEEE 1584-2002 


This box allows the program to show the results of an arc flash analysis for every load protective device 
assuming that the load protective device is fully isolated from the arc fault. The results will only be 
displayed if the following items are configured before running the calculation: 


e The Option(Preference) \ Arc Flash \ Calculate Load PD Load Side Arc Flash is set to “True” 
e The “Load PD” check box is selected under the “Enclosure Section” of the Bus Rating page for 
the faulted bus. 


Note: If these options are not configured, then the program will not show the load PD Load-side arc flash 
results and most likely the incident energy result for every load protective devices will be set the same as 
those of the faulted bus to which they are connected. 


Load PD (Load Side) — Combined with IEEE 1584-2018 


This box allows the program to show the results of an arc flash analysis at the load PD enclosure defined 
through the enclosure editor. Unlike the implementation of this option with the IEEE 1584-2002 method, 
all the characteristics of the load PD load side arc fault come from the individual enclosure location 
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defined in the enclosure editor. If a load PD location is not defined then there is no annotation display for 
this location on the one-line diagram. 


Unlike the implementation of this option with the IEEE 1584-2002 method, the load PD load side 
location can now have its own working distance, gap, dimensions, enclosure isolation plus many other 
features which were impossible to do unless a separate bus was added at the load side of the protective 
device. 


Note: Load PD Load side calculations are not supported inside a motor composite network for the current 
version of ETAP 


Load Terminal — Combined with IEEE 1584-2002 


This check box allows you to display the arc flash analysis results for a fault at the load terminal junction 
box. ETAP calculates the load terminal fault for every load connected to a faulted bus. 


This option is shown only if the Tools/Options (Preferences) ‘Calc Load Terminal Fault Arc Flash’ entry 
is set to TRUE. If the entry is set to False, the option is not displayed in the Arc Fault Location section of 
the display options. 


The image below shows the location of this preference entry: 


Options (Preferences) x 
e2|Sae a wo 
vy ArcFlash a 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 3 


Calculate Load asl Load a Arc Flash True 


I<] 


Extend IEEE-1584 = = up to 36 kV False 


Force 'FCT Not Determined’ to use Max Limit FCT False 

Load Terminal Arc Fault Equipment Type 0 

Look-Up Report Time Duration 2 

Multiple Source Contribution Levels 2 

No. of Upstream Contributing Branches 999 

Report Bus and Source PD Incident Energy only False 

SQOP-Report PD that de-energize each source path True 

Subtraction of Incident Energy for Multiple Source Systems False v 
Calculate Load Terminal Arc Flash 


This entry specifies if the arc flash program will calculate the incident energy in the event of an arc fault at the load terminals. The default 
value is set to “False” and it means that the load terminal arc fault is not considered. If you set this entry to True, then the program should 
provide the incident energy results for the load terminals. 


[Help| | Aeoly | [0K] [_caua_] 


Load Terminal — Combined with IEEE 1584-2018 


This check box allows you to display the arc flash results on the one-line diagram when the IEEE 1584- 
2018 method is selected. In order to see the load terminal results displayed on the OLD, it is necessary to 
create specific enclosure locations through the enclosure editor. If there is not enclosure location defined, 
then there is not result on the OLD. 


Unlike the implementation of this option with the IEEE 1584-2002 method, the load terminal location can 


now have its own working distance, gap, dimensions, enclosure isolation plus many other features which 
were impossible to do unless a separate bus was added at the motor terminals. 
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Arc Flash Sequence of Op. 


This section holds one setting to control the number of flashes when an arc flash sequence of operation 
fault is inserted in the one-line diagram. 


Flash 


This option controls the number of flashes used to represent the operation of protective devices in AF 
SQOP. The value can be changed from 0 to 3. Setting this option to zero means that there is no flashing 
and the entire set of X symbols are directly displayed without flashing. 


Display Options » Are Flash rs) Utility 
Resutts | AC | AC-DC_| Colors | 


Voltage Unit = ETAP Tutorials 
[El Show Units cai ct = 0.636 Sec. al ae 
Ia @ FCT = 2.84 kA Hyperlink for etap.com 
Fault Type 
@ la" (1/2 Cycle} 
@ 3-Phase c ied 
» la’ (4 Cycle) 
> la (teady-state) cBio FCT = 0.260 Sec. 


- Ia @ FCT = 2.82 kA 
@ Ia - Arcing Current 
© Ibf - Bolted-Fault Current 


Display Load Contributions T1 


[¥] Medium Voltage Motors 
[V] Large Low Voltage Motors FCT = 0.231 Sec 


[¥] Small Low Voltage Motors Ia @ FCT = 24.15 kA 


Arc-Flash Arc Fault Location AFB = 18.293 
[7 Eneray Level 7] Bus & Load PD TE = 6.97 @36 
[¥] Arc Flash Boundary Source PDs 

[¥] Incident Eneray “| Load PD (Load Side) 

EJFcT (Load Terminal 


Arc-Flash Sequence of Op. 
Rash 0 Times 


ETAP 18-68 ETAP 19.0 User Guide 


Arc Flash Analysis Alerts 


18.4 Arc Flash Alerts (Arc Flash and Device Duty) 


The Arc Flash Alerts are generated whenever the global arc flash calculation is performed. The alert view 
window enables the display of the alerts by means of the “Arc Flash Analysis Alert View Window”. 


Alert View 


The Alert View window will display according to the same rules that apply in short-circuit alerts. The 
“Auto Display” option on the Arc Flash Study Case Alert page determines if this window is opened 
automatically after the arc flash calculation completes. You can open the Alert View by clicking the Alert 


View button on the arc flash toolbar. 


Please note that the arc flash alerts only appear if you run the global arc flash calculation using 
the “Calculate” short-circuit current option from the Method page of the AF Study Case. If 
you select the option “User-Defined (Bus Editor)” the alerts are not generated. Please also 


note that device duty alerts generated by the preliminary device duty calculation before arc 


flash will be included in this alert view window. 


The format of the alert displayed is as follows: 


Study Case: AF Decay 


Configuration: Normal 


Zone Filter |] Area Filter 
1 


Critical 


Data Revision: Base 


Date: 05-27-2015 


(-) Region Filter 


NNDB 


Device ID Type Condition Rating/Limit 


Main Bus Open Air Available Protecti... 10 Cal/Cm*2 
Sub22 Switchgear Available Protecti... 5 Cal/Cm*2 


Operating 
107.404 
5.587 


% Operating 
1074 
111.7 


| 


ad 
rr 


Marginal 


Device ID Condition Rating/Limit 


Operating 


% Operating 


oo Olea 


e 


Device ID 


oS 
&) 


The ID of the faulted bus for which the arc flash calculation has found a critical violation. 
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Type 


The bus type according to its setting on the Rating page of the bus (for example, Panelboard, Switchgear, 
Cable Bus, or MCC). 


Rating / Limit 


This is the available protection incident energy level from the Arc Flash page of the bus. The units are 
cal/cm?. The range is the same as the bus field. 


Operating 


This is the calculated incident energy level at the faulted bus. This value is compared against the rating on 
the Arc Flash page of the bus. Its units are Cal/cm?. 


% Operating 


The percent value for the violation is 100%. This means that you only have “critical alerts” and those 
appear whenever the calculated incident energy is higher or equal to the available protection rating value 
in the Arc Flash page of the bus. 


Condition 


The condition reported for this alert is that the available PPE rating has been exceeded at the faulted 
buses. The alert view window condition also contains device duty alerts if the option to run device duty 
before arc flash calculation has been configured from the method page of the short-circuit study case 
editor. 


Marginal / Critical 


There are two windows. Any result which exceeds the critical alert value of 100% will be displayed 
within the “Critical” alert section. Any violation less than the critical value will be displayed as 
“Marginal” 
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18.5 Arc Flash Sequence of Operation 


The AF SQOP feature is a powerful tool to graphically display the events during an arc fault. It is 
designed to display the sequence of operation of protective devices during an arc fault. This tool also lists 
the events in a tabulated format by using the arc flash sequence of operation viewer. 


This section describes all the operational capabilities of the Arc Flash Sequence of Operation feature. 
18.5.1 Graphical Fault Insertion 


The AF SQOP can be started by placing a fault on an element in the one-line diagram. This is similar to 
the method used in ETAP STAR SQOP. 


Utility <x 


4x FCT=1.035 Sec. 
34.5 kV , 1a @ FCT =2.05 kA 


Main Bus 


FCT = 0.238 Sec. 
Ia @ FCT =2.17 kA 


FCT = 0.282 Sec. 
Ia @ FCT = 2.17 kA 


FCT = 0.219 Sec. 
Ia @ FCT = 5.43 kA 


Level1 


= 5.63 ft 
TE =2.22 cal/cm* @36" 
FCT =0.219 sec 


The sequence of operation is displayed graphically on the one-line diagram. The AF SQOP can also be 
displayed in list form by clicking on the AF SQOP Viewer on the icon right below the fault insertion. 
The fault insertion can be placed on any element reported as a fault location. This includes Buses, Source 
and Load PDs and terminal fault locations. 


Their sequence display follows certain logic. The logic is described below: 
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ETAP 


The direction and contribution currents are not displayed on the one-line diagram in this version 
of the program. This is different from the STAR fault insertion. The main reason for this is that 
placing a fault on a bus in ETAP arc flash also determines results for faults at different locations 
in the equipment. The direction of the current is calculated internally for multiple locations and 
cannot be easily displayed on the one-line diagram. 


The sequence may not be displayed if the fault is placed in parts of the system handled with 
special conditions. These conditions include: 


a. Locations where the incident energy is assigned automatically by the program (i.e. user- 
defined). This includes some low voltage locations where the energy is assigned based on 
the bolted fault current and system voltage (i.e. 208 kV or Ibf < 10 kA). The reason is 
that no actual protective device is operating and there is no sequence to display. 

b. The incident energy is determined based on equations as is the case for current limiting 
fuses with IEEE 1584 equations. 

c. There is no protective device which trips at all. In this case, the sequence will return an 
FCT not determined message on the one-line diagram. 


If a load terminal is faulted (i.e. placing the fault insertion directly on top of a load), the program 
automatically allows the load terminals to be faulted for that location. There is no need to enable 
the global load terminal fault setting (Tools\Options (Preferences)). However, if the IEEE 1584- 
2018 method is selected, it is necessary to create a separate enclosure location where the actual 
details about the load terminal location can be specified. 


If a load PD load side is faulted (i.e. placing the fault insertion directly on a load protective 
device), the program will display the load-side arc-flash results if the option “Calculated Load PD 
Load Side Arc Flash” has been enabled from Tools\Options (Preferences)\Arc Flash. Starting 
with ETAP 19.0.0 a load-side enclosure needs to be created for performing a load PD load-side 
arc-flash simulation. Please see section 18.13 for more details on enclosures. 


The sequence is stopped by pressing the ESC key or by changing modes. The AF SQOP also 
stops playing if any element data is changed. 


The arc flash viewer can only be accessed while the fault insertion symbol and the sequence are 


currently playing on the one-line diagram. The AF Viewer icon is disabled from the Arc Flash 
toolbar otherwise. 
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18.5.2 AF SQOP from the Arc Flash Viewer 

The AF Sequence of Operation can also be accessed for each faulted location from the Arc Flash Result 
Analyzer. The power of this feature is greatly enhanced by the fact that the AFRA is non-modal. This 
means that the AFRA window can remain open while the AF SQOP is displayed on the one-line diagram. 
This allows playing the sequence for problem areas discovered using the AFRA without having to exit 
and reselect the scenario. 


After running the arc flash calculations in ETAP 12.0.0 or higher, you may access the AF SQOP by 
opening the AFRA and selecting the specific result for which you would like to see the sequence. The 
image below shows the process: 


—— 
O 
AL 
T4 
i (es Project Repost 
Al Proyect m Belive Dewctory 
© Active Project 
Cramole ANS! 
FCT = 0.175 Sec. Zits 
Ke" @ FCT = 14.29 kA || wrcesnone 
Load Teminale 
0.48 kV ido 
—___ 
Bus1 
) 
7) Fiter Reports by Energy Levels Diaplay Options Reperting $69 of Operation 
vs Ure Dotred V share a4 Sheed (Qustorn’ View 
ip Fides Reads By ) a oe i 
' FCT Not Determined | a uy 
DC System la Veriaton Work Peet Data Sheet  OneLineDisgrn 

FCT by Secondary PD. ] x 
Exceeds Max FCT Bu 
Etiect of Main PD Iectation on FCT {I U 
Deview Duty Alerts Expat Fret Hep [Gece }| | 


The image above shows that selecting a single record from the AFRA window enables the “Display 
AFSQOP on One-Line Diagram” icon in the sequence of operation section of the AFRA window (lower 


right hand side corner). 
The rules for playing the sequence of events from the AFRA are listed below: 


1. The AF SQOP starts to play when the “One-Line-Diagram” Icon is clicked (in the Seq. of 
Operation section). 


2. The AF SQOP displays the last arcing current value passing through the PD at the time of the 
operation. This arcing current value is displayed next to the protective device. 


3. The faulted element is temporarily highlighted in a red color and the fault insertion icon is 
displayed next to it. 


4. Similar to regular STAR SQOP, using the ESC key or switching mode stops the sequence. 
5. No TCC normalized view is generated while the AF SQOP is being displayed graphically. This 


may be handled in a future release of the program. The AF SQOP graphical sequence is cleared 
whenever the mode of operation is changed and thus no normalized view is possible. 
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18.5.3 Arc Flash SQOP Viewer 


This section describes the AF SQOP Viewer. The AF SQOP Viewer is a display window which lists the 
protective device operation is sequential order. This window is similar to the STAR SQOP window, 
except that it is designed to handle more fault locations. 


The AF SQOP Viewer can be launched from Arc Flash toolbar or from the arc flash result analyzer. The 
operation of this window is determined based on its method of launching. If the viewer is launched from 
the SC toolbar after placing a graphical fault insertion, then it will contain only the sequence results for 
the selected fault location. 


Launching the viewer from the arc flash result analyzer allows the viewer to contain the sequence results 
for all the elements selected at the time the sequence viewer is launched. The viewer can then be used to 
browse through different sequence groups for different fault locations without having to do a fault 
insertion. 


—_ a] 


CB3 7 Click on this icon to 1. Select results for which you 
q (ea) launch the viewer want the sequence of 
(cc) while the AF operation to be listed in the 
sequence of viewer. 
XFMR 3 row, operation is 
re displayed in the 
OLD. 


FCT = 0.050 Sec. 
Ia @ FCT = 8.03 kA 


2. Click on this icon to 
launch the viewer to show 
the selected sequence for 
each selected element. 


Display Options Reporting 


Standard Custom 
Label Label 


ante. 


Work Permit DataSheet Qne-Line-Diagram 


The images above illustrate the different methods to 
launch the viewer window. The viewer contains : 
two separate windows which allow the selection of ia FS 
the sequence to be displayed and the display of the 

actual sequence. The image below shows the \ isc (Exot. = [Hep | 
structure of the arc flash SQOP viewer: 


- 
1B) Sequence-Of-Operation Events 
[ac Flash Sequence of Operation Report - 3-Phase (Symmetrical) Arc fault 
Faut Location  [¥] Type [w| kV [¥] Output Repot [|| Source PD ID Arcing Curent kA) Open Time (sec) Trip Time (Sec) Op. Delay (sec) FCT (sec) Condition 
cB22 20.604 0.175 Phase 
cB19 2.383 FCT Not Determined 
CBB 2.194 0.083 0.765 0.848 Tripped by OCR7-Ph 
$1 0.244 FCT Not Determined 
cB10 0.244 FCT Not Determined 
cBt 0.240 FCT Not Determined 
CB5 0.026 FCT Not Determined 
cB4 0.020 FCT Not Determined 
cB33 0.297 FCT Not Determined 
Arc Fault de-energized 


le sequence of device operation displayed in this window or in the one4ine-diagram reflects system conditions at the time the arc flash study was executed. To reflect actual system conditions the output reports should be updated 
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The window on the left is the selection window. It allows the selection of the sequence displayed on the 
right hand side window. The operation of the viewer is as described below: 


1. The viewer displays only one sequence at a time from the selected element and report (left hand 
side selection window). 


2. The play sequence button will play the sequence on the one-line diagram in similar fashion as to 
how it is played from the arc flash result analyzer (see AF SQOP from the Arc Flash Viewer 
section). Playing the sequence on the one-line diagram will be available in a future release of the 
program. 


3. The “Play” sequence button turns into a “Stop” button when the sequence is currently being 
displayed on the one-line diagram. It is a toggle Play/Stop Icon. This icon will be available in a 
future release of the program. 


4. The “Fault Location”, “Type”, “kV”, and “Output Report” columns have sort and filter 
capabilities. For example a single left click on the column header should bring up the window for 
sorting or filtering. 


5. The export button generates an excel sheet which contains all the selected sequences in the AF 


viewer (not just the sequence displayed at the time of the selection). The excel spreadsheet 
contains one spreadsheet for each report. 
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18.5.4 Arc Flash SQOP modes of Operation 


This section describes the basic modes of operation of the AF SQOP tool. There are two basic sequence 
display modes which can be configured to allow flexibility in the graphical presentation of the tripping 
sequence of the protective devices. 


The modes of operation for the Arc Flash SQOP tool can be configured by accessing the Tools\Options 
(Preferences) editor and setting the following entry to True or False: 


- 


Options (Preferences) | S38 
H/o et oo 
4 ArcFlash a 
1-Phase to 3-Phase ArcFault Conversion Factor 1 | 
Bus Levels away to find Source PD 4 
Calculate Load PD Load Side Arc Flash True 
Calculate Load Terminal Arc Flash False 
Electrode Material Correction Factor 1.25 = 
Export Results to Excel True 
Extend IEEE 1584-2002 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT True 
Fuse Clearing Time Tolerance 0 
Load Terminal Arc Fault Equipment Type (IEEE 1584-2002) 0 
Lockout Relay Delay Time 0 
Multiple Source Contribution Levels 10 
No. of Upstream Contributing Branches 50 
Overcurrent Relay Trip Time Tolerance 0 
Relay minimum Trip time 05 
Report Bus and Source PD Incident Energy only False 
True [| 
Subtraction of Incident Energy for Multiple Source Systems 
User-defined CLF Total Clearing Time Region 1 False 
User-defined CLF Total Clearing Time Region 2 : 
> Arc Flash & Star 
>» Rattery Dischame & Sizina 3 
SQOP-Report PD that de-energize each source path 
This entry is used to determine the extent of reported protective devices (PD) for Arc Flash sequence of operation (SQOP). If this option 
is set to True (Default), then the program will only report the PDs that de-energize each source or path. If this entry is set to False, then 
the program will report the clearing time of all source protective devices. 
[__Help | | Apply | [__oK | | Cancel 


SQOP — Report PDs that de-energize each source path = True (default) 

Under this condition the program reports only the operation of protective devices which de-energize a 
source branch. Any other operation along a source branch would be excluded from the sequence as long 
as it occurs after the source path is de-energized. 


If there are no protective devices which operate to completely de-energize the fault, then there is no 
sequence displayed and the following message is displayed “FCT Not Determined”. However, the AF 
Viewer contains a list of the possible source protective devices which did not operate to help identify 
which protective devices are not tripping during the fault. 


SQOP — Report PDs that de-energize each source path = False 

Under this condition the program reports all the operations of protective devices which would trip based 
on the arc fault current. The sequence is reported assuming that any device along the source path trips as 
long as the arc fault current is high enough for it to operate. This approach is similar to what STAR SQOP 
uses for its sequence display. 
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This mode of operation may be useful for illustration purposes as to how long it would take an upstream 
protective device to trip if the downstream device were to fail to trip the fault. It can also be useful to see 
how far away a protective device may operate. The main drawback of this mode is that it may report too 
many operations used only by the program to compare and determine final source protective device. 


The following images show the sequence displayed graphically using both settings: 


FCT = 1.624 Sec. 
Ia @ FCT = 0.951 kA 


FCT = 0.050 Sec. FCT = 0.050 Sec. 


Ia @ FCT = 8.04 kA Ia @ FCT = 8.04 kA 


mcc1 McC1 


Level 1 . Level 1 
AFB = 1.72 ft AFB = 1.72 ft 
IE =1.50 cal/cm? @18" | IE =1.50 cal/cm? @18" 


Oo 


Comp Mtr1 


SQOP —Report PDs that de-energize each source path = True SQOP —Report PDs that de-energize each source path = False 


As can be seen in the images above when the option is set to True, only first PD which de-energizes the 
fault is reported. When false, multiple PDs operate even if the fault is de-energized by the first operation. 


Please note that this option does not affect any calculations. It only affects the method of displaying the 
sequence on the one-line diagram. For both modes of operation, the arc flash program still would take the 
fault clearing time of the first PD which operates (de-energizes) to determine the incident energy. 
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18.6 Running Arc Flash Analysis 


The global arc flash calculation is started by clicking one of the arc flash calculation buttons on the Arc 
Flash toolbar (either the ANSI or IEC). This button runs an arc flash calculation for all the faulted buses. 
You can perform a quick arc flash calculation for a single bus if you open the Bus Arc Flash page that 
contains a Quick Incident Energy Calculator (See Section 18.2, Arc Flash Study Case). 


Setting Up the Arc Flash Study Case 
To open the Arc Flash Study Case, switch to AF Mode and click the button highlighted below: 


B AF-Decay ’ Cable 


Info Page 


To begin, set up an arc flash calculation by selecting the buses to be faulted. You do this by right-clicking 
the buses and selecting the Fault option while in arc flash mode. Or, you can open the arc flash study 
case, click the Info page, and select the buses to be faulted. 


In general, an arc flash calculation depends on the Short-Circuit Analysis results. You can select the 
different options for the short-circuit calculation. For Arc Flash Analysis, you want to get accurate, rather 
than overly conservative, results. This means you should aim at running a calculation that yields realistic 
values. Make sure to consider the equipment cables and overload heaters in the calculation. 


SC Standards Page 


The arc flash calculation can be performed using the ANSI (1-Phase or 3-Phase) & IEC (3-Phase) short- 
circuit currents. You can determine which standard you want to use to determine the short-circuit current 
by selecting the appropriate option from the Standards page of the arc flash study case. 


Note: IEEE 1584 or NFPA 70E Standards are used to calculate the incident energy. Selecting the IEC 
short-circuit calculation does not imply that the Arc Flash Analysis is performed based on any existing 
IEC Arc Flash Standard except those standards used for short-circuit calculations. In future releases, 
ETAP will implement IEC arc flash standards similar to the IEEE 1584 as they become available. 


Please note that IEC and ANSI short-circuit results are different and this will cause the Arc Flash 
Program to yield different results for each. 


Arc Flash Method / Clearing Time / Parameters / Alert Pages 


All of these pages can be configured according to the instructions given in section 18.2. 
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Starting the Global Arc Flash Calculation 
To start the calculation, click the Arc Flash button on one of the Arc Flash toolbars. 


ANSI Arc Flash Toolbar Calculation 


Click the Arc Flash button on the ANSI Arc Flash toolbar to run an ANSI Short-Circuit-based arc flash 
calculation. 


ANSI 


IEEE 


IEC Toolbar Arc Flash Calculation 


Click the Arc Flash button on the IEC Arc Flash toolbar to run an IEC Short-Circuit-based arc flash 
calculation. 


»? 
m 
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18.7 AC Arc Flash Mode 


The arc flash model allows the configuration of arc flash specific analysis. Up to version 12.6.5, ETAP 
combined both short-circuit and arc flash modes into one. Starting with ETAP 14.0.0, ETAP now has a 


separate view for arc flash analysis. 


18.7.1 Arc Flash Mode Toolbars 


This section provides a brief description of the tools available in the arc flash analysis mode. 


Arc Flash Calculation Toolbar 


This toolbar has all the simulation functionalities of the arc flash calculation and simulations. 


ETAP 


Run Global 3-phase Arc Flash Analysis Calculation 

Run Global 1-phase Arc Flash Analysis Calculation 

AF SQOP Fault Insertion (drop on bus to place an AF SQOP simulation) 

AF SQOP Fault Insertion (for 1-phase to be enabled in a future release) 

AF SQOP Event Viewer 

Create a TCC from Arc Flash Mode* (same as creating a TCC from Star mode) 
Append a device to an existing TCC* (same as append in Star Mode) 

Arc Flash Display Options (control display result annotations specific for AF) 
Alert View (if alert exists the red bell icon turns to red color) 

Arc Flash Report Manager 

Arc Flash Result Analyzer 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


18-80 ETAP 19.0 User Guide 


AC Arc Flash Mode 


Arc Flash Analysis AC Arc Flash Mode 


Note: The Creating or appending to TCCs icons follow the same functionality as their counterparts in the 
Star Mode. There is absolutely no difference at all in TCCs created from arc flash mode or from Star 
mode. The main benefit of these icons is to not force the switch of the current one-line diagram 
presentation from arc flash mode to Star mode. 


Arc Flash Study Case Toolbar 


This toolbar allows for the creation and customization of arc flash mode study cases. 


Study Case 
gs AF HalfCycle > A AF-Halfcycle , Cable 


The toolbar contains the following items: 


Open arc flash study case icon (single suitcase icon) 

Study case drop down list control (allows the selection of different arc flash study cases) 

Arc Flash output report dropdown list 

Arc Flash Analysis Report Manager dropdown list (allows the selection of complete or individual 
sub reports) 
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18.7.2 Arc Flash Mode Scenarios 


The scenarios are configured by means of the scenario and study wizards. The scenario icons are 
accessible whenever the mode is selected as arc flash. 


Whenever you click on the scenario wizard the following editor becomes available. This editor allows for 
the configuration of arc flash specific scenarios. 


ID AF-HalfCyde 
New| |. Copy] [Rename] | Delete. | 


Presentation | Study View ~| Study Type| ANSI Arc-Flash 
(A) ee ) (a tie 
(| [Normal +] Output Report AF-HalfCycle 


rie © FB 


esl 


H Be 


w 
Ey 


A 


CH 


Notice that the study mode is called “ARC FLASH” and that the study type will be either ANSI or IEC 
arc flash. The selection of 3-phase, 1-phase or even user-defined arc flash simulations takes place by 
configuring the options directly into the study case. 


The scenario wizard contains other tools which are described in detail in other sections of the user-guide; 
however, it is worth mentioning here that the “Preferences/Ini File” section is a very powerful 
complement to the customization of individual arc flash scenarios. This section allows the automatic 
application of study specific options which otherwise are only accessible through the “Options 
(Preferences)” editor or directly through the ETAPS.INI file. 
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To add the special options into each scenario all that has to be done is to click on the “Edit” icon and 
paste the preference line of code. At the time of running this particular scenario, ETAP will automatically 
load the preference, apply it to the calculation only for the selected scenario. 


An example of the application of this feature is shown below to activate the “load terminal arc flash 
calculation” only for one scenario called “AF-WithMtrTerm”. This particular scenario will run a 3-phase 
arc flash simulation and will calculate the load terminal arc fault (all connected loads) as well for all 
faulted buses. 


The entry “ConsiderLoadTerminalArcFault=1” (case sensitive) tells the program that the load terminal 
arc flash should be calculated. If the entry is not present or the value is set to “0”, the program does not 
generate the load terminal arc flash results. For a list of all the INI and options preferences related to AF 
please go to the calculation methodology section of this chapter. 


AF-WithMtrTerm 


[New] [Copy J [Rename ] [Delete | 


Study Mode [ARC FLASH ’ 
Study Type | ANSI Aro-Rlash . 
| GBB) [AF Hatcycie x 


Output Report AF-WithMtrTenm ¥ 


ConsiderLoadTemninalArcFault=1 
@ ETAP Default Library C:\Pecan64Rel\L] 


© Project Specific Library C:\Pecan64Rel\] 


Project File C:\Pecan64Rel\Examp 


Remarks 


Enter .ini items as they would 


Cece coven) «an anc) ai) Gama 
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18.7.3 Arc Flash Mode Conversion (12.6.5 and Earlier to 14.0.0) 


The conversion and mode split which takes place between ETAP 12.6.5 and ETAP 14.0.0 requires special 
handling of the existing study cases and scenarios. This section briefly discusses this conversion. 


Note: The items described in this section only apply for projects which are converted from ETAP 12.6.5 
and earlier into ETAP 14.0.0. After project databases are converted to ETAP 14.0.0 this information is no 
longer applicable. 


Study Case Conversion 


The existing Short-circuit study cases from ETAP 12.6.5 or earlier are now converted into Arc flash 
Study cases. Every study case converted from Short-circuit to AC Arc flash will contain a prefix called 
“A_”. Every study case converted from DC-Short circuit to DC Arc flash will contain a prefix “D_”. The 
program converts these study cases with unique ID and not exceeding 12 characters upon conversion. 


The context conversion will check the total length of the study case name after prefixing it with A_( AC 
Arc flash) and D_ (DC Arc flash). If the total length exceeds 12 characters, the conversion will try to 
make the study case unique with an algorithm. Once the program converts the study cases with unique 
ID, it passes it to the Scenarios and assign them as it was in the previous version. The process of the 
conversion is explained in the flow chart below. 


Short-circuit Study case 
(Ex: AF-HalfCycle) 


Appends “A_” to the existing 
name (A_AF-HalfCycle) 


Conversion done and assigns 
Exceed 12 the study case to its 
characters? corresponding scenario 

(if available) 


Truncate characters from the 
last and appends 0 with a new Check for 
count of 11 characters duplicate study 
(A_AF-HalfC0) case ID 


Applies the change to make the 
study case unique with the 
prefix as assigns the study case 
to its corresponding scenario 


The conversion of scenarios is also done automatically. Each scenario that was previously configured to 
execute arc flash will have the new arc flash study case name. 
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18.8 Calculation Methodology 


18.8.1 Guidelines / Standards 


ETAP Arc Flash has supported two main standards over the last two decades (2002 to 2018). These 
standard are NFPA 70E and IEEE 1584. Starting with ETAP 19.0.0 ETAP AF will support both IEEE 
1584-2002 [B8] and IEEE 1584-2018 [B1] for a period of about two to three years to allow transition 
time for implementing the new standard. IEEE standards supersede previous versions the minute they are 
released. However, ETAP has decided to continue to support both for a limited period of time to allow 
current studies which were started with the 2002 version to be completed. The 2002 option is also 
supported because of the requirement of maintenance of existing arc flash analysis. 


IEEE Standards 1584-2002, 1584a 2004 & 1584b 2011 


e The Empirically Derived model is used for voltages in the range of 0.208-15kV. The 
Theoretically Derived Lee Model is used for voltage levels above 15kV and below 0.208 kV. The 
Lee method is also used if the bolted fault current is outside the range 0.7 kA < Ibf <106 

e The empirically derived model has a bolted fault current range of 0.7- 106kA. 

e Grounded and Ungrounded (high or low resistance) configurations are considered for faulted 
buses with nominal voltage in the range of 0.208-15kV. 

e The Arc Flash Module determines the bolted fault current from the ETAP Short-Circuit Module. 

e The 3-phase and 1-phase fault current values are used. Depending on the voltage level and the 
type of equipment, ETAP determines the Arc Fault Currents. Whenever the theoretically derived 
Lee method is used, the arcing current is set the same as the bolted fault current. 


ETAP uses the equipment type information from the Bus Editor Rating page to determine the 
incident energy exposure values as a function of distance and location. The results are displayed 
on the one-line diagram, the Bus Arc Flash page, AF Result Analyzer and in the Crystal Reports 
(including labels). 


NFPA 70E-2018 (not including the IEEE 1584 equations of annex D.7) 


e The bolted fault current range for the formulae is 16-50 kA. 

e The calculation of the incident energy exposure is valid for enclosed system voltages below 600 
and only for open air equipment when the voltage is greater than 600 Volts (see Annex D section 
D.3 of NFPA 70E 2018). 

e This method does not consider the type of equipment and the distance factors. The output of the 
module is in the form of a look up table. 


ETAP does not use the equation listed in sections 5.7 of IEEE 1584-2002 or Annex | of IEEE 1584-2018 
for determining the energy of based on current limiting Low Voltage Circuit Breakers. These equations 
are not used since the module takes a more conservative approach by interfacing to the actual TCCs of the 
devices available in ETAP Star. This is generally considered a more accurate approach and more 
conservative. 
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IEEE Standard 1584-2018 


The new IEEE 1584-2018 [B1] model supersedes the IEEE 1584-2002 model. The development of this 
new edition of the standard has taken over fifteen years or work and is a result of thousands on man hours 
of research, development and validation. The following sections provide a summary of the main features 
of this new model. 


Model Development 


The new model was developed based on over 1800 tests. In comparison, the IEEE 1584-2002 model was 
developed based on approximately 300 tests. To get a complete description of the tests performed, please 
refer to Annex G of IEEE 1584-2018. The following table provides a summary of the tests performed to 
obtain the processed data used in the new arc flash model development. 


0.208 ~ 14.8 kV 0.5 ~ 80 kA 6 ~ 250 mm 

VCBB 400 0.215 ~ 14.8 kV 0.5~ 65 kA 6~ 154mm 

HCB 460 0.215 ~ 14.8 kV 0.5 ~ 63 kA 10 ~ 254 mm 

VOA 251 0.240 ~ 14.8 kV 0.5~ 65 kA 10~ 154 mm 

HOA 259 0.240 ~ 14.8 kV 0.5 ~ 66 kA 10~ 154 mm 
HCB-CT* 40 12 kV 5~10kA 254mm 


*Not included in final IEEE 1584-2018 D6 Arc-Flash Model 


The original model development intended to have six different electrode configurations but due to 
limitations in the model development resources, only five electrode configurations remained. 


The test setups are displayed in the following figures: 
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Vertical Electrodes in the Cubic Box (VCB)Electrodes are Terminated in the Middle of the Box 


Vertical Electrodes in the Cubic Box (VCBB) - Electrodes are Terminated at the Bottom of the Box 
(Barrier Test) 


Vertical Electrodes in the Open Air (VOA) 
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Horizontal Electrodes in the Open Air (HOA) 


The following images show the plasma flows on the horizontal electrode configurations. The horizontal 
orientation has been proven to be the one which projects the highest amount of thermal energy to the 
calorimeters. The arc-flash event shown here has both convective and radiation modes of heat transfer. 


ETAP 18-88 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodology 


The following image shows the electrode configuration which projects the least amount of thermal energy 
to the calorimeters (which are placed on the left hand side). Note that the majority of the transferred 
energy is in the form of radiation. 


The VCBB and HCB configurations both can transfer higher amounts of thermal energy to the 
calorimeters. The image below shows the plasma trajectory of a VCBB fault. The barrier at the bottom of 
the enclosure where the electrodes terminate may cause the plasma flow to be redirected and focused 
towards the calorimeter on the left hand side. 
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Range of the model 


Similar to the IEEE 1584-2002 model, the new IEEE 1584-2018 model has a limited range for the input 
parameters. Please refer to section 4.2 of IEEE 1584-2018 for more details on the model range of 
parameters. 


The number of tests used to develop the model was much higher than previously used to account for 
additional configurations, yet the range of the voltage and bolted fault current (short-circuit current) is 
similar to that of the previous model. The following table provides a summary of the model voltage, 
short-circuit current, gap and working distance range. The notable improvement is the range of the gap for 
medium-voltage equipment. Previously the gap range (2002 model) extended to only 153 mm. The gap 
range has almost doubled. 


0.208 < V < 0.600 0.5 to 106 G85 t0N 76:2 No Limit* 


0.600 < V < 15.0 0.2 to 65 19.05 to 254 = Me No Limit 


The following table summarizes the recommended range of the enclosure dimensions. The maximum 
width or height is 49 inch. It is very likely that larger opening sizes may be encountered in actual 
equipment. To handle this, ETAP applies the enclosure size correction factor of the largest opening area 
supported by the model (2401 in’). 


Height 14 to 49 (in) 
Width (4 x Gap) to 49 (in) 
Opening Area 2401 (in2) 


The IEEE 1584-2018 model is valid per its published range for both 50 and 60 Hz, yet 95% plus of the 
tests were performed on 60 Hz systems. Also noted in the following table is that only three-phase results 
were used to create the new arc-flash model. Yet, IEEE 1584-2018 in section 4.11 still recommends that 
the model can be used for single-phase systems and expects that the results be conservative. 


Frequency 50 ~ 60 Hz 
Phases 3-Phase 
Configurations VCB, VCBB, HCB, VOA, HOA 
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One of the major improvements in the new IEEE 1584-2018 model is the “enclosure size correction 
factor” (CF). This CF is new and helps to model more accurately the change in thermal energy reflection 
for enclosures of different dimensions and opening areas. 


The following table provides a summary of the actual sizes of the test enclosures used in the model 
development and testing. There are a total of six sizes used. It is noteworthy that the depth only has an 
effect for low voltage equipment. Furthermore, the information from the tests performed for the IEEE 
1584-2002 model [B3] were reused to expand the range of enclosure sizes in this new model. 


15 kV Switchgear 


5 kV Switchgear 1143 762 462 
15 kV MCC 

5 kV Switchgear 914.4 914.4 914.4 
5 kV MCC 660.4 660.4 660.4 
Low-Voltage ae ae oe 
Switchgear 

Shallow Low-Voltage 

MCCs and é i . 
Panelboards 355.6 304.8 5203.2 
Cable Junction Box 

Deep Low-Voltage 

MCCs and A . . 
Panelboards 355.6 304.8 22082 


Cable Junction Box 


*Based on IEEE 1584-2002 enclosure sizes also considered in the new 


This section meant to provide a quick overall summary of the range of the parameters of the IEEE 1584- 
2018 model, yet for complete information please refer to IEEE 1584-2018 section 4.2 and Annex G. 


Parameters outside the range of the IEEE 1584-2018 model 


This section discusses how to handle situations where some or all of the parameters fall outside the range 
of the IEEE 1584-2018 model. Most notably, this section also discusses some of the changes in the 
recommendations provided in the new standard with reference on how to handle situations where the 
parameters fall outside the range of the model. 


1) Theoretically-derived Ralph Lee Method: The reference to this method has been removed. IEEE 
1584-2018 does not make any specific recommendations on what method to use when any of the 
parameters falls outside the range 
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2) The IEEE 1584-2018 standard still makes a suggestion to allow the 3-phase equations to be 
applied to single-phase systems. 


The most dominant parameter in the selection of an arc-flash model is voltage. The most common 
situation where voltage comes into play is when modeling arc faults in medium-voltage equipment with 
voltage rated higher than 15 kV line-to-line. In previous versions of IEEE 1584 (2002) a reference to the 
Ralph Lee method allowed the possibility to use this method for this condition, yet its results were found 
to be totally unrealistic. Also, the physical behavior of the arcs and the mode of failure are totally 
different for overhead open-air equipment. Several IEEE papers and tutorials have been written on the 
subject [B2]. The following table presents a concise view of the application of different models across 
voltage levels between 0.208 kV to 15 kV and higher. 


Method 208 V to 600 V 601 V to 15 kV 15.1 kV to 38 kV >38 kV 


Frases Joep tino] [so] ee] 20s |] [en 


*ArcFault™ 


IEEE 1584-2002 
IEEE 1584-2018 ae 


The shaded areas in green color (marked as G) indicate that the method is directly applicable. The shaded 
areas in yellow color (marked as Y) indicate that the model can be extended with some engineering 
assumptions. The non-shaded areas indicate that the model should not be used at all. Note that the Ralph 
Lee method should not be used at all for voltages above 15 kV, yet since it was previously applied by 
ETAP as an alternative to the IEEE 1584-2002 method, the program still uses but with a clear warning. 
The warning message indicates that alternative methods such as the extension of the IEEE 1584-2002 
method or the ArcFault module should be used instead. The following images show examples of 
equipment which is clearly outside the range of the IEEE 1584 models. 
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Another major parameter which can be outside the range of the IEEE 1584 models is the bolted fault 
current (available short-circuit current). It is more difficult to deal with this situation since there is not 
available tests with extremely high short-circuit current values. This situation is most common in low- 
voltage power distribution systems. 


The following image shows the results of a comparative study performed to determine the trend and 
amount of incident energy predicted by several available methods. As can be observed in the plot below, 
four methods were compared for an arc fault with short-circuit current between 100 kA to 200 kA. The 
gap between conductors was set to 60 mm and the electrode configuration selected was VOA and the 
working distance used was 24 inch. The fault duration used was 200 ms. 


Comparison of Incident Energy Results for Different Methods (Ibf > 100 kA) 


60 


—@— IEEE 1584-2002 —@—IEEE 1584-2018 —@®—Lee —@®—BGI/GUV-5188 (X/R = 6) 


50 


aS 
[o) 


I.E. (cal/cm2) 


N 
(o) 


10 


100 110 120 130 140 150 160 170 180 190 200 
Ibf - kA 


As can be seen the IEEE 1584-2002 model produces the least amount of incident energy. The IEEE 1584- 
2018 method is more conservative and the Lee method and BGI/GUV-5188 (currently, DGUV-I 203-078, 
German Arc-Flash Method) produce predict significantly higher incident energy values. Since there are 
no actual test results performed to validate any of the results of the methods presented in the previous 
chart, it may be advisable to look into alternative models and perhaps use a mean or average of all the 
results to establish a reasonable incident energy value. 
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Arc Current Model (0.208 kV to 0.6 kV) 


Perhaps the greatest improvement to the IEEE 1584-2018 model is its capability to model five different 
electrode configurations and their effect on the arc current. The arc current predictions of the new model 
have been significantly enhanced when compared to those of the IEEE 1584-2002 model. The main areas 
of improvement are its improved expected arc physical behavior, its increased sensitivity to gap variation, 
the correction of inconsistencies (such as cases when Ia > Ibf), etc. etc. Please refer to Annex G.5.5 of 
[B1] for more details on the improvements to the arc current model. The following plot shows a 
comparative analysis of the arc current predictions of the new model vs. the IEEE 1584-2002 model. 


Ascing Current at Ibf = 20 kA, Gap = 19.05mm 


1584-2002 
I,¢(bolted fault) 


1584-2018 


600 
Voltage in Volts 


As can be observed from the previous image, the behavior of the arc current for low voltage systems is 
quite different from that of the IEEE 1584-2002 model. Note that for voltages above 690 VAC, that the 
IEEE 1584-2002 model would predict that the arc current could be higher than the short-circuit current. 


The following images show the behavior of the new arc current model when analysis for short-circuit 
current parameter sweep. In the plots below, the y-axis represents the arc current and the x-axis represents 
the short-circuit current. The short-circuit current parameter sweep plot shows differences in the arc 
current predictions which are not as drastic as what the previous voltage sweep plot shows. 
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1584-2018 HOA | 


Arc Current Model (0.6 kV to 15 kV) 


Similar to the 2002 model, the IEEE 1584-2018 arc flash model has two different models for arc current. 
The medium-voltage part of the model is described in section 4.4 and 4.9 of [1]. The model uses an 
interpolation approach to apply the effect of the voltage on the arc current. The effect of voltage on the 
predicted arc current becomes less dominant as the voltage increases. 


The new model centers around the calculation of the arc current at three different voltages which are 600, 
2700 and 14300 Volts AC. The process of interpolation and selection of the final arc current for medium 
voltage is described in section 4.9 of [B1]. The following plot shows the results of a parameter sweep for 
short-circuit current for the medium-voltage arc current model. The chart also includes a comparison of 
the arc current prediction of the IEEE 1584-2002 model. 
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The previous plot also shows some more fundamental problems with the arc current prediction produced 
by the 2002 model. The arc currents are the same for VOA and VCB electrode configurations. This is 
physically impossible because of the interaction of the metal enclosure with arc columns. This interaction 
changes the effective length of the arc columns, changes the arc resistance and total current magnitude. 
The IEEE 2018 model shows a significant difference between VCB and VOA arc current. This difference 
will cause significant difference in the expected time of overcurrent protective devices. 


The last set of comparison plots are shown below. The purpose of these plots is to show the behavior of 
the arc current at voltage levels near the middle and upper voltage limits of the model (4.16 kV and 14.7 
kV). 
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Arc Current Variation Correction Factor 


The arc current variation is defined as the probabilistic change in measured arc current between similar 
test samples. The arc current variation is affected by variations in the bolted fault current, voltage and 
gap, yet the new JEEE 1584-2018 model only considers the voltage as the parameters to be used to 
determine the potential percent variation in the arc current. 


The arc current is the most important factor to determine the operation time of overcurrent protective 
devices. This is the reason the new IEEE 1584-2018 model applied an enhanced arc current model. The 
arc current predicted by the model is considered to be the average arc current for the duration of the arc. 
In reality the arc current can experience variations caused by the ac and dc components of the short- 
circuit current. Also, the magnitude of the arc current can vary as the arc ignites, persists and 
extinguishes. The average current model does not include the arc current measured during ignition or 
extinguishing periods of the arc. It only includes the average of all three-phase arc currents. 


Since the model predicts the average current, it is also necessary to determine the lower bound arc current 
based on the expected arc current variation. The lower bound or otherwise called as minimum arc current 
was determined using a fixed 15% value reduction of the 100% arc current predicted by the model. Please 
see IEEE 1584-2002 for more details. The IEEE 1584-1002 model also produced average arc currents and 
the 85% value was considered to be the lower bound arc current. 


The physical concept of arc current variation was not changed. It was simply improved. Based on the 


analysis done during the new arc flash model development phase, it was found that the variation in the arc 
current was higher at voltages below 480 Volts and far less at voltages like 600 Volts and 2700 Volts ac. 
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The plot shows that the HOA configuration has the highest potential arc current variation and VCBB the 
lowest variation in the low-voltage range. 


The arc current variation is now applied to both medium and low-voltage equipment. The options are 
placed in the method page of the arc-flash study case. 


% Arc Flash Study Case 
Clearing Time | Parameters | Adjustment | SC Standard | ert _| 
Arc Flash Method 
@ IEEE 1584-2018 (¥] Apply larc variation <= 0.6kV 
© IEEE 1584-2002 [¥] Apply larc variation > 0.6 kV 
© ArcFault 


The value of the arc current variation is no longer fixed to 15% but calculated continuously based on the 
equations provided in section 4.5 of IEEE 1584-2018. 


Just like in previous versions of ETAP, the arc-flash program performs two calculations. One at 100% of 
the predicted arc current and a second one using the reduced arc current. The program reports which of 
the two solutions produces higher incident energy results. For a complete solved example and application 
of the equations provided in section 4.5, please also refer to Annex D of IEEE 1584-2018. 


Note: The arc current variation value is shown as a truncated integer number in the arc-flash report 
analyzer. As an example if the arc current variation is 12.2%, the analyzer will report it as 12%, yet the 
program uses a full double format number to calculate its effect in the results. The number will be 
reported as a float number with several significant figures in a future version of the program. 


Incident Energy Model — (0.208 kV to 0.6 kV) 


The incident energy model is described in great detail in sections 4.3, 4.6, 4.9 and 4.10 of IEEE 1584- 
2018. The overall incident energy model is different from that of the 2002 model because it includes the 
additional three electrode configurations. At the same time for enclosed configurations VCB, VCBB and 
HCB and enclosure size correction factor is also applied. 


The incident energy model follows the same principle as the arc current. An interpolation process as 
described in section 4.9 is done to determine the incident energy. The interpolation takes place by 
obtaining intermediate incident energy values at 600, 2700 and 14300 Volts ac. 


The following chart shows the results of a comparative analysis of the incident energy predictions of the 


new IEEE 1584-2018 model against those of the 2002 model. This plot shows the results for a low- 
voltage case with 208 Volts ac, short-circuit current of 10 kA and a gap of 19 mm. 
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Incident Energy at 208 V and Ibf = 10 kA, Gap = 19.05mm 
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The y-axis shows the incident energy in cal/cm2 at a working distance of 18 inch. The box size used for 
the comparison is that of a typical panelboard. The x-axis is the fault duration. The plots reveals some 
highly interesting results. First we can observe that the HCB configuration (solid red) produces the 
highest incident energy flux; even higher than both the VCBB (solid magenta) and VCB (solid blue). This 
is of course expected for the new IEEE 1584-2018 model. The surprising result is that the VCB results of 
the IEEE 1584-2002 model show incident energy values which are even higher than those of the new 
model HCB configuration. This is mainly the result of an overly conservative correction factor which was 
applied to the 2002 low-voltage incident energy model. The incident energy results for VCB for the 2018 
model are significantly lower than those of its counterpart. This is notable and important since 
calculations of incident energy may need to extent to short-circuit currents and voltage which were 
previously ignored based on the notable 125 kVA / 240 Volt exception. 


The following chart shows a comparison at 480 Volts with a short-circuit current of 12.5 kA and a gap of 
19 mm. The enclosure size is 20 inch by 20 inch. The working distance is 18 inch. It can be observed that 
at this voltage level, the HCB configuration produces results which are higher than those of the VCB of 
2002. This is what is expected for all cases at higher voltages like 600, 4160, etc. etc. 
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Low Voltage Incident Energy Assignment (low-voltage arc sustainability threshold) 


The low voltage incident energy model for IEEE 1584-2018 will be tested with lower voltages and fault 
currents. As previously described in this chapter, the low voltage arc sustainability limits have been 
revised in this edition of the standard. The reasons the limits were revised is because additional electrode 
configurations such as VCBB used in the testing revealed that arcs can sustain at much lower short-circuit 
currents than previously presented in the 2002 standard. It is worth noting the IEEE 1584 struggled 
significantly to come up with this revised limits. It is very difficult to determine an absolute low-end arc- 
sustainability condition. In fact, such task may not be possible using the test setups shown in this chapter. 
It may be necessary to determine this level using actual equipment for each manufacturer. 


The new limits were derived based on intensive testing performed for both three-phase and single-phase 
test systems. The one factor which may also play a factor is the electrode material such as copper or 
aluminum. Aluminum conductors have different heat transfer and melting temperatures which may make 
arcs sustain at lower fault currents. However the standard has no recommended effect for aluminum. 


The previous versions of IEEE 1584 suggested a limit for sustainability at around 240 Volts ac with 


approximately 125 kVA (or 10 kA with a 3.5% impedance transformer). This left a substantial amount of 
equipment out of the scope of incident energy calculations. However, since the limit has been lowered to 
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240 Volt ac with 2.0 kA of short-circuit current, it means that more systems have to be analyzed. 
However as mentioned previously in this chapter, an overly conservative incident energy correction factor 
was removed from the low-voltage model for IEEE 1584-2018 as shown in the plot below: 


LV Incident Energy Comparison (1584-2002 vs 2018) 
V = 208 V, EC = VCB, Gap = 25 mm, Panelboard (14 in x 12 in x 8 in), WD = 
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As can be easily observed in this plot, the incident energy results of the new IEEE 1584-2018 model are 
more accurate and also less over conservative for low-voltage equipment which falls in the potential 
category of additional equipment which may need to be analyzed under the new limits provided in the 
2018 edition of the standard. 


Incident Energy Model — (0.6 kV to 15 kV) 


The medium voltage part of the model uses interpolation as previously mentioned. The model electrode 
configurations play a big role in the prediction of the incident energy. The medium-voltage incident 
energy model is described in section 4.6 and 4.9 of IEEE 1584-2018. 


The plot below shows a comparison of the incident energy for both IEEE 1584-2018 and 2002 models. 
The results reveal consistently that if the equipment is determined to be now of HCB configuration that 
the incident energy can be significantly more. In the plot below the incident energy for a VCB 
configuration using the 2002 model is 20 cal/cm* while it is predicted to be over 45 cal/cm* using the 
2018 model if the HCB electrode configuration is used. 
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Incident Energy at 2700 V and Ibf = 21.5 kA, Gap = 95.25mm 
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The same can be observed at 4160 and 13.8 kV respectively. 


ETAP 


Incident Energy at 4160 V and Ibf = 41.5 kA, Gap = 57.15mm 
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Incident Energy at 13800 V and Ibf = 25 kA, Gap = 57.15mm 
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Arc-Flash Boundary Model (0.208 to 0.6 kV) 


The arc-flash boundary model has also undergone a significant improvement. The testing methods used 
allow the new model to predict shorter boundary distances. It is accepted that the IEEE 1584-2002 
method could produce overly conservative arc-flash boundaries. This can become evident when 
comparing the incident energy measurements at different working distances. The testing and data 
processing used to develop the new arc-flash boundary model reveal a gain in margin which becomes 
evident when comparing the results of both methods (2002 and 2018). 


The following plots all present a comparison of the predicted arc-flash boundary in mm (y-axis) for both 


the IEEE 1584-2018 and 2002 methods. The x-axis represents the fault clearing time or arc duration in 
cycles. The plots were generated for different equipment with typical data as described in the plot title. 
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Arc Flash Boundary (mm) 
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The plot above shows that for low-voltage, (208 Volts), that the arc-flash boundary (AFB) predicted by 
the IEEE 1584-2018 model is almost half of what was previously predicted by the 2002 model. The solid 
blue color plot represents the AFB of a VCB configuration for the 2018 model. The dashed grayscale plot 
represents the AFB obtained using the IEEE 1584-2002 model. 


Similar and more dramatic reductions can be observed for 480 Volts ac: 
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At 600 Volts ac: 


Arc Flash Boundary at 600 V and Ibf = 20.5 kA, Gap = 31.75mm 
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Arc-Flash Boundary Model (0.6 to 15 kV) 


The medium voltage arc-flash boundary (AFB) model also uses interpolation of a set of intermediate 
values as described in section 4.7 and 4.9 of IEEE 1584-2018 to determine the final arc-flash boundary. 
Similar to the low-voltage model, there is a notable reduction in the predicted arc-flash boundary. The 
overly conservative IEEE 1584-2002 result consistently produces the highest AFB for similar incident 
energy values. 


The plot below shows the arc-flash boundary vs the arc duration and compares the 2018 AFB vs the 2002 
AFB results. This comparison was made for a system voltage of 2700 Volts ac. 
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For 13800 Volts ac: 
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The arc-flash boundary model for both low-voltage and medium-voltage systems has been significantly 
enhanced in the IEEE 1584-2018 model. Also similar to the IEEE 1584-2002 implementation, ETAP AF 
allows the calculation of the AFB at different energy thresholds. The default value is 1.2 cal/cm2, but this 
value can be overridden with an option in the arc flash study case parameters page as shown below: 


Bus Gap, X-Factor & Working Distance 


© Individual (Bus Editor) © 1.2 cal/cm? 
@ Global (Arc Flash Analysis Data) 


@ User-Defined 
© Typical IEEE 1584 2002 


Note: The application of the AFB for the decay method and subtraction of incident energy method 
required significant proprietary development in the ETAP calculation engine and therefore cannot be 
disclosed in this section, but its results have been verified by the ETAP quality assurance program. 
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Enclosure size correction factor 


The opening size and depth of the enclosure are now factors which affect the incident energy. The IEEE 
1584-208 standard has implemented a new correction factor (CF) which is a function of the opening size 
(height and width), electrode configuration (VCB, VCBB, HCB) and in the case of low-voltage 
equipment the depth ( depth < 8 inch could be defined as shallow) of the enclosure. 


The enclosure size correction factor for open-air configurations (VOA, HOA) is always 1.0 p.u. The 
enclosure size correction factor has been normalized to a 20 in x 12 in x 20 in size enclosure. There is no 
box effect and the energy flux is considered to be spherical (i.e. in all directions). The image below 
illustrates the concept. 


In the figure above, the distance d is considered to be the working distance. Once there is an enclosure 
present (VCB, VCBB, HCB), there is a portion of additional energy flux which is reflected towards the 
calorimeters (which represent a person standing in front of the equipment). The reflected thermal energy 
is in the form or reflected radiation, plasma and superheated molecular material. The images below 
illustrates the concept of the enclosure effect. To understand the physical heat transfer being represented 
by the equations we must first define the base condition. The open-air case can be considered as the 
reference for heat reflection analysis. The image above shows the heat dissipation for an open-air arc 
flash. As an example of the heat flux generated by that arc is 20 cal/cm?-sec at 24 inch working distance; 
it means that the incident energy for a 1.0 second duration arc flash is 20 cal/cm*. The first case we can 
see is the effect of what IEEE 1584-2018 defines as a “typical” low-voltage equipment size enclosure. 


Incident Energy 


_—> 43.5 calicm2 @ 1.0 sec 
—> | 
eo -— | 


Flux = 20 ca/cm2-S_ ——__ | 


If the same open-air flux is generated inside a typical size enclosure with a depth greater than 8 inch, the 
IEEE 1584-2018 model would show an additional reflected energy of 1.17 times the open air value. If 
you take the same box with a variation in the depth (which may be considered for LV cases only); which 
would now make the enclosure be defined as “shallow” according the new standard, then the incident 
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energy reflection is reduced to only an additional 0.385 times the open-air flux as shown in the image 
below. Note that the working distance and opening size remain constant, but the positioning of the 


electrodes (arcs) relative to the back wall and front opening has changed. The shallow box would reflect 
less energy towards the calorimeters. 


/ L Incident Energy 


. —_—— 4 27.7 caV/cm2 @ 1.0 sec 
—»> | 
andl 


Flux = 20 cal/cm2-S —_>> | 


\\\ 


Similar to the effect of shallow and typical enclosures for low-voltage equipment, the opening of the 
enclosure plays a factor in the amount of reflected energy. Comparing the typical enclosure case above 


with an incident energy of 43.5 (typical box) against a typical box with a much larger opening size we can 
see that the reflected energy is only 0.83 times the open-air flux. 


id Incident Energy 
_—__> 36.6 calicm2 @ 1.0 sec 
—— 4 | 
eo - | 
= i 
Flux = 20 cal/cm2-S 


The previous images only show the effect of the reflected heat, but do not show the positioning or 
orientation of the electrodes. IEEE 1584-2018 provides three separate sets of equations to determine the 
effect of the enclosure for each of the enclosed electrode configurations (VCB, VCBB, HCB). Please 
refer to section 4.8 of the standard for more details. The overall effect of the enclosures as a function of 
opening area can be visualized by using plots. Note that there is no comparison to the IEEE 1584-2002 
model since it did not support enclosure sizes in a similar way. The plot below shows the effect of the 
enclosure size correction factor for VCB. The plot includes two curves which represent the incident 
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Enclosure Correction Factor - VCB 
V = 15 kV, Ibf = 30 kA, Gap = 32 mm, WD = 36 in, FCT = 100 ms 
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Enclosure Correction Factor - VCBB 
V = 15 kV, Ibf = 30 kA, Gap = 32 mm, WD = 36 in, FCT = 100 ms 
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energy flux predicted by the incident energy equations. The second region is between 20 in x 20 inch and 
49 in x 49 in where the incident energy reduction is proportional to the opening size. The third region to 
the right of the region 2 marker is where the opening size is larger than 49 in x 49 in. These three regions 
exist for all three electrode configurations. 


Note that region 1 enclosure size correction factor can vary only for low-voltage equipment depending on 
the depth of the enclosure as defined in section 4.8.1 and 4.8.2 of IEEE 1584-2018. The following plot 
shows how the enclosure correction factor can vary in region 1 if the enclosure is classified as shallow. 
Basically the image shows that the shallow box will reflect less energy as shown in the shallow box 
example above. 


Enclosure Correction Factor - VCB 
V = 0.480 kV, Ibf = 25 kA, Gap = 25 mm, WD = 18 in, FCT = 100 ms, 
Depth <= 204 mm 


If Depth > 204 mm 


oy 
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The same plot can be generated for HCB and VCBB. An example of the HCB enclosure correction factor 
in region 1 is shown below. 


Enclosure Correction Factor - HCB 
V = 0.480 kV, Ibf = 25 kA, Gap = 25 mm, WD = 18 in, FCT = 100 ms, 
Depth <= 204mm 


If Depth > 204 mm 
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The last characteristic of the enclosure size correction factor which needs to be highlighted is the effect of 
the HCB electrode configuration. The box size was found to have the least effect in the HCB 
configuration. Such expectation is obvious as the electrode horizontal orientation creates magnetic forces 
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which eject the arc columns, plasma and superheated molecules towards the outside directly towards the 
calorimeters. Only radiation form of heat transfer appears to be present for the HCB configuration. The 
following plot shows the HCB enclosure size correction factor effect. 


Enclosure Correction Factor - HCB 
V = 15 kV, Ibf = 30 kA, Gap = 32 mm, WD = 36 in, FCT = 100 ms 
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The plot above shows that for an HCB typical size box at the 20 in by 20 inch opening size that the box 
effect only increases the incident energy by 0.34 times the open-air incident energy. 


Effect of grounding on the incident energy 


The grounding and bonding configuration of the equipment has a significant effect on the predicted 
incident energy of the IEEE 1584-2002 model. This is no longer the case based on the findings of the 
development group of the new IEEE 1584-2018 model. The images below shows the effect of on the 
incident energy of a grounded (solidly grounded) vs ungrounded configuration with similar 
characteristics. The first image shows the incident energy for a low-voltage fault in solidly grounded 
system using the IEEE 1584-2002 method (the image is the output of the arc-flash calculator in ETAP 
19.0.0). The incident energy is approximately 27 cal/cm2. 
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Using the same inputs for the electrical characteristics of the equipment and varying only the grounding 
configuration we obtain a higher incident energy value of 35.1 cal/cm2. This is an increase of 
approximately 30%. 
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The new IEEE 1584-2018 model no longer has an input or considers the grounding or bonding of the 
equipment. The incident energy is now approximately 27 cal/cm2. The image below shows a calculation 
performed with the 2018 method with input parameters matched as close as possible to those of the 2002 
method. 
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The measurements and additional tests performed by the new arc flash model development group showed 
that the incident energy measurements were very similar for arc-flash tests with the box grounded/bonded 
and ungrounded. The plot below also shows that current flowing to ground was negligible during the 
duration of the arc with only a small portion of current which would flow as the arc might start as a phase 
to ground event (before all three phases were enraged). 


Ground Current 


Current (A) 
yD 
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1-Cycle 3-Phase Arc 


Time Samples 


To summarize, the grounding configuration is no longer a factor and should provide a margin for at least 
equivalent cases (VCB and VOA) in both methods (2002 and 2018). 


Determining the equipment electrode configuration 


The most important step in implementing the calculations based on the new IEEE 1584-2028 model is to 
identify which or which ones of the five electrode configurations are present in the equipment being 
analyzed. As described in section 6.6 of [B1], it is possible to have one or more electrode configurations 
present in a piece of equipment. 


Matching the equipment to the electrode configurations can be challenging. Magnetic fields influence the 
trajectory of the plasma as it moves through the conductors at the arc fault location. The movement and 
trajectory of the plasma can be determined based on an average of several magnetic fields which flow in 
conductors with different orientations. In fact, it is likely that in real-life equipment that the resultant arc 
current and incident energy maybe the result of the simultaneous influence of several configurations and 
thus the incident energy may be somewhere between the results of two bounding configurations. 


Table 9 of IEEE 1584-2018 is a good starting point for some guidelines on how to identify the potential 
electrode configuration(s) present in the equipment. The images below show examples from table 9: 


First for VCB we can see the location identified at the bottom of the low-voltage molded case circuit 
breaker. If the arc flash occurs there, then by general consensus, this location is most likely considered as 
VCB. One generally accepted concept is that arcs in three-phase systems tend to travel or move away 
from the energizing source. This concept may be critical for identifying the location within an enclosure 
where the arc is likely to remain for the majority of its duration. 
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The following image illustrates the next concept which is that a second configuration may also be present 
in the same location. The VCBB location is shown on the top of the LV MCCB. 
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The HCB configuration can be identified in a medium-voltage circuit breaker compartment when the 
breaker is not inside the compartment as shown in the images below. If the breaker is in place inside the 
enclosure (as it would be during the racking in and out process), then most likely the configuration which 
would cover this condition would be again VCB. 
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The VOA and HOA configurations in fact may be very similar and they really depend on where the 
individual is located relative to the electrode orientation. The images below show potential examples of 
VOA configuration. 
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The HOA configuration example is shown below. Note that in the case of padmount transformer stabs, if 
the surrounding walls are removed, then the configuration could be open air or HOA. 
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However if the side walls are closed then the configuration could be changed to HCB. 
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The following diagrams show how the test setup can change from a VCB to both VCB and VCBB at the 
same location. The location of the incoming energizing source is marked to be able to identify the 
possible net location of the magnetic fields which tend to cause the motion of the arc components (arc 
columns, arc jets liquid metal and shrapnel, plasma, & molecular cloud) 
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There are several aspects of real-life equipment operation which may not fit the test setups at all. One of 
those aspects which are completely ignored is the possibility of an arc at a location which is energized by 
two or more sources. The net direction of the plasma and the traveling direction of the arc may be 
unknown at that point. Locations where bus bars or tie-connections are fed by multiple sources may 
induce magnetic fields in opposite directions as the current flows towards the arc location. What really 
happens at that location is unknown unless a test setup with two incoming sources placed in multiple 
orientations are tested (as part of future development and testing of the standard). 


Other conditions are locations where connecting lugs or holders may protrude horizontally could be 
interpreted as HCB configurations. However, one big question remains which is how much horizontal 
length is required for the conductors to truly act as HCB. This is not defined at this time in the standard. 
More testing in actual equipment configurations may be required to make a determination on whether the 
fuse holder shown below will act mostly as HCB or VCB. The image below is figure G.40 of IEEE 1584- 
2018 (annex G). 


In the image above, the protruding fuse holders (red color highlight) may be thought of as resembling an 
HCB configuration while the incoming vertical conductors coming out of the fuse cartridge (blue color 
highlight) could be considered as VCB. The equipment in the image above is not an exact match of either 
VCB or HCB test setups. As observed in previous sections of this chapter, the incident energy in HCB 
configuration could be much higher than that of VCB. 


The last item which should be considered for the determination of the electrode configuration(s); which 
best resemble the actual equipment, is conductor material erosion. Arcs extinguish because of different 
reasons. The most important cause for the extinction of the arc is the operation of upstream protective 
devices; which when opening remove the voltage and current that feeds the arc. Another important cause 
is the gap increase introduced because of conductive material erosion. A third and far less common cause 
for arc-extinction is the rapid change of the conductive environment around the arc. 


If the conductive material inside the location is completely eroded (melted away or evaporated), the 


effective gap between conductors increases to the point where the arc can no longer sustain. An analogy 
for this phenomena can be a fire which exhausts the material it is burning and eventually self- 
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extinguishes. If you combine the conductive material erosion with the concept of electrode configuration 
as shown in the previous image, then the arc flash is elevated to a highly dynamic event. The arc flash 
could indeed start in an HCB configuration at the fuse holder, but could transition rapidly into a different 
form as the conductor erodes. The time that it takes for the arc to erode the copper in the protruding fuse 
holder and turn into an arc flash event of a different electrode configuration (such as VCB) should be 
considered. Last, it should also be noted, that conductor material erosion could take place at a much 
slower rate for harder conductor materials such as stainless steel or because of lower short-circuit current 
levels (i.e. the available energy to fuel the arc is not enough to cause fast erosion). The ejected material 
speed also needs to build over time. Momentum in the arc plasma may not be built over a short period of 
time to make the fuse holder part of the conductor actually behave as an HCB configuration as tested in 
the labs. The conductor material erosion and its rate of change along with the time it takes for the ejected 
material to build momentum are factors not considered in the development of the IEEE 1584-2018 
equations. 
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18.8.2 Determination of [ndividual Arcing Current Contributions 


Once the bolted short-circuit current is calculated by the Short-Circuit Analysis Module, the arcing 
current is determined using the equations listed in IEEE 1584-2002 or 2018 (See the previous section.) 
The following steps are taken to calculate the individual arcing current contributions: 


1. The total bus bolted short-circuit current is used to calculate the total bus arcing current. 

2. The individual arcing currents are determined by distributing the arcing current proportionally 
between all the contributing sources (branches, motor loads, sources, etc.). 

3. The arcing current contribution ends up being proportional to the calculated bolted short-circuit 
contribution. 


The following diagram illustrates the process: 
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The total bolted fault current is equal to 33 kA. The total arcing current is equal to 31.36 kA. In this case, 
the arcing current distribution is as follows: 


Arcing Current Distribution (2002 method shown as example) 
BoltedSC % of Total Bolted 


PD (kA) (kA) Total Arcing Current (kA) 
CB12 15.13 45.85 14.38 
CB23 0.623 1.89 0.59 
CB4 16.72 50.67 15.89 
Cable 4 0.489 1.48 0.46 


Only the current magnitudes are considered for the arc flash calculation. 
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Note: For buses with nominal voltage greater than 15.0 kV, the arcing current contributions are the same 
as the bolted fault current. 


The arcing currents or bolted fault currents can be displayed on the one-line diagram. To display the 
calculated arcing currents on the one-line diagram, simply open the Arc Flash display options editor and 
select to show the arcing current values (denoted by Ia-Arcing currents) as shown in the image below. 
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The image above shows the displayed arcing current values based on the fault current decay method being 
selected to execute the calculation. ETAP has three different methods to determine the arcing current 
contributions. The methods are the % Cycle method, 1.5 to 4 Cycle method and the Fault Current Decay 
method. 
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Half Cycle Current Method 


This method utilizes the % cycle (subtransient) bolted fault current (Ibf”) to determine the arcing current 
contributions (Ia”). Typically this method yields conservative results for fast operating protective devices 
(i.e. devices which operate in their instantaneous region). This is the case with most low voltage systems. 
The arcing current determined from either IEEE 1584 equations or directly taken as the bolted fault 
current (Lee method) is assumed to be constant throughout the duration of the arc fault. 


1.5 to Four Cycle Current Method 


This method utilizes the 1% to 4 cycle (transient) bolted fault current (Ibf’) to determine the arcing current 
contributions (Ia’). Typically this method yields more accurate results for protective devices with longer 
operating time (i.e. devices which operate in their inverse overcurrent region). This is the case with 
medium voltage systems. The arcing current determined from either IEEE 1584 equations or directly 
taken as the bolted fault current (Lee method) is assumed to be constant throughout the duration of the arc 
fault. 


Fault Current Decay Method 


This method is very different from the previous two arcing current calculation methods. The program uses 
a combination of the sub-transient; transient and steady-state short-circuit networks to determine the 
arcing current values which would flow throughout the arc fault duration. The program is taking into 
consideration the decay in asynchronous and synchronous machine short-circuit current contributions. 


The program will determine first the subtransient bolted fault current (Ibf”). It will also determine the 
transient bolted fault current (Ibf’) and finally the steady-state bolted fault current (Ibf). ETAP 
manipulates these three values to determine the equivalent Ia”, Ia’ and Ia values which flow in the actual 
arc fault event. 


In low voltage systems, the change from Ia” to Ia’ to Ja is not very high and thus the % cycle method and 
the fault current decay methods may yield very similar results for the majority of systems. However, in 
medium voltage systems with a lot of asynchronous (induction) motor contributions and also with large 
generators contributions, the decay from Ia” to Ia may be significant. This significant decay in current 
allows you to model a slower operation of protective devices which in turn may significantly increase the 
operating time of protective devices. 


Also, another benefit of the fault current decay method is its removal of arc fault contributions from 
motors. This allows the estimation of a more accurate amount of incident energy release. This may have a 
significant impact for systems which have a large number of motor loads. 


The subtransient and transient fault currents are obtained using the typical % cycle and 4 cycle networks 
as described in Chapter 15 (Short-circuit calculation methods). The steady-state short-circuit currents are 
obtained typically at 30 cycles (this is the default value, but this can be user-defined). The following rules 
apply to the determination of the steady-state arc fault currents: 


1. No asynchronous motor contribution is considered pass the steady-state short-circuit time. 


2. The synchronous generator contribution will be determined from its steady-state reactance (Xd) if 
the generator has no decrement curve information available. 


3. The synchronous generator contribution will be determined from its individual decrement curve if 
the option “Determine from Decrement Curve” is selected from the Arc Flash page of the short- 
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circuit study case editor. Only the AC decay component is considered (no DC decay). The 
program will determine the equivalent current contribution from the generator at the steady-state 
time specified in the study case. Of course, the contribution of the generator to the fault is 
determined taking into consideration the impedance of the system in between the fault and the 
generator terminal bus. This means that the closer the faulted buses are to the generator terminal 
bus, the bigger the decay in current contribution will be and the closer the current will be to the 
one specified in the decrement curve. 


The program will determine the synchronous generator steady-state arc fault current contribution 
as a function of the generator full load ampere rating (Gen FLA) if the option “Limit Gen Ibf to” 
is selected from the Arc Flash page of the study case. This feature allows you to specify what will 
be the generator steady-state contribution for a fault at the generator terminals. This feature 
mimics the forced excitation capability of certain generators to sustain a fault current level for a 
few seconds to allow the operation of overcurrent protective devices. Please note that you may 
accomplish the same by using the decrement curve feature as long as the decrement curve has 
been configured to show the forced excitation steady-state current value (Imp/Model page 
Compound Exc. Feature). In a sense, the “Limit Ibf to” feature is a quicker way to specify the 
generator compound excitation contribution. 


The following image shows the decrement curve for a generator with a steady-state fault current value of 
371.9 amps or (100% FLA). This corresponds to a decrement curve option and the value of Xd = 100%. 
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The study case option that you would have to configure to obtain the generator steady-state current 
contribution would be as shown below: 
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The steady-state current value is the only value obtained from the decrement curve. The steady-state time 
in this case has been set to 103 cycles. The steady-state arcing current contribution is about 377 Amps. 
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The next image shows the same generator decrement curve, but this time with a forced excitation and a 
sustained steady-state short-circuit current of 2.5*Gen FLA: 
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In the image above the grey color curve represents the compound excitation curve. This forces the current 
to a steady-state arcing current value close to 938 A instead of the 377 A (previous case) as shown below: 
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The next images show that we can get similar generator steady-state arcing current contributions if we use 
the global option “Limit Gen Ibf to” instead of configuring the compound excitation through the 


decrement curve: 
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Please note that the Ia contribution from the generator is 938 Amps (same as previous case). Please note 
that the “Limit Gen Ibf to” option is a global option and it sets all generator contributions to the same 
forced current value whereas the decrement curve option applies to individual generators. Of course this 
may not be too much of a problem since similar generator sizes and models are often used in generator 
farms/plants. 


IMPORTANT: The fault current decay method is not a full transient solution (continuous fault current 
calculation). It only determines three fault current values (subtransient, transient and steady-state). The 
fault clearing time and the incident energy are determined by integration of these fault current values as 
described in the next section (Determination of the FCT). The purpose of this method is to allow closer 
simulation to more complex power system; however, the full transient behavior is not modeled yet and is 
left for future releases of the program. This method will yield good approximations for calculating the 
decay of energy in most power systems. 


1-Phase Methodolo 

Since there is no available methodology described in the guidelines for handling 1-Phase system arcs, 
ETAP uses the 3-Phase IEEE 1584 (both 2002 and 2018) equations and applies it to 1-Phase systems. All 
the IEEE1584 equations are aimed at escalation into 3-Phase faults. In general, applying the 3-Phase 
equations for 1-Phase systems should be conservative. The intended use of this method in ETAP is to 
provide engineers a way to estimate the energy for 1-Phase installations. 


IEEE 1584 2002 states that the arc flash calculation equations were developed based on the assumption 


that the faults will escalate to 3-Phase fault. However, the results obtained from the empirical method 
equations should be conservative for 1-Phase systems. 
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Note that the voltage limit of the IEEE 1584 empirical method is 0.208 kV. 3-Phase or 1-Phase systems 
with voltage values lower than 0.208 kV (phase to phase or phase to neutral) will not be evaluated by 
ETAP. 


It may not be necessary to perform an arc flash hazard calculation if the single-phase system is fed from 
transformers smaller than 125 kVA, or of the voltage is less than 0.208 kV (based on IEEE 1584-2002). 
This statement has been widely used but has been revised in IEEE 1584-2018. For information on the 
application of this guideline using the IEEE 1584-2018 method please refer to the study case method page 
section. 


The subtransient bolted fault current value is used to determine the arcing current and incident energy for 
1-phase systems. Also there are some assumptions to the types of systems which are faulted under the 1- 


phase system name: 


e Any system connected below a phase adapter 
e Any system connected to a 1-phase UPS 
e Any system connected below a panel (including 3-phase panels) 


Please note that in previous versions of ETAP the 3-phase UPS used to be part of the group of systems 
which would be handled under the 1-phase arc flash option. This is no longer the case as version 11.0.0. 


The study case selection must be configured to fault these components. 


Info Method Clearing Time Parameters Adjustment SC Standard Alert 


Arc Flash Method 
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©) User-Defined (Bus Editor) Sym. 1/2 Cycte 
© Calculate © 3Phase System 


@ Panel/1-Ph UPS/1-Ph System 


Update Fault Current to Bus AF Page 


The only selection which can be made is to include in the arc flash analysis any of the items on the info 
page of the short-circuit study case. The image below shows the selection process under the 1-Ph/Panel/1- 
Ph UPS Subsystem section. 
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Arc Flash Study Case 
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1-Phase system calculation assumptions: 


1. All components below the 1-phase system are considered to be ungrounded (for more 
conservative results since the grounding configuration could not be determined for certain types 
of 1-phase systems) 

2. The arcing current is determined using the half cycle (subtransient) bolted fault current. The fault 
current decay is not considered in this part of the system. 

3. All buses and panels connected are faulted together. There is no capability to select individual 
fault locations. 

4. No motor contributions are considered for 1-phase motor loads. All motor loads are considered 
not to make any fault current contributions. 


Incident Energy Evaluation for 3-Wire Systems fed from 1-Phase Center-Tap Transformers 

The fault currents for 3-wire systems fed from center-tap transformers may be significantly different 
depending on the type of construction of the transformer. Please refer to section “Center-Tap Transformer 
Impedance Model for 1-Phase Short-Circuit” of chapter 15 “Short-Circuit Analysis” for more information 
on the fault current calculation for 1-phase center-tap transformers. 


Because of this potential fault current variation, (and starting in ETAP 16.1.0), the arc flash calculation 
considers both the L1/L2 (1-pole) and LL (2-pole) arc fault conditions and reports the worst-case incident 
energy for the location (i.e. the higher of the two incident energy calculations). The following 
assumptions are made for the calculation of incident energy in 3-wire systems fed from center-tap 
transformers: 


1. The arc fault initiates as a either an L1/L2 fault or an LL fault and remains in that mode until the 
protective device trips or the maximum fault clearing time is reached. It is possible that an arc fault in 
a three-wire system may end up arcing across all three wires at different times; however, the 
published calculation models do not support this analysis mode. 


2. As mentioned in this chapter, the incident energy for 1-Phase systems is calculated using the IEEE 
1584-2002 equations which were derived based on 3-Phase arc faults. The results are expected to be 
conservative. Correction factors may be used to reduce this conservatism. Please refer to section 
18.8.18 “Arcing Current & Incident Energy Correction Factors” for more details. 


3. The source protective device directly connected to the bus is evaluated using the fault current 


determined to produce the worst-case incident energy for the bus it feeds. If this is not acceptable, a 
bus can be placed on the line-side of the source protective device to evaluate its incident energy. 
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4. For LV center-tap transformers with secondary voltage ratings of LL = 240 and L1=L2=120 Volts, 
the arc flash program may use the IEEE 1584-2002 method for the 240 V 2-pole fault and the 
theoretically derived “Ralph Lee” method for the 120 Volt 1-pole arc fault. 


5. For LV center-tap transformers with secondary voltage ratings of LL = 480 and L1=L2=240 Volts, 
the arc flash program is likely to use the IEEE 1584-2002 method for both 1-pole and 2-pole arc 
faults as long as the bolted fault currents are within the valid range of the model (0.7 to 106 kA). 


6. The arc flash is assummed to sustain up to the time the upstream protective device operates based on 
the overcurrent condition. Note that in previous versions of NFPA 70E and in IEEE 1584-2002 there 
is mention that arc flash events may not sustain if fed from 125 kVA, 208 Volt systems. 1-phase 
center-tap transformers rated below 125 kVA are very common in distribution systems with ratings of 
25, 50, 67, 100, 125, kVA and higher. The combination of arc fault current and fault clearing times 
may produce high incident energy results and this may be even more pronounced in the 1-pole 
circuits. Engineering judgement should be used to determine how applicable the calculation methods 
described in this chapter are for this LV center-tap 3-wire systems. 


The following image shows an example for a 3-wire system fed from a 150 kVA core type center-tap 
transformer with primary voltage rating of 7.2 kV and secondary rating of 480-240 Volts. 
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In this example, the fault on the L1/L2 1-pole 240 Volt circuit would cause a higher incident energy than 
that of the LL 2-pole 480 Volt circuit because of the combination of arc current, system voltage and arc 
fault clearing time. The arc flash program in this case reports the higher of the two calculated incident 
energy values. Note that in this case, it is assummed that the 240 Volt circuit can sustain the fault up to 
0.7 seconds (which is the time it takes the upstream fuse “fuse1” to trip and extinguish the fault). 
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18.8.3 Determination of the Fault Clearing Time (FCT) 


The fault clearing time (FCT) is one of the major factors which affect the calculation of the incident 
energy. The FCT is the time required to clear the fault (arc to get extinguished by an opening protective 
device). This time is determined from the time current characteristic curves (TCCs) or the definite times 
of each protective device that is considered to be a source protective device (source PD). 


ETAP classifies protective devices (PDs) as two types. The first and most important are the source PDs. 
These are the devices that energize the faulted location (bus, enclosure, load terminal, etc., etc.), and once 
disconnected, completely isolate the system from any power source. The other type of protective device 
is a Load PD. These are the PDs which carry power to the loads or subsystems connected to a faulted bus, 
but do not provide power from a source (i.e., synchronous generator or power grid). 


ETAP takes a conservative approach when determining the fault clearing time (FCT). If there are several 
parallel source PDs feeding the bus, it will select the longest FCT (or the time at which the last source PD 
opens). If there is multiple source PDs in series on the same branch, it will take the shortest opening time 
of such PDs. The FCT is then used to calculate the incident energy for the bus and load PDs. 


The process of obtaining the fault clearing time is dependent on the method selected to determine the 
results. For 3-phase and 1-phase calculation methods with the % and 1.5 to 4 cycle methods, the process 
is relatively simple. The program determines the arcing current contribution passing through each source 
PD and based on its TCC settings, the program automatically determines the estimated fault clearing time 
of each PD. For these methods, a single current is obtained and plotted on a TCC to determine the trip 
time or total clearing time (fuses). Image 1 shows the process for a simple radial system: 
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The arcing fault current obtained using the half cycle method is 14.8 kA. This value is held constant over 
the duration of the arc fault. The fault clearing times for CB22 and CB23 are taken from the curve at the 
highest possible value as shown in the image. 


The same process as shown in the previous image would apply if you were using the 1.5 to 4 cycle fault 
current method except that the current magnitude would be slightly smaller. 


The process of obtaining the fault clearing time is more complicated for the fault current decay method. 
As mentioned in the previous section, the fault current decay method calculates three arcing current 
values. These values represent a changing short-circuit current value. In order to determine the response 
of the source protective device the program needs to account for the inverse overcurrent effect of 
protective devices. This means that the higher the current the faster the travel time or melting point of a 
fuse will be reached. This requires integration over the three current values which are calculated by ETAP 
using the equation given below: 


IEEE Std C37.112-1996 equation (3) 
To is the operating time of the overcurrent device. The function t(I) represents the fault clearing times. 
In ETAP Tp can represent the trip time of an overcurrent relay or the total clearing time of a fuse. The 


same equation is used for all time-inverse overcurrent protective devices. The following plot illustrates 
the concept used by the fault current decay method. 
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As can be seen in the image above, the subtransient fault current is held constant for 4 cycles, the 
transient current is held constant between 5 cycles and the steady-state current time (typically 30 cycles). 
The final steady-state arcing current is held constant until the fault is cleared. The image below illustrates 
this concept. Of course in this image, the initial fault current values are not high enough to cause the 


overcurrent device to operate. 
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The fault clearing time obtained from equation 3 will most likely predict a clearing time which is shorter 
than the longest possible clearing time. 


The determination of the fault clearing time is bound by several special rules and assumptions for 
different types of protective devices. Also the program can determine the fault clearing time if it can find 
it within a specified range or electrical distance from the fault location. 


The following applies to the process of determining the FCT at a fault location: 


e ETAP determines the FCT for a faulted bus by searching up to 50 branch levels away from the 
faulted bus. The program will search for source PDs as far away from the fault location as 
specified in the option “Bus Levels Away To Find Source PD”. This option can be configured 
from the project preferences window under the Arc Flash section. 


Options (Preferences) 


P5|4||Sat et ao 
v. ArcFlash 
1-Phase to 3-Phase ArcFault Conversion Factor 
Bus Levels away to find Source PD 
Calculate Load PD Load Side Arc Flash True 
Calculate Load Terminal Arc Flash True 
Export Results to Excel True 
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ETAP 


The default value of the “Bus Levels Away To Find Source PD” entry is ten (10). The maximum 
level is fifty (50). It is recommended that this entry be left as default, unless the protection for the 
faulted location is located more than 10 branch levels away. 


Reducing this number speeds up the calculation because less data (which is likely unnecessary) is 
collected. If you know that the protection for all the buses can be found within five or less bus 
levels away, then reducing the number may cut the calculation time significantly. The following 
image illustrates the concept of the bus levels away search for source protective devices. 
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The protective devices circled in red color are considered part of the protective devices for a fault 
at the location indicated above. 


If ETAP cannot determine the FCT for any of the connected source protective devices which are 
capable of de-energizing the fault, then it displays a warning message on the one-line diagram 
and reports “FCT not determined”. 


Protective devices which are considered as Load PDs are not considered in the determination of 
the FCT for the bus; however they are considered when you decide to analyze arc faults at the 
load terminals. Load PDs are not considered for determining the bus FCT since such devices 
cannot isolate the fault at the bus. ETAP considers the Load PD contribution and decay in motor 
current according to ANSI and IEC Standards. For example, in the Image below PDs CB16 to 
CB18 are not considered in the determination of the FCT, but their contributions are considered 
in the determination of the incident energy for a fault at the bus “Bus11” as shown below. 
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Directly connected load 
PDs are not considered 
when determining the 
FCT of the bus (However, 


these devices are 
considered for load 
terminal arc fault 
conditions) 


Protective devices need to have their proper TCC curves selected from the ETAP Library to be 
considered in the determination of the FCT. The reason for this requirement is to limit human 
error when entering settings into a protective device editor directly. Also the analysis is far more 
accurate if you use the actual TCC curves. 


If a medium or high voltage Circuit Breaker is used to clear the fault, then it must be interlocked 

to a relay which has the proper current transformer connections and has been selected from the 
Star relay library. If any of these elements is missing, then ETAP will not find the FCT for this 
device. Other examples of this situation include Low Voltage Breakers which are shunt tripped 
by relays. The same is true for switches and contactors operated by relays. 


According to IEEE 1584-2002, overcurrent relays cannot operate faster than one cycle. This has 
been done to keep conservative results according to IEEE 1584-2002 guidelines. This rule is 
applied even if the manufacturer TCC shows no delay for this instantaneous part of the relay or if 
the instantaneous response is between zero and 1 cycle. Typical operating times for overcurrent 
relays should be at least 10 msec. However, IEEE 1584-2018 has revised this statement and 
basically has left the relay minimum operating time to be defined by the manufacturer. This 
means that if you run arc-flash analysis using ETAP 19.0.0 with the new IEEE 1584-2018 
method, that you may see shorter than 16 ms relay operating times as specified by the relay time 
overcurrent curve or instantaneous delay setting. 


Based on the implementation of IEEE 1584-2002, the fuse total clearing time cannot be less than 
0.010 sec. This has been configured per IEEE 1584-2002 guidelines. If the fuse does not have a 
total clearing time curve (i.e., only average time), the program applies a 10% additional time from 
the average melt time determined from the manufacturer fuse curve plus 0.004 seconds to that 
time. The implementation for fuse total clearing time and average melting time only has not 
changed for IEEE 1584-2018. 


The determined FCT may be a combination of several steps involved before the device can 
actually open and clear the arc fault. For example for a HVCB may have a rating interrupting 
time of three cycles. The Arc Flash Module knows this and will combine this with the actual relay 
trip time plus any other possible delay(s). For LVCB, the following times are added on top of the 
time determined from a relay. 
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Table 9: Relay Operated Low Voltage Circuit Breaker Opening Time* 


Circuit Breaker Rating Opening Time Opening Time 
and Type at 60 Hz at 50 Hz 
(Cycles/Seconds) (Cycles/Seconds) 

Molded Case (<1000 V) 3.0/ 0.05 3.0 / 0.06 

(integral Trip) 

Insulated Case (<1000 V) 3.0/ 0.05 3.0 / 0.06 

(integral Trip or relay 

operated) 

Power CB (<1000) (Integral 3.0/ 0.05 3.0 / 0.06 


Trip or relay operated) 
“None of the values listed in this table include the external trip time. 


The process described here for LVCB opening times when operated by external relays applies to 
IEEE 1584-2002 only. However for IEEE 1584-2018, the opening time of the breakers is user- 
definable through the Tools\Options (preferences)\Arc Flash & Star\ group of options. The user 
can enter the desired opening time for each type of LV CB as defined in table 9 above. The editor 
location where this change can be made is shown below: 


Options (Preferences) 
E2!|Sat et Bo 

> Arc Flash 

4 Arc Flash & Star 
LV Insulated Case CB Opening Time when Operated by Relay 3 
LV Molded Case CB Opening Time when Operated by Relay 3 
LV Power CB Opening Time when Operated by Relay E 
Use Global IEC LVCB External Trip Opening Times False 


e The search algorithm has certain limitations besides the number of levels away from the fault 
location. The image below shows the protective devices along paths which energize the faulted 
bus. There are two multiple source level contribution zones. The first zone is highlighted in red 
color. The second multiple source level zone is highlighted in green color. 
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Please note that every multiple source PD level is created every time two different source 
contributions are meshed together. This occurs at two locations. The first one is the three-winding 
transformer “T2”. The second time is the bus “Bus19” (where two different utility contributions 
are connected). 


By default, the program can see most of the source protective devices in the first and second 
multiple source contribution levels (zones); however, there are systems in which the sources PDs 


are located further away in higher levels of multiple source contributions. 


The following image defines higher levels of multiple source PD zones. The highest level of 
meshed source contributions is level four. Multiple utility sources energize this location. 
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The image above may be an unrealistic representation of a power system, but it helps to illustrate 
the concept of the multiple source PD levels. In a real system, the individual sources could be 
wind turbines, PV arrays or synchronous generators. Whatever the case may be, every time a 
source contribution is meshed, the program will require a higher a level number. 


An option is available to control the collection of source protective devices. This entry can be 
used to configure ETAP to gradually increase the collection to higher multiple source levels. This 
setting can be accessed through the Tools\Options (Preferences): 


Multiple Source Contribution Levels = 2.0 
A value of less than 2 should not be used. The limit of this entry is technically almost the same as 
the “Bus Levels Away To Find Source PD”. However, it is recommended not to set this entry to a 


value higher than 4 unless it is really needed. As can be seen in the image above, the data 
collection is already extremely large once the program collects information past the second level. 
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=== 
Options (Preferences) x § 
Bzl41 | a ey & 
Vv Arc Flash a 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 10 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash False 
Export Results to Excel True 
Extend IEEE-1584 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 3 
na -. Report Time et 
2 
= of lela Contributing = 10 
Report Bus and Source PD Incident Energy only False 
SQOP-Report PD that de-energize each source path False 
Subtraction of Incident Energy for Multiple Source Systems False v 
Multiple Source Contribution Levels 


This integer entry determines how many multiple source protective device contribution levels to consider for collection. A level is 
encountered every time two source current contributions are meshed upstream from the fault location. This entry is set to minimum of 2 
by default. It can be increased up to 4 or more. Setting this entry to higher numbers may require more system memory and significantly 
increase the total calculation time. 


Help Aoply En 


e You may also use the User-Defined Source PD from the Bus Arc Flash page or enclosure editor 
to efficiently determine the FCT. You may select the ID of the source PD that should be used for 
the determination of the FCT (Bus Arc Flash page). You must also check the option “User- 
Defined Source PD (Bus Editor)” from the Arc Flash page of the SC Study Case. ETAP will 
automatically determine the arcing current passing through this protective device for a fault at the 
specified bus. Based on this arcing current, the program finds the FCT and uses it to calculate the 
bus and load PD incident energy. The following illustration shows the mechanism of the user- 
defined source PD: 


Bus Arc Flash Page for Bus1 Ul 10.392 MVAsc U2 10.392 MVAsc 
wy 


BousEditor-Bust 


Reliability | Remarks | Comment 
Info. | PhaseV | Load | Motor/Gen | Rating Arc Flash ee Harmonic 
[cswoams | Symmetical kA 
User-Defined 
Bus Fault Current [0 k& BEcays 
Bus Arcing Current (la) case [« 
Source PD [ret I 
Source PD Arcing Current kA 
Fault Clearing Time (FCT) |[ «Sec, Sec. i 


Grounding [Grounded Grounded 


Arc Flash page of SC Study Case 


Ia = 8.06 ka 
Category 1 
2.535 £t 


Fault Clearing Time (FCT) 
Auto Select Souce PD - FCT from TCC 


Busl 2.59 calfem2 @18" 
IV User-Defined Source PD (Bus Editor) iii ry fia. ka 
© User-Defined FCT Fuse10 


For the above system, Relay1l takes the 
longer time to trip in the event of a fault at 
Bus1. Once you have selected the source PD, you can execute the arc flash calculation. 


Cmtri Network 
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e A contactor placed along a source branch can clear the fault if it is interlocked with a properly 
configured relay. The Relay trip time and the dropout time of the contactor constitute the total 
fault clearing time. 


e Switches can also be used as fault clearing source PDs, only if they are interlocked with a 
properly configured relay. 


e Tie-Protective Devices placed in series cannot be considered to clear the fault for the same bus 
level. Only those PDs that lay at least one branch or bus level away can be considered by the 
program to be able to clear the fault at a source PD. Please see Image below: 


ube 1s 


0.095 MVA 


. cpio ,) +i ———| CBI10 will be considered 
us2Z6 


0.48 kv as the Fault Clearing PD 
for a fault at CB11 
CB134 will not be |—————> ¢s134_ ) 
considered as the 80% Ia = 1.27 ka 
: Category 3 
Fault Clearing PD ae ar 
for a fault at anid ) 19.95 calfom2 @24" 
Source PD CB11 ee eee 
0.48 kv 
tig ka 


ON cmtrd 
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e ETAP is capable of modeling recloser operation for arc flash. The FCT used for reclosers is 
taken to be the total time the device remains closed on the fault for each TCC operation in the 
sequence. For example, if the controller sequence is specified as 3 operations on the first TCC, 
then the total fault clearing time would be three times the time for the 1" operation on the TCC as 
shown in the image below: 


5 10 30 10K 


Amps X 10 Bus9 { _kV=13.8, Plot Ref. kV=13.8) 


Bus9 =| 43. 35kA 


Recloser Recl 3 times the first operation on 
79) |FCT = 0.17 sec. the TCC is the FCT for Bus10 
Linel = 4. 56 
ategory 
fem 1.98 f 


- . 
2.10 cal/cm? @18" 


Bus10 v8 - S5KA 4 
13.8 kv 41.08kA ‘4 ka 


QD 
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e To further emphisize a previous dicussion on fuse cleaeting time, when the fuse has only average 
melt time curve, then 


A) If Fuse has Average Melt Time Curve , then 
FCT = Time from Curve + 10% of Time from Curve + 0.004 seconds 


If Fuse has average melt time curve or both total and minimum clearing time curves, then 


B) If Arcing Current is to the right of the Total Clearing Time or Average melt Time 
then FCT = 0.01 seconds 


Fast 0.6 kV 
30A 


302.1 A, 0.0632 s 


Case A Arcing Current 
Case B Arcing Current 


Faas A, 0.01s 


5 10 x Et] 100 Bt] soo 


Amps Bus23 (Nom. k'v=0.24, Plot Ref. kv=0.24) 
FCT determination for Fuse with Average Melt Time Curve Only 


This modification has been done based on proposed changes in IEEE 1584b and it remains the 
same for IEEE 1584-2018. 


e Fuse Clearing Time Tolerance: This ini entry specifies the positive percent tolerance applied 
clearing times obtained from fuse Time current curves. The range of the percent tolerance entry is 
0% to 90% and by default is set to 0%. Listed below is a description of how the final fault 
clearing time is calculated when enabling this entry. 
a. For Curves with both melting and clearing time curves the FCT is determined as 


described below: 
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e FCT= FCT (from TCC) + %Tolerance* FCT (from TCC) 


b. For fuses with only melting curves the tolerance is applied as described below: 
e FCT1= FCT (from TCC) + %Tolerance *(FCT) 
e Final FCT= FCT1 + 10% of FCT1 + 0.004seconds 


Relay Minimum Trip Time: This ini entry specifies a minimum relay tripping time for cases 
where the sum of the relay tripping time and protective device opening time is less than 0.01 
milliseconds. If this case is encountered ETAP then returns the FCT based on the value specified 
in the ini entry. The default for this entry is 1cycle and has a range of 0.001 to 100 cycles. 


Lockout Relay Delay Time: This entry is used to model lockout delays for relays when 
determining the relay tripping time. When enabled this entry will add an additional delay to the 
tripping time obtained from the relays Tim current curve where the final tripping time reported is 
the sum of the two times. By default this entry is set to 0 seconds and has a range from 0 to 0.5 
sec. This ini is not be considered for reclosers or inline-relays. 


Overcurrent Relay Trip Time Tolerance: This ini entry specifies the positive percent tolerance 
applied to the relay tripping time obtained from the time current curves. The range of the percent 
tolerance entry is 0% to 90% and by default is set to 0%. The final relay trip time is calculated 
based on the tolerance value entered in this field. For example, if Relay Trip time is 0.1 seconds 
from TCC and tolerance is +10% , the final tripping time is 0.11 seconds (0.1 sec + 0.01 sec= 
0.11 sec). 
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18.8.4 Troubleshooting “FCT not Determined” Problems 


There are several reasons why the Arc Flash Program may not determine the fault clearing time for a fault 
at a particular bus, source protective device or load. The following are the most common issues which can 
cause this message to be generated by the program: 


1) There are no source protective devices properly configured to protect the arc fault location: 
If you have not added the protective devices which actually de-energize the equipment in the 
event of a fault, the program may display this error message. In the image below, the utility 
connection does not have a protective device, and if there is a fault on the line side of the medium 
voltage breakers, there is no physical protective device which can clear the fault. In this case, you 
will see the “FCT not determined” message displayed on the one-line diagram, reports and arc 
flash labels. 


Ul 
7716 MVAsc 


Ia = 33.87 kA 
FCT not determined 


{#1.29kA 


[] 1200 a cp3 [1 1200 A 


|*.709kA 


CB64 [11200 a 


As you may see, there is no 
protective device which can de- 
energize the fault at Bus39. 
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2) The relay interlocks, current transformers (CTs) are missing or there is no data selected 
from the library: Overcurrent, directional, differential and overload relay protective devices 
require circuit breakers to clear the fault. ETAP can determine automatically which relay will trip 
and in which order, but it needs you to specify which breaker is interlocked to the relay (which 
breaker will be tripped by the relay selected by ETAP). The “FCT not determined” message will 
be displayed as well if you did not select the protective device from the library. This applies to 
LVCB, Relays, Fuses, etc. 


Overcurrent Relay Editor - Relay48 


——, 
Info| Input | Output | OCR | TCCkA|| Model Info || Checker | Remarks || Comment 


| GE Mutilin SPECIAL 2C-1 


Info Input_| Output |OCR | TCC kA |) Model Info | Checker | Remarks || Comment 


| GE Muttilin SPECIAL 2C-1 


Interlock 


Relay Element | Level/Zone Device 


Ei2 For Relay48, there is no CT or 


ao <e output circuit breaker 
: specified. Once you assign the 
kVA CT and breaker, the program 
%2 yi5.38ka Ia = 21.52 KA | will consider this _relay’s 
Bus35 FCT not determined output to determine the FCT 
4.16 kV #7.11kA , 
. 5 ka 
Mtr32 
13000 HP 
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3) Arcing current is too low and source protective device does not trip: The arcing current could 


ETAP 


be much smaller in magnitude than the available bolted short-circuit current for some equipment 
(especially if the equipment is less than 1.0 kV). According to IEEE 1584 equations, the arcing 
current may be less than the short-circuit current for systems up to 15 kV. Because of this 
phenomenon, the protective devices may not trip at all under an arc fault (i.e., arcing current is 
below the long time pickup). ETAP includes the arcing current variation automatically to further 
reduce the calculated current. If ETAP detects that the source protective device does not trip, 
then it will display the “FCT not determined” message. The following image shows you how you 
can verify this: 


CO 
Relay29 
es C] CB18 
AAAS 2-3/c 3! 
ry 
Bus14 Bus30 
432.01kA 434.33kA 
0.48 kv 0.48 kv Ia =|24.27 kA 
*.869kA 30 #.981kA FCT mot determined 
85% Ia = 19. 9 ka 35, 5 
Exceeds Max.|} PPE Arc Rating ka 
12.52 £t T11 
19 “WAY 83.60 cal/cm? @18" 
cry 
Bus35 
4.16 kV 
? Network2 
Ey 
Network15 


In the case of a fault at “Bus30”, the arcing current is too low on the primary side of Transformer 
“T9”. To determine the arcing current on the primary of T9, take the ratio of the SC contribution 
over the total SC current and multiply the total arcing current by this ratio. 


(34.33 kA/35.3 kA) * 24.27 kA = 23.59 kA 
Then convert to the primary base kV. 
23.58 kA * (0.48kV/13.2kV) = 0.857 kA 


At this time all that is left to determine is if indeed the calculated arcing current on the primary is 
too low for “Relay28” to trip. You can confirm this by plotting the relay on a Star view TCC. In 
the TCC shown below, the red arrow indicates the arcing current value at the beginning of the 
fault. This clearly shows that the relay does not trip. 
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Sometimes the protective device will still trip, but it will do so in a very long time since it is using 
the 51(overcurrent protection section of the relay). In this case, ETAP may calculate a very high 
incident energy value. If the cal/cm? exceeds the limit of Category 4 (based on NFPA 70E), then 
it will flag it on the one-line diagram by displaying the message “Exceeds Max. PPE Arc Rating”. 
This is the case at Bus14 in the image above. 


M@® Star8 (Star TCC) 


pa X 100 @ 13.8 kV 
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4) The Source Protective Device is outside the Search Branch Level Number: In order to reduce 
the calculation speed and computer system requirements, certain limits are set by ETAP. The 
limitation consists of reducing the number of levels required in the search of the source protective 
device. The source protective devices are of course used to determine the Fault Clearing Time. 


The number of levels away can be changed by modifying the entry in the Tools\Options 
(Preferences): Bus Levels Away to Find Source PD = 10 (default). The maximum is 50. 


Options (Preferences) x 
B2\4)|S ata 2a 
vy ArcFlash A 
1-Phase to 3-Phase ArcFault Conversion Factor 
io 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash False 
Export Results to Excel True 
Extend IEEE-1584 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 3 
No. of Upstream Contributing Branches 99 
Report Bus and Source PD Incident Eneray only False 
SQOP-Report PD that de-energize each source path True 
Subtraction of Incident Energy for Multiple Source Systems False v 
Bus Levels away to find Source PD 
This entry defines the number of bus levels away from a faulted bus for determining source protective device that will clear the fault. The 
range for this entry is 1-50. 
Heb) | Al Care 
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5) The source protective device is completely outside the search area of the program: For some 


ETAP 


very special cases, the Arc Flash Program will not be able to determine the Fault Clearing Time 
since the source protective device cannot be located. This means that the system does not have 
protection within the searchable area of the system. The searchable area of the program is limited 
by the number of meshed source fault current contributions. And the number of bus levels away 
(please see previous item). The search area for multiple source systems can be increased by 
modifying the following entry under the Tools\Options (Preferences) section: Multiple Source 
Contribution Levels = 2 (default). 


This entry can be theoretically extended to as many levels as the Bus Levels Away to Find Source 
PD entry (50). However, it is recommended to extend this option only as needed to 3, 4 or 5 (i.e. 
to gradually increase depending on the system complexity). Using a very high number for both 
of these options can cause performance issues (slow down) with the arc flash calculation. In some 
cases, the system memory requirements can be more than what can be handled for a 32-bit 
computer system application. 


Options (Preferences) x 
22/8 oo 
vy. ArcFlash A 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 10 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash False 
Export Results to Excel True 
Extend IEEE-1584 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type ; 
Look- Up Report Time Duration 
3 
No. of Upstream Contributing = 
Report Bus and Source PD Incident Energy only _ 
SQOP-Report PD that de-energize each source path True 
Subtraction of Incident Energy for Multiple Source Systen False v 
Multiple Source Contnbution Levels 


This integer entry determines how many multiple source protective device contribution levels to consider for collection. A 
level is encountered every time two source current contributions are meshed upstream from the fault location. This entry is 
set to & minimum of 2 by default. It can be increased up to 4 or more. Setting this entry to higher numbers may require more 
system memory and significantly increase the total calculation time. 


Help Apply == 


18-152 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodology 


18.8.5 Determination of the Incident Energy 


After the fault clearing times have been determined, the next step is to determine the incident energy for 
the fault location. ETAP is capable of determining the incident energy for a fault at any location in the 
equipment by simply specifying a fault at the bus. The locations are categorized as follows: 


1) Fault at the main bus 

2) Fault on the source protective devices 

3) Fault on load protective devices (typically the same as the bus fault, but different in some special 
cases). 

4) Fault on load terminals connected directly to the faulted bus or connected through equipment 
cables 


The process of determining the incident energy is simple. The program will use equations [D.7.3(c)] 
(empirical method) or [D.7.4] (theoretical method) depending on the bus nominal voltage and bolted fault 
current value. 


[D.7.3(c)] 


B= 4184C8,(5)) 2° 


[D.7.4] 


E = 2.142x 10°V I. } 
=, 


The empirical method is used for the range of parameters specified by IEEE 1584 2002. The Lee method 
is used for any system with voltage or bolted fault current outside the range of the empirical method. 


The IEEE 1584 and NFPA 70E 2009 guidelines do not address how complex electrical system with 
multiple sources should be handled. These guidelines only indicate that the incident energy can be 
determined based on the fault clearing time of the first upstream protective device which de-energizes the 
fault. This methodology is simple enough for radial systems; however, there is no mention on how to 
handle looped or meshed systems with multiple source protective devices energizing the fault location. 


ETAP has two methods of handling the calculation of the incident energy for power systems which have 
more than one energizing source protective device. The first method (existing method before ETAP 
7.0.0) takes the total bus arcing current and determines the energy using the fault clearing time of the last 
protective device to de-energize the fault. For most power systems having multiple sources, it is likely 
that the operating time of each source is similar and thus it is acceptable to use the entire arcing current up 
to the final fault clearing time. 


The second method was added to ETAP 7.0.0 to handle those situations for which the first method is not 
acceptable. Mainly the cases there multiple sources have very different trip times. The new method is 
called “Subtraction of Incident Energy for Multiple Source Systems”. There is an ETAP Options 
(Preferences) setting which needs to be set to “True” in order to activate this method. The following 
image shows the entry and its location in the preferences editor: 
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Options (Preferences) x 


&/(|Sm a BO 


vy Arc Flash a 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 3 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash True 
Export Results to Excel True 
Extend IEEE-1584 for Equipment up to 36 kV False 
Force 'FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 2 
No. of Upstream Contributing Branches 10 
Report Bus and Source PD Incident Energy only False 
SQOP-Report PD that de-energize each source path True 


Subtraction of Incident Energy for Multiple Source Systems ¥ 


Subtraction of Incident Energy for Multiple Source Systems 

If this entry is set to True, then the program removes the incident energy contribution from each source branch at the time its 
protective device opens to de-energize the arc fault. The total incident energy at the arc fault location is determined by summing up 
the energy from each stage. If this entry is set to its default value of False, then ETAP determines the total incident energy by 
assuming that the incident energy contribution from each source branch is present up to the time the last source protective device de 
-energizes the fault. 


Help Boply Sand 


For example, we can analyze a multiple source system and place an arc fault at Bus “SBM”. Bus 5Bm is 
fed from two different utility connections with source protective devices (HVCBs) “22” and “12”. Each 
breaker operates at different fault clearing times. 


Ul 
ere MVAscC 
U3 1000 Mva 
Sc ai or Source number 1 
Source number 2 “ 13.8 kV = 
Busl 44.88 kA 
13.8 kV R-TR14-N t 
Relay3 (oor) eC (ocr) TR-14 
aS row, 


NAS 


Ee ixlng 
15 MVA 
R-TRL4-DT 
ery 15 MVA @) pi 


R-TR14-G 
RelayA 
Cicr2 22 (] 
g Ia" = 16.78 kA 
Exceeds Max. PPE Arc Rating 
227.10 ft 
5BM rr) .24 kA 80.84 cal/em? @36" 
LG KY 
45.62 kA kA 
Source RelayAl 
Protective einer 
Devices 
BusZ 45-62 kA {cur-5B 
11.6 kv oo 
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The difference in the operating times is caused by the different relay time dial settings as shown in the 


Calculation Methodolo 


following TCC: 
30 + 4 30 
RelayA - 51 
r GE Multilin 1 
IFC 
CT Ratio 1200:5 
105 Inverse (51) 410 
L Pickup = 6 (1 - 12 Sec -5A) ] 
[ Time Dial = 10 ] 
gb 3x =5.62 s, 5x =3.93s, 8x=3.075 4s 
4 n 
ce | | 8 
oO oaL \ Current Relay A Per) 
8 3 
fom 
o | \ Time Difference | ®% 
RelayA1 - 51 > 
GE Multilin 
1 IFC Current Relay At 1 
CT Ratio 1200:5 | 
Inverse (51) 
r Pickup = 6 (1 - 12 Sec- 5A) 1 
57 Time Dial = 3.2 1 
[ 3x = 1.59, 5x=1.11s,8x=0.8815 ] 
ah 43 
1 E } 1 
os | Jos 
03 | 4.03 
o1 an ao . f errr ere 7) 
6 1 3 6 10 30°50 100 1K 3K OK 10K 


Amps X 100 5BM (Nom. kV=11.6, Plot Ref. kV=11.6) 


The time difference averages about 2 to 3 seconds between the relay operations. In this case RelayA1 
operates first (at approximately 1 second) and its arcing current contribution is removed at this time. This 
constitutes almost 33% of the energy contribution to the fault location. The total incident energy 
calculated with the removal of CB 12’s contribution is nearly 80 cal/cm* which is well above the 
maximum value described for PPE in NFPA 70E 2009. By comparison if we were to run the same 
calculation without using the incident energy subtraction method, the incident energy results would be as 
shown in the images below: 


ETAP 


Options (Preferences) 
a2}|Se a Oo 

1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 3 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash True 
Export Results to Excel True 

i Extend IEEE-1584 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 2 
No. of Upstream Contributing Branches 10 
Report Bus and Source PD Incident Energy only False 
SQOP-Report PD that de-energize each source path True 


Subtraction of Incident Energy for Multiple Source Systems [TRIES 
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RelayA 


Ia" = 16.768 kA 


Exceeds Max. PPE Arc Rating 
294.14 ft 
103.98 cal/cem®? @36" 


#1.93 kA 
Ler 


SUB5B 


The incident energy removed between 1 and 3 seconds (33% of the total fault current) amount to about 20 
cal/cm’. The new result is nearly104 cal/cm’. 


The previous calculations were executed using the % cycle method with/out applying with incident 
energy subtraction for the multiple sources. We can also use the fault current decay method to perform 
the same calculation. Please note that the asynchronous machine contribution to the fault was nearly 2.0 
kA and it comes from substation “SUB 5B”. This contribution constitutes the only AC decay component 
of the fault since the source contributions from CB 22 and 12 come from utility connections and such are 
always assumed to be constant. 


The result obtained using the fault current decay method with the incident energy subtraction option 
enabled is shown below: 


1 RelayA 


22 


Ia" = 16.78 kA 


Exceeds Max. PPE Arc Rating 
192.85 ft 


1o.20 EA 68.95 cal/cm? @36" 
15.62 kA #1.93 kA TT oe ae 
if to Ie loa bonk 
RelayAl | po} | 


c+} 
vf 
oO 
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The decay from the asynchronous loads in substation SUBSB is also a significant decrease in the energy 
calculation. The calculated energy is now down to nearly 68.9 cal/cm?. For this type of system, the fault 
current decay method yields the least conservative results, however, its results should be the most 
accurate of all the methods. 


The fault current decay method produces many intermediate results. The intermediate results are arranged 
according to the stage at which they occur. These intermediate values are usually denoted as E1, E2, E3, 
FCT1, FCT2, FCTS, etc. The following table lists these intermediate values and provides a description of 
the physical events they represent. These parameters are displayed in the Arc Flash Result Analyzer and 
in the Arc Flash Analysis Reports. For the previous example we have the following parameters 
generated: 


Parameter Description Physical meaning 


Incident energy 

accumulated over the 
first 4 cycles. It is 
obtained using the y2-24 kA 
El subtransient fault As 60 kA A103 kA 
current contributions 12 
(Ia”) from every source 


in the system. 


Ta" = 16.78 KA 


RelayAl 


¢ S | gj SUBSB 


Duration of the first No protective device operates during this stage. The FCT1 


noes stage value is set to 4 cycles. 


Total subtransient 


Total Ia” ; 
arcing current 


Total subtransient Used to estimate Ia”. 


Total bf” | bolted fault current 


Incident energy 
accumulated between 4 
cycles and 30 cycles. It 7 
is obtained using the y2-24 KA 

transient fault current 45 62 kh A104 kK 
contributions (Ia’) from 
every source in the 
system. In our example | RelayAl 
the reduction in energy OCR 

in this stage comes from r 
the reduced motor 
contribution. 


Ia* = 16.1 kA 


E2 


iz 


\gql SUBSB 


Duration of the second | Typically 26 cycles if the steady-state time is set to 30 
FCT2 stage. cycles. In our example only the motor contribution is 
completely removed at the steady-state time. 


, Total transient arcing 
current 


Total transient bolted Used to estimate Ia’. 


Ibt fault current 
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Incident energy ees 
accumulated between 30 
cycles and the final fault et ESS 28506 ae 
clearing time. In our (L 
example E3 is actually y9-24 kA 
the sum of two 
E3 individual stages. The 45.62 kA 
motor contribution has flees 
completely decayed in RelayAl 
this stage as can be seen L Ileal SUB5B 
in the image. as 
Duration of the third In our example FCT3 is actually composed of two 
stage individual stage durations. The first stage is set between 30 
FCT3 cycles to 1 second and the second stage time is set between 
1 sec and 3 seconds. The difference between these two 
stages is that the current from CB 12 is removed as the 
protective device operates 
Total steady-state arcing | The program always displays the total arcing currents for 
current any stage; however, internally it may reduce the current for 
la any stage as each source protective device is de-energized. 
This is the case for Ia for stage E3. It experiences the 
reduction because of motor decay and because of CB 12’s 
operation. 
Ibf Total steady-state bolted | Used to estimate Ia. 
fault current 
This is the sum of In our example the final FCT is determined as (FCT1 = 4 
Final FCT FCT1, FCT2 & FCT3 cycles) + (FCT2= 26 cycles) + (FCT3 = 150 cycles) = 


and it represents the 
total arc fault duration. 


(Total Fault Duration = 180 cycles). 


Total Incident 
Energy 


This is the sum of E1, 
E2 & E3 and it 
represents the total 
incident energy released 
throughout the arc fault 
duration. 


In our example the Total Incident energy = (E1=1.9) + 
(E2=11.5) + (E3=55.5) ~ 69 cal/cm?. Any stage can be split 
into intermediate smaller stages, but such are not reported 
by the program. In our example this is the case of stage E3 
which is internally split into two smaller stages which are 
not reported for simplicity. 


For a description of all the calculation results displayed in the AF Result Analyzer and AF analysis 
reports, please refer to the AF Result Analyzer section of this chapter. 


ETAP 
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Source/Load PD Arc Fault Calculations 


The previous examples described the calculation results for a fault at the Bus location. The same 
methodology applies if the fault is located on the main protective device which energizes the bus or if it 
happens on load protective devices connected to the bus. The difference in the calculation results are 
summarized below: 


1. In the majority of cases the results of faults on load protective devices are the same as those for 
those on the bus. Only for certain cases in differential protection applications, the program may 
yield different results for the load PDs (if the Pd is inside or outside the differential protection 
zone as defined by the location of the current transformers in the circuit). 


2. The fault location for source PDs is almost treated as a completely different fault location. The 
results for a fault at the source PDs are in most cases much different than the results for a fault at 
the bus. 


The following image illustrates how ETAP calculates and displays the results at these locations. 
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The previous image shows that the program calculates independently the AF results at the source PD, 
Load Pd, Bus and Load terminals by simply specifying a fault only on the bus. The results show that the 
most dangerous area is the source PD arc fault and that the least dangerous location is the load terminal 
box arc fault. 
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Load PD Load Side Arc Fault 


This section provides information on the operation of the load protective device load-side arc fault 
evaluation. It also summarizes the rules and application information on this feature. Make sure to read 
all the application notes prior to enabling the application of this feature. 


The load protective device load side arc fault feature allows the calculation of the incident energy at an 
additional location by assuming that there is isolation between the load breaker and the fault location 
(perhaps a lower cubicle such as a cable connection). The load PD should be completely isolated by sheet 
metal barriers which would prevent the arc from extending from the lower cubicle and perhaps damage 
the breaker and render it incapable of clearing the fault. 


The diagram below indicates the arc fault locations that can be calculated by the arc flash program for all 
three-phase buses. 


Note that CB8 is considered as the source protective device that energizes the MV switchgear. CB19 
happens to be a load breaker which energizes transformer T4. The load PD load side arc fault is shown 
just below CB19. 


The load side of CB 19 can be considered to be a separate compartment which is by physical construction 
considered separate from the compartment which houses CB19. In the event of an arc fault in the load 
side compartment (i.e. cable connection compartment), ETAP arc flash will consider CB19 to a candidate 
protective device to de-energize the fault. 
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Note that the determination of the isolation between compartments needs to be done under engineering 
supervision and should be determined based on manufacturer advice. 


To enable ETAP arc flash load PD load side arc flash calculation; two requirements must be met: 


1) Check the option “Load PD” under the Enclosure Isolation section of the Bus Rating page 
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Harmonic Reliability | Remarks | Comment 
Info| PhaseV | Load | Motor/Gen | ating | ArcRlash | Protection 
| 4.16kV 600 Amps Asymmetrical 0kA 
Standard Type 
@ANS| OlEC [ Switchgear >| 
Continuous Bracing 
600 v Amp Asymm.ms 0 v kA Peak 0 kA 
Arc Flash Parameters 
Gap Between Conductors / Buses 102 mm Distance X Factor 0.973 


2) Enable the option “Calculate Load PD Load Side Arc Flash” from the Tools\Options(preferences) 
editor as shown in the image below. 


Options (Preferences) x 
B4)|Sat et Oo 
vy. Arc Flash A 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD a 
Calculate Load PD Load Side Arc Flash v 
Calculate Load Terminal Arc Flash True 
Export Results to Excel True 
Extend IEEE-1584 for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 2 
No. of Upstream Contributing Branches 10 
Report Bus and Source PD Incident Energy only False 
SQOP-Report PD that de-energize each source path True 
Subtraction of Incident Energy for Multiple Source Systems True bs 


After configuring the previous two options and performing the arc flash analysis, the results can be 
observed on the one-line diagram by configuring the display options “Load PD (Load Side)” as shown 
below: 


Arc-Flash Arc Fault Location 

7] Energy Level (¥] Bus & Load PD 

(¥] Arc Flash Boundary = {¥| Source PDs 

¥| Incident Energy ¥} Load Terminal 
alii 
Arc-Hlash Sequence of Op 


A separate set of results will be displayed next to the load PD which indicates the result. 
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In the same fashion, a load PD load Side Arc Fault can be introduced into the equipment by placing the 
arc flash sequence of operation fault insertion icon right “on top” of the load PD. The following image 
shows the process of inserting the arc fault graphically on the load PD. 
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The Load PD Load Side Arc Fault results may also be viewed through the reports and arc flash result 


analyzer. 
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=| Arc Flash Result Analyzer 
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Load PD Load Side Arc Fault Application Notes 

This section provides a summary of the items which need to be considered prior to using this feature. 
Engineering judgment and analysis have to be made about the construction and enclosure isolation of the 
equipment before applying this feature. 


1) 


2) 


3) 


Up to ETAP 12.6.5 the arc flash program always set the load PD arc flash results to be equal to 
those of a line-side arc fault (equivalent to a bus arc fault). In ETAP 14.0.0 with the addition of 
the load PD load side arc fault, the engineer must consider if there is enough of a barrier or 
isolation between the enclosures. This isolation or barrier should be enough to assure that the arc 
fault does not propagate to the LD PD enclosure and thus potentially causing failure of its 
operation during the arc fault. If it is considered that this isolation is enough to prevent the arc 
fault to extend to the load PD enclosure then this option could be used. 


This feature is meant to be a time saving tool that would allow the engineer to obtain an arc flash 
analysis for this isolated location (i.e. cable connector compartment). In previous versions, 
placing a node or bus at the load PD Load Side would produce the same results. However, once 
the feature is active, now the program will only provide the load PD load side results and no 
longer provide the load PD Line side results for the load PD. Caution must be exercised when 
using this feature as the selection of the arc flash labels (for the load PD enclosure and the 
isolated cable connection enclosure) would require a “two step” process. The load PD Line Side 
(same as bus) would only be available for the load PD if the load PD Load Side option is 
disabled. 


The Load PD Load Side arc flash calculation is only available for 3-Phase AF calculation 
methods. The feature is not available under 1-phase arc flash calculations. 


It is recommended that when printing labels to make sure that only load PD line Side (Bus Side) labels be 
placed on the enclosures which contain the load PD and that only load-PD load Side labels are placed on 
this lower cable connection enclosures if they are properly isolated. 


ETAP 
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Load Terminal Arc Fault Calculation 


ETAP Arc Flash gives you the flexibility to analyze hundreds of possible arc fault locations within the 
same equipment without the need to add additional buses. This simple “One Click and Fault” operation 
makes the Hazard Analysis far more efficient by reducing the setup time of the one-line diagrams, by not 
having to use a large number of buses to represent every possible arc fault location. This feature works 
seamlessly with the existing load equipment cable feature in ETAP. 


In a power system, there could be hundreds of different arc fault locations within a large motor control 
center or switchgear lineup. With this feature, the Arc Flash Program produces detailed analysis reports 
for every faulted location and it can automatically generate AF labels for every incoming main circuit 
breaker cubicle, load circuit breaker or for every load terminal point. 


The Arc Flash Program can simulate arc faults at the load terminals of the following devices: 


1) Induction Motors 

2) Synchronous motors 
3) Static Loads 

4) MOVs 

5) Capacitors 


The following image illustrates the locations for which ETAP calculates the incident energy. The program 
will calculate the incident energy at all of the locations shown below as long as the main bus (LV-MCC) 
is faulted and the entries have been configured in the ETAP options (Preferences) Editor. 
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The load terminal arc fault simulation can be configured from the Options (Preferences) Editor by setting 
the option “Calculate Load Terminal Arc Flash” = True. 
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Options (Preferences) x 
=. A + 2 
Qi Z ay eB, & o) 


1-Phase to 3-Phase ArcFault Conversion Factor ; 
Bus Levels away to find Source PD 


Calculate Load PD Load Side Arc Flash = v 


Calculate Load Terminal Arc Flash True 


Calculate Load Terminal Arc Flash 

This entry specifies if the Arc Flash Program will calculate the incident energy in the event of an arc fault 
at the load terminals. The default value is set to “False” and it means that the load terminal arc fault is not 
considered. If you set this entry to True, then the program determines the incident energy results for arc 
faults at the load terminals. 


Load Terminal Arc Fault Equipment Type 

This entry specifies what type of equipment to use to determine the arcing current for an arc fault at the 
motor terminals. The default is Panelboard = 0. The remaining options are Cable Bus = 1, Open Air = 2, 
MCC = 3, Switchgear, Switchboard, Switchrack = 4. The values of the Gap and distance X-factor 
parameters used are typical values according to the equipment voltage. 


The reason that the panelboard has been set to default for modeling the load terminal faults is that the 
program is trying to simulate an arc fault in a small enclosure like a terminal box. The enclosures used by 
the IEEE 1584 test group to develop the equations for panelboards were the smallest in size of all the 
enclosures tested and thus they are the best fit. 


The values of the Gaps and X factor used by the program to simulate the load terminal arc fault are listed 


in the following table: 


Table 10: Default values for Gaps between Conductors and X factors for Load Terminal Faults 


Eee ae Gap Default X factor 

Value (mm) Value 
0.208 — 1.0 kV Open Air 40 2.000 
0.208 — 1.0 kV Cable Bus 13 2.000 
0.208 — 1.0 kV MCC 25 1.641 
0.208 — 1.0 kV Other 13 2.000 
0.208 — 1.0 kV Panelboard 25 1.641 
0.208 — 1.0 kV Switchgear 32 1.473 
0.208 — 1.0 kV Switchboard 32 1.473 
0.208 — 1.0 kV Switchrack 32 1.473 
>1.0-5.0 kV Open Air 102 2.000 
>1.0-5.0 kV Cable Bus 13 2.000 
>1.0-5.0 kV MCC 102 0.973 
>1.0 -5.0 kV Other 13 2.000 
>1.0-5.0 kV Panelboard 102 0.973 
>1.0-5.0 kV Switchgear 102 0.973 
>1.0-5.0 kV Switchboard 102 0.973 
>1.0 —5.0 kV Switchrack 102 0.973 
>5.0-15 kV Open Air 152.4 2.000 
>5.0-15 kV Cable Bus 13 2.000 
>5.0-15 kV MCC 152.4 0.973 
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: Gap Default X factor 

EAUIDELSHL EYRE rat (mm) Value 
>5.0-15kV Other 13 2.000 
>5.0-15kV Panelboard 152.4 0.973 
>5.0-15kV Switchgear 152.4 0.973 
>5.0-15kV Switchboard 152.4 0.973 
>5.0-15kV Switchrack 152.4 0.973 
>15.1 - 36 kV N/A N/A N/A 


The program can generate detailed report for every faulted load terminal or load protective device as 
shown in the image below: 


Incident Energy 


FCT Incident E 
(cycles) Protective Device ID for FCT 


The program can automatically generate load terminal and load protective device arc flash labels once the 
options have been configured. 
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Note: In ETAP 18.0 the one line diagram results for load terminal, source, and load PD’s arc faults has 
been enhanced to display the working distance used for the arc flash analysis. 
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18.8.6 Applying the Maximum FCT Option for the Incident Energy 


The option to consider the fault clearing time as a maximum value was derived from IEEE1584 
guidelines. The wording in section 4.6 Step 5 of IEEE 1584 b-2011 states: 


“When a manufacturer’s time current curve shows a band, or range, the longest time should be used. If 
the time is longer than 2 seconds, consider how long a person is likely to remain in the location of the arc 
flash. It is likely that a person exposed to an arc flash will move away quickly if it physically possible, and 
2 seconds is usually a reasonable maximum time for calculations.” 


The option to limit the fault clearing time to a typical value of 2.0 seconds is accomplished from the study 
case (Please see the study case section of this chapter for more information). 


This section describes the special logic required for some special conditions. The option can be applied 
under two different circumstances: 


1. The actual fault clearing time was determined for the fault location; however, it is longer than the 
maximum value specified (i.e. 2.0 sec). In this case the program returns the incident energy at the 
maximum FCT specified and produces a warning for the location. The warning can be observed 
in the arc flash result analyzer. 


2. The actual fault clearing time was not determined at all. In this case, the program returns an “FCT 
not determined” warning message and no incident energy is calculated. The program does this for 
all locations under which it found impossible to determine a clearing time. 


Any result which returns an FCT not determined warning should be investigated in detail and analysis as 
to why the program fails to find the FCT should be done. The program still allows the energy to be 
estimated at a bus and load PD by using the user-defined fault clearing and the fixed FCT methods (please 
refer to the study case section for the Clearing Time page). However, the same option is not possible for 
source protective devices (i.e. for an arc fault on the line side of a main protective device). 


One solution can be to add a node in the line side of the protective device. This solution would work but 
then again it will require the additional node. Because of this the following option under the ETAP 
Tools\Options (Preferences)\Arc Flash section can be used: 


Force “FCT not Determined” to use Limit Max FCT = False (default). 


This option allows the arc flash program to use the maximum fault clearing time to calculate the incident 
energy of all the locations for which the program failed to find an FCT (i.e. FCT not determined). The 
default is “False” which means the locations will be reported as FCT not determined. Setting the option to 
“True” would calculate and report the incident energy using the maximum fault clearing time specified in 
the study case. 


Note: If this option is enabled (set to True) along with the Maximum FCT limit option (from the AFC 
FCT page of the short-circuit study case, then no “FCT not determined” message would be generate at all. 
All locations for which the program could not calculate an actual FCT would return incident energy 
values determined using the maximum FCT. 


It is recommended that the FCT be determined for all locations even if the maximum FCT option is used. 


The following images illustrate the behavior for some cases when the FCT is not determined and when 
the FCT is determined but limited to the max value. 
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Case 1: FCT is determined for all locations but it exceeds the max FCT 

This case is simple. The program determines that the operating time of the protective devices upstream is 
longer than the maximum time (i.e. 2.0 sec). The image below shows the results without the “Limit 
Maximum FCT = 2.0 sec” option selection in the study case. The FCT for the bus is found to be 3.803 
seconds and the FCT for the line-side fault on the main source PD is 6.0 seconds. 
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Once the study case is enabled with this option, the incident energy results at all locations are determined 
based on the maximum FCT time. This only occurs since the FCT was determined for all locations. The 
FCT has been limited at all locations with an FCT higher than 2.0 seconds (bus and source PD). 
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Case 2: FCT not determined for all locations 
In this case the program cannot find the FCT for the Bus and the Source PD fault locations. 


) FCT not determined 


Bus23A {7.53 kA FCT not determined 


In this case since there is no FCT at all, the fault location at the bus can be user-defined to 2.0 seconds 
(using the user-defined FCT or Fixed FCT options). However, the source PD still is has no incident 
energy result. 
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If the option Force “FCT not Determined” to use Limit Max FCT = True, then the program will use the 
maximum FCT time to determine the incident energy for the source PD. The image below shows the 
results: 


) AFB = 21.65 ft 
IE = 40.08 cal/cm?* 
FCT =2.000 sec 


Bus23A 47.53 kA AFB = 21.65 ft 
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Case 3: FCT not determined just for the source PD 
In this case the source PD is the only location which returns FCT not determined warnings. The image 
below shows this case. Please note that the Bus fault location has an FCT less than 2.0 seconds. 
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If the option Force “FCT not Determined” to use Limit Max FCT = True, then the program will use the 
maximum FCT time to determine the incident energy for the source PD. The image below shows the 
results: 
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18.8.7 Differential Relay Handling for AF 


ETAP allows you to model different types of differential relays like bus, line and transformer 
differentials. The program allows you to determine the incident energy which could be released for an 
“internal” arc fault (inside the differential protection zone) while at the same time; the program still 
considers the locations which may be outside (or external to the differential relay) protection zone. The 
following image illustrates a bus differential relay. 


Bus Differential 
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Differential Relay Setup & Troubleshooting 

The differential relay must be configured before it can be used for Arc Flash Analysis. The following 
items need to be considered for properly configuring the differential relay to trip on internal faults, but not 
on external faults. 


1) The Current Transformer (CT) polarities must be pointing away from the element which they 


protect. For example, if the relay is a bus differential, then all CT polarity markings must be 
pointing away from the protected bus. 
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2) 


3) 


4) 


5) 


6) 


7) 


ETAP 


All the CTs must be connected to the differential relay and all the energizing (source PD) circuit 
breakers must be interlocked to the device as well. 


The differential relay operating time must be specified. The default value is zero seconds. 
However, it is recommended that you enter a value between 10 to 30 msec. This value should be 
obtained from the relay manufacturer documentation and it should be applied in a conservative 
fashion. The differential relay operating time may change depending on the severity of the fault. 
The operating time of a differential relay may be a lot higher for unbalanced faults. The longest 
possible operating time should be used. 


Differential Relay Editor - Relay1 28 


[info | input | Output | DIF | TCC kA | Model info | Checker | Remarks | Comment 


Library Info Differential Type 
Library... | Percentage ¥ 
|| Differential 
Operation Time 0 Seconds 


The total fault clearing time for a differential relay will be the sum of the Operating time plus the 
breaker time. In the case of three cycle breakers, the FCT = 0.020 + (3/60) = 0.070 sec. 


The selection of Percentage or High Impedance from the Differential Type drop-down list does 
not make any difference in the way the program determines if an arc fault is internal or external to 
the differential relay. This field will be utilized in future versions of the Arc Flash Program as the 
internal operation of the differential relay is modeled. 


The Current Transformer (CT) turn ratio does not affect the operation of the differential relay, but 
of course you should enter the turn ratios as configured in the actual device. 


The calculation of the incident energy for the source protective devices internal to the differential 


protection zone is dependent on the fault clearing time of external upstream protective devices. 
See the image below: 
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8) Differential relay internal protection zones may be overlapped. That is, a protective device like a 
circuit breaker can reside within the protection zone of two differential relays. 
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9) Make sure the current transformers (CT) components are in service. This can be done by 
enabling the display option PT & CT > “ID” in the One-Line, this will display the grayed out CT 
ID for components which are “Out of Service”. 
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10) Another possible problem is the “Current Summer” option. Please make sure this option is 
unchecked under the “Input” tab of the relay editor window. 


Multi-Function Editor - SEL-587Z (T1- 


(28 La) (OK) [caret 
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11) It is important to consider the physical placement of protective devices within an enclosure. In 
other words, protective devices which do not reside within the same enclosure, should be 
associated with different buses/enclosures. For example, in the figure below, CB61 and Fuse12 
are placed on the same connector (in series). The enclosure editor automatically places both 
protective devices in the same enclosure. The figure illustrating the enclosure editor clearly shows 
that the enclosure indicates that both PDs are in the same enclosure. 


ici 


ETAP 


x 
Configuration Parameters 
Hlement Hlement | Element Hectrode Hectrode 
Enchoare> | 1 lw 2 3 | Enclosure Type | Configuration 1 | Configuration2 + 
m1 Bus10 | Bus | vCB 
2. | SPD_Enc! CBE2 | Protective Device | vCB 
3 | Tie_Encl 25 Protective Device VCB 
_--p [4 |load_End CB61 Fuse 12 Protective Device VCB 


To ensure that each device is placed in their own enclosure to reflect real-life equipment 
conditions, simply add or place a bus or bus and impedance. The additional bus has additional 
enclosures and Fuse12 can reside on its own separate location. The figure below illustrates the 
changes suggested. 
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Differential Zone 


The presence of differential protection zones makes this requirement to be more important since 
protective devices in and out of the differential zone experience different fault clearing response 
time. 
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18.8.8 Maintenance Mode Switch 


ETAP gives you the ability to simulate the operation of maintenance mode switches. Newer solid state 
trip units are being equipped by the manufacturer with special maintenance mode switches which allow 
the override of the normal settings to use instead very fast operation settings with very low pickup values. 
The purpose of these trip units is to override normal coordination settings while energized work is being 
performed in order to minimize the fault clearing time. 


The arc-flash program can easily be configured to simulate the incident energy which could be released 
under maintenance or non-maintenance conditions. In order to do this, the maintenance mode must be 
enabled in the ETAP LVSST trip unit library as shown in the image below: 


LT | ST | Inst | Override | Gnd Maint | 


|| Maintenance Mode 


Label Maint Phase 


Z| Phase Mulipier| Sensor | 


Clearing Opening 


Time 0 0 sec 


Label Maint Ground 


|| Ground Multiplier|Sensor | 


4 : 
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Add Delete Clearing Opening 
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Min Max 
Smoothing 0 0 


Radius 
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Next, you must select the device from the library for the each low voltage circuit breaker which has the 
Maintenance Mode capability. The images below show the incident energy results when 1) The 
maintenance mode check box is not selected (top) 2) when the maintenance mode check box is selected 
(bottom). 
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18.8.9 Current Limiting Fuse Handling 


Current limiting fuses (CLF) are a great way of mitigating the arc flash energy. ETAP provides a method 
of handling current limiting fuses for arc flash calculations. A current limiting device by definition; limits 
the current and also trips the arc faults very fast. This version of ETAP allows to take credit for the fast 
operating time of fuses operating in their current limiting range. 


The current limiting fuse operation in ETAP is accomplished by using three methods. 


1) Peak Let-Through Curves 

2) Bottom of the Curve Method 

3) IEEE 1584 2002 Section 5.6 Equations / [EEE 1584-2018 Annex H equations (which are the 
same as those of the 2002 version) 


Peak Let-Through Curve Method 
This method allows the program to determine the current limiting operation of the fuse by comparing the 
arcing current passing through the fuse against the peak let-through curves. 


The logic used by the program when this option is applied is described below. The following image 
shows the curve points used to determine the CLF operation. 
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The following definitions are applicable: 


Let I Point A be the starting point at which the fuse can be considered to operate as CLF 
Let Ia”-ruse be the arcing current which would flow through the CLF 

Logic: 
IfI Point A < Ia”-ruse < 2* I Point a, then the fuse fault clearing time is set to % cycle. 


If Ia” Fuse > 2* I Point A, then the fault clearing time is set to %4 cycle 


Note1: The implementation of the current-limiting fuses for IEEE 1584-2018 allows for one additional 
capability which is to user-define the values of the clearing time of the fuse. This can be accomplished 
from the Tools\Options (Preferences)\Arc-Flash group of options as shown below: 


i 
Ej |S oo 
4 hi “ 
1-Phase to 3-Phase ArcFault Conversion Factor 1 g 
Bus Levels away to find Source PD 
Calculate Load PD Load Side Arc Flash True 
Calculate Load Terminal Arc Flash False 
Electrode Material Correction Factor 1.25 
Export Results to Excel True 
Extend IEEE 1584-2002 for Equipment up to 36 kV False 
Force ‘FCT Not Determined” to use Max Limit FCT True 
Fuse Clearing Time Tolerance 0 
Load Terminal Arc Fault Equipment Type (IEEE 1584-2002) 0 
Lockout Relay Delay Time 0 | 
Multiple Source Contribution Levels 10 
No. of Upstream Contributing Branches 50 = 
Overcurrent Relay Trip Time Tolerance 0 | 
Relay minimum Trip time 0.5 | 
Report Bus and Source PD Incident Energy only False 
SQOP-Report PD that de-energize each source path False 
Subtraction of Incident Eneray for Multiple Source Systems False | 
i 
| 


The unit of the clearing time for both regions is cycles. The default values are 2 cycle and % cycle 
respectively for region 1 and region 2. 


If the arcing current passing through the fuse is below point A, then the TCC curves of the fuse are used 
to determine the fault clearing time of the fuse. Please note that the bottom of the curve method is not 
used in this case since it is only used when the peak let-through curves for the fuse are not available. It is 
considered that the peak let-through curves are a more accurate method to determine CLF operation and 
the bottom of the curve method is only used when the peak let-through curve is not present. 


Note: This method does not offer any reduction in the arcing current passing through the fuse. It only 


offers reduction in the fault clearing time. The incident energy results coming from the CLF will be 
slightly higher because there is no reduction in the current. 
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Bottom of the Curve Method 

This method can be used if there are no peak let-thru curves defined for the element. The value of the arc 
fault current passing through the fuse is compared against the fuse TCC current value at 0.01 seconds. 
The following image shows a CLF fuse TCC with the value of the arcing current at the 0.01 second time. 
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The following definitions are applicable: 


Let I Bottom-Curve be the point at the bottom of the curve at 0.01 sec. 
Let I,”-ruse be the arcing current which would flow through the CLF 
Logic: 
IfI Bottom-Curve < Ia”-Fuse < 2* I Bottom-Curve, then the fuse fault clearing time is set to % cycle. 


If Ia” -£use > 2* I Bottom-Curve, then the fault clearing time is set to 4% cycle 
The following conditions must be met for this method to be applied: 


e The CLF has no peak let-thru curves 
e The Study case option “Use bottom of the CLF TCC (if peak let-through not available)” is 
enabled. 


If the arcing current passing through the fuse is lower than the TCC curve value at 0.01 second then the 
value from the TCC (total clearing time or average melt time) is used directly as the fault clearing time of 
the fuse. 


Note: This method does not offer any reduction in the arcing current passing through the fuse. It only 


offers reduction in the fault clearing time. The incident energy results coming from the CLF will be 
slightly higher because there is no reduction in the current. 
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Note: The fuse clearing times are also user-definable as previously described when running the IEEE 
1584-2018 method. 


IEEE 1584 2002 Section 5.6 Equations 

This method uses the IEEE 1584 equations. This method does not determine the fault clearing time or the 
arcing current reduction because of the CLF operation. The equations provide directly the incident energy 
results for a fault downstream from the fuse. This method is very limited. It can only be used for systems 
with particular configurations. 


The IEEE 1584 CLF equations are only applied under the following conditions: 


1) The system is radial. Multiple source systems are not allowed. 

2) The system voltage must be 600 Volts or less. 

3) The fuse class must be L & RK1 only. 

4) The working distance must be 18 inch or higher 

5) The bolted fault current values at the fault location downstream from the fuse must be within the 
range of the equations provided by IEEE 1584. 


If any of the previous conditions are not met, then the program will not use the equations. By default the 
program will attempt to use the peak let-through curves for class L & RK1 first. If they are not available, 
then the fuse TCCs will be used to determine the fuse fault clearing time. The following image shows a 
radial system with some motor loads connected. 
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The IEEE 1584 equations do not have any provisions or do not account for fault current contributions 
from motor loads downstream from the fuse. To determine this energy, the program determines the 
portion of the current which comes from the motor loads and adjusts the energy from the motor loads 
based on the portion of the energy from the source. 


ETAP does not know the fault clearing time (equations do not predict this) and thus the energy from the 
motors is calculated based on the ratio of the motor contribution and the total fault current. 


The following equations are used to determine the additional energy from the motor current: 
Let: 
Ibjuse be the current passing through the fuse 


Ibftotai be the total fault current at the point of the fault 
Efinai be the final incident energy including the motor contribution 


fuse 


Ratio = 


Total 


E _ E source 
final ~~ : 
Ratio 


Note: For IEEE 1584-2018, the program only applies the IEEE equations if the electrode configuration is 


set to VCB and VOA. This is because Annex H of this version of the standard has added additional 
explanation/clarification on the application of these equations. 
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Overall Logic for Current Limiting Fuse Operation 

The following diagram describes the logic used to determine the fault clearing time for current limiting 
fuses. This logic has been designed to transition between methods if curves are not available or if the 
parameters are not applicable based on the selected method. 


The following logic flow diagram describes how the program determines the CLF operating time based 
on the options selected in the Clearing Time page of the Arc Flash study case. 
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18.8.10 Modeling Zone Interlock Prot. and Light Detecting Relays 


The ETAP Arc Flash program has a couple of different methods which can be used to model the incident 
energy mitigation benefits of zone interlock protection and light detecting relays. The simulation of these 
mitigation methods can be accomplished by using one of the following functions: 


1. User-defined FCT (Fault Clearing Time) 
2. Fixed FCT 


Modeling the zone selective interlock protection for a zone as described in the image below would require 


communication between each trip unit so that the first upstream device can interrupt with any delays 
introduced for selective coordination purposes. 
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The circuit breakers on Bus-Level 1 and Bus-Level2 would be restrained is located at in the Bus-Level 3 
zone. Effectively, the fault clearing time for a fault at each location would become a definite time which 
can be set to a couple of cycles (the manufacturer should indicate what is the communication time and the 
actual breaker operating time). The combination of both times should be used as the definite operating 
time or fault clearing time (FCT). 
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Using the User-Defined FCT Method 
The definite time can be defined at each bus by entering the user-defined time and then selecting to use 
the user-defined FCT option from the arc flash FCT page. The images below illustrate this process. 
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Using the Fixed FCT Method 

The definite time can be defined at each bus by entering the user-defined time and then checking the fixed 
FCT option. This will accomplish the same operation as the previously described method, except that 
other locations can still be set for automatic determination of the fault clearing time. The image below 
shows the selections which must be made: 


Bus Arc Flash Page: Fixed FCT AF Study Case Clearing Time Tab: 


Auto Select Source PD 


v 
Arc Flash Study Case 
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The Fixed FCT method is preferable in most cases. The light detecting relays can be modeled using the 
same techniques as described above. Both light detecting relays and ZSIP schemes will be modeled as 
direct components in the one-line diagram in future versions of the program. For now their incident 
energy mitigation effect can be easily modeled using the techniques described in this section. 


ETAP 18-189 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodolo 


The image below shows the results with a 3 cycle fault clearing time for a fault at each of the buses. As 
can be seen the incident energy has been calculated based on the definite time. No automatic selection of 
source protective devices has been done. 
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Note: The results for the an arc fault on the line side of the main circuit breakers “CB Zone 3” and “CB 
Zone 2” should be determined by adding a node in between the cable and the breaker and also fixing the 
FCT at the node with the required fault clearing time. 


Please note that when these methods are used, it means that the arc fault current is enough to trip the 
devices in its instantaneous operation and that the current magnitude is higher than the short-time pickup 
of the devices. The proper magnitude of the arcing current should be checked against the device settings 
to make sure the ZSIP operates as designed. 
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18.8.11 Effect of Arc Resistant Switchgear in Arc Flash 


The effect of arc-resistant switchgear (arc-proof) in arc flash calculations cannot be determined because 
all the models available assume direct exposure to the arc flash incident energy. No barrier or closed door 
test models have been used to determine if the equipment has been properly sized. 


The energy calculated by ETAP is the energy stored in the electrical circuit. That energy is a function of 
time, fault current and voltage. An Arc-Resistant Switchgear reduces the amount of energy to which the 
person is exposed to. However, it does not reduce the electrical energy stored in the circuit. 


The actual energy, to which the person is exposed to, needs to be obtained from the manufacturer. ETAP 
results can be used to determine if the kA cycle rating of the switchgear is appropriate for the energy, 
which can be generated by the electrical system. 


In conclusion, it is recommended to run arc flash analysis in the system to determine how much energy 
can be released by the electrical system. The calculated energy should be compared against the rated 
value provided by the manufacturer. As mentioned before, this rating is typically given in kA cycles 
(combination of arcing current in kA and clearing time in cycles). 
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18.8.12 Main Protective Device Isolation 


This feature allows the arc flash program to consider that the main source protective devices may not be 
adequately isolated from the bus and may fail to operate or be capable of de-energizing the arc fault 
before it escalates into a line-side arc fault. 


The following wording was added in IEEE1584(b): 


“Tt is important to realize that in evaluating the incident energy at an arcing fault location in the system, 
the protective device upstream from the point of the fault must be considered. An integral “main” 
overcurrent protective device may be considered in the calculation if it is adequately isolated from the 
bus to prevent escalation to a line-side fault. When the integral main overcurrent protective device is not 
adequately isolated from the bus, the upstream protective device must be considered as protecting the 
main and bus.” 


Note: ETAP considers by default that panelboards and MCCs are equipment types where the main 
protective device isolation may be an issue. This was the original wording of the modification in IEEE 
1584(b). This is the reason why ETAP has left those two types of equipment with possible main PD 
isolation conditions. However, each equipment should be evaluated for this condition and if it is 
determined that the main protective devices is properly isolated then the global or individual settings can 
be modified to indicate the proper isolation from the bus and load side arc faults. 


The following sections describe how the Main PD Isolation can be modified. 


Main Protective Device is not Isolated: Individual (Bus Editor) 


The following study case configurations will only look at each individual bus editors and check for the 
check-box option “Main PD” under the Rating tab of the Bus Editor: 


G ' 
Arc Flash Study Case x) 


[Info | Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert | 
Fault Clearing Time (FCT) 
®@) Auto Select Source Protective Device (PD) 
[] Except if PD is Selected in Bus Editor 


[©] Limit Maximum FCT Bus Editor - Bus3 
~) User-Defined from Bus Editor ; 
| Harmonic | Reliability | __ Remarks | Comment 
ae pets FCT ie ee A Pee info | PhaseV | Load | Motor/Gen | Rating | ArcAlash | Protection 
= Protective Device Isolation OkV 0 Amps Symmetrical 0kA 
|¥] Consider Main Protective Device Isolation 
© Individual (Bus Editor) Standard Type Enclosure Isolation 
@ ANSI ©IEC [MCC ~| 
\ Global | Load PD 
Continuous Bracing 
0 ~ Amp Asymm.ms 0 ~ kA Symm.ms 0 vy kA 
Arc Flash Parameters 
Gap Between Conductors / Buses 2 mm Distance X Factor 1.641 


ETAP 18-192 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodology 


Depending on the selection in the bus editor, the program will consider the protective device to be 
isolated or not when selecting the source protective device. 


Main Protective Device is not Isolated: Global Typical IEEE 1584 


If the option in the study case Clearing Time page is to consider “Global Typical values” then the settings 
are taken from the Arc Flash Analysis Data editor (Project\Settings\Arc-flash\Arc Flash Analysis Data). 
The main protective device isolations are fixed for buses based on voltage range and equipment type. 


Arc Flash Analysis Data x 


| Typical Gaps / Working Distance 


O User-Defined Values 
Voltage Range Equipment Type Gap X Factor bs a oe 
” Other 13mm 2.000 18.00 in 
2 |0.208-1.0kV MCC 25mm 1.641 18.00 in 
3 |0.208-1.0kV Switchgear 32mm 1.473 24.00 in 
4 |0.208-1.0kV Switchboard 32mm 1.473 24.00 in 
5 |0.208-1.0kV Switchrack 32mm 1.473 24.00 in ' 
6 |0.208-1.0kV Panelboard 25mm 1.641 18.00 in 
7 |0.208-1.0kV Cable Bus 13mm 2.000 18.00 in 
i 8 |0.208-1.0kV Open Air 40mm 2.000 18.00 in | 
9 |>1.0-5.0kV Other 13mm 2.000 18.00 in 
10 | >1.0-5.0kV MCC 102mm =| 0.973 18.00 in 
11 |>1.0-5.0kV Switchgear 102mm 0.973 36.00 in 
12 | >1.0-5.0kV Switchboard 102mm = | 0.973 36.00 in 
13 | >1.0-5.0kV Switchrack 102mm 0.973 36.00 in 
14 |51.0-5.0kV Panelboard 102mm__ 0.973 18.00 in 
Help Cancel 


Main Protective Device is not Isolated: Global User-Defined 


If the study case is configured to the global user-defined options, then the settings for the device main PD 
isolation are taken from the User-Defined values under Arc Flash Analysis Data, accessible via Project 
Settings. The main protective device isolations can be customized for buses based on voltage range and 
equipment type. 


ETAP 18-193 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodology 


Arc Flash Analysis Data x 


| Typical Gaps / Working Distance 
OJEEE 1584 Typical Values 


@ User-Defined Values 


Voltage Range Equipment Type Gap X Factor Ld ae s 
» EEE one: 13mm —|2.000 18.00 in 
2 |0.208-1.0kV McC 25mm 1.641 18.00 in 
3 |0.208-1.0kV Switchgear 32mm 1.473 24.00 in 
4 |0.208-1.0kV Switchboard 32mm 1.473 24.00 in 
5 |0.208-1.0kV Switchrack 32mm 1.473 24.00 in 
6 |0.208-1.0kV Panelboard 25mm 1.641 18.00 in 
7 |0.208-1.0kV Cable Bus 13mm 2.000 18.00 in 
i 8 |0.208-1.0kV Open Air 40mm 2.000 18.00 in | 
| 9 |>1.0-5.0kV Other 13mm 2.000 18.00 in 
10 | >1.0-5.0kV McC 102mm =| 0.973 18.00 in 
11 |>1.0-5.0kV Switchgear 102mm 0.973 36.00 in 
12 |>1.0-5.0kV Switchboard 102mm =| 0.973 36.00 in 
13 |>1.0-5.0kV Switchrack 102mm =| 0.973 36.00 in 
14 (>1.0-5.0kV Panelboard 102mm___| 0.973 18.00 in wv 


OK Cancel 


The following rules and assumptions have been applied for this feature: 


1. The main protective device isolation option only affects the results for a bus or load protective device 
arc fault (directly connected). It also affects load terminal arc fault calculations if the load is directly 
connected (since the results for the directly connected load terminals are set the same as those of the 
connected bus). This option does not affect load terminal arc fault calculations if an equipment cable 
has been assigned (i.e. there is an electrical distance between the cable and the main breaker). 


2. Ifthe Main PD is not isolated, then the program will not consider the first level (directly connected) 
source PDs as possible devices which can clear the fault. 


3. Since the effect on the results can be considerable, there are some flags displayed in the arc flash 
result analyzer (AFRA). These flags indicate which locations were affected by the main PD isolation 


assumption. The following table summarizes the flags which appear in the AFRA. 


Main Protective Device Isolation Flags 


AFRA Flag Conditions for setting the Main PD Isolation Flags 
This flag is set to blank for a bus, load PD or load terminal (directly 
“Blank” connected load) arc flash result for the following conditions: 
e The Main PD Isolation feature is not enabled (study case) 
e The load has equipment cable 
This flag is set for a bus, load PD or load terminal (directly 
“Main PD is connected load) arc flash result for the following conditions: 
Isolated” e The Main PD Isolation feature is enabled (study case) 
e The device Main Source PD is not Isolated 
This flag is set for a bus, load PD or load terminal (directly 
connected load) arc flash result for the following conditions: 
“Main PD is not e The Main PD Isolation feature is enabled (study case) 
Isolated” e The device Main Source PD is not Isolated 
e The Isolation of the main PD does not affect the 
determination of the final FCT. 
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This flag is set for a bus, load PD or load terminal (directly 
connected load) arc flash result for the following conditions: 
“Main PD Isolation e The Main PD Isolation feature is enabled (study case) 
affects FCT” e = The device Main Source PD is not Isolated 
e ©The Isolation of the main PD affects the determination of the 
final FCT. 


The following images illustrate the concept of main protective device isolation. The electrical panel and 
corresponding one-line diagram representation are shown below. The main breaker is not isolated from 
the load breakers and if the cover is removed, exposure to the load and line side of the main breaker is 
possible. The AF results for the bus shown on the one-line do not consider the effect of main PD 
isolation. 


ETAP 18-195 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodolo 


Primary Side Fuse 


17 
0.48/0.208 kV 
125 kVA 
Category 2 
5.57 ft 
UPSTREAM cB |))1> “A/cm 
Main Swbrd y7.41 kA 
0.208 kV lop 
Category 1 "=7 
2.65 ft Wks 
1.82 cal/cm* @24" 
Fdr Cab 
oe ‘wi 1 AF Results without Main PD 


3.31 cal/cm? Isolation being considered 
MAIN PANEL CB_) 


{6.76 kA Category 0 <~ 
Panel 1B 0.49 ft 
WraOe BY oinee ) CB34!) cBasl) 0-19 cal/em* @18" 
| | 


| Ibyr a 
9.76 kA 


If the main PD isolation option is enabled and the panels are configured to consider this option, then the 
results for the bus arc flash results no longer consider the directly connected main PDs “UPSTREAM 
CB” and “Panel 1B” as capable of limitng the energy at the panels. In this case, the source PD for Panel 
1B becomes the “UPSTREAM CB” and the source PD for the Main Swbrd becomes the “Primary Side 
Fuse”. The arc flash results for two panels after considering the main PD isolation option are displayed in 
the following image: 
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Primary Side Fuse 
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Without the main PD isolation option, the results of the line side arc fault of the source protective devices 
had to be used for the bus as well. This feature is just one more way to guarantee that the most 
conservative solution or arc flash scenario is considered for the calculation. 
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18.8.13 Running Device Duty before Arc Flash Analysis 


The main objective of this feature is to determine if the bolted short-circuit current exceeds the device’s 
short-circuit ratings. If this occurs, it may be possible for the device to fail at interrupting the arc fault. 


The simulation cannot predict of the device will operate properly or not under arc flash current levels. 
ETAP assumes that all devices still operate as long as their trip units or overcurrent protection indicates 
that they should; however, the program generates a list of alerts which are displayed in the alert view 
window and in the arc flash result analyzer. 


It is recommended to always perform a full short-circuit device duty evaluation using the regular device 
duty calculation. The intention of running this additional device duty calculation ahead of the arc flash 
analysis is to provide a backup check on the short-circuit ratings of each device connected to a faulted 
location. 


Note: The practical application of this option should be only done under the scenarios which tend to yield 
the highest bolted fault current values. It is also recommended to apply all impedance tolerances as 
negative in order to produce higher fault currents. 


The arc flash program applies this option using the following logic: 


1. When the checkbox “Run Device Duty Calculation before Arc Flash” is checked, the program 
runs a device duty calculation before arc flash. 


2. Ifthe option “Apply Pos. Tolerance and Max. Temp. for ANSI Min. Short-Circuit & Arc Flash” 
is checked on the Adjustments tab of the short-circuit study case editor, then the “Run Device 
Duty before Arc Flash” option will be hidden and disabled. This is done to prevent running 
device duty calculation with non-conservative fault currents. This option should be unchecked 
from the adjustments page before being able to run the device duty calculation. 


3. The device duty evaluation is performed in the same manner as if it were performed separately 
(by clicking on the first icon on the short-circuit toolbar). The device duty evaluation can be used 
with % cycle, 1.5 to 4 cycle, 1-Phase, and IEC arc flash methods. If the decay method is enabled, 
then the “Run Device Duty before Arc Flash” option will be hidden and disabled. 


4. The device duty alerts can be accessed through the alert view window. The alert view window 
will show both the arc flash and device duty alerts. 


5. The arc flash result analyzer is capable of displaying the device duty alerts. Select the “Device 
Duty Alerts” filter (Filter Results by section) and click on the Device Duty Alert field in the 
Results section (lower right hand side corner of the AFRA). 


The following flow diagram describes the overall logic of this feature by means of a flow chart diagram. 
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a Run Arc Flash 
Ae 


Display Arc Flash Alerts Only 


List Device Duty Alerts List 


Combine AF and Device Duty Alerts 


: | 
Graphically Display Device Duty Alerts 


MD 


Display in Alert View Window or AFRA 


The following images show the Alert View window and the Arc Flash Result Analyzer with device duty 
alerts. The Alert View window can be accessed from the Arc Flash toolbar. To access the device duty 
alerts from the AFRA, select the settings as displayed in the AFRA image below. 
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Study Case: AF HalfCycle 


Configuration: Normal 


f Critical 


Filter 


(Zone 


Data Revision: Base 
Date: 01-26-2018 


Device ID 


Fusel 
Main Bus 
Main Bus 
Main Bus 
SPST1 


Type Condition Rating/Limit 
Fuse Interrupting 10k& 

Open Air Bracing Asymm. 20 kA, 

Open Air Bracing Crest 33.75 kA 
Open Air Available Protection 10 Cal/Cm*2 
Switch C&L rms 12 kA 


(CJaétea 
Operating % Operating 
23.856 238.6 
36.303 181.5 
59.958 W777 
15.218 152.2 
43.292 360.8 


Device ID 


CB18 
CBS 


Marginal 
Type Condition Rating/Limit 
H¥ CB Interrupting 33.462 kA&, 
HY CB Interrupting 33.462 kA 


Operating % Operating 
31.313 93.6 
31.313 93.6 


®) Arc Flash Result Analyzer 


© Output Report 
heckal 
Reports 
AF-1-Phase 
AF-Decay 
AF-HalfCycle 
IECArcAlash 


Scenarios 


Project Report 
OOAll Project in Active Directory 
@ Active Project 


J Example-ANSI 


Load PD (Bus Side} a 
Load Terminal 
[_]Load PD {Load Side) 


Info 


Check All 


Mky a 
M1 Type 

[Connected Bus 

[Conductor Gap LL 

[Conductor Gap LG 

(] Working Distance LL v 


Results 


Check All 


Device Duty Alert 


Type 


Open Air 


HVCB 


HVCB 


Fuse 


SPST Switch 


Copy Sort 


Incident Energy M Filter Reports by Energy Levels 


Tie-PD Bus Types 
Energy Correction Factor 


Arc Current Correction F... 


Method 
FautType 


ETAP 


NFPA 70E 2012 to 2018 /UD v| 
Filter Results By cal/em® 
CIFCT Not Determined 
(1% la Variation 
CIFCT by Secondary PD 


CIExceeds Max. FCT 
(Effect of Main PD Isolation on FCT 
M Device Duty Alerts 


Show Colors 


18-200 


Display Options Repotting Seq. of Operation 
Standard Custom 7 
Actual Value Label (ise View 


Differences with Ref 


So g 


Skip If Same 
FCT Unit Work Permit DataSheet Qne-Line-Diagram 
Ss 
Cycles y 
[=| [re] Hep [coe | 
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18.8.14 Logic for Determining the System Grounding (IEEE 1584-2002 only) 


The arc flash calculation can automatically determine the grounding configuration of the faulted buses if 
this option is selected from the Arc Flash page of the Short-Circuit Study Case Editor. IEEE 1584-2002 
indicates that the factor K2 (used for the calculation of the incident energy) is zero for ungrounded or 
low/high resistance grounded systems and -0.113 for grounded systems (solidly grounded). The incident 
energy is higher when the system is determined to be ungrounded. 


In other words: High, Low, Delta and Open-Wye systems are all considered to be ungrounded 
configurations according to the rules described in section 5.3 or IEEE1584 2002. Only solidly grounded 
systems will be considered as grounded. 


ETAP uses the following rules to determine if an element is grounded or ungrounded: 


e If there is any device like a transformer or voltage source (generator or power grid) that is solidly 
grounded, then the bus will be considered grounded. 


e If the system only has low/high resistance grounding connections, then it is considered ungrounded 
unless there is at least one path that is solidly grounded. (See the figure below.) 


re Tt 


750 kVA 


Resistor 
0.48 KV Grounded Paths 


One Solidly Y 


Grounded Path 


e Ifthe system is wye-open or delta connected, then the Arc Flash Module will determine this bus to be 
ungrounded. 


Eig 


A Mt 
AY py 750 KYA 


No Solidly Grounded 


Connection 


Y O A™% pened 200 MVA 


Bus3 
0.208 kv 
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Important! Note: The motor grounding connection cannot be considered as the only solidly grounded 
source for a bus. Only transformer or voltage sources are considered as solid grounding points. 


There may be some situations under which ETAP determines that the bus is ungrounded, but it may 


actually be connected to a solidly grounded transformer. This situation may happen around transformers 
that are solidly grounded on one side and resistor or reactor grounded on the other side. 
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18.8.15 Calculating Incident Energy for PDs 


ETAP Arc Flash calculates the incident energy once the arcing current, the FCT and the system 
grounding configurations have been determined. The module yields the incident energy results for the bus 
and individual protective devices. 


The main goal of the Arc Flash Module is to provide you with flexibility to determine the correct 
calculation of the incident energy. Even for individual cubicles (PDs), the module will assume the worst- 
case scenario. 


The worst possible arc fault at a PD occurs at the input side of the PD (line side or side facing the feeder). 
In this case, the PD itself cannot clear the fault, and it must be cleared by a typically slower operating 


feeder PD upstream in the system. 


For example, the figure below indicates the worst-case fault. 


0.48 kv¥ ) 
Arc Fault could a ) ) 
happen here [ [ 
Mtr? Mtr8 
100 HP 100 HP 


The upstream breaker will clear the fault in this case. The current used to determine the incident energy 
for the PD will be either the maximum through fault current or the total bus fault current depending on the 
selection on the Arc Flash page of the Short-Circuit Study Case. 


If there are multiple sources, the module will take the longest device operating time as the FCT used to 
calculate the incident energy. 


The energy of source protective devices is calculated based on the first upstream device that can clear the 
fault. If multiple source PDs are connected to the faulted bus, ETAP will use the longest opening time 
from the different source PDs, to calculate the energy. Load PD incident energy is always determined 
based on the calculated bus FCT. 
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18.8.16 Calculating Incident Energy For Tie-PDs 


Implementation based on the IEEE 1584-2002 Method (ETAP 18.1.1. and prior) 


Tie protective devices require special handling for most calculation situations. In arc flash a tie-pd 
requires special handling because of the equipment type. The equipment type is specified in the Bus 
Rating Page - Type section. The special handling is required when the equipment type specified is 
different for each bus across a tie-pd. 


The arc flash program checks tie-pds and determines if their connected buses have different equipment 
types. If this is the case then a flag is set. The flag or warning indicates that there faulted buses with tie 
protective devices which have different equipment types across. 


Tie-PD Example - Same Equipment Type Tie-PD Example - Different Equipment Type 


Level 2 


AFB = 18.56 ft 
Switchgear-102mmGap IE = 7.07 cal/cm?* @36 Switchgear - 102 mm Gap et @36" 
Ian 


“25.13 na 


Level 2 


CB14 AFB = 18.56 ft 
IE =7.07 cal/cm* AFB = 18.56 ft 
IE = 13.88 cal/cm’ 


P5-13 KA Level 
AFB = 18.56 ft P5.13KA Level 3 
Switchgear - 102 mm Gap IE =7.07 cal/cem? @36" = 18.56 ft 
MCC - 50mm Gap IE = 13.88 cal/cm? @18" 


Ia Wie 
S134 Tg 


" a: 
ji 25,13 k4 


The program is designed to report the highest incident energy for a fault across either side of the tie-pd. 
This can be observed in the image above. The image on the left shows the arc flash results for the tie-pd 
“CB14” to be the same as those for the buses on either side. This is because the equipment type is the 
same for both sides. The image on the right shows the incident energy for the tie-pd to be the same as 
that of Bus8 (the highest value). This is because the equipment type (MCC — 50 mm) causes a higher 
incident energy release. 


Note: It is recommended to have the same equipment type across tie protective devices. Specifying 
different equipment types may yield different arc flash results for faults on either side (especially if only 
one side is faulted). 


The result for CB14 may be different if only one of the buses was faulted (in the case of image on the 
right) and the equipment types are different. 


The need to use the tie-pd may arise when the connecting cable or impedance between the two different 
pieces of equipment is small. However, for arc flash analysis representing the small cable impedance will 
indicate to which equipment the protective device belongs. This is what cannot be easily determined if the 
impedance is neglected and the equipment types are different. 
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The program will provide some warning conditions when this condition is present. A warning flag for 
this condition can be displayed in the Arc Flash Result Analyzer by accessing the “Tie-PD Bus Types” 
field from the “Results” section. The following image shows how to access this field: 


a” Arc Flash Report Analyzer 


>) All Project in Active Directory 


@ Active Project 


¥| Bus 


Protective Device 


< 


Load Terminals 
Info 


Check All 


@ Output Report Scenarios 
Check All 
i 
oO! AF-Decay 
O|} CL) | AF Decay-DD 
oO! Oo AFDevDuty 
©} LC) | AF-DutyAlert 
oO} 0 AF-Four-DD 
oO} 0 AF-HalfCycle 
oO} Oo AF-Half-DD 
Project Report 


Example-ANS! 


vik¥ 

Type 

(| Connected Bus 
|| Bus Gap 

| Factor 

(| Grounding 


Results 


Check All 


L] PD FCT 2 
[-] PD FCT 3 
[_] Force Levels for L'¥¥ Equipment 


C] CLF Method 

[_] Effect Main PD Isolation on FCT 
[] Device Duty Alert 

[} Correction Factor 


Tie-PD Bus Types 


———— rs 
Source PD ID} |Tie-PD Bus Types | |% 1a Variation | Sc 
es 


Bus8 CBS 
Sub 3 CB8 | 
CB8 
J Bg CB8 
ns 
——IceTs CB8 
CB19 CB8 
SPST1 CB8 


< 
Copy Sort | | Al 


Incident Energy 
@ Worst Case Min 
Filter Results By 
| FCT Not Determined 


% la Variation 
FCT by Secondary PD 
Exceeds Max. FCT 


| Effect of Main PD Isolation on FCT 


Device Duty Alerts 


[S 


Filter Reports by Energy Levels 


NFP& 70E 2009 ’ 


cal/cnt 

Level 0 1.2 
Level 1 4 
Level 2 8 
Level 3 25 
Level 4 40 

> Level 4 > 40 
Not Det. 


(¥) Show Colors 


Please note that the flag indicates that the equipment types are different across the protective device 
“CB14”. Please see all the highlighted fields in the image above. 


ETAP 


18-205 
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Implementation Based on IEEE 1584-2018 


The handling of tie-PDS when running arc-flash with the IEEE 1584-2018 method is similar to that of the 
IEEE 1584-2002 method when there are no enclosures defined. With the introduction of the enclosures in 
ETAP 19.0.0, there is no longer a problem with indicating actual parameters for the location which 
contains the tie-PD. 


The idea is now much simpler, first the tie-PD should be defined under one bus. Once the tie-PD 
enclosure has been created for a bus, the same tie-PD cannot be added to another enclosure. Since the tie- 
PD is only associated and defined with one enclosure, there is no ambiguity related to its input settings. 


Just like when there is no enclosures defined, a sequence-of-operation can be placed on the tie-PD. The 


sequence of operation will now follow the enclosure settings instead of using the “From Bus” settings as 
is the case in ETAP 18.1.1 or when there are no enclosures defined. 
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18.8.17 Incident Energy Level Determination 


The incident energy level is determined by comparing the calculated incident energy in cal/cm? against 
the ranges specified in the “Incident Energy Levels” editor. The selection depends on the option selected 
in the “Parameters” page of the arc flash study case editor. 


ETAP gives the option of defining your own incident energy levels. You can define up to 10 levels, but in 
the majority of the cases it proves impractical to define more than three levels. 


The Incident Energy Levels editor can be accessed from the Project menu by pointing to Settings — Arc 
Flash and selecting the option as displayed below: 


Defaults RevControl Librar 


Information... } 

Standards... h 

Settings » Loading and Generation Categories... 
Options... Avg Temp and Humidity... 


User Manager... Duty Cycle Categories... 
Mutual Coupling Group... eres apse 


DC Control Cable Schedule... se. caieseras 


AC Control Cable Schedule... Das pe 


User-Defined Fields... 
Default Calendar 


Cable Ampacity App. MF... 


Panel Code Factors... 
Rate Schedule 
Fuel Cost Profile... 


Emergency Handling... r 

Arc Flash r Incident Energy Levels... 

Star View Reference kV... Arc Flash Analysis Data... 

Area, Zone & Region ArcFault Method 1 Coefficients... 
GIS Coordinates... ArcFault Method 2 Coefficients... 


ArcFault Minimum Approach distance Data 


Shock Risk Assessment Data... 


Bus Shock & Arc Flash Typical Data... 
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The Incident Energy Levels editor appears as follows: 


Incident Energy Levels x 
Standard Personal Protective Equipment 
QO NFPA 70E 2000 ee ae 
©) NFPA 70E 2004 
ONFPA 70E 2008 I : 
Level A v 
@ NFPA 70E 2012 to 2018/User-Defined 
ONESC C2-2017/User-Defined Description 
Non-melting or untreated natural fiber long-sleeve 
Level shirt and long pants 
ID cal/cné 
Level A 2 
Level B 4 
Disclaimer 
Level C 8 Changes in equipment settings or system 
configuration will invalidate the calculated values and 
Level D 25 PPE requirements which may result in a hazardous 
condition. 
Level E 40 
Level F 100 User-Defined Text 
Level G 120 
Level H 0 
Level | 0 
Level J Q Approve PPE 
OK | Cancel 


The incident energy levels window has the following sections: 
1. Standard: which includes the four pre-defined PPE requirements as described in NFPA 70E 
2000, 2004, and 2009 and a user-definable set of descriptions (NFPA 70E 2012~2018). 


2. PPE (Personal Protective Equipment): where you can specify the personal protective 
equipment list for each level. 


3. Disclaimer section: Where you can enter text that can be used as a disclaimer about the Arc 
Flash Analysis results that are printed on a label 
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NFPA 70E-2000 Incident Energy Levels 
These ranges are listed on Table 3-2.9.3 of NFPA 70E-2000. 


Hazard/Risk Categories based on NFPA 70E 2000 
Incident Energy Level 
Exposure cal/cm? 


0 < cal/cm?<1.2 0 
5 > cal/cm*> 1.2 1 
8 > cal/em’> 5 2 
25> cal/cm*> 8 3 
40 > cal/cem?> 25 4 
cal/cm*> 40 N/A 


NFPA 70E-2004 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2004. 


Incident Energy Levels based on NFPA 70E 2004 


Incident Energy Level 
Exposure cal/cm* 


0 < cal/em?<2.0 
4 > cal/cm?> 2.0 
8 > cal/cm*> 4 
25> cal/cm*> 8 
40 > cal/em?> 25 

cal/cm*> 40 N/A 


BRwWN FO 


NFPA 70E-2009 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2009. 


Incident Energy Levels based on NFPA 70E 2009 


Incident Energy Level 
Exposure cal/cm? 


0 < cal/em?<1.2 
4 > cal/em?> 1.2 
8 > cal/cm*> 4 
25> cal/cm’> 8 
40 > cal/em?> 25 

cal/cm?> 40 N/A 


RwWN FR OO 


ETAP 18-209 ETAP 19.0 User Guide 


Arc Flash Analysis Calculation Methodology 


User-Defined Incident Energy Levels 


The User-Defined levels are interpreted by the Arc Flash Module as described in the following table: 


User Defined Incident Energy Levels 


Level Range (example) Defaults 
0 0 < cal/cm*<CO 2 
1 C1 > cal/cem*> CO 4 
2 C2 > cal/em*> C1 8 
3 C3> cal/em?> C2 25 
4 C4 > cal/cem*> C3 40 
5 C5 > cal/cem*> C4 100 
6 C6> cal/cem?> C5 120 
A C7> cal/cm?> C6 0 
8 C8> cal/cm?> C7 0 
9 C9> cal/cm?> C8 0 


The level ranges are always from low values to higher values. For example, this means that the level 4 
value cannot be equal to or higher than the value in level 3. This is true for all the levels. 


If any level (6, 7, 8, and 9) is left as zero, the module ignores it and uses the 5" level for any value higher 
than the maximum value in the 5" level. This will also apply if level 6 is the last one and 7, 8, and 9 are 
left as zero. You cannot skip a level. 


The incident energy levels editor has the following properties and behavior: 


a) 


b) 


a) 
d) 


e) 


f) 


g) 


ETAP 


The NFPA 70E 2000, NFPA 70E 2004 and NFPA 70E 2009 Incident energy ranges are not 
customizable and follow the definitions published by NFPA 70E Standards. The only items that 
can be customized are the list of PPE equipment (requirements) for each level. This is an old 
design which has been used in previous versions of the program. 


If you select the User-Defined Values option, then the Level ID fields become editable and you 
can define a name for the each level, which can be composed of up to 12 alphanumeric characters 
(i.e., a LevelO or Level1, etc.). 


If you select the User-Defined Values option, the Incident Energy range fields become editable 
you may type the different limits in cal/cm/?. 


You have the option to type in some text for a disclaimer statement. This disclaimer statement 
may appear in some selected label templates. This field holds up to 250 alphanumeric characters. 


You have the ability to create a user-defined text field, which may be used to type in custom 
information (such as engineering company name and address). This information is included in 
certain label templates or is stored in the output report database. This field holds up to 125 
alphanumeric characters. 


You may navigate using the scroll arrows allows you browse the different PPE descriptions for 
each level. 


There are four sets of PPE descriptions. One for each of the options “NFPA 70E 2000” (5 
descriptions), “NFPA 70E 2004” (5 descriptions), “NFPA 70E 2009” (5 descriptions), and one 
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for the “User-Defined/AF Analysis” (10 descriptions. The description fields hold up to 250 
alphanumeric characters. 


The PPE Requirements window has some default descriptions based on the simplified Two-Category 
Level PPE system published in Table F-1 of NFPA 70E 2000 and Annex H of NFPA 70E 2004 and 2009. 


Note: The following descriptions are provided only as examples of PPE requirement descriptions as 
described by NFPA 70E Standards. These descriptions are not recommendations made by ETAP on how 
to protect personnel from arc flash or shock hazards. Please exercise caution in applying these 
descriptions and follow all the remaining recommendations made in the PPE matrix tables provided in 
NFPA 70E 2000, 2004, and 2009. 


In previous versions of ETAP the incident energy levels were defined as incident energy categories. For 
the purpose of keeping older projects or versions compatible, the word category is maintained and still 
used for the 2000, 2004 and 2009 sets of energy levels. 


Note: Starting with NFPA 70E 2012, that a new set of PPE descriptions specifically designed to be used 
with for arc flash analysis has been approved and added. It is important to understand that the energy 
levels or “categories” as they used to be called in previous versions are nothing more than a method of 
sorting incident energy results and do not imply that the table method from NFPA 70e is being used. 
These ranges have been used in the past versions of ETAP as a method of rationalizing or analyzing the 
incident energy found at different locations in the system. It was convenient to use the incident energy 
breakdown from the table method of NFPA 70E as a starting range to sort or present the incident energy 
results. 


Also, the PPE requirements in the past have been defaulted using the simplified two level clothing system 
of annex H (2000 ~ 2009). This PPE description is the closest set of PPE requirements which can be 
adapted to an arc flash analysis study. In fact, the new annex H.3 in NFPA 70E 2012 is similar in the way 
the incident energy levels have been created except that the breakdown between Level 1 and Level 2 is 
done at 12 cal/cm2 instead of at 8. Clarifications added to NFPA 70E 2012 in annex H.3 can help the user 
in the selection of PPE based on arc flash analysis results. 


Furthermore, in ETAP 14.0.0 a new set of PPE description has been added. Annex H.3(b) from NFPA 
70E 2015 is incorporated as an option in the “Incident Energy Levels” PPE description section. 
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Default PPE Descriptions based NFPA 70E 2000, 2004 & 2009 and for User-Defined 


Level Default 
NFPA 70E, 2000 CategoryO Non-melting or untreated natural fiber long- 
(Table F-1 Simplified , Two- sleeve shirt and long pants 
Category Flame Resistant Category! FR long-sleeve shirt (minimum ATPV of 5) worn 
Clothing System) over an untreated cotton T-shirt with FR pants 
(minimum ATPV of 8) 


Category2 FR long-sleeve shirt (minimum ATPV of 5) worn 
over untreated cotton T-shirt with FR pants 
(minimum ATPV of 8) 

Category3 Double-layer FR flash jacket and FR bib overalls 
worn over either FR coveralls (minimum ATPV 
of 5) or FR long-sleeve shirt and FR pants (min 
ATPV of 5), worn over untreated natural fiber 
long-sleeve shirt and pants, worn over an 
untreated cotton T-shirt. 

Category4 Double-layer FR flash jacket and FR bib overalls 
worn over either FR coveralls (minimum ATPV 
of 5) or FR long-sleeve shirt and FR pants (min 
ATPV of 5), worn over untreated natural fiber 
long-sleeve shirt and pants, worn over an 
untreated cotton T-shirt. 


NFPA 70E 2004 CategoryO Non-melting or untreated natural fiber long- 
(Annex H Simplified, Two- sleeve shirt and long pants. 
Category, Flame Resistant Category! FR long-sleeve shirt (minimum arc rating of 4) 
(FR) Clothing System) worn over untreated cotton t-shirt with FR pants 


(minimum arc rating of 8). 

Category2 FR long-sleeve shirt (minimum arc rating of 4) 
worn over untreated cotton t-shirt with FR pants 
(minimum arc rating of 8) 

Category3 Multilayer FR flash jacket and FR bib overalls 
(minimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shirt. 

Category4 Multilayer FR flash jacket and FR bib overalls 
(minimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shirt. 
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NFPA 70E, 2009 Category0 Non-melting or untreated natural fiber long- 
(Annex H Simplified, Two- sleeve shirt, long pants, safety glasses, hearing 
Category, Flame Resistant protection, and leather gloves 

(FR) Clothing System) Category 1 FR long-sleeve shirt (minimum arc rating of 4), 


worn over untreated cotton T-shirt with FR pants 
(minimum arc rating of 8) or FR coveralls 
(minimum arc rating of 8) 

Category 2. FR long-sleeve shirt (minimum arc rating of 4), 
worn over untreated cotton T-shirt with FR pants 
(minimum arc rating of 8) or FR coveralls 
(minimum arc rating of 8) 

Category 3 A total clothing system consisting of FR shirt and 
pants and/or FR coveralls and/or arc flash coat 
and pants (clothing system minimum arc rating 
of 4) 

Category 4A total clothing system consisting of FR shirt and 
pants and/or FR coveralls and/or arc flash coat 
and pants (clothing system minimum arc rating 


of 4) 
User-defined Cat A Non-melting or untreated natural fiber long- 
(You can define your own sleeve shirt and long pants. 
incident energy limits and PPE Cat B FR long-sleeve shirt (minimum arc rating of 4) 
descriptions; however NFPA worn over untreated cotton t-shirt with FR pants 
only provides PPE (minimum arc rating of 8) 
descriptions up to 40 cal/cm?) Cat C FR long-sleeve shirt (minimum arc rating of 4) 


worn over untreated cotton t-shirt with FR pants 
(minimum arc rating of 8) 

Cat D Multilayer FR flash jacket and FR bib overalls 
(minimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shirt. 

Cat E Multilayer FR flash jacket and FR bib overalls 
(minimum arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimum arc rating of 4) worn 
over untreated natural fiber long-sleeve shirt and 
pants, worn over an untreated cotton t-shirt. 


Cat F “None available based on NFPA 70E” 
Cat G “None available based on NFPA 70E” 
Cat H “None available based on NFPA 70E” 
Cat I “None available based on NFPA 70E” 
Cat J “None available based on NFPA 70E” 
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Annex H.3(b) Level A S Non-melting or untreated natural fiber for long 
NFPA 70E 2012 1.2 cal/cm sleeve shirt and pants/coverall, Face shield for 
projectile protection, Safety glasses, Hearing 
protection and Leather gloves. 
Level B>  Arc-rated long-sleeve shirt and arc-rated pants or 
1.2 to 12 arc-rated coverall and/or arc flash suit, Arc-rated 
cal/cm? face shield, Arc rated jacket, Hard hat, FR hard 
hat liner, Safety glasses, Hearing protection, 
Leather gloves and Leather work shoes. 
LevelC >  Arc-rated long-sleeve shirt and arc-rated pants, 
12 cal/em*  Arc-rated arc flash suit hood, Arc-rated gloves, 
Arc-rated jacket, Hard hat, FR hard hat liner, 
Safety glasses, Hearing protection, Arc-rated 
gloves, Leather work shoes. 


Level3 “Not defined in annex H.3” 

Level4 “Not defined in annex H.3” 

Level5 “Not defined in annex H.3” 

Level6 “Not defined in annex H.3” 

Level7 “Not defined in annex H.3” 

Level8 “Not defined in annex H.3” 

Level9 “Not defined in annex H.3” 
Annex H.3(b) Level A < Protective clothing, non-melting (in accordance 
NFPA 70E 2015 1.2 cal/cem* with ASTM F 1506) or untreated natural fiber for 


long sleeve shirt and pants/coverall, Face shield 
for projectile protection, Safety glasses, Hearing 
protection and Heavy-duty leather gloves. 
Level B>  Arc-rated clothing and equipment with an arc 
1.2to12 rating equal to or greater than the determined 
cal/cm?* incident energy. Arc-rated long-sleeve shirt and 
arc-rated pants or arc-rated coverall or arc flash 
suit, Arc-rated face shield, Arc-rated arc flash 
suit hood, Arc-rated jacket, Hard hat, Arc-rated 
hard hat liner, Safety glasses, Hearing protection, 
Heavy duty leather gloves and Leather footwear. 
LevelC >  Arc-rated clothing and equipment with an arc 
12 cal/cem* rating equal to or greater than the determined 
incident energy. Arc-rated long-sleeve shirt and 
arc-rated pants or arc-rated coverall and/or arc 
flash suit, Arc-rated arc flash suit hood, Arc-rated 
jacket, Hard hat, Arc-rated hard hat liner, Safety 
glasses, Hearing protection, Arc-rated leather 
gloves and Leather footwear. 


Level3 “Not defined in annex H.3” 
Level4 “Not defined in annex H.3” 
Level5 “Not defined in annex H.3” 
Level6 “Not defined in annex H.3” 
Level7 “Not defined in annex H.3” 
Level8 “Not defined in annex H.3” 
Level9 “Not defined in annex H.3” 
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Table 130.5(G) 


NFPA 70E 2018 
Level A< = Arc-rated long-sleeve shirt and arc-rated pants or 
12 cal/em? _arc-rated coverall and/or arc flash suit, Arc-rated 
face shield, Arc-rated jacket, Hard hat, Arc-rated 
hard hat liner, Safety glasses, Hearing protection, 
Leather gloves and Leather footwear. 
Level B>  Arc-rated long-sleeve shirt and arc-rated pants, 
12 to 40 Arc-rated arc flash suit hood, Arc-rated gloves, 
cal/cm?* Arc-rated jacket, Hard hat, FR hard hat liner, 
Safety glasses, Hearing protection, Arc-rated 
gloves with Leather footwear. 
Level3 “Not defined in Table 130.5(G)” 
Level4 “Not defined in Table 130.5(G)” 
Level5 “Not defined in Table 130.5(G)” 
Level6 “Not defined in Table 130.5(G)” 
Level7 “Not defined in Table 130.5(G)” 
Level8 “Not defined in Table 130.5(G)” 
Level9 “Not defined in Table 130.5(G)” 
Annex H.2 
NFPA 70E 2018 


Level A< = Arc-rated long-sleeve shirt with Arc-rated pants 
8cal/cem? = (minimum arc rating of 8) or Arc-rated coveralls 
(minimum arc rating of 8). 
Level B>8 Changes in equipment settings or system 
to 40 configuration will invalidate the calculated 
cal/cm? values and PPE requirements which may result in 
a hazardous condition. 


Level3 “Not defined in Annex H.2” 
Level4 “Not defined in Annex H.2” 
Level5 “Not defined in Annex H.2” 


Level6 “Not defined in Annex H.2” 
Level7 “Not defined in Annex H.2” 
Level8 “Not defined in Annex H.2” 
Level9 “Not defined in Annex H.2” 


Note: The default values can be fully customized by simply typing in the new description in the PPE 
Requirements Levels for PPE description fields for each set of categories. 


PPE Approval 

The PPE requirements must be approved prior to printing any reports or printing arc flash labels. For this 
reason, starting with ETAP11, an approval checkbox has been added to raise the awareness towards the 
review and approval of the PPE which will be reported. 


The PPE requirements can be approved from the PPE Requirements editor by clicking on the “Approve 
PPE” button. The following message window appears: 
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PPE Approval 


The PPE Requirements need to be approved before being 
printed on the safety labels. It is recommended that these 
requirements be approved by the facility safety manager or 
person in charge of PPE selection 


Furthermore, it is recommended to use the LATEST version 
of NFPA, 70E to perform the are flash hazard calculations 
and/or to make PPE requirement selections. 


The default PPE requirements that are provided by ETAP 
are only samples and must be reviewed and approved. 
Checking the box below indicates approval of PPE 
requirements 


("| PPE Requirements have been Approved 


Cie) a) (oe 


Logic for PPE Approval: 


e Once the PPE Requirements have been approved, the message window closes, and the PPE 
requirements become display only (read-only). This is done to prevent further changes or 
undesired PPE requirements once the approval has been done. If modifications are needed then 
the PPE approval box should be unchecked. 

e Ifthe PPE requirements have not been approved, the arc flash calculation will not write them into 
the output reports or label databases. 


Additional PPE Notifications 
The new warning message appears as a reminder to use the latest version of the NFPA 70E available from 
the study case. The following is the logic for the waming message 


e If an arc flash calculation is executed with the PPE requirements set to something other than the 
latest, then the following window will appear. 


Warning Message 
It has been detected that the latest version of NFPA 70E is not selected from the study 


case. It is recommended to use the LATEST version of NFPA 70E to perform arc flash 
hazard calculations and/or to make PPE requirement selections. 


Do not display this message for this session. 


Lo) [_ coneet_ 


e This message will not affect the logic of the PPE Requirements. It is only a notification alert. 
Setting the NFPA PPE Requirements to the latest version will not prompt the window. 
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18.8.18 Arcing Current & Incident Energy Correction Factors 
(IEEE 1584-2002 only) 


The arc current and incident energy correction factors can be used to account for the effect of equipment 
configurations not included in IEEE 1584-2002. The configurations included in both IEEE and NFPA 
70E standards are VCB (vertical conductors in a box) and VOA (vertical conductors in open air). With 
the help of correction factors a higher/lower arc current and incident energy can be simulated for 
configurations like VCBB, HCB and HOA. 


The following table illustrates the configurations which can be applied in ETAP 14.0.0. The selections 
have to be made from the Bus Rating page. 


Selection of Equipment Type and Conductor Configurations from Bus Rating Page: 


Configuration Equipment Type aneuetor Coneuetor 
6 ap yP Orientation Termination 
Other, MCC, Switchgear, 
VCB Switchboard, Switchrack, Vertical Open Tips 
Panelboard, Cable Bus 
Other, MCC, Switchgear, ReanGa 
VCBB Switchboard, Switchrack, Vertical oe he 
Panelboard, Cable Bus on 
VOA Open Air Vertical Open Tips* 
Other, MCC, Switchgear, 
HCB Switchboard, Switchrack, Horizontal Open Tips* 
Panelboard, Cable Bus 
HOA Open Air Horizontal Open Tips* 


Note: The program still handles the selection of Insulating Barrier for the conductor termination as VOA 
or HCB and HOA (i.e. VOAB, HCBB & HOAB are not included in ETAP). If any of these 
configurations is present, then use different correction factors for VOA, HCBB & HOAB. 


As an example, the image below shows how a HCB configuration would be selected from the bus rating 


page. 


ETAP 


18-217 
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Harmonic Reliabilty | Remarks | Comment _| 
Info | PhaseV | Load | Motor/Gen | Rating | Arc lash | Protection | 
| 0.48kV 1200 Amps Symmetrical OkA 
Standard Type Enclosure Isolation 
@ANSI @IEC Switchgear = ¥| Main PD 
| Load PD 
Continuous Bracing 
1200 ~ Amp Asymm.ms 0 v kA Symm.ms 0 v kA 
Arc Flash Parameters 
Gap Between Conductors / Buses ae. mm Distance X Factor 1.473 
Onentation Termination [Open Tips 
Conductor Type 


a ‘i 
VOA IE) IE 


HOA 
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The correction factors for each of the configurations described above are applied by means of special 
ETAPS.ini entries. The entries can be placed in the scenarios or in the ETAPS.ini; however it is 
recommended to apply them by means of the ETAPS.ini (global options applied whenever ETAP is 
opened). 


The arc current correction factor entry should be placed under the [AppVariables] section of the 
ETAPS. ini file: 


UserDefinedlarcCfFactor= 1.0|1.0|1.0|1.0|1.0 
UserDefinedlarcCfFactorMV= 1.0|1.0|1.0|1.0|1.0 


The incident energy correction factor entry should be placed under the [AppVariables] section of the 
ETAPS.ini file: 


UserDefinedCfFactor= 1.5] 1.5] 1.5] 1.5]1.5 
UserDefinedCfFactorMV= 1.0] 1.0|1.0|1.0]1.0 


The order of the correction factors for both arc current and incident energy is VCB, VCBB, VOA, HCB 
& HOA. 


Furthermore, it can be observed that there are a total of four entries. This allows the flexibility of 
specifying different correction factors for low voltage and medium voltage systems. The breakdown for 
MV is when the bus nominal voltage is > 1.0 kV. The two entries whose description includes “MV” 
identify the medium voltage correction factor entries. The remaining two entries identify the low voltage 
correction factors. 


The entries are displayed with default correction factors (same as defaults in IEEE 1584-2002). Note that 
the correction factors used will affect all the calculations in ETAP arc flash as long as the entries are 
placed through the ETAPS.INI file. ETAP must be closed and re-opened for the correction factors to take 
effect. This means that the correction factors will be used in the “Bus Editor Arc Flash Calculations”, will 
be used in the Arc Flash Incident Energy TCC plots, and also will be used in any global or individual 
calculation. 


The correction factors are displayed as output values in the arc flash result analyzer (AFRA). To see the 
correction factors used, open the AFRA and select the result fields as shown in the image below: 


{| Grounding + 


Results 
| Check All | 
Define Eneray for LV Eq... 
CLF Method 
Effect Main PD Isolation ... 
Device Duty Alert 
Tie-PD Bus Types 
¥| | Energy Correction Factor 
Arc Current Correction F... 
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Selection of the Arc Current and Incident Energy Correction Factors (IEEE 
1584-2002 only) 


Any correction factor needs to be applied with especial engineering assumptions that are outside the 
scope of the current arc flash standards available as of 2015. There is no guideline on how to select these 
correction factors other than a few IEEE papers and white papers published on the subject of how to 
handle additional equipment configurations in arc flash incident energy calculations. 


A list of “some” of the IEEE papers which deal with the subject are given below: 


e “Effect of Electrode Orientation in Arc Flash Testing” — IEEE 40" IAS Meeting — 2005 pp 459- 
465 


e “Effect of Insulating Barriers in Arc Flash Testing” IEEE PCIC- 2006 Paper PCIC-2006-06 


e “Impact of Arc Flash Events with Outward Convective Flows on Worker Protection Strategies”, 
Paper No. ESW2010-11 


It is recommended that the users exercise caution and consider the effect of the correction factors before 
applying them. 


From “Effect of Insulating Barrier in Arc Flash Testing” we can gather that the VCBB configuration 
arcing current in average would be higher than its VCB counterpart by about 20%. The testing in this 
paper was done in low voltage systems with about 235 tests at 0.208, 0.250, 0.480 and 0.6 kV. 


From the same tests it was observed that the incident energy increased about 31% for all tests (all voltage 
levels combined). However, the higher voltage tests at 0.480 kV showed an increase of 49% and at 0.6 kV 
the increase in incident energy was measured as 86%. 


From “Impact of Arc Flash Events with Outward Convective Flows on Worker Protection Strategies” a 
correction factor of 2.0 is recommended for low voltage VCBB configurations and a correction factor or 
3.0 is recommended for low voltage HCB type equipment. The arc current in HCB configurations was 
estimated to be lower than that of VCB configurations by about 15%. With arc current variation included, 
the HCB current could be as low as 70% of the 100% VCB arc current. 


None of the papers above include medium voltage tests (>1000 V). However, in medium voltage systems 
the variation on arc current is a much smaller factor and it can be considered to not have a significant 
effect. Perhaps in MV systems it may be advisable to use a 5% correction factor for HCB and HOA 
configurations. No correction factor may be needed for VCBB. 


Based on the information above the following could be used as an initial set of correction factors which 
should lead to a more conservative set of incident energy results: 


UserDefinedlarcCfFactor= 1.0|1.2|1.0|0.7~0.85]1.1~1.2 
UserDefinedlarcCfFactorMV= 1.0|1.0|1.0|0.95]1.0~1.05 


UserDefinedCfFactor= 1.5] 2.0] 1.5] 3.0~4.5|2.5~3.0 
UserDefinedCfFactorMV= 1.0| 2.0|1.0|3.0~4.5|2.5~3.0 


Where the order is VCB, VCBB, VOA, HCB, & HOA 
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Notel: 


The HCB Jarc correction factors in LV, the value could range between 0.7~0.85. The correction factor for 
LV & MV HCB could be between 3.0~4.5. 


Note 2: 


The incident current correction factors for HOA are assumed to be similar to those of HCB; however 
slightly lower incident energy correction factors are suggested because of the open air configuration. Do 
note that the VOA equation is used as reference for VOA so the correction factor for current is higher 
than 1.0. 


Important: The correction factors recommended above are to be used as an initial value. Actual values 
should be applied based on the best engineering judgment and based on the interpretation of the research 
work on additional test configurations presented in the reference technical papers. The correction factors 
presented here are only initial values but should yield more conservative results than just simply assuming 
all equipment is configured VCB and VOA configurations. 


Application Notes on Arc Current and Incident Energy Correction Factors 
(IEEE 1584-2002 only) 


This section discusses some important information on how ETAP arc flash applies the corrections factors 
which can be entered into the program. 


Individual Enclosure / Location 


ETAP arc flash assumes that all enclosures have the same conductor / electrode orientation and 
termination. Once the orientation and termination are selected from the bus “rating” page, then the 
program determines the results for all location (source and load PDs) based on the same configuration. 
This may not be the case in actual equipment and ETAP is working add individual location configurations 
in a future release. 


Load Terminal Arc Flash Analysis 


For load terminals, ETAP uses only VCB or VOA correction factors (i.e. if user specifies then as different 
from what was recommended in IEEE 1584-2002). In the future, ETAP will add specific locations, 
orientation and termination to each load terminal as well. 


For now ETAP only uses either VCB or VOA as defined from Tools\Options (Preferences) \ Arc Flash \ 
Load Terminal Arc Fault Equipment Type. 


Arc Flash Analysis Look-up Table 


ETAP only uses default correction factors and configurations as described in IEEE 1584-2002 in the 
calculations presented in the “Arc Flash Analysis Look-up Table” report. In other words, the correction 
factors for current or incident energy are not used to generate this table. These factors may be used in this 
table in a future release of the program. 
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TCC Incident Energy Curves 


ETAP only uses the correction factors in the TCC incident energy curves if they were entered into the 
ETAPS.ini file and ETAP is closed and re-opened with those entries in place. If the entries are placed in 
the “Preferences/Ini File” section of the Scenario Wizard, then the correction factors are applied only to 
the simulation executed from this tool. 


18.8.19 Calculation Warnings for IEEE 1584-2018 


The following table summarizes the warnings which the program produces related to the limits on the 
range of the input parameters of the IEEE 1584 2018 model. A flag or set of flags are printed to the “Calc 
Method Limits” field in the Arc Flash analyzer. 


Number | Model Limit Conditions Message in Analyzer 
s Working Distance < 12 in. | WDistance < Min 
: eee <0.6 kV Ibf < 0.5 kA 
* liroseveisony. | Tbf106kA 
: ae a ie kV Ibf > 200kA 
: = pare kV Ibf < 0.2 kA 
; oe eae Ibf > 65 kA 
; “0 err kV Ibf > 120 kA 
; ae < v <0.6 kV Gap <6 mm 
: rete pie 0.6 kV Gap > 77 mm 
7 ie Soaoe kV Gap > 305 mm 
i esev 2180 kV Gap < 19 mm 
. een kV Gap > 254 mm 
. et Acts a kV Gap>2000 mm 
14 V < 0.208 kV Voc < 0.208 kV 
15 V > 15kV Voc > 15.0 kV 
16 Width Must be > 4* Gap _ | Width < 4*Gap 


Under some conditions the calculation is halted. Under some others, the calculation continues using the 
parameter rage extension. Analysis was performed by ETAP Arc-Flash designers to determine if the 
calculation could be extended or halted. The following information presents some special conditions 
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where ETAP Arc-Flash either proceeds with the IEEE 1584-2018 method, switches to alternative 
methods or actually halts the calculation. 


1. If Vis greater than 0.6 kV and the fault current is larger than 65kA: 
a. For 65 kA < Ibf < 120 kA: 
ETAP proceeds with the calculation using the [EEE 1584-2018 method and provides a 
warning message which indicates the condition “Ibf >65 kA”. 


b. When Ibf > 120 kA, ETAP AF switches to Lee method and the AFRA still lists the same 
warning message “Ibf > 65 kA” 


2. If the voltage is greater than 0.6kV and Ibf is less than 0.2kA 
a. ETAP AF calculates the incident energy using the IEEE 1584-2018 method and provides a 
warning message to indicate the condition “Ibf < 0.2kA”. 


3. IfVis<0.6kV and Ibf < 0.5kA 
a. ETAP AF calculates the incident energy based on IEEE 1584-2018 method and provides a 
warning message to indicate the condition “Ibf < 0.5kA”. 


4. If V<0.6kV and Ibf > 106 kA: 
a. When 106 kA < Ibf < 200 kA: 
ETAP AF calculates the incident energy using the IEEE 1584-2018 and provides a warning 
message “Ibf > 106 kA”. 


b. Ibf > 200 kA: 
ETAP switches to Lee method and the AFRA lists the following Warning “Ibf > 106 kA” 


5. If V is greater than 15 kV, 
a. ETAP AF calculates the incident energy using the Lee Method and provides a warning 
message “Voc > 15kV" 


6. If Voc is less than 0.208 kV, 
a. ETAP AF calculates the incident energy using the IEEE 1584 - 2018 method and provides a 
warning message “Voc < 0.208kV” 


7. If Voc > 0.6 kV and the Gap > 254 mm: 
a. When 254mm < Gap < 2000 mm: 
ETAP AF calculates the incident energy using the IEEE 1584-2018 method and provides a 
warning message “Gap > 254 mm”. 


b. Ifthe Gap > 2000 mm: 
ETAP switches to Lee method and the AFRA lists the following Warning “Gap > 254 mm” 


8. If Voc <0.6 kV and Gap > 3 in (77 mm): 
a. When 77mm < Gap < 305 mm: 
ETAP AF calculates the incident energy using the IEEE 1584-2018 method provides a 
warning message “Gap > 77 mm”. 


b. If Gap > 305 mm: 
ETAP switches to Lee method and the AFRA lists the following Warning “Gap > 77 mm” 
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9. If Voc <0.6 kV and Gap < 0.25 in (6 mm), 
a. ETAP AF calculates the incident energy using the IEEE 1584-2018 method and provides a 
warning message “Gap < 6mm” 


10. If Voc > 0.6 kV and Gap < 0.75 in (19 mm), 
a. ETAP AF calculates the incident energy using the IEEE 1584-2018 method and provides a 
warning message “Gap < 19mm” 


11. If the box width (mm) is less than 4*Gap (mm) : 
a. ETAP AF calculates the incident energy using the IEEE 1584-2018 method and provides a 


warning message “Width < 4*Gap” 


The warning messages are displayed in the arc flash result analyzer as shown below. 


G 
& Arc Flash Result Analyzer 


© Output Report Scenarios Method Calc. Method limits 


Uncheck All 3us7 . IEEE 1584 2018 bf = 106 kA, WDistance < Min 
IEEE 1584 2018 Vor = 15.0 kV 
IEEE 1584 2018 Ibf <0.5 kA 


Project Report 
© All Project in Active Directory 
© Active Project 


Example-ANSI 


Bus a 
Source Protective Device iB 
Load PD (Bus Side} 

\ MU nad Terminal ad 
info 


Check All 


vik¥ a 


2 vel Bus us Copy Sort 


\ ~) Width (mm) — 
: |_| Incident Energy 
Height (mm) = M Filter Reports by Energy Levels Display Options Repotting Seq. of Operation 
Depth (mm) a @ Worst Case Min 
[NFPA 70E 2012to 2018 /UD ¥] © Actual Value Standard Custom 
- at at 
Results Filter Results By cal/em? Differences with Ref 


Check All = = 
= W] FCT Not Determined cites ley 


Tie-PD Bus Types 
Energy Correction Factor Work Permit DataSheet Qne-Line-Diagram 
Arc Current Correction F... ~ | FCT by Secondary PD 


FCT Unit 
Method | Exceeds Max. FCT 


3 Se B 
2 a fa) C1 Effect of Main PN Iealatinn 
ault Tvoe 
=] | evice Dutv snow vaore [Ett _ Sos | 


SI/< 


View 


% la Variatinn 


The field “Calc. Method Limits” contains the warning condition flags. 
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18.9 Required Data 


The data required for an arc flash calculation is in essence the same data required for a 3-phase fault 
analysis minus the device short-circuit capability ratings (i.e., device duty evaluation) and plus the 
grounding and connection types for all source and branches (i.e., Y-solidly grounding, Delta connections, 
resistor-grounded, etc.). 


Bus Data 
Required data for short-circuit calculation for buses include: 


Nominal kV (when the prefault voltage option is set to use nominal kV) 
%V (when the prefault voltage option is set to use bus voltage) 

Type (such as MCC, switchgear, etc.) and continuous and bracing ratings 
X-factor (IEEE 1584-2002) 

Electrode Configuration 

Height 

Width 

Depth 

Gap between conductors 

Working Distance 

Equipment Name (not actually required, but is displayed by the program on arc flash labels) 
Insulated Glove Class (required for some labels) 

Insulated Glove V-rating in Volts (required for some labels) 

Main Protective Device Isolation 


Branch Data 


Branch data is entered into the Branch Editors (i.e., 3-Winding Transformer, 2-Winding Transformer, 
Transmission Line, Cable, Reactor, and Impedance). Required data for short-circuit calculations for 
branches include: 


Branch Z, R, X, Y, or X/R values and units, tolerance, and temperatures, if applicable 

Cable and transmission line length and unit 

Transformer rated kV and MVA 

Base kV and MVA of impedance branches 

Overload Heater Resistance (recommended to consider this resistance for Arc Flash calculations) 
Equipment Cable Impedance (recommended to consider this resistance for Arc Flash calculations) 


For determination of the incident energy you will also need: 


e Transformer winding connections, grounding types, and grounding parameters to determine the K2 
factor per IEEE 1584. 


Power Grid Data 
Required data for short-circuit calculations for utilities include: 


e Nominal kV 


e %V and Angle 
e 3-Phase MVAsc and X/R 
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For determination of the incident energy you will also need: 


e Grounding types and parameters to determine the K2 factor per IEEE 1584. 


Synchronous Generator Data 


Required data for short-circuit calculations for synchronous generators include: 


Rated MW, kV, and power factor 

Xa”, Xa’, and X/R 

Generator type (i.e., Salient Pole, Round Rotor) 
Data required for generator decrement curves. 


For determination of the incident energy you will also need: 
e Grounding types and parameters to determine the K2 factor per IEEE 1584. 


Inverter Data 
Required data for short-circuit calculations for inverters include: 


e Rated MW, kV, and power factor 
eK factor in the Rating page 


Synchronous Motor Data 


Required data for short-circuit calculations for synchronous motor includes: 
e Rated kW/hp and kV and the number of poles 

e Xa”, Xa’ and X/R 

e %LRC, Xq, and Tq.’ for IEC short-circuit calculation 

For determination of the incident energy you will also need: 


e Grounding types and parameters to determine the K> factor per IEEE 1584. 


Induction Motor Data 

Required data for short-circuit calculations for induction motors include: 

e Rated kW/hp and kV 

e X/R plus one of the following: 
Xsc at % cycle and 1.5-4 cycle if ANSI Short-Circuit Z option is set to Xsc, or 
%LRC if ANSI Short-Circuit Z option is set to Std MF 
% LRC, and T,’ for IEC short-circuit calculations 


For determination of the incident energy you will also need: 


e Grounding types and parameters to determine the K2 factor per IEEE 1584. 


ETAP 18-227 ETAP 19.0 User Guide 


Arc Flash Analysis Required Data 


Lumped Load Data 


Required data for short-circuit calculations for lumped load includes: 


Rated MVA and kV 

% motor load 

% LRC, X/R, and Xsc for % cycle and 1.5-4 cycle 
X’ and T,’ for IEC short-circuit calculation 


For determination of the incident energy you will also need: 


e Grounding types and parameters to determine the K2 factor per IEEE 1584. 


High Voltage Circuit Breaker Data 


Required data for short-circuit calculations for high voltage circuit breakers include: 
ANSI Standard Circuit Breaker: 


e Max kV 
e Cycle (not the contact parting time but the rated interrupting time) 


IEC Standard Circuit Breaker: 


e Rated kV 
e Min. Delay (minimum delay time in second) 


ETAP needs to know the opening time of the circuit breakers only. The SC Duty parameters are required 
only for device evaluation (please see Chapter 15 Short-Circuit Required Data for device evaluation). 


Low Voltage Circuit Breaker Data 


Required data for short-circuit calculations for low voltage circuit breakers include: 


ANSI Standard Circuit Breaker: 

e Type (power, molded case, or insulated case). This information is needed based on IEEE 1584 2002 
Table1 (Power Circuit Breaker Operating Times). 

e Rated kV 


IEC Standard Circuit Breaker: 

e Type (power, molded case, or insulated case). This information is needed based on IEEE 1584 2002 
Table1 (Power Circuit Breaker Operating Times). 

e Rated kV 

e Min. Delay (minimum delay time in second) 


Trip Device 
e Trip device type library parameters 
e Device settings / TCC curves 
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Fuse Data 
Required data for short-circuit calculations for fuses include: 


e Fuse ID 
e Fuse library data including Size and TCC curves 


ANSI Standard Fuse: 
e Fuse rated kV 


IEC Standard Fuse: 
e Fuse rated kV 


Overload Heater/49 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for OLH/49 
includes: 


e Resistance / Tolerance 
e OLH library parameters 


CT/PT Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for CT and PT 
includes: 


e Bus or Branch or Source or Load Connections 
e Rating (Ratio) 


Relay/MVSST Data 


Required data for short-circuit (Clipping kA and Sequence-of-Operation) calculations for Relay includes: 


e CT/PT Connections / Assignments 
e Interlocked Devices, Device ID, Action, Delay, Setting, Unit 
e Relay/MVSST Library parameters including settings and TCC curves 


Other Data 


There are some Study Case related data, which must also be provided, and you can enter this data into the 
Short-Circuit Study Case Editor. The data includes: 


Standard (ANSI/IEC) 

XFMR tap option (transformer tap modeling method) 

Prefault voltage 

Machine X/R (machine X/R modeling method) 

Faulted buses 

Cable/OL Heater (select this option to include cable and overload heater elements for Arc Flash) 
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18.10 Arc Flash Reports 


18.10.1 Opening the Arc Flash Report 
To open the Arc Flash Report, do the following: 


1. Click the Report Manager button on the Arc Flash toolbar. ETAP displays the Arc Flash Report 
Manager. 


ANSI 
IEEE 


© PDF 


© MS Word 

© Rich Text Format 
© MS Excel 

Set As Defautt 


C:\ETAP\Example-ANS! 


Cots 


You may also start the Arc Flash Crystal Reports by selecting them from the Report Manager located on 
the upper right-hand corner of ETAP as shown below: 


7 ES Adjustments 
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18.10.2 Types of Arc Flash Output Reports 


Arc flash calculations are performed using ANSI Short-Circuit, IEC Short-Circuit, or User-Defined 
values. Each type of arc flash calculation has Crystal Report databases with different extensions. They are 
* AAFS (for ANSI), *.IAFS (for IEC) and *.UAFS (for user-defined). 


The ANSI and IEC Reports are generated when you have selected either option from the Arc Flash Study 
Case SC Standards page. You must also select the Calculate Fault Currents option from the Arc Flash 
page. If you select the user-defined option, the report generated is not linked to any standard regardless of 
which toolbar button (ANSI or IEC) you use to start the arc flash calculation. 


ANSI , pm d 6% 23 2 
L. 
\a 


IEEE : Fm ® ” 


18.10.3 Structure of the Arc Flash Report Manager 


The Report Manager is structured into different sections and each one of them contains some information 
about the arc flash calculation. 


Input 


The Report Manager’s Input page also shows the input data for the short-circuit and arc flash calculations. 
The Bus Arc Flash Input Data and the Hazard/Risk Categories can be accessed from this group. 


e y 
ANSI Arc Flash Report Manager x=} 


High Voltage DC Link 
Imnedanre 


C:\ETAP\Example-ANSI 


XM 


The bus input data for arc flash has the following information for the bus arc flash ratings: 
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e Equipment type (Bus Rating page) 
e Gap (Bus Rating page) 
e X Factor (Bus Rating page) 
e Approach Boundaries 
Bus Arc Flash Input Data 
Faulted Bus Arc Flash Ratings Limited Approach Boundary (ft) ‘Avail Poolecton 
ID Nom kV Equip. Type Gap (mm) X Factor Exp. Movable Fixed Circuit Restricted Prohibited Calcn? 
Bus2 0.480 Switchgear 32 1.473 10.000 3.500 1.000 0.100 6.0 
Bus3 0.480 Switchgear 32 1.473 10.000 3.500 1.000 0.100 6.0 
Bus& 0.480 Switchgear 32 1.473 10.000 3.500 1.000 0.100 6.0 


The following footnote may appear at the bottom of the Bus Arc Flash Input Data section. This message 
indicates that for some locations, the program used the theoretically derived Lee method instead of the 
empirical IEEE equations method. 


“The Gap and X-Factor are not utilized if the theoretically derived Lee method was used to determine the 
incident energy and Arc Flash Boundary. The Lee method is used if the bus voltage and/or short-circuit 
parameters are outside the range covered by the IEEE 1584 empirical equations.” 

The gap and x-factor are not shown in this report if the any of the following conditions are true: 


0.208 > Bus Nom kV, Bus Nom kV > 15, Ibf” < 0.7 or Ibf” >106) 


The Incident Energy Levels Report contains information on the incident energy levels used to determine 
the risk level. The report will contain information on the following: 


e NFPA 70E-2000 
e NFPA 70E-2004 
e NFPA 70E-2009 
e NFPA 70E 2012 to 2018 / User-Defined 
Energy Levels Energy Levels 
NFPA 70E 2000 NFPA 70E 2004 
Level ID cal/cm? Level ID cal/cm? 
Level 0 1.20 Level 0 2.00 
Level 1 5.00 Level 1 4.00 
Level 2 8.00 Level 2 8.00 
Level 3 25.00 Level 3 25.00 
Level 4 40.00 Level 4 40.00 
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Energy Levels 


NFPA 70E 2012 to 2018 / User-Defined 


Level ID cal/cm? 
Level A 2.00 
Energy Levels Level B 4.00 
Level C 8.00 

NFPA 70E 2009 
Level D 25.00 
Level ID cal/cm* Level E 40.00 
Level 0 1.20 Level F 100.00 
Level 1 4.00 Level G 120.00 
Level 2 8.00 Level H 0.00 
Level 3 25.00 Level I 0.00 
Level 4 40.00 Level J 0.00 
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Complete 

The Report Manager Complete page shows only the Arc Flash Complete Report (it does not include the 
Short-Circuit Reports). The Complete Report contains the arc flash input data, the analysis results (not 
including look-up tables), and the summary. 


isc fan epotWerset 


C:\ETAP\Example-ANSI 
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Summary 


From the Report Manager Summary page, you can generate the Incident Energy Summary Report. It does 
not include any Short-Circuit Summary Reports. 


[M9 Set As Defautt 


C:\ETAP\Example-ANSI 


Go 
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Result 


The Report Manager Result page has two reports. The first one is the new ETAP 7.0 report format called 
Arc Flash Analysis. The second is called the Arc Flash Look-Up Table. No Short-Circuit Reports can be 
accessed from the Result page. 


fT \ 
ANSI Arc Flash Report Manager x=) 


| _Label-Portuguese _| 
Summary 


Arc-Flash Analysis (@) Viewer 
Arc-Flash Look-Up Table : 
) PDF 
© MS Word 
) Rich Text Format 
») MS Excel 
(1) Set As Default 


AF 


Path 
C:\ETAP\Example-ANSI 


Analysis 


The Analysis section contains information about the arc flash results. The report contains information 
about the calculated fault currents, prefault voltage, system grounding, total arcing current, working 
distance, and Arc Flash Boundary. The report also contains the incident energy results for the bus or for 
individual PDs. 


The report has many flags that indicate special conditions found for the faulted buses in the Arc Flash 
Analysis. The flags that may appear on the footer of the Analysis Reports are: 


e If the option to use the User-Defined Fault Clearing Time (FCT) from the bus is selected, then the 
following flag will appear: 


The User-Defined Fault Clearing Time value is used. 


e If the user has selected the option to use the User-Defined Fault Current, the following flag will 
appear: 


The User-Defined Fault Clearing Time and Bolted Fault Current values are used for 
calculations. 
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If the user has selected the User-Defined System Grounding Configuration option rather than 
letting the module determine it automatically, then the following flag will appear: 


The User-Defined System Grounding is used. 


Depending on the PPE Requirements option selected on the Study Case Editor Arc Flash data 
page, one of the following flags will appear: 


NFPA 70E 2000 Table 3-3.9. Protective Clothing Characteristics, is used to determine 
the energy level (i.e. energy range) 


NFPA 70E 2004 Table 130.7 (C)(11) Protective Clothing Characteristics, is used to 
determine the energy level (i.e. energy range) 


NFPA 70E 2009 Table 130.7 (C)(11), Protective Clothing Characteristics, is used to 
determine the energy level (i.e. energy range) 


User-Defined energy levels are used 


When the program forces the category to either “O” or “1” due to its low voltage 
equipment, the following message will appear. This message and flag are tied to the 
options for “Hazard Cat for LV Equipment” in the Arc Flash page of the study case. 


The arc flash calculation at this location was not performed since it is fed by a radial low 
voltage transformer rated less than or equal to 125 kVA. The hazard category has been 
automatically assigned a low hazard level”. 


The following footnote appears in the arc flash analysis crystal reports when the following 
condition occurs ((0.208 <= Bus Nom kV and Bus Nom kV <=15) and (0.7> Ibf” or Ibf” >106)) 
or (Bus Nom kV < 0.208). 


“The theoretically derived Lee method was used to determine the incident energy and 
Arc Flash Boundary for this location since the bolted fault current or nominal voltage is 
outside the empirical method range” 


If the calculated incident energy exceeds the limit for category 4 of NFPA 70E (2000 or 2004), 
then the category will not be reported and the following message will appear in the reports: 


Beyond the limit specified in NFPA 70 E Std. for Category 4 


If the arcing current variation set of values was used to determine the incident energy at the 
faulted bus, then the report will show the percent current variation next to the bus source 
protective device. This indicates that there is some device whose FCT settings could potentially 
cause a large incident energy exposure if the arcing current variation occurs. The report will 
show: 


For Protective Device: SOURCE PD ID @ %Variation Ia = Arcing current in kA. (i.e., 
For Protective Device: CB3@ 85% Ia = 3.45 kA). 
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A @ is shown next to the individual source/load terminal faults to indicate that variation 
was applied for the results at this location. 


The arcing current variation will not be shown for faulted buses with kV higher than 1.0. 
The following message will appear at the footer of the Analysis Report if the user-defined source 
protective device specified in the Bus Editor is not within the region that the program can view 


and search. 


**The User-Defined Fault Clearing PD, as specified in the Bus Editor, is outside the 
region for calculating short-circuit contributions. 


The following message will appear in the Analysis Report footer if the user-defined source PD is 
a relay that is not connected to an energized Current Transformer or has not been interlocked with 


a breaker, contact or switch. 


**The User-Defined Relay, as specified in the Bus Editor, is not connected to an 
energized phase CT nor has no interlock PDs. 


The following message will appear in the Analysis Report footer if the user-defined source PD is 
not energized. 


**The User-Defined Fault Clearing PD, as specified in the Bus Editor, is not energized. 


18-238 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Reports 


Arc Flash Analysis Report Structure 


The Analysis Report is structured as follows: 


Arc Faultat Bus: BuslO 
Bolted Fault Current: 1/2 Cycle 


SC input Data 


Nominal kV ; 
Base kV 0.600 


Prefault V oltage 100% ofnominal bus kV 


100% ofbase kV System Grounding = Grounded 


kA FCT 2.076 Seconds For Protective Device: CB4@ 80% Ia = 3.034 kA 
otal Bolted Fault Current = 20401 kA 124.555 Cycles Bus Arc Flash Results 
orking Distance = 18.00 inch Hazard/Risk Category* = Beyond the limit specified in NFPA 70E Std for category 4 
Incident Energy = 50.70 Cal/cm? Flash Protection Boundary = 19.04 ft 


Individual Contrib ution 
FCT 
(Cycles) 
124.6 


Incident Energy 


Bolted 
(kA) 


FCT Incident E FPB  Hazard/Risk 
(Cycles) Protective Device ID for FCT (Calem?*) () Category 


Arcing 
(kA) 


Arcing 
(kA) 


CB4 9.420 3.034 Cannot be Determined 


CBS 9.420 3.034 5.6 Cannot be Determined 


Fusel 0.790 


0.255 


Fuse2 0.384 0.124 


Fuse3 0.413 


0.133 


# Fused 0.000 0.000 


Fuse? 0.790 0.255 


Current Contributions Incident Energy for 
(Bolted and Arcing) Individual PDs 


3-Phase Bolted SC current Corresponding Arcing 
passing through this PD (kA) current passing through 
the same PD (kA) 


Individual Contribution 


¢ CB5 LV CB 9.420 3.034 5.6 
Fusel Fuse 0.790 0.255 
Fuse2 Fuse 0.384 0.124 
Fuse3 Fuse 0.413 0.133 
# Fuse4 Fuse 0.000 0.000 
Fused Fuse 0.790 0.255 


Opening or tripping time (FCT) 


for this source PD (Cycles) 
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PD that clears the fault at this location 
(upstream PD) 


Incident Energy 


IncidentE FPB  MHazard/Risk 


rotective Device ID for FCT (Cal/cm?) (ft) Category 


8.064 5.1 CB3 { 2.590 25 1} 
8.064 5.1 \CB3 2.590 2.5 1 
8.064 5.1 CB 2.590 a5 1 
8.064 5.1 CB3 2.590 2.5 1 
8.064 5.1 CB3 2.590 75 1 


Arcing Current: Bus Total Fault clearing time for a fault at this aus Flash results 
: . for this location 
or Maximum thru (kA) location 
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Look Up Table Report 


The arc flash reports for the tabulated information, also known as Look-Up Tables, remain the same as 
those of previous versions of ETAP. This approach of this report is to show incident energy results for 
various working distances and for different fault clearing times. 


The Fault Clearing Time (FCT) is varied from 0.025 seconds all the way up to 2 seconds. The plotted arc 
duration can be extended well beyond this point by changing the default value of the option “Look-up 
Report Time Duration” in the Options (Preferences) menu to a value higher than 2 seconds (default 
value). This option is not to be confused with the option “Limit Maximum FCT” from the Arc Flash 
Study Case. The Look-up Report Time Duration option only affects the amount of plotted arc duration 


points in the Look-up Tables Report. 


Options (Preferences) 


2)/|\ha et oo 


vy Arc Flash 
Bus Levels away to find Source PD 


Calculate Load Terminal Arc Flash 
Export Results to Excel 


Look-Up Report Time Duration 
Multiple Source Contribution Levels 


Look-Up Report Time Duration 


The maximum value is 999 seconds. 


Help Apply 


Calculate Load PD Load Side Arc Flash 


No. of Upstream Contributing Branches 

Report Bus and Source PD Incident Energy only 
SQOP-Report PD that de-energize each source path False 
Subtraction of Incident Energy for Multiple Source Systems _ False 


1-Phase to 3-Phase ArcFault Conversion Factor 


Extend IEEE-1584 for Equipment up to 36 kV 
Force ‘FCT Not Determined’ to use Max Limit FCT False 
Load Terminal Arc Fault Equipment Type 


False 


0 
2 


This entry specifies the number of plotted points in the Arc-Flash Analysis Tabulated Report. The default value is 2 seconds or 120 
Cycles which equals 2 sec at 60 Hz and 2.4 sec at 50 Hz. Two extra points for every second past the default value will be added. 


Cancel 


Sample of the Look-up Tables Report: 


Arc-Flash Look Up Table IEEE 1584 Standard 


Incident Energy Exposure (C alonie/cm’*) 


Arc im Open Air 


Arc in Cubic Box 


Bus Arc Duration no po ection Detancefrom Arc Electrode (inches) wi eowcus Distance from Arc Electrode (inches) 
mD iv LethA) Gwundng Second Cycke Bo mdary (ft) 18 at 30 36 +8 Bo mdary (ft) 18 at 30 36 +8 
Bu? 048) 5333 Grunded on0t 025 02 ON3 002 onl onl ono 02 O05 003 002 002 onl 
ono 050 03 one 003 092 ool om 03 010 one 005 00+ 002 
0.033 200 07 023 013 O08 one 003 07 040 026 019 o1+ ong 
0.050 3.00 08 035 0200 (013 009 05 09 059 039 028 021 ot 
ond +00 09 ose 026 017 012 on7 11 079 052 037 029 o19 
ONS 500 19 058 033 021 015 Ons 13 1” O45 O47 O36 023 
0.100 600 11 on 039° 025 017 010 15 11g 078 056 043 028 
0133 300 13 0S 052 033 023 013 18 158 10+ O75 057 037 
olga 10.90 15 lit O65 042 029 ole 21 1s 130 0S on O47 
0333 2090 21 232 13 om 058 033 34 39 259 18 143 0s 
0500 3000 a6 348 19 125 01 O49 +4 ian 3 im 21+ 140 
[Riss +000 3 a 2.41 Lay lle O45 jt TA 518 3 285 1s 
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Arc Flash MS Excel Reports 


ETAP can generate MS Excel Arc Flash Reports. The reports contain two sheets, one for the bus arc flash 
results and the second sheet for the protective device arc flash results (both load and source protective 


devices). 


The MS Excel Report can be generated when the following ETAP Preferences Option is selected: 
“Export Results to Excel = True” from the Options (Preferences) Editor. 


Options (Preferences) 

|S oo 

vy Arc Flash 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 3 


Calculate Load PD Load Side Arc Flash 

Calculate Load Terminal Arc Flash 

Export Results to Excel 

Extend IEEE-1584 for Equipment up to 36 kV 
Force ‘FCT Not Determined’ to use Max Limit FCT 


Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 2 
No. of Upstream Contributing Branches 10 


Report Bus and Source PD Incident Energy only 
SQOP-Report PD that de-energize each source path 
Subtraction of Incident Energy for Multiple Source Systems 


Export Results to Excel 
Export Arc Flash calculation results to an Excel file. 


False 
False 


Help Apply 


Cancel 


Once this option has been selected, the program will generate Excel Output Reports which have the same 
name as the Output Report name you specify for your Crystal Reports. The Excel Reports may only be 
accessed by using Windows Explorer. You need to navigate to the project directory to view the generated 
Excel Reports. The following image illustrates this process for the ETAP Example-ANSI project file. 


t- 


Gv- ) « OS(C) » ETAP > Example-ANSI > v | 


(%, Open ¥ 


- 


New folder 


Aer 


| BEAF-Decay.xls | 
|_| ANSI-4Cycle.SA2S 
|_| ANSI-Max.SA2S 
|_| ANSI-MIN.SA2S 
|_| BattSizing.DB1S 
|_| BattSizing.dbp 
|_| CA.CA2S 
|_| CableSizing.CD1S 
|_| CP1.CP1S 


Organize v Print Burn 


)) BACKUP 

r) DataEx_2WayExcel 
)) DataEx_eDPP 

)) DataEx_Excel 

|) DataEx_SPEL 

ry Output 

(|) AF.AAFS 

BB) AF als 

jb DataExExamples |_|) AF-1-Phase.AAFIS 
J) DataExRes GE) AF-1-Phase.xls 


J}: Example-ANSI |_ — 
[ag] AF-Decay.xls 


1 Computer 
& 0s (c:) 
Db Apps 
ry arcgis 
)) Autodesk 
mY) Drivers 
)) ETAP 


Project Directory 
Microsoft Office Excel 97-2003 Worksheet 
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|_| CSD.VD1S 

|_| DCAF.DA1S 

|_| DCLoadFlow.DL1S 

|_| DCSC.Dsis 

|_| Discharge.DB1S 

|_| Discharge.dbp 

|_| DistIncreLog.xml 

| Etap_Logo_color_2005.jpg 
|_| Example-ANSIL bak 

|_| Example-ANSL.cpxs 
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Field Name 


Bus ID 

Equipment Name 

Bus Nominal kV 
Equipment Type 

Gap 

X factor 

Grounding Type based 
on IEEE 1584 


Limited Approach 


Boundary to Exp. Mov. 


Conductor 


Limited Approach 
Boundary to Fixed Part 


Restricted Approach 
Boundary 


Prohibited Approach 
Boundary 


Available PPE 
Protection 


Total Bus Bolted 
Total Bus Arcing 


Source PD Bolted 


Source PD Arcing 


Source Trip Device ID 


Trip Time 


Open Time 


Total FCT 


AFB 


ETAP 


The MS Excel Arc Flash Bus Report sheet has the following fields: 


Table 12: MS Excel Bus_Report Format 
Data Type Description 


Bus Identification 

Name field 

Voltage in kV 

MCC, Switchgear, etc 

Gap between conductors in mm. 

constant defined by IEEE (dimensionless) 
Grounded or ungrounded (high/low 
resistance/delta are considered as 
ungrounded) 

Limited approach boundary to Exposed 
Movable conductors based on NFPA 70E 
Standards in ft. 


Limited approach boundary to fixed circuit 
parts based on NFPA 70E Standards in ft. 


Restricted Approach Boundary based on 
NFPA 70 Standards in ft. 


Prohibited Approach Boundary based on 
NFPA 70 Standards in ft. 


Available personal protective equipment 
ATPV rating in cal/cm?. 


Total 3-phase Short-circuit (SC) current for 
a fault at the bus in kA. 

Calculated arcing current at the faulted bus 
in kA. 

Amount of the total bus short-circuit current 
that passes through the upstream source PD 
inkA. 

Amount of the total bus arcing current that 
passes through the upstream source PD in 
kA. 

Identification of the protective device 
considered to be the last one to trip the fault 
Time it takes a relay to send the tripping 
signal to breaker or fuse and LVCB tripping 
time in cycles. 

Time it takes the breaker to open once it has 
received the relay trip signal in cycles. 
Total arc fault clearing time (sum of relay 
tripping and breaker opening times) in 
cycles. 

Arc flash boundary in ft. 
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Source of Field Data 
in ETAP 
Bus Info page 
Bus Info page 
Bus Info page 
Bus Rating page 
Bus Rating page 
Bus Rating page 
One-line diagram 
connection or Bus Arc 
Flash page 
Bus Rating page 


Bus Rating page 


Bus Rating page 


Bus Rating page 


Bus Arc Flash page 


Global AF calc or Bus 
Arc Flash page 
Global AF calc or Bus 
Arc Flash page 
Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 
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Incident Energy 


Working Distance (in) 


Hazard /Risk Category 


PPE Description 


Insulated Glove V- 
rating 


Insulated Glove Class 


Incident energy value based on the total Global AF calc 

fault clearing time and total arcing current 

in cal/cm?. 

Working distance from the energized Global AF calc 
conductors to the face and torso in inches. 

Category level selection based on the Global AF calc 
amount of incident energy (i.e. 0, 1, 2, 3, 

etc.). 

Description of the required personal Hazard/Risk Category 
protective equipment based on the Levels for PPE Editor 
determined Hazard/Risk Category. from the project 


settings. 


Insulated glove voltage rating in volts AC. — Bus Rating page 


Insulated glove class rating (i.e., 00, 01, etc) Bus Rating page 


Sample of the MS Excel Arc Flash Report Bus Report worksheet: 


a 
Equipment Name 


_2 Bus! 
3 Bus2 
A Bus234 Bus} 
LV Bus 
Main Bus 
MCC1 
8 Sub2A Sub 2A 
9 Sub28 Sub 2B 
10 Sub 3 Sub 3 
11 Sub3 Swgr Sub3 Swar 
12 Sub22 
13 Sub23 


ETAP 


D 
0.48 Switchgear "32.0 
0.48 Switchboard "32.0 
0.48 Switchboard "320 
0.48 MCC 
345 Open Air 
0.48 MCC 
13.8 Swatchgear 
13.8 Switchgear 
416 Switchgear 
4.16 Switchgear 
3.45 Switchgear 
3.45 Switchgear 
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me 


fn Cae Se) | en Oo Tee a ee ee 
NomkV EquipmentType Gep XFactor Grounding Type based on IEEE 1584 Limited Approach 


1.473 Grounded 
1.473 Grounded 
1.473 Grounded 
1,641 Ungrounded 
0 Grounded 
1.641 Grounded 
0.973 Ungrounded 
0.973 Grounded 
0.973 Grounded 
0.973 Grounded 
0,973 Grounded 
0.973 Grounded 
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Field Name 


PD ID 
Equipment Name 
Connected Bus ID 


PD Type 
Limited Approach 


Boundary to Exp. Mov. 


Conductor 


Limited Approach 
Boundary to Fixed Part 


Restricted Approach 
Boundary 


Prohibited Approach 
Boundary 


PD Bolted 


PD Arcing 


PD FCT 


Arcing kA for Incident 
Energy 
Upstream Source PD 


Upstream Source PD 
FCT 


AFB 


Incident Energy 


Working Distance (in) 


Hazard /Risk Category 


ETAP 


The MS Excel Arc Flash PD Report sheet has the following fields: 


Table 13: MS Excel PD_Report Format 
Data Type Description 


Load or Source PD Identification 

Name field 

ID of faulted bus to which the PD is 
connected to. 

LVCB, Fuse, HVCB, etc 

Limited approach boundary to Exposed 
Movable conductors based on NFPA 70E 
Standards in ft. 


Limited approach boundary to fixed circuit 
parts based on NFPA 70E Standards in ft. 


Restricted Approach Boundary based on 
NFPA 70 Standards in ft. 


Prohibited Approach Boundary based on 
NFPA 70 Standards in ft. 


Total 3-phase Short-circuit current 
contribution passing through this device 
towards the faulted bus in kA. 

Calculated arcing current contribution 
passing through this device towards the 
faulted bus in kA. 

Total opening time for this PD based on its 
actual arcing current contribution to the 
faulted bus in cycles. 

This field shows the total bus arcing current 
or the maximum through arcing current to 
be used in the determination of the PD 
incident energy. 

Identification of the Source Protective 
Device 

Total opening time of the upstream PD in 
the event of a fault at the line side of source 
PDs or load PDs. 

Arc flash boundary in ft. 


Incident energy value based on the total 
fault clearing time and total arcing current 
in cal/cm’. 

Working distance from the energized 
conductors to the face and torso in inches. 
Category level selection based on the 
amount of incident energy (i.e., 0, 1, 2, 3, 
etc.). 
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Source of Field Data 
in ETAP 

PD Info page 

PD Info page 

Bus Info page 


Global AF calc 
Connected Bus Rating 


page 
Connected Bus Rating 
page 


Connected Bus Rating 
page 


Connected Bus Rating 


page 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 


Global AF calc 
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PPE Description Description of the required personal Hazard/Risk Category 
protective equipment based on the Levels for PPE Editor 
determined Hazard/Risk Category. from the project 

settings. 

Insulated Glove V- Insulated glove voltage rating in volts AC. —_ Bus Rating page 

rating 


Insulated Glove Class Insulated glove class rating (i.e. 00, 01, etc.) Bus Rating page 


Sample of the MS Excel Arc Flash Report PD_Report worksheet: 


10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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18.11 Arc Flash Labels 


The arc flash label templates can be accessed through the Arc Flash Report Manager Label page. These 
templates are pre-designed. If you select the template that you want, all the buses will be displayed with 
the same label template. The same is true for the Protective Device Arc Flash labels. 


You will notice from the image below that there are two templates for the same label format. One 
template has an extension “-Bus” and the other template has an extension “-PD” and as their name 
extensions imply one template is dedicated for the arc flash results at every faulted bus and the other 
template is dedicated for the arc flash results for every protective device (PD) directly connected to the 
faulted buses. The PD template shows the results for both Source and Load protective devices for every 
faulted bus. 


Note: Certain labels may be generated in Spanish and Portuguese. Each language has been separated into 
different sections on the Report Manager. 


[ anst Arc Flash Report Manager (reo 
Label-Spanish Result | Summary | 
Complete | Input | Label-Engish | Label-French | _Label-Portuguese _| 


3.5X7 Danger1-Bus (@) Viewer 
3.5X7 Danger1-PD © PDF 
3.5X7 Danger2-Bus 

3.5X7 Danger2-PD © MS Word 
3.5X7 Waming 1-Bus : 
3.5X7 Waming1-PD ©) Rich Text Format 
3.5X7 Waming2-Bus : 
3.5X7 Waming2-PD © MS Excel 


3X3 Brady-Bus 1 Set As Defaut 
2X2 Rradv-PN 


Path 
C:\ETAP\Example-ANSI 


ML 


ETAP labels can be printed to a Brady Label Printers or to DuraLabel printers as well. Some templates 
are designed for Avery label templates. The Brady and DuraLabel machines have rolls of label media that 
come with pre-printed headers like “WARNING” and “DANGER”. You can select among three different 
sizes of labels for the Brady and DuraLabel (3”x3”, 4”x4” and 4”x6”). 
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18.11.1 Arc Flash Label Formats 


This section describes some of the features of the arc flash label templates available in ETAP 7.0. The 
following templates can be printed to an 81/2” X 11” sheet of label media like the Avery White 
Permanent Durable I.D Labels (6575). This media is used for labeling applications and it is a full sheet. 
ETAP supports the following templates besides the 6575. You can also print the arc flash labels to non- 
permanent durable I.D. Media as long as the label has the proper lamination and adhesives (to ensure that 
the labels will endure harsh weather / chemical environments). 


6579 Permanent ID labels (portrait) (color laser) 
6575 Permanent ID labels (landscape) (color laser) 
6575 Permanent ID (portrait) (color laser) 

6878 Color Printing labels (landscape) (color laser) 


6575 (portrait) 
Full8%x 11 


6579 (portrait) 


6878 (landscape) 


6575 (Landscape) 
Full8%x 11 


6575 (portrait) 
Full8%x 11 


ETAP 18-248 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Labels 


Three Labels per Page 


The following labels are designed to print three per page. You will need a color laser printer to print to 
this media. Once the labels have been printed, then you can cut them to make them individual labels. 


Note: The labels shown in the section below do not reflect the current NFPA standard. They represent the 


physical characteristics of the labels. 
3.5X7 Dangerl-Bus 3.5X7 Danger1-PD 


ADANGERG ADANGER 


Arc Flash 
Results 


Arc Flash and Shock Hazard Arc Flash and Shock Hazard 


Flash Protection B oundary ~ 4.6 ft 
11.5 cal/em? 


Flash Protection Boundary 0.0 ft 


Incident Energy Incident Energy 0.0 cal/em? 


Shock 
Hazard 


Working Distance 18 in 


Required PPE Level 3 
Shock Hazard Voltage 480 VAC 
10.0 ft 


1.0 ft 
0.1 ft 


Limited Approach 
Restricted Approach 
Prohibited Approach 


ee 


Equipment Busi 


Boundaries 


ETAP 


18-249 


72 in 


Working Distance 


Required PPE Level 0 


Shock Hazard Voltage 34500 VAC 
10.0 ft 
2.6 ft 
0.8 ft 


Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment CBi 
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Arc Flash Analysis Arc Flash Labels 


The following images illustrate how ETAP generates these labels when you print to an 81/2” by 11” sheet 


of label media: 


P_ ETAP Report - ANSI-Outy / 35X7 Dangert-Buz 


[i aoa Je 


ADANGER 


Are Flash and Shock Hazard 


5.7 ft 
$7 
24 in 


Flash Protection Boundary 
Incident Energy (calem*) 
Working Distance 


Required PPE Level 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment Busi 


‘F_ETAP Report - ANSI-Duty / 3X6 Warning1-Bus 


ADANGER 


Arc Flash and Shock Hazard 


Flash Protection Boundary 
Incident Energy (cal’em’) 
Working Distance 


17h 
09 
24 in 


Required PPE Level 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment Bus? 


ADANGER 


Arc Flash and Shock Hazard 


Cannot be Determined 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment Bus23A 


File View Help 


Pal earn 1/1 HSeaha -]|@Q@ 


Arc Flash and Shock Hazard 
Flash Protection Boundary 5.7 ft 
Incident Energy (cal/em?) 5.7 
Working Distance 24 in 
Required PPE Level 2 
Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment Busi 


35 ft 
1.0 ft 
0.1 ft 


Are Flash and Shock Hazard 


Flash Protection Boundary 1.7 ft 
Incident Energy (cal/em*) 0.9 
Working Distance 24 in 
Required PPE Level 0 
Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Equipment Bus2 


3.5 ft 
1.0 ft 
0.1 ft 


480 VAC 


480 VAC 


08-03-2011 


08-03-2011 


Note: The unit of measurement of every label template is in inches. 


ETAP 


18-250 
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Arc Flash Analysis 


3.5X7 Danger2-Bus 


Arc Flash and Shock Hazard 
Appropriate PPE Required 
Arc Flash Harzard Boundary 4.6 ft 
Incident Energy 11.5 cal/em?* 
Working Distance 18.0 in 
Hazard Category 3 
Multilayer FR flash jacket and FR bib overalls 
(minimwn arc rating of 4) or FR long-sleeve shirt 
and FR pants (minimwn arc rating of 4) worn over 
untreated natural fiber long-sleeve shirt and pants 


Shock Hazard Exposure 480 VAC 

Shock Hazard when covers removed 

Limited Approach 10.0 ft Class 00 
Restricted Approach 1.0 ft Insulating Gloves 
Prohibited Approach 0.1 ft | V-rating 500 VAC 
Equipment Name 

Source Protective Device CB22 

Equipment Busl 


ETAP 


18-251 


Arc Flash Labels 


3.5X7 Danger2-PD 


Arc Flash and Shock Hazard 
Appropriate PPE Required 


Arc Flash Harzard Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 
Working Distance 72.0 in 
Hazard Category 0 
Non-melting or witreated natural fiber long-sleeve 
shirt, long pants and safety glasses 


Shock Hazard Exposure 34500 VAC 

Shock Hazard when covers removed 

Limited Approach 10.0 ft Class 4 

Restricted Approach 2.6 ft Insulating Gloves 
Prohibited Approach 0.8 ft  V-rating 36000 VAC 
Equipment Name 

Source Protective Device 

Equipment CB1 
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ETAP 


Arc Flash Analysis 


3.5X7 Warning1-Bus 


Arc Flash and Shock Hazard 


Flash Protection Boundary 4.6 ft 
Incident Energy 11.5 cal/em? 
W orking Distance 18 in 


Required PPE Level 3 


Shock Hazard Voltage 480 VAC 
Limited Approach 10.0 ft 
Restricted Approach 1.0 ft 
Prohibited Approach 0.1 ft 


Equipment Busi 


18-252 


Arc Flash Labels 


3.5X7 Warning1-PD 


Arc Flash and Shock Hazard 


Flash Protection Boundary 0.0 ft 
0.0 cal/em? 


Working Distance 72 in 


Incident Energy 


Required PPE Level 0 


Shock Hazard Voltage 34500 VAC 
Limited Approach 10.0 ft 
Restricted Approach 2.6 ft 
Prohibited Approach 0.8 ft 


Equipment CB1 
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ETAP 


Arc Flash Analysis 


3.5X7 Warning2-PD 


Arc Flash and Shock Hazard 
Appropriate PPE Required 


Arc Flash Harzard Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 
Working Distance 72.0 in 
Hazard Category 0 
Non-melting or wtreated natural fiber long-sleeve 
shirt, long pants and safety glasses 


Shock Hazard Exposure 34500 VAC 

Shock Hazard when covers removed 

Limited Approach 10.0 ft Class 4 

Restricted Approach 2.6 ft Insulating Gloves 
Prohibited Approach0.8 ft | V-rating 36000 VAC 
Equipment Name 

Source Protective Device 

Equipment CB1 


18-253 


Arc Flash Labels 


3.5X7 Warning2-Bus 


Arc Flash and Shock Hazard 
Appropriate PPE Required 


Arc Flash Harzard Boundary 4.6 ft 
Incident Energy 11.5 cal/cm?* 
Working Distance 18.0 in 

Hazard Category 3 
Multilayer FR flash jacket and FR bib overalls 
(minimum arc rating of 4) or FR long-sleeve shir 
and FR pants (minimion arc rating of 4) worn over 
witreated natural fiber long-sleeve shirt and pants 


Shock Hazard Exposure 480 VAC 

Shock Hazard when covers removed 

Limited Approach 10.0 ft Class 00 
Restricted Approach 1.0 ft Insulating Gloves 
Prohibited Approach 0.1 ft V-rating 500 VAC 
Equipment Name 

Source Protective Device CB22 

Equipment Busl 
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Arc Flash Analysis 


Arc Flash Labels 


3X6 Danger1-Bus 


A DANGER 


Arc Hash and Shock Hazard 


Flash Protection Boundary 4.6 ft 
Incident Energy 11.5 cal/cm? 


Working Distance 18 in 
Required PPE Level 3 
Shock Hazard Voltage 480 VAC 
Limited Approach 10.0 ft 
Restricted Approach 1 ft 
Prohibited Approach 0.1 ft 


Equipment Busl 


3X6 Danger1-PD 


05-23-2006 


A DANGER 


ETAP 


Arc Hash and Shock Hazard 


Flash Protection Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 


Working Distance 72 in 
Required PPE Level 0 
Shock Hazard Voltage 34500 VAC 
Limited Approach 10.0 ft 
Restricted Approach 2.58 ft 
Prohibited Approach 0.8 ft 
Equipment CBl 


18-254 


05-23-2006 
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Arc Flash Analysis Arc Flash Labels 


3X6 Danger2-Bus 


Arc Flash and Shock Hazard 


Flash Protection Boundary 4.6 ft 
Incident Energy 11.5 cal/cm? 
Working Distance 18 in 


Required PPE Level 
Shock Hazard Voltage 480 VAC 
Limited Approach 10.0 ft 
Restricted Approach 1 ft 
Prohibited Approach 0.1 ft 


Equipment Busl 


3X6 Danger2-Bus 


Arc Flash and Shock Hazard 


Flash Protection Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 


Working Distance 72 in 
Required PPE Level 0 
Shock Hazard Voltage 34500 VAC 
Limited Approach 10.0 ft 
Restricted Approach 2.6 ft 
Prohibited Approach 0.8 ft 


Equipment CBl 
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Arc Flash Analysis Arc Flash Labels 


3X6 Danger3-Bus 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 4.6 ft Hazard Category 3 


Incident Enerzy 11.5 cal/ent l 1 sh jack ‘ 
Working Distance 18.0 in Multilayer FR flash jacket an 


FR bib overalls (minimum arc 
Shock Hazard V oltaze 480 VAC rating of 4) or FR long-sleeve 
Shock Hazard whencovers removed shirt and FR pants (minimum 
ciel dec NS are rating of 4) worn over 
Restricted Approach 1.0 ft Insulating Gloves Class 00 
Prohibited Approach 0.1 ft V -rating 500 VAC 


Equipment Name 
$ ource Protective Device 22 
Equipment Busl 


3X6 Danger3-PD 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 0.0 ft Hazard Category 0 
Incident Enerzy 0.0 cal/em* Non- ; F ‘ 
Working Distance 72.0 in von melting or untreaté 


natural fiber long-sleeve shirt, 


Shock Hazard Voltage 34500 VAC Jong pants and safety glasses 


Shock Hazard when covers removed 


Limited Approach 10.0 ft 
Restricted Approach 2.6 ft Insulating Gloves Class 4 
Prohibited Approach 0.8 ft V -rating 36000 VAC 


Equipment Name 
S$ ource Protective Device 


Equipment CBl 
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Arc Flash Analysis 


Arc Flash Labels 


ETAP 


05-23-2006 


3X6 Danger4-Bus 


Working Distance 18.0 m FR bib overalls (minimum are 


Limited Approach 10.0 ft "ating af 4) or FR long-sleeve 
Restricted Approach 1.0 ft shirt and FR pants (minimum 
Prohibited Approach 0.1 ft are rating of 4) worn over 


Shock Hazard V oltage 480 VAC Class 00 
Shock Hazard when covers removed Insulating Gloves 
Equipment Name V -rating 500 VAC 
Source Protective Device CB22 


Equipment Busl 
3X6 Danger4-PD 


DANGE 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 0.0 ft 
Incident Energy 0.0 cal’em*® Non-melting or untreated 


Working Distance 72.0 m natural fiber long -slesve shirt, 
Limited Approach 10.0 ft long pants and safety glasses 
Restricted Approach 2.6 ft 

Prohibited Approach 0.8 ft 


Shock Hazard V oltage 34500 VAC Class 4 
Shock Hazard when covers removed Insulating Gloves 


Equipment Name V -rating 36000 VAC 
S ource Protective Device 


Equipment CBl 


18-257 


A DANGER 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 4.6 ft 
Incident Energy 11.5 cal’em* Multilaver FR flash jacket and 


Hazard Category 
3 


Hazard Category 
0 
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Arc Flash Analysis 


Arc Flash Labels 


ETAP 


3X6 Warning1-Bus 


Arc Hash and Shock Hazard 


Flash Protection Boundary 4.6 ft 
Incident Energy 11.5 cal/cm? 


Working Distance 18 in 
Required PPE Level 3 
Shock Hazard Voltage 480 VAC 
Limited Approach 10.0 ft 
Restricted Approach 1 ft 
Prohibited Approach 0.1 ft 


Equipment Busl 


3X6 Warning1-PD 


Arc Flash and Shock Hazard 


Flash Protection Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 


Working Distance 72 in 
Required PPE Level 0 
Shock Hazard Voltage 34500 VAC 

Limited Approach 10.0 ft 
Restricted Approach 2.58 ft 
Prohibited Approach 0.8 ft 


Equipment CBl 


18-258 


05-23-2006 


05-23-2006 
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Arc Flash Analysis Arc Flash Labels 


3X6 Warning2-Bus 


Arc Flash and Shock Hazard 


Flash Protection Boundary 4.6 ft 
Incident Energy 11.5 cal/em? 
Working Distance 18 in 


Required PPE Levd 3 
Shock Hazard Voltage 480 VAC 
Limited Approach 10.0 ft 
Restricted Approach 1 ft 
Prohibited Approach 0.1 ft 


Equipment Bus1l 


3X6 Warning2-PD 


Arc Flash and Shock Hazard 


Flash Protection Boundary 0.0 ft 
Incident Energy 0.0 cal/cm? 


Working Distance 72 in 
Required PPE Level 0 
Shock Hazard Voltage 34500 VAC 

Limited Approach 10 ft 
Restricted Approach 2.58 ft 
Prohibited Approach 0.8 ft 


Equipment CBl 
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Arc Flash Analysis Arc Flash Labels 


3X6 Warming3-Bus 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 4.6 ft Hazard Category 3 


Incident Energy 11.5 cal/cent 1 ilaver F. sh jack 
Working Distance 18.0 in Multilayer FR flash jacket anc 


FR bib overalls (minimum arc 


Shock Hazard Voltage 480 VAC rating of 4) or FR long-sleeve 
Shock Hazard whencovers removed shirt and FR pants (minimum 
Liemited Approach 10.0 arc rating of 4) worn over 
Restricted Approach 1.0 ft Insulating Gloves Class 00 
Prohibited Approach 0.1 ft V -rating 500 VAC 


Equipment Name 


$ ource Protective Device CB22 
Equipment Busl 


3X6 Warning3-PD 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Hazard Boundary 0.0 ft Hazard Category 0 


Inciéent Energy 0.0 calicm* Non-melting or untreatec 


Working Dist: 72.03 a 
ai cae a natural fiber long-sleeve shirt, 


Shock Hazard Voltage 34500 VAC Jong pants and safety glasses 
Shock Hazaré when covers removed 


Limited Approach 10.0 ft 
Restricted Approach 2.6 ft Insulating Gloves Class 4 
Prohibited Approach 0.8 ft V -rating 36000 VAC 


Equipment Name 
S$ ource Protective Device 


Equipment CBl 
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Ar 


c Flash Analysis 


Arc Flash Labels 


5-23-2006 


05-23-2006 


ETAP 


3X6 Warning4-Bus 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 4.6 ft 
Incident Energy 11.5 cal’em* Multilaver FR flash jacket and 


Working Distance 18.0 m FR bib overalls (minimum are 
Limited Approach 10.0 ft "ating af 4) or FR long-siesve 
Restricted Approach 1.0 ft shirt and FR pants (minimum 
Prohibited Approach 0.1 ft are rating of 4) worn over 


Shock Hazard V oltage 480 VAC Class 00 
Shock Hazard when covers removed Insulating Gloves 


Equipment Name V -rating $00 VAC 


$ ource Protective Device CB22 
Equipment Busl 


3X6 Warning4-PD 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 0.0 ft 
Incident Energy 0.0 cal’em® Non-melting or untreated 


Working Distance 72.0 m natural fiber long -sleeve shirt, 
Limited Approach 10.0 ft omg pants and safety glasses 
Restricted Approach 2.6 ft 

Prohibited Approach 0.8 ft 


Shock Hazard V oltage 34500 VAC Class 4 
Shock Hazard when covers removed Insulating Gloves 
Equipment Name V -rating 36000 VAC 
Source Protective Device 

Equipment CBl 


18-261 


Hazard Category 
a 


Hazard Category 
0 
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Arc Flash Analysis 


Arc Flash Labels 


Two Labels per Page (6575 and 6579) 


The following labels are designed to print two per page. You will need a color laser printer to print to this 
media. Once the labels have been printed, then you can cut them to make them individual labels. Again 
these labels can be printed to the Avery White Permanent Durable I.D Labels (6575). 


ETAP 


4X6 Danger1-Bus 


ADANGER 


Arc Flash Hazard 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Boundary 4.6 ft Hazard Category 


Incident Energy in cal/cm? 11.5 3 
Working Distance 18 in 


Shock Hazard Exposure 480 VAC 
Insulating Gloves Class 00 
Shock Hazard when covers removed 


Limited Approach Boundary 10.0 ft 


Minimum PPE Requirements 
Multilayer FR flash jacket and FR bib overalls 
(minimion arc rating of 4) or FR long-sleeve 
shirt and FR pants (minimum arc rating of 4) 
worn over wtreated natural fiber long-sleeve 
shirt and pants 


Restricted Approach Boundary _1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment Busl 


4X6 Danger1-PD 


ADANGER 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 0.0 ft Hazard Category 
Incident Energy in cal/cm? 0.0 0 
Working Distance 72 in 


Minimum PPE Requirements 


Shock Hazard Exposure 34500VAC © Now-melting or wireated natwal fiber 


Insulating Gloves Class 4 


long-sleeve shirt, long pants and safety glasses 


Shock Hazard when covers removed 


Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary _ 2.6 ft 
Prohibited Approach Boundary 0.8 ft 


Equipment CBl 


18-262 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Labels 


4X6 Warning1-Bus 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 4.6 ft Hazard Category 
Incident Energy in cal/cm? 11.5 3 


Working Distance 18 in Minimum PPE Requirements 
Mudtilaver FR flash jacket and FR bib overalls 

Shock Hazard Exposure 480 VAC (minimum arc rating of 4) or FR long-sleeve 

Insulating Gloves Class 00 shirt and FR pants (minimian arc rating of 4) 

Shock Hazard when covers removed worn over untreated natural fiber long-sleeve 
shirt and pants 

Limited Approach Boundary 10.0 ft 

Restricted Approach Boundary 1.0 ft 

Prohibited Approach Boundary 0.1 ft 


Equipment Busl 


4X6 Warning1-PD 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Hazard Boundary t Hazard Category 
Incident Energy in cal/cm? r 0 a 


Working Distance ve . 
Minimum PPE Requirements 


Non-melting or wtreated natural fiber 


Shock H dE 34500 VAC 
ee ne ene long-sleeve shirt, long pants and safety glasses 


Insulating Gloves Class 4 
Shock Hazard when covers removed 


Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary _ 2.6 ft 
Prohibited Approach Boundary 0.8 ft 


Equipment CB1l 
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Arc Flash Analysis 


Arc Flash Labels 


Avery-6579 Danger-Bus 
A DANGER »§ 


Flash & Shock Hazard with Covers or Doors Open 
Appropriate PPE Required 


Flash Protection 

Flash Hazard Category 3 
Incident Energy (cal/cm?) ih 
4.6 ft 
Multilayer FR flash jacket and FR bib overails 


Flash Boundary Protection 


Shock Protection 480 VAC 
Shock Hazard when covers removed 

Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary _1.0 ft 
0.1 ft 


Prohibited Approach Boundary 
(minimum arc rating of 4) or FR long-sleeve shirt and PPE Class 00 

FR pants (minimum arc rating of 4) worn over é 2 7 
untreated natural fiber long-sleeve shirt and pants V-Rating 500 VAC 


Equipment Busl Souce Protective Device CB22 


Equipment Name 


Contract= OTI-12345678 Date 03-07-2006 


Changes in equipment settings or system configuration wil invalidate th 
calculated values and PPE requirements which may result in a hazardou 
condition. 


Flash Protection 


Engineer Operation Technology, Inc. 


Avery-6579 Danger-PD 
A DANGER » 


Flash & Shock Hazard with Covers or Doors Open 
Appropriate PPE Required 


Shock Protection 13800 VAC 


Flash Hazard Category 1 
Incident Energy (cal/cm?’) 2.8 
yf 


Shock Hazard when covers removed 
Limited Approach Boundary 10 ft 
Restricted Approach Boundary 2.16 ft 


Flash Boundary Protection 


FR long-sleeve shirt (minimum arc rating of 4), worn 
over untreated cotton T-shirt with FR pants (minimum PPE 
arc rating of 8) 


Prohibited Approach Boundary 0.6 ft 


Class z 
V-Rating 17000 VAC 


Equipment CB11 Souce Protective Device Fusel 


Equipment Name 


Contract= OTI-12345678 Date 03-07-2006 


Changes in equipment settings or system configuration wil invalidate th 
calculated values and PPE requirements which may result in a hazardou 
condition. 


Engineer Operation Technology, Inc. 


ETAP 18-264 ETAP 19.0 User Guide 


Arc Flash Analysis 


Arc Flash Labels 


Avery-6579 Warning-Bus 


Flash & Shock Hazard with Covers or Doors Open 
Appropriate PPE Required 


Flash Protection 
Flash Hazard Category BS 
Incident Energy (cal/cm?’) 1s 
Flash Boundary Protection 


4.6 ft 
Multilayer FR flash jacket and FR bib overalls 


Shock Protection 480 VAC 
Shock Hazard when covers removed 

Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary _1.0 ft 
0.1 ft 


Prohibited Approach Boundary 
(minimum arc rating of 4) or FR long-sleeve shirt and PPE Class 00 

FR pants (minimum arc rating of 4) worn over > 2 
untreated natural fiber long-sleeve shirt and pants V-Rating 500 VAC 


Equipment Busl Souce Protective Device CB22 


Equipment Name 


Date 03-07-2006 


Shock Protection 13800 VAC 
Shock Hazard when covers removed 

Limited Approach Boundary 10 ft 
Restricted Approach Boundary 2.16 ft 
Prohibited Approach Boundary 0.6 ft 


Class iz 
V-Rating 17000 VAC 


Contract# OTI-12345678 
Changes in equipment settings or system configuration wil invalidate th 
calculated values and PPE requirements which may result in a hazardou 
condition. 


Engineer Operation Technology, Inc. 


Avery-6579 Warning-PD 


Flash & Shock Hazard with Covers or Doors Open 
Appropriate PPE Required 


Flash Protection 
Flash Hazard Category 1 
Incident Energy (cal/cm?) 2.8 


Flash Boundary Protection TA ft 


FR long-sleeve shirt (minimum arc rating of 4), worn 
over untreated cotton T-shirt with FR pants (minimum PPE 
arc rating of 8) 


Equipment CB11l Souce Protective Device Fusel 


Equipment Name 


Contract= OTI-12345678 Date 03-07-2006 


Changes in equipment settings or system configuration wil invalidate th 
calculated values and PPE requirements which may result in a hazardou 
condition. 


Engineer Operation Technology, Inc. 
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Arc Flash Analysis 


Arc Flash Labels 


The 4X6 Danger1-Bus and PD labels would print to the 8 1/2” X 11” as shown in the image below: 


PETAP Report» ANS-Duty / Danger Bus =—% = lsigi 2) 
File View Help 
PSl«crnf in oaks Je maneoonon 


Are Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 5.7 ft Hazard Category 


Incident Energy in cal/cm* 5.7 2 
Working Distance 24 in 


Minimum PPE Requirements 


FR long-sleeve shirt (minimum arc rating of 
— nage sty prey oe 8). worn over untreated cotton T-shirt with FR 
serge ie eee cee pants (minimum arc rating of 8) or FR 
coveralls (minimum arc rating of 8) 


1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment Busl 08-03-2011 


Are Flash and Shock Hazard Present 
Appropriate PPE Required 


The Avery-6579 Danger-Bus and PD labels would print to the 8 1/2” X 11” as shown in the image below: 


Fle View Help 


Pale cr nl” tse aSake Jo 


ETAP 


Flash Protection Shock Protection 480 VAC 
Flash Hazard Category Shock Hazard when covers removed 
Incident Energy (cal/cm*) 1s Limited Approach Boundary 10.0 ft 
Flash Boundary Protection 4.6 tt Restricted Approach Boundary 1.0 ft 
Multiayer FR flash jaciat and FR bib overails Prohibited Approach Boundary 0.1 ft 
ape eg 

ung ected natural filer long-sleeve shirt and pants V-Rateg S0OVAC 
Equipment Bus) 

Equipment Name 

Conmnces OTL ISMESTE 


Changes te equipmect settings or quem cocfigacsioe wi mvaSdem @ 
calcuines valoes ané F7E requiremenms WAKA may remit te a hazarces 
condasoe. 


Flash Protection Shock Protection 490 VAC 
Flash Hazard Category 1 Shock Hazard when covers removed 

Incident Energy (caliem4) 27 Limited Approach Boundary 10.0 ft 
Flash Boundary Protection 24it Restricted Approach Boundary 1.0 ft 


FR longsleeve shart (mintmum arc rating of 4), worn | Prohibited Approach Boundary 0.1 ft 


over untreated cotton T-thirt «th FR pants (mintman 


arc raang of 8) PPE Class 00 


V-Rating S500 VAC 


Equipment Rast Souce Protective Device C31 
Equipment Name 


Convace® OTI-124567S Eeperer Operation Technology, Inc Daw 0307-2006 


Chap & opepeeet wey a eee Coapeniss Sa Roaaaaw © 
coleulnws valees ané FFE requiremenm whieh may revit & 4 hazerses 
centhios, 
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Arc Flash Analysis Arc Flash Labels 


Four Labels per Page (6878) 


The following labels are designed to print four to a page. You will need a color laser printer to print to 
this media. Avery Label Template 6878 can be used to generate this label. The Avery White Permanent 
Durable I.D. 6575 can be used as well, but the individual labels would have to be cut to size. Please note 
that this label is formatted to print in landscape format. 


Avery-6878 Danger-Bus 


ETAP 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 

Arc Flash Marzard Boundary (Dc) 4.6 ft Hazard Category 
Incident Energy (Ed) 11.5 caVem? 
Working Distance 18.0 im 
Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves 
Verating $00 VAC 
Limited Approach Boundary 10.0 ft 


Restricted Approach Boundary 1.0 ft gnci 
Probibited Approach Boundary 0.1 ft 
Source protective Device CB22 

Equipment Bus] 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Cannot be Determined 


Shock Haraed Exposure 400 VAC 
Shock Hazard when covers removed 
Class 09 Insulating Gloves 

V-rating 300 VAC 

Limited Approach Boundary 0.0 ft 
Restricted Approach Boundary 0.0 ft 
Prohibited Approach Boundary 0.0 ft 


Source protective Device 
Equipment Bus23A 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 

Are Flash Harzad Bounday (Dd) 2.4 ft Hazard Category 
Incidest Energy (Ed) 2.7 caliem? 1 
Working Distance 18.0 in 
Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves 
‘V-rating 500 VAC 
Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 fr 
Probitited Approach Boundary 0.1 ft 


Source protective Device CB31 
Equipment Bus? 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Cannot be Determined 


Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves 

‘V-rating $00 VAC 

Limited Approach Boundary 0.0 ft 
Restricted Approach Boundary 0.0 ft 
Prohibited Approach Boundary 0.0 ft 


Source protective Device 
Equipment LVBus 


Avery-6878 Danger-PD 
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Are Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flach Harzard Boundary (De) 4.6 ft Hazard Category 
Incident Energy (Ed) 11.5 cal/em* 3 
Working Distance 18.0 in PPE Requirements 


Shock Harard Exposure ssovac — Mitilayer FR fish jacket ari 
Shock Hazard when covers removed FR AP guerals (mommun a 
Class 00 insulating Gloves erates, delle oc apse 
Saale WETAC shirt ened FR poots (minimum arc 
weedels rating of 4) worn over wtrectea 
Limited Approach Boundary 10.0 — jyemal fiber long-sleeve shen 
Restricted Approach Boundary LOR and pants 
Prohibited Approach Boundary 0.1 fr 


Source protective Device CB22 
Equipment CB23 


ADANGER 


Are Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flach Harzad Boundxy (D924 ft Hazard Category 
Incident Energy (Ed) 2.7 eallem? rT 
Working Disance 18.0 in Min. PPE Requirements 
Shock Hazard Exposure aso vac FR longsleeve shirt (mitmum 


Shock Havard when covers removed 7% "@0E Of 4), worn over 
chaiel lacks aces wwtrected cotton T-shirt with FR 


(minimum arc rc ¥ 5) 
Vorating $00 VAC ne 


Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Source protective Device CB31 
Equipment CB32 


ADANGER 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Are Flach Harzard Boundary (De) 11.01 
Incident Energy (Ed) 65.1 cal’cm’ 
Working Distance 18.0 im 
Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves PPE Not Specified by NFPA 70E 
V-rating 500 VAC 
Limited Approach Beundary 10.0 ft 
Restricted Approach Boundary 1.0 fr 
Prohibited Approach Boundary 0.1 ft 


Source protective Device CBS 
Equipment CB22 


ADANGER 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flah Harzad Boundzy (De) 24% Hazard Category 
Incident Energy (E4) 2.7 calc? 1 
Working Distance 18.0 in Min. PPE Requirements 
Shock Hazard Exposure 480VAC FR long-sleeve shir: (minimum 


Shock Hazard when covers removed TO "=" of 4, aptadl geod 
Claes 00 Insulating Gloves wareceed conan T-shert with FR 


Veeuing SOOVAC pants (minimum arc rating of 8) 
Limited Approach Boundary 10.0 ft 

Restricted Approach Boundary 1.0 ft 

Prohibited Approach Boundary 0.1 ft 


Source protective Device CB31 
Equipment Fuse? 


Avery-6878 Waming-Bus 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Harrard Boundary (De) 4.6% — Hazard Category 
Incident Energy (Ed) 11.5 calem* 3 
Working Diance 18.0 in Min. PPE Requirements 
Shock Hazard Exposure s80 Vac Mitilayer FR flash jacket cout 


Shock Harard when covers removed FR 5? overalls (minim, oc 

Class 00 Insulating Gloves Array fa Batt Sean Teg 

\V-rating 500 VAC pte ph iincadlcrmpromcshstr 
ig > rating of 4) worn over werecea 

Limited Approach Boundary 10.0f jy’ fiber long-slecve shin 

Restricted Appeoach Boundary 10 ft ud pants 

Prohibited Approach Boundary 0.1 ft 


Source protective Device CB22 
Equipment Bus] 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Cannot be Determined 


Shock Hazard Exposure 400 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves 

V-rating S00 VAC 

Limited Approach Boundary 0.0 ft 
Restricted Approach Boundary 0.0 ft 
Prohibited Approach Boundary 0.0 ft 


Source protective Device 
Equipment Bus23A 


Arc Flash and Shock Hazard Present 


Appropriate PPE Required 
Arc Flach Harzad Boundxy (De)2.4ft Hazard Category 
Incident Energy (Ed) 2.7 cal’em* 1 
Working Distance 18.0 in Min. PPE Requirements 
Shock Hazard Exposure 480 VAC FR long-sleeve shirt (miremum 
Shock Hazard when covers removed 7° "2G Of 4). worm over 
Class 00 Insulating Gloves wrrected cotton T-shirt with FR 
Ver S00VAC parts (minimum arc rating of 8) 
Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 fr 
Prohibited Approach Boundary 0.1 ft 


Source protective Device CB31 
Equipmem Bus? 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Cannot be Determined 


Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
Class 00 Insulating Gloves 

‘V-rating 300 VAC 

Limited Approach Boundary 0.0 ft 
Restricted Approach Boundary 0.0 ft 
Prohibited Approach Boundary 0.0 ft 


Source protective Device 
Equipmem LVBus 


Avery-6878 Danger-Bus 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Are Flash Harzard Boundary (Dc) 4.6 ft Hazard Category 
Incident Energy (Ed) 11.5 calem* 3 
Working Distance 18.0 in 


Shock Hazard Exposure 430 VAC 
Shock Hazard when covers removed 


Class 00 Insulating Gloves rating of 4) or FR long-sleeve 


: — shart coed FR paves (mirtmuan are 
V-rating $00 VAC rating of 4) worn over wirectea 
Limited Approach Boundary 10.0f = juzal fiber long-sleeve shin 
Restricted Approach Boundary 10 ft ad pents 

Prohibited Approach Boundary 0.1 ft 


Source protective Device CB22 
Equipment CB23 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Harrard Boundary (Dc) 2.4 ft Hazard Category 
Incident Energy (Ed) 2.7 calem* 1 
Working Distance 18.0 in Min. PPE Requirements 
Shock Hazad Exposure 480 VAC FR long-sleeve shirt (minimum 


Shock Hazard when covers removed 7° "SG @& 4). worn over 
Class 00 Insulating Gloves ioxrected cotton T-shirt with FR 


Vcalag 90VAC pares (miumum are rating of &) 


Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Source protective Device CB31 
Equipmem CB32 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Are Flash Harzad Boundary (Dc) 11.0 fr 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Are Flash Harzard Boundary (Dc) 2.4 ft 


Incident Energy (Ed) 65.1 cal'cm* 
Working Dieance 18.0 in 

Shock Hazard Exposure 480 VAC 
Shock Hazard when covers removed 
‘Class 00 Insulating Gloves 

V-rating 500 VAC ta! 
Limited Approach Boundary 10.0 
Restricted Approach Boundary 1.0 fr 
Prohibited Approach Boundary 0.1 ft 


Source protective Device CBS 
Equipment CB22 


Not Specified by NFPA 70E 


Incident Energy (Ed) 2.7 caVem* 
Working Dieance 18.0 in 

Shock Harad Exposure 480 VAC 
Shock Hazad when covers removed 
Class 00 Insulating Gloves 

V-rating $00 VAC 

Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 fr 
Prohibited Approach Boundary 0.1 f 


Source protective Device CB31 
Equipment Fuse7 


Hazard Category 
1 


Min. PPE Requirements 
FR long-sleeve shirt (minimum 
ac raing of 4), worn over 
swerected cotton T-shirt with FR 
pares (minimum arc raring of 8) 
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Printing AF Labels to Brady and DuraLabel Printers 


Some of the available templates in ETAP have been formatted for printing to three different media sizes 
in Brady and DuraLabel printers. The available sizes are 3X3, 4X4 and 4X6. These labels are made from 
special materials that are weather and chemical resistant. 


ETAP labels are formatted for the following Brady Label Printers: 


Tagus T300 
Tagus T200 
300 MVP Plus 
200 MVP Plus 


ETAP labels are formatted for the following DuraLabel Printer 


e DuraLabel Pro 300 
e DuraLabel Pro 
e DuraLabel 4TTP 


You must install the printer drivers for your printer prior to being able to print the labels from your ETAP 
software. You must also select the Brady or DuraLabel printers as the default printer prior to opening 
ETAP Crystal Reports to ensure that the format is opened using the correct printer drivers. 


The following are the catalog numbers for the Brady label rolls for which you have available arc flash 
label templates in ETAP: 


THTEL-25-483-1-WA = 4”x6” labels with pre-printed “Warning” header 
THTEL-25-483-1-DA = 4”x6” labels with pre-printed “Danger” header 
THTEL-161-483-1-WA = 4”x4” labels with pre-printed “Warning” header 
THTEL-161-483-1-DA = 4”x4” labels with pre-printed “Danger” header 
THTEL-184-483-1-WA = 3”x3” labels with pre-printed “Warning” header 
THTEL-184-483-1-DA = 3”x3” labels with pre-printed “Danger” header 


The recommended printer ribbon to print to these labels is the R6007. 


The following are the catalog numbers for the DuraLabel label rolls for which you have available arc 
flash label templates in ETAP: 


e 70406-2 4”x6” Danger Arc Flash Labels 
e 70406-3 4”x6” Warning Arc Flash Labels 
e 70406-5 4”x6” Black / Red DIE cut Arc Flash Labels 


The recommended printer ribbon to print to these labels is the 7433010 
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The following image illustrates the concept of a pre-printed header arc flash label. The orange or red 
header already contains the word “Warning” or “Danger” enclosed by an orange or Red section. ETAP 
will print to the empty blank space below the header. 


Appropriate PPE Required 


Arc Flash Hazard Boundary 4.6 ft Hfazard Category 
Incident Energy in cal/cm? 11.5 3 

Working Distance 18 in Min. PPE Requirements 
Multilaver FR flash 
jacket and FR _ bib 
overalls (minimum arc 
rating of 4) or FR 
long-sleeve shirt and 
Limited Approach Boundary 10.0 ft FR pants (minimum arc 
Restricted Approach Boundary 1.0 ft rating of 4) worn over 
Prohibited Approach Boundary 0.1 ft untreated natural fiber 

long-sleeve shirt and 


Pre-printed 
label header 


Shock Hazard Exposure 480 VAC 
Insulating Gloves Class 00 
Shock Hazard when covers removed 


Equipment Bus1 
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18.11.2 Labels from the Bus Arc Flash Page 
Arc flash labels cannot be generated from the bus editor in ETAP 14.0.0. 
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18.11.3 Arc Flash Labels — Portuguese 


You can generate Arc Flash labels in Portuguese. Here are the labels you can produce in Portuguese. 


3.5X7 Aten¢dol-Barra 3.5X7 Atencado2-Barra 


Risco de Arco Voltaico e Choque Eleétrico 


Risco de Arco Voltaico e Requerido Equipamento de Protecao Pessoal 


Choque Elétrico 
Limite de Protecao de Arco 0.7 ft Energia Incidente 0.3 cal/em* 
Distancia de Trabalho 18.0 in 
Categoria de Risco 0 


Distancia de Trabalho 18 in Non-melting or untreated natural fiber long-sleeve 
shirt and long pants 


Limite de Protecao de Arco 0.7 ft 


Energia Incidente 0.3 cal/cm? 


Nivel PPE Requerido 0 


Risco de Choque - Tensao 4800 VAC 


Limite de Aproximacao 10.0 ft Risco de Exposicao ao Choque Elétrico 4800 VAC 


Risco de Choque quando as tampas estao removidas 


roximalea ‘ite pF ae : 
Aproximalcao Restrita ft Limite de Aproximacio 10.0 ft Class 1 


Aproximacao Proibida 0.6 ft Aproximal¢ao Restrita 2.2 ft Luvas Isolantes 
Aproximagao Proibida 0.6 ft V-rating 7500 VAC 
Nome do Equipamento 


Equipamento Bus2 Dispositivo de Protecaio da Fonte 
Equipamento Bus2 
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3.5X7 Perigo1-Barra 


Risco de Arco Voltaico e 
Choque Elétrico 
Limite de Protecao de Arco 0.7 ft 
Energia Incidente 0.3 cal/cm? 


Distancia de Trabalho 18 in 


Nivel PPE Requerido 0 


Risco de Choque - Tensao 4800 VAC 
Limite de Aproximacao 10.0 ft 
Aproximalcao Restrita 2.2 ft 


Aproximacao Proibida 0.6 ft 


Equipamento Bus2 
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3.5X7 Perigo2-Barra 


Risco de Arco Voltaico e Choque Eletrico 
Requerido Equipamento de Protecao Pessoal 


Limite de Protecao de Arco 0.7 ft 
Energia Incidente 0.3 cal/em? 
Distancia de Trabalho 18.0 in 
Categoria de Risco 0 
Non-melting or untreated natural fiber long-sleeve 
shirt and long pants 


Risco de Exposigao ao Choque Elétrico 4800 VAC 


Risco de Choque quando as tampas esto removidas 


Limite de Aproximacao 10.0 ft Class 1 


Aproximalgao Restrita 2.2 ft Luvas Isolantes 
Aproximacao Proibida 0.6 ft V-rating 7500 VAC 


Nome do Equipamento 
Dispositivo de Protecao da Fonte 
Equipamento Bus2 
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3X6 Atencaol-Barra 


Risco de Arco Voltaico e Choque Elétrico 


Limite de Protecao de Arco 0.7 ft 
Energia Incidente 0.3 cal/em? 
Distancia de Trabalho 18 in 
Nivel PPE Requerido 0 
Risco de Choque - Tensao 4800 VAC 
Limite de Aproximacao 10.0 ft 
Aproximalcao Restrita 2.16 ft 
Aproximacao Proibida 0.6 ft 


Equipamento Bus2 


3X6 Atencdo2-Barra 


10-30-2007 


Risco de Arco Voltaico e Choque Eletrico 


Limite de Protecao de Arco 


Energia Incidente 
Distancia de Trabalho 


Nivel PPE Requerido 
Risco de Choque - Tensao 
Limite de Aproximacao 
Aproximalcao Restrita 
Aproximacao Proibida 


Equipamento Bus2 
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3X6 Atencdao3-Barra 


Presenca de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal 


Limites de Risco de Arco Voltaico 0.7 ft Categoria de Risco 0 
Energia Incidente 0.3 cal/cm* 


Lae ; Non-melting or untreated 
Distancia de Trabalho 18.0 in 


natural fiber long-sleeve shirt 


Risco de Choque - Tensio 4800 VCA and long pants 

Risco de Choque quando as tampas estao 

removidas 

Limite de Aproximacao 10.0 ft 

Aproximalgao Restrita 2.2 ft Luvas Isolantes 1 
Aproximacao Proibida 0.6 ft Tensao Nominal 7500 V CA 


Nome do Equipamento 
Dispositivo de Protegado da Fonte 
Equipamento Bus2 


3X6 Atencao4-Barra 


Presenga de Risco de Arco e Choque Elétrico Categoria de Risco 
Requerido Equipamento de Protecao Pessoal 0 


Limites de Risco de Arco Voltaico 0.7 ft 
Energia Incidente 0.3 cal/em? Non-melting or untreated 


Distancia de Trabalho 18.0 in natural fiber long-sleeve 


Limite de Aproximacao 10.0 ft shirt and long pants 
Aproximal¢ao Restrita 2.2 ft 
Aproximac¢ao Proibida 0.6 ft 


Risco de Choque - Tensao 4800 VCA Classe 1 
Risco de Choque quando as tampas estao Luvas Isolantes 


removidas A Tensao Nominal 7500 VCA 
Nome do Equipamento 


Dispositivo de Protecao da Fonte 
10-30-2007 Equipamento Bus2 
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3X6 Perigol-Barra 


A PERIGO 


Risco de Arco Voltaico e Choque Elétrico 


Limite de Protecao de Arco 0.7 ft 
Energia Incidente 0.3 cal/em? 
Distancia de Trabalho 18 in 
Nivel PPE Requerido 0 
Risco de Choque - Tensao 4800 VAC 
Limite de Aproximacao 10.0 ft 
Aproximalcao Restrita 2.16 ft 
Aproximacao Proibida 0.6 ft 


Equipamento Bus2 


3X6 Perigo2-Barra 


A PERIGO 


10-30-2007 


Risco de Arco Voltaico e Choque Eleétrico 


Limite de Protecao de Arco 
Energia Incidente 0.3 
Distancia de Trabalho 


Nivel PPE Requerido 
Risco de Choque - Tensao 4800 VAC 


Limite de Aproximacao 
Aproximalcao Restrita 
Aproximacao Proibida 


Equipamento Bus2 
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10-30-2007 


3X6 Perigo3-Barra 


Presenca de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal 


Limites de Risco de Arco Voltaico 0.7 ft Categoria de Risco 0 


Energia Incidente 0.3 cal/em* 


Non-melting or untreated 


Distancia de Trabalho 18.0 in 


natural fiber long-sleeve shirt 


Risco de Choque - Tensio 4800 VCA and long pants 
Risco de Choque quando as tampas estao 


removidas 


Limite de Aproximacao 10.0 ft 
Aproximal¢ao Restrita 2.2 ft Luvas Isolantes 1 
Aproximag¢ao Proibida 0.6 ft Tensao Nominal 7500 V CA 


Nome do Equipamento 
Dispositivo de Protecado da Fonte 


Equipamento Bus2 


3X6 Perigo4-Barra 


Presenga de Risco de Arco e Choque Elétrico Categoria de Risco 


Requerido Equipamento de Protecao Pessoal 


Limites de Risco de Arco Voltaico 0.7 ft 


Energia Incidente 0.3 cal/em?* 
Distancia de Trabalho 18.0 in 


Limite de Aproximacao 10.0 ft 
Aproximalgao Restrita 2.2 ft 
Aproximac4o Proibida 0.6 ft 


Risco de Choque - Tensao 4800 VCA 
Risco de Choque quando as tampas estio 
removidas : 

Nome do Equipamento 

Dispositivo de Protecao da Fonte 
Equipamento Bus2 


0 


Non-melting or untreated 
natural fiber long-sleeve 


shirt and long pants 


Classe 1 
Luvas Isolantes 
Tensao Nominal 7500 VCA 
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4X6 Atencdol-Barra 


Presenca de Risco de Arco Voltaico e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal (PPE) 


Limites de Risco de Arco Voltaico 0.7 ft Categoria de Risco 

Energia Incidente (cal/em2) 0.3 0 

Distancia de Trabalho 18 in Requisitos Minimos de PPEs 
Non-melting or untreated natural fiber 

Risco de Exposicao ao Choque 4800 VCA long-sleeve shirt and long pant: 


Classe de Isolamento das Luvas 1 
Risco de Choque quando as tampas estao 


removidas 

Limite de Aproximagcao 10.0 ft 
Limute de Aproximacao Restita 2.2 ft 
Limite de Aproximag¢ao Proibida 0.6 ft 


Equipamento Bus2 


4X6 Perigol-Barra 


A PERIGO 


Presenga de Risco de Arco Voltaico e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal (PPE) 


Limites de Risco de Arco Voltaico 0.7 ft Categoria de Risco 
Energia Incidente (cal/em2) 0.3 0 
Distancia de Trabalho 18 in Requisitos Minimos de PPEs 
: : 3 Non-melting or wntreated natural fiber 
Risco de Exposicao ao Choque 4800 VCA long-sleeve shirt and long pants 


Classe de Isolamento das Luvas 1 
Risco de Choque quando as tampas estao 


removidas 

Limite de Aproxima¢ao 10.0 ft 
Limite de Aproximagao Restrita 2.2 ft 
Limite de Aproximag¢ao Proibida 0.6 ft 


Equipamento Bus2 
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4X6 Perigol-Barral 


Presenga de Risco de Arco Voltaico e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal (PPE) 


Limites de Risco de Arco Voltaico 0.7 ft Categoria de Risco 

Energia Incidente (cal/em2) 0.3 0 

Distancia de Trabalho 18 in Requisitos Minimos de PPEs 
Non-melting or untreated natural fiber 

Risco de Exposigao ao Choque 4800 VCA long-sleeve shirt and long pant: 


Classe de Isolamento das Luvas 1 
Risco de Choque quando as tampas esto 


removidas 

Limite de Aproxima¢io 10.0 ft 
Limite de Aproximagao Restrta 2.2 ft 
Limite de Aproxima¢ao Proibida 0.6 ft 


Equipamento Bus2 
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Avery-6579 Perigo-Barra 


Risco de Arco & Choque Elétrico quando 
com Tampas ou Portas Abertas 


Protecao Contra Arco Voltaico 

Categoria de Risco de Arco 0 
Energia Incidente (cal/cm’) 0.3 
Limite de Protecao de Arco 0.7 ft 


Non-melting or untreated natural fiber long-sleeve shirt and 


long pants 


Equipamento Bus2 
Nome do Equipamento 


Contrato # 


Engenheiro 


4800 VCA 


Protecao Contra Choques Elétricos 


Risco de Choque quando covers removed 

Limite de Aproximacao 10.0 ft 
Limite de Aproximagao Restrita 2.2 ft 
Limite de Aproximagao Proibida 0.6 ft 


Classe PPE 1 


Tensao Nominal 7500 VCA 


Dispositivo da Protecao da Fonte 


Data 10-31-2007 


Changes in equipment settings or system configuration will invalidate the 
calculated values and PPE requirements which may result in a hazardous 


condition. 


Avery-6579 Atencao-Barra 


Risco de Arco & Choque Elétrico quando 
com Tampas ou Portas Abertas 


Protegao Contra Arco Voltaico 
Categoria de Risco de Arco 0 
Energia Incidente (cal/cm?) 0.3 


Limite de Protecao de Arco 0.7 ft 


Non-meiting or untreated natural fiber long-sleeve shirt and 


long pants 


Equipamento Bus2 
Nome do Equipamento 


Contrato # 


Engenheiro 


Protecgaéo Contra Choques Elétricos 4800 VCA 
Risco de Choque quando as tampas estao removidas 


Limite de Aproximacao 10.0 ft 


Limite de Aproximagao Restrita 2.2 ft 


Limite de Aproximacao Proibida 0.6 ft 


Classe PPE 1 


Tensao Nominal 7500 VCA 


Dispositivo da Protegaéo da Fonte 


10-31-2007 


Changes in equipment settings or system configuration will invalidate the 
calculated values and PPE requirements which may result in a_ hazardous 


condition. 
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Avery-6878 Atencao-Barra 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Prote¢ao Pessoal 


Are Flash Hazard Boundary (Dc) 2.9 ft 

Energia Incidente (Ed) 2.2 cal/em* 

Distancia de Trabalho 18.0 in 

Risco de Exposicao/Choque Elétrico 3450 VCA 
Risco de Choque quando as tampas estao removidas 
Classe 1 Luvas Isolantes 

Tensao Nominal 7500 VCA 

Limite de Aproximacao 10.0 ft 

Limite de Aproximacdo Restrita 2.2 ft 

Limite de Aproximacao Proibida 0.6 ft 
Dispositivo de Protegao da Fonte 

Equipamento Sub23 


Categoria de Risco 
1 
Requisitos Minimos de PPE 
FR long-sleeve shirt (minimum 
are rating of 4), worn over 
untreated cotton T-shirt with 
FR pants (minimum are rating 
of &) 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Prote¢ao Pessoal 


Arc Flash Hazard Boundary (Dc) 5.6 ft 

Energia Incidente (Ed) 2.2 cal/em* 

Distancia de Trabalho 36.0 in 

Risco de Exposi¢ao/Choque Elétrico 13800 VCA 
Risco de Choque quando as tampas estao removidas 


Classe 2 Luvas Isolantes 

Tensao Nominal 17000 VCA 

Limite de Aproximacao 10.0 ft 

Limite de Aproximacao Restrita 2.2 ft 
Limite de Aproximacao Proibida 0.6 ft 


Dispositivo de Protecao da Fonte CB11 
Equipamento Sub2A 


Categoria de Risco 
1 
Requisitos Minimos de PPE 
FR long-sleeve shirt (minimum 
are rating of 4), worn over 
untreated cotton T-shirt with 
FR pants (minimum arc rating 
of 8) 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protegao Pessoal 


Are Flash Hazard Boundary (Dc) 20.9 ft Categoria de Risco 

Energia Incidente (Ed) 7.9 cal/cm* 2 

Distancia de Trabalho 36.0 in Requisitos Minimos de PPE 

Risco de Exposic¢ao/Choque Eletrico 13800 VCA FR long-sleeve shirt (minimum 

Ricco de Choque quando as tampas estiio removida: are rating of 4), worn over 
untreated cotton T-shirt with 

eee 2 ae FR pants (minimum are rating 

Tens&o Nominal 17000 VCA of 8) 

Limite de Aproximacao 10.0 ft 

Limite de Aproximacao Restrita 2.2 ft 

Limite de Aproximagao Proibida 0.6 ft 


Dispositivo de Proteciio da Fonte CB10 
Equipamento Sub2B 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protegao Pessoal 


Are Flash Hazard Boundary (Dc) 16.9 ft Categoria de Risco 
Energia Incidente (Ed) 12.7 cal/em* 3 

Distancia de Trabalho 18.0 in Requisitos Minimos de PPE 
Risco de Exposicao/Choque Elétrico 4160 VCA Multilayer FR flash jacket and 
Risco de Choque quando as tampas estiio removidas FR bib overalls (minimum arc 
rating of 4) or FR long-sleeve 
shirt and FR pants (minimum 
arc rating of 4) worn over 
untreated natural fiber 
long-sleeve shirt and pants 


Classe 1 Luvas Isolantes 

TensZo Nominal 7500 VCA 

Limite de Aproximacao 10.0 ft 

Limite de Aproximacdo Restrita 2.2 ft 
Limite de Aproximagao Proibida 0.6 ft 
Dispositivo de Protecao da Fonte CBS 
Equipamento Sub3 Swgr 


Avery-6878 Perigo-Barra 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protegao Pessoal 


Are Flash Hazard Boundary (Dc) 4.6 ft 

Energia Incidente (Ed) 11.5 cal/em* 

Distancia de Trabalho 18.0 in 

Risco de Exposicao/Choque Elétrico 480 VCA 
Risco de Choque quando as tampa: estio removidas 


Classe 00 Luvas Isolantes 

Tensao Nominal 500 VCA 

Limite de Aproximacao 10.0 ft 

Limite de Aproximacao Restrita 1.0 ft 
Limite de Aproximaco Proibida 0.1 ft 


Dispositivo de Protecao da Fonte CB22 
Equipamento Busl 


Categoria de Risco 
3 
Requisitos Minimos de PPE 

Multilayer FR flash jacket and 
FR bib overails (minimum arc 
rating of 4) or FR long-sleeve 
shirt and FR pants (minimum 
are rating of 4) worn over 
untreated natural fiber 
long-sleeve shirt and pants 


ETAP 


APERIGO 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protecao Pessoal 


Are Flash Hazard Boundary (Dc) 2.4 ft Categoria de Risco 
Energia Incidente (Ed) 2.7 cal/em* 1 

Distancia de Trabalho 18.0 in Requisitos Minimos de PPE 
Risco de Exposi¢ao/Choque Eletrico 480 VCA FR long-sleeve shirt (minimum 


Risco de Choque quando as tampas estao removidas are rating of 4), worn over 

untreated cotton T-shirt with 
Classe 00 Luvas Isolantes FR pants (minimum arc rating 
Tensao Nominal 500 VCA of 8) 


Limite de Aproximacao 10.0 ft 

Limite de Aproximacao Restrita 1.0 ft 
Limite de Aproximacao Proibida 0.1 ft 
Dispositivo de Protecao da Fonte CB31 
Equipamento Bus2 


18-282 


Presenga de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Protegao Pessoal 


Nao pode ser Determinado 


Risco de Exposicao/Choque Elétrico 400 VCA 
Risco de Choque quando a: tampas esto removida> 


Classe 00 Luvas Isolantes 

Tensao Nominal 500 VCA 

Limite de Aproximac4o 0.0 ft 

Limite de Aproximacdo Restrita 0.0 ft 
Limite de Aproximacao Proibida 0.0 ft 


Dispositivo de Protecio da Fonte 
Equipamento Bus23A 


APERIGO 


Presenca de Risco de Arco e Choque Elétrico 
Requerido Equipamento de Prote¢ao Pessoal 


Arc Flash Hazard Boundary (Dc) 28.5 ft 
Energia Incidente (Ed) 150.2 cal/em* 
Distancia de Trabalho 18.0 in 

Risco de Exposicao/Choque Elétrico 480 VCA 


Risco de Choque quando as tampas esto removidas 
Classe 00 Luvas Isolantes 
TensZ0 Nominal 500 VCA 


Limite de Aproximacdo 0.0 ft 
Limite de Aproximagao Restrita 0.0 ft 


Excede o Rating Max. de Arco do 


Limite de Aproximaca4o Proibida 0.0 ft 


Dispositivo de Proteciio da Fonte CBS 
Equipamento LVBus 
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18.11.4 Arc-Flash Labels — Spanish 


You can generate Arc Flash labels in Spanish. Here are the labels you can produce in Spanish. 


05-23-2006 


0 


ETAP 


PAN 
A 


5-23-2006 


A 
A 


3X6 Advertencial-Bus 


Peligro De Arco Electrico y Contacto con Electricidad 
(Obligatorio usar EPP apropiado) 


Peligro De Arco Eléctrico 3.0 cm 
Energia Incidente 11.5 cal/cm* 


Distancia de Trabajo 45.7 cm 
Tension de Contacto Directo 480 VAC 


Limite de Aproximacion 10.0 cm 
Distancia Restringida 30.5 cm 
Distancia Prohibida 3.0 cm 


Equipo Busl 


3X6 Advertencial-PD 


Categoria EPP Requeridos 3 
Multilaver FR flash jacket and FR bib 
overalls (minimum are rating of 4) or 
FR long-sleeve shirt and FR pants 
(minimum arc rating of 4) worn over 
Uso de Guantes Clase 00 

Grado de Tension 500 VAC 

Eq. Nombre 


Disp. Proteccion CB22 


Peligro De Arco Electrico y Contacto con Electricidad 
(Obligatorio usar EPP apropiado) 


Peligro De Arco Eléctrico 0.0 cm 
Energia Incidente 0.0 cal/cm* 

Distancia de Trabajo 182.9 cm 

Tension de Contacto Directo 34500 VAC 
Limite de Aproximacion 10.0 cm 
Distancia Restringida 78.6 cm 

Distancia Prohibida 24.4 cm 


Equipo CBl 


18-283 


Categoria EPP Requeridos 0 


Non-melting or untreated natural fiber 
long-sleeve shirt, lomg pants and 
safety glasses 


Uso de Guantes Clase 4 
Grado de Tension 36000 VAC 
Eq. Nombre 


Disp. Proteccion 
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0 


5-23-2006 


A 
A 


05-23-2006 


ETAP 


PAN 
A 


3X6 Peligrol-Bus 


A PELIGRO 


Peligro De Arco Electrico y Contacto con Electricidad 
(Obligatorio usar EPP apropiado) 

Peligro De Arco Eléctrico 3.0 cm 

Energia Incidente 11.5 cal/cm* 


Distancia de Trabajo 45.7 cm 
Tension de Contacto Directo 480 VAC 


Limite de Aproximacion 10.0 cm 
Distancia Restringida 30.5 cm 
Distancia Prohibida 3.0 cm 


Equipo Busl 


3X6 Peligrol-PD 


Categoria EPP Requeridos 3 
Multilaver FR flash jacket and FR bib 
overalls (minimum are rating of 4) or 
FR long-slesve shirt and FR pants 
(minimum arc rating of 4) worn over 
Uso de Guantes Clase 00 

Grado de Tension 500 VAC 

Eq. Nombre 


Disp. Proteccion CB22 


A PELIGRO 


Peligro De Arco Electrico y Contacto con Electricidad 
(Obligatorio usar EPP apropiado) 


Peligro De Arco Eléctrico 0.0 cm 
Energia Incidente 0.0 cal/cm* 
Distancia de Trabajo 182.9 cm 


Tension de Contacto Directo 34500 VAC 


Limite de Aproximacion 10.0 cm 
Distancia Restringida 78.6 cm 
Distancia Prohibida 24.4 cm 


Equipo CBl 


18-284 


Categoria EPP Requeridos 0 


Non-melting or untreated natural fiber 
long-sleeve shirt, long pants and 
safety glasses 


Uso de Guantes Clase 4 
Grado de Tension 36000 VAC 
Eq. Nombre 


Disp. Proteccion 
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18.11.5 Arc Flash Labels — French 


You can generate Arc Flash labels in French. The French labels are created from the English labels and 
translated in French. To preview the French labels, see the English labels with the same size and name 
above. 
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18.12 Arc Flash Result Analyzer 


The purpose of the arc flash result analyzer is to provide an easy way to analyze the arc flash results from 
several scenarios. It is a difficult task to determine which scenario produces the worst case results and 
thus manipulation of the results from several reports is needed in order to find the desired final results to 
be placed on arc flash labels or summaries. 


The Arc Flash Result Analyzer (AFRA) has the ability to bring to view the results of all the different 
output reports and to filter them based on different conditions of special interest. The analyzer is a 
powerful tool for exporting results to MS Excel in any fashion that you want since it allows you to select 
different input/output fields. 


The image below shows the AFRA: 


®° Arc Flash Result Analyzer x 
@ Output Report Scenarios ID = kV os Type z m IECArcFlash a AF-HalfCycle 
Check All m1 0.48 Switchgear 
Select | Reports 2 Bus2 0.48 Switchboard 
M1 |AF-Decay 3 Bus23A 0.48 Switchboard 
MM) | AF-HalfCycle 4 LVBus 0.48 MCC 
MM] | IECArcFlash 5 Main Bus 345 Open Air 
6 MCC1 0.48 MCC 
rs Sub2A 13.8 Switchgear 
8 Sub2B 13.8 Switchgear 
Project Report 9 Sub 3 4.16 Switchgear 
OOvAll Project in Active Directory 10 Sub3 Swor 4.16 Switchgear 
@ Active Project 11 Sub22 3.45 Switchgear 
Example-ANSI 12 Sub23 3.45 Switchgear 
Pus R 13 cB1 34.5 HVCB 
Source Protective Device 14 CB4 13.8 HV CB 
Load PD (Bus Side} F 15 CB5 13.8 HV CB 
fate! 16 CBB 4.16 HVCB 
Check Al 7 CB10 34.5 HVCB 
wt x 18 CB11 13.8 HVCB 
2 Lane Bus Copy Sort 24 Al 
Ponductes aap (J Incident Energy 
Conductor Gap LG | Filter Reports by Energy Levels Display Options Reporting Seq. of Operation 
‘Working Distance LL v 
NFPA 70E 2012 to 2018 /UD. x Ac Standard Custom ian 
Results 5 Label Label 
= . Filter Results By cal/em® rm 
nek FCT Not Determined Level A |2 Skip If Same Ss eS Q 
*) | Total Energy (cal/cm3, 
O |X Factor (IEEE 1584) % la Variation = : ; FCT Unit Work Permit DataSheet  Qne-Line-Diagram 
Vv 
Sint | ee ete — & 
= : Level E 40 
s se iwre CJ Effect of Main PD Isolation on FCT Level F | 100 
= = = Device Duty Alerts [A Show Colors Export... Find Close 
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18.12.1 Report and Result Selections 


Output Report 


Select which Arc Flash study reports to compare by clicking on the check box. The results of the selected 
study report(s) will appear in the display table. You can check or uncheck all the output reports displayed 
in this window. 


Project Report 


Select which project report(s) you would like to display in the Output Report selection window. 


All Projects in Active Directory 


This selection allows the user to compare reports from different projects that are located within the 
directory that the current (open) project file resides. 


Active Project 


This selection is defaulted to the open project file. This will limit you to all the reports generated from this 
project. 


Sort 


The Arc Flash Result Analyzer has some very powerful sorting capabilities which can be applied using 
different techniques. The sorting techniques which can be applied are described below: 


You are able to sort the data according to each column or by combination of columns in ascending or 
descending order. You can launch the sort utility from the Sort Button. For example, one very useful way 
to present your results is to apply the maximum incident energy filter and then sort the results by Hazard 
Category first, then by ID as second criteria. This process is shown below: 
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BY Arc Flash Result Analyzer 


@ Output Report Scenarios 
aa 1D ~ KV ~| Tre | Ott ot. | Configuration) Total Enerey | AFB tin) 
ri 048 | Swichgear | AFHaYycle | Normal | 587 5s 
2 Bus2 | 048 Switchboard AF-HafCycle Normal [osseie7 | 18" 
3 LVBus 0.48 Mec | AFHalGyele | Normal 831 au" 
4 mect | 048 McC AF HalfCycle Normal [48.95 | 144" 
5 | Main Bus MS Open Ar | AFHalCyele | Normal | 437.68 288" 
| 6 Sub3 | 416 Switchgear AF-HalfCycle Normal | 7.07 | 187" 
7 Sub22 | 345 Switchgear | AFHafCycle | Normal | 6.15 161" 
| —Project Report 8 Sub23 | 3.45 Switchgear | AFHalfCycle | Normal | 35.15 | 966" 
| Ql Project in Active Directoy 3 | ‘Sub2A | 13.8 Switchgear | AF-HalfCycle | Normal | 221 | 58" 
@ Active Proiect 10 | swe | 138 Switchgear | AFHalfCycle | Normal | 351 | 90" 
[fxampeanst C*d| «1 «| Sb Sur | 86 Switchgear AFHalCycle | Normal | 65 | 170" 
2 {ceo || 345 HVCB | AFHalfCycle | Normal | 437.68 | 288" 
= ae pina Rete as 3 [cen | 38 HVCB AFHalCycle | Normal | 24 | 62" 
| [Bhtoad PD (Bus Side) 4 | ce |e LVCB AF-HafCycle Normal | 50.27 | 253" 
FU oad Tenoinl ¥ 15 B26 345 HVCB AF-HafCycle Normal 35.15 966" 
inf) is | ceri) HVCB AFHalCycle | Nomal | 615 | 161" 
Check All a | ae Tr naa cana Tae aan T ae T PIT v 
Ak ally Le > 
5 Oe is Bus Copy Sort a a 
Conductor Gap LL PARSoacreal Sort by = 
Conductor Gap LG Filter Reports by Energy Levels T (Operation 
Working Distance LL v| | Oworst Case OMin 2 O Descending 
| Results Filter Results By Then by 
eee FCT Not Determined 3 [DO tti(‘ Fr v 
Total Energy (cal/cm?) O Descending 
X Factor (IEEE 1584) = levansion Diagram 
|] |x Factor (Arcfauit) | FCT by Secondary PD Then by 
| leave Exceeds Max FCT eee 
T | ; | ODescending 
| LJ |AcEnegy Effect of Main PD Isolation on FCT 
| LE] [Thermal Enersy Fux | Device Duly Aletts Help Cancel | Close 
overt) 


Sorting by clicking on the column name is also possible and sometimes much faster. The image below 
shows the sorting options on the ID column. 


@) Arc Flash Result Analyzer 
@ Output Report Scenarios 
Check All 
4) SortAtoZ 0.48 Switchgear | _AF-HalfCycle 
Al SortZ toA 0.48 Switchboard AF-HalfCycle 
ae 04s | Mec | AF Hayle 
0.48 MCC AF-HalfCycle 
p-EA elect All 345 Open Air AF-HalfCycle 
] 4.16 Switchgear AF-HalfCycle 
3.45 Switchgear AF-HalfCycle 
“ 
Project Report 3.45 — Switchgear AF-HalfCycle 
| OOAll Project in Active Director) 13.8 Switchgear | AF-HaifCycle 
@ Active Project 13.8 Switchgear | AF-HalfCycle 
j Ex. ample-AN Sl 4.16 Switchgear AF-HalfCycle 
. 345 HV CB AF-HalfCycle 
| Bus 
[Source Protective Device = HYGE Aalto 
[Load PD (Bus Side) 0.48 LVCB | ___ AF HalfCycle 
TL nad Terminal 3.45 HVCB AF-HalfCycle 
as pee 3.45 HVCB AF-HalfCycle 
ec nan meen T Ar ti.ur. te 
kV A 
] Type 
= ale ‘i Sorting by clicking on the arrow in the 
(Conductor Gap LG bottom right corner of the column name 1 Di 
L] Working Distance LL v 
Raciilte 
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Note that if you sort the results by the connected bus field, then you can group all the results for the same 
faulted location. That is all the bus results, source pd, load pd and load terminal results will be grouped 
together by the sorting tool. 


Copy 

The AF Result Analyzer has some very powerful copy/paste features to MS Excel. Simply select any 
combination of rows or cells and right click or press Ctrl+C to copy. Open a spreadsheet and paste 
accordingly. The process is shown below: 


First select the fields or cells you want to copy and right click and select the “Copy” command: 


@} Arc Flash Result Analyzer 


@ Output Report Scenarios 


Configuration - * AFB fftin) 


Bus1 Switchgea AF- Normal 
Bus2 102 \F-4 Normal 
LVBus AF Normal 
MCC1 AF-| Normal 
Main Bus gen A AF-Ha Normal 


Si Ic AF-| cle Normal 


1 
2 
3 
4 
5 
6 
7 Si Normal 
Boeenenon 8 S Normal 
OAll Project in Active Directory 8 Sub2A Normal 
@ Active Proiect »10 Sub2B Switchgear AF-H Normal 
| ExampleANSI n Sub3 Swor | Switchgear AF-HalfCycle 
7 12 CB10 45 HVCB AF-HalfCycle Normal | | 
S saasikatsains aio «a 3 cen | 38 HVCB | AFHalCycle | Normal | 24 | 62" 
Load PD (Bus Side) 14 B22 ! 048 LVCB. | AFHalCycle | Normal | 50.27 | 253" 
[11 nad Terminal bd 15 CB26 | 3.45 HVCB AF-HalfCycle | Normal 35.15 96'6" 
SS 16 ce | 35 HVCB AF-HafiCycle Nomal 6.15 | 161" 
Check All 7 pn T nao heen aeteeros | 4 ery Ms 
AW Alias 
a Lada Bus Copy Sort 
Conductor Gap LL P7lIncident Eneray 
Conductor Gap LG ' Filter Reports by Energy Levels Display Options Reporting Seq. of Operation 
Working Distance LL w @ Worst Case OMin 
Actual Value Standard Custom oe 


Next open a spreadsheet and select the paste command. The data will be transferred exactly as it was 
selected. 
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dW - . Book! - Excel ? f= fx 
FILE HO INSE PAGE FOR DAT REVI VIEW DEVE ADD Walter Go... ~ 
in A = % Fe Conditional Formatting ~ fe] a, 
4 Format as Table ~ 
Clipboard Font Alignment Number ee Cells Editing 
. . . ~ [Cell Styles ~ : ; 
Styles “A 
Al . fe | Busi v 
A B Cc D E F G iis 


0.48 Switchgear AF-HalfCycle_ | _5.67|5'9" 
0.48 Switchboard AF-HalfCycle _ 0.946167 1'8" 
0.48 MCC AF-HalfCycle- _ -8.31.4'11" 
0.48 MCC AF-HalfCycle- 48.95 14'4" 
34.5 OpenAir — AF-HalfCycle_ 437.68 28'8"| 


4.16 Switchgear AF-HalfCycle_ 7.07 18'7" 
3.45 Switchgear AF-HalfCycle 6.15 16'1" 
3.45 Switchgear AF-HalfCycle- 35.15 96'6" 
13.8 Switchgear _AF-HalfCycle 2.21 5'8" 


oon nuh wn 


ae 
o 
| 


13.8 Switchgear AF-HalfCycle 3.51 9'0" 


a 


Please note that a better way to send results to MS Excel is to use the Export function. 


Export 

Export Data to MS Excel from the AF Result Analyzer. With this tool you can perform your filtering of 
the results and then proceed to export the results to MS Excel by simply clicking on the Export button. 
The process is described below: 


First click on the export button. The AF Result Analyzer export function editor will come up: 
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@} Arc Flash 


Result Analyzer 


@ Output Report 
_ Uncheck All 
Ref. | Select | Reports 
© | © |AFDecay 
@ | | | AFHalCycle 
IECArcFlash 


Scenarios 


ol 


Project Report 
OO All Project in Active Directory 
@ Active Project 
Example-ANSI Sub3 Swor 
CB10 
Bus a cB11 . 
Source Protective Device Arc Flash Result Analyzer Export 
[]Load PD (Bus Side] CB22 
a v 
ru nad Terminal CB26 Export File 
CB27 
Check All ae Name |\Worst Case Result to Excel 
kv a 
A Type — Path |D:\ETAP 18\Example-ANSI\Worst Case Result Browse ... 
[_] Connected Bus Copy Sart (24 xu 
[_] Conductor Gap LL PA IneeennEnecer ; 
O Conductor Gap LG OFitter Rep Results to be cree ae cares cn ey ile Elements Options, Bealch Operation 
(_] Working Distance LL v @ Worst Case OMin election options and Filters. 
View 
Results Filter Results By 
Check All pil Help | Cancel & 
[_] FCT Not Determined S 
| Total Energy (cal/cm?) a 
(|x Factor (EEE 1584) Bhs la¥eriation sare Work Permit Data Sheet Qne-Line-Diagram 
(1 |X Factor (Arcfault) L_| FCT by Secondary PD = T= 
T — Cycles v Bi Bs 
O |Eave Exceeds Max. FCT 
EE] |AcEnemy CE tect of Main PD Isolation on FCT 
(1 | Thermal Eneray Flux see ; 
2S Se Device Duty Alerts Expott... Find | Help Close | 
Second enter the name of the MS Excel Spreadsheet that you want to create. 
Arc Flash Result Analyzer Export x | 
- | 
Export File | 


Name ‘Worst Case Result to Excel 
Path |D:\ETAP 18\Example-ANSI\Worst Case Result Browse ... | 


Results to be exported are based on Output Report, Elements Options, 
Selection options and Filters. 


<s 


Last, click on the OK button and the analyzer will take care of the rest. 


Help Cancel 
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@ Output Report 
Uncheck All 


Scenarios 


Project Report 
OOAill Project in Active Directory 
@ Active Project 


| Example ANSI 


[Bus a 
A Source Protective Device 
Load PD (Bus Side) 


71 nad Terminal bd 
Info 

Check All 
Ak A 
M Type 


Connected Bus 
Conductor Gap LL 


Copy 


M] Incident Energy 


Please wait, Arc Flash Result Analyzer is generating exported Excel file... 


Sot 


Conductor Gap LG - Filter Reports bigEneray Levels Display Options Reporting Seq. of Operation 
‘Working Distance LL v @ Worst Case OMin eige Seed) fern a 
ness Filter Flesults By Differences with Ref ae es 
Check All pain = = 
7 Ew lk |_| FCT Not Determined Skip If Same iQ 
ergy ‘cm: 
|X Factor (IEEE 1594) % la Variation FCT Unit Work Permit DataSheet Qne-Line-Diagram 
X Factor (Arcfauit) FCT by Secondary PD. Ty Test 
Exceeds Max. FCT pies. 2) 
Effect of Main PD Isolation on FCT 
(_] Device Duty Alerts Export... Find Help Close 
=| $- 2 > Worst Case Result to Excel mpatibility Mode] - Excel 7 ®- AF xX 
HOME — INSERT | PAGELAYOUT FORMULAS DATA — REVIEW ¥ VIEW DEVELOPER ~—ADD-INS Walter Gonzalez ~ 
© = laat-*‘*so y- Se a : Fa Conditional Formatting ~ Cy Inset + > + Ay iH 
Ey ~ . Bx 7 - 
Paste 2 fae . exla-l$-%°las a Format as Table a Delete cath oe 
- ¥ - a ois 00 39 [E4 Cell Styles ~ fi Formaty @ ~ filter~ Select ~ 
Clipboard & Font G Alignment G Number G Styles Editing a 
H36 , fe v 
A B Cc D E FE =| 
1 ID KV (kV) Type Output Rpt. Configuration Total Energy (cal/cm?) 
2 Bus1 ir 0.48 Switchgear AF-HalfCycle Normal if 5.67 | 
3 Bus2 [ 0.48 Switchboard AF-HalfCycle Normal 6 0.946167 | 
4 LVBus 0.48 MCC AF-HalfCycle Normal r 8.31 | 
5 MCC1 if 0.48 MCC AF-HalfCycle Normal r 48.95 | 
6 Main Bus 34.5 Open Air AF-HalfCycle Normal 437.68 
rd Sub 3 416 Switchgear AF-HalfCycle Normal 7.07 
8 Sub22 é 3.45 Switchgear AF-HalfCycle Normal i 6.15 
9 Sub23 if 3.45 Switchgear AF-HalfCycle Normal r 36.15 
10 Sub2A if 13.8 Switchgear AF-HalfCycle Normal 4 2.21 
11 Sub2B id 13.8 Switchgear AF-HalfCycle Normal é 3.51 
12 Sub3 Swar if 4.16 Switchgear AF-HalfCycle Normal i 65 
13 CB10 34.5 HV CB AF-HalfCycle Normal 437.68 | 
14 CBit r 138 HV CB AF-HalfCycle Normal [ 24 
15 CB22 if 0.48 LV CB AF-HalfCycle Normal r 50.27 
16 CB26 6 3.45 HV CB AF-HalfCycle Normal 6 36.15 
17 CB27 [ 3.45 HV CB AF-HalfCycle Normal [ 6.15 Is 
Arc Flash Report Analyzer @ 4] > 


- ——_4+——+ 115% 


Please note that you must have installed MS Excel 2003 or higher for this feature to work properly. 


ETAP 
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Find 


The program can find any of the faulted elements listed in the “ID” column. In order to do this, you can 
select a cell and click on the “Find” button as shown below: 


B®” Arc Flash Result Analyzer x 
© Output Report Scenarios ID a kV ~| Tye  v|  AFDecay | AFHalCycle +| IECAcRash + A 
Uncheck All 1 Bus1 0.48 Switchgear 5.66 5.67 
Ref. | Select | Reports 2 Bus2 0.48 Switchboard 0.946128 0.946167 
O | | |AFDecay 3 Bus23A 0.48 Switchboard 
i] | AF-HaifCycle 4 0.48 mcc 8.12 8.31 
i] | IECArcFlash 5 345 Open Air 15.87 437.68 3.76 
6 MCC1 0.48 McC 43.39 48.95 
7 Sub2A 13.8 Switchgear 2.14 2.21 
8 Sub2B 13.8 Switchgear 3.09 3.51 
Project Report 9 Sub 3 4.16 Switchgear 6.97 7.07 
O.All Project in Active Directory 10 Sub3 Swar 4.16 Switchgear 64 65 
@ Active Project 1 Sub22 3.45 Switchgear 5.59 6.15 
Example-ANSI 12 Sub23 3.45 Switchgear 35.15 
pus R 13 cet 45 HV CB 
MV] Source Protective Device 14 cB4 3.8 HV CB 
Load PD (Bus Side} 15 CB5 8 HV CB 3.09 3.51 
FU part Tonio . 16 CBs 4\c HVCB 
Check All 7 CB10 4 HVCB 15.87 437.68 3.76 
iF ky Fe 18 CB11 13. HV CB 2.33 24 Vv 
zi ed Bus Copy Sort 2 AY 
Conductor Gap LL freniont Efe 
Conductor G ap LG er Reports by Energy Levels Display Options Reporting Seq. of Operation 
Working Distance LL v 
Actual Value Standard Custom View 
lees Filter Results By Ditf ith Ref aa ai 
elec. FCT Not Determined Skip If Same le fe QJ 
Total Energy (cal/cm}} 
X Factor (IEEE 1584) % la Variation FCT Unit Work Permit Data Sheet Qne-Line-Diagram 
X Factor (Arcfault) FCT by Secondary PD | (2 | (2 | | 
Eave Exceeds Max. FCT pies a a 
= fe Enea Effect of Main PD Isolation on FCT 
< jes = Device Duty Alerts Expott... Find Help 


Select a cell and click ok on the "Find" Button 


Please note that selecting any other single cell on any row will find work similarly as selecting the cell on 
the ID column. The find function will not work if you select the entire row. Please note that the find 
function locates the element in the active one-line diagram view. 


Bus 
Select the “Bus” check box to display the bus arc fault results in the display table. 


Source Protective Device 


Select the “Source Protective Device” check box to display the arc fault results for individual source 
protective devices in the display table. 


Load Terminals 


Select Load Terminals to display the results for arc faults at load terminals. The analyzer will report the 
load terminal results for all scenarios for which you included to generate load terminal results. Please note 
that to include the load terminal results in the analyzer, you must generate the arc flash results with the 
following Options (Preferences) setting enabled: 


“Calculate Load Terminal Arc Flash = True” 
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If you set this option to False (default setting), then ETAP will not generate arc flash results for load 
terminal locations. 


Load PD (Bus Side) 


Select “Load PD(Bus Side)” to display the results for arc faults at load PD locations at the bus side 


Load PD (Load Side) 


Select “Load PD(Load Side)” to display the results for arc faults at load PD load side locations. Please 
note that to include the load terminal results in the analyzer, you must generate the arc flash results with 
the following Options (Preferences) setting enabled: 


“Calculate Load PD Load Side Arc Flash = True” 


If you set this option to False (default setting), then ETAP will not generate arc flash results for load PD 
Load Side locations. 


Info 


View general information pertaining to the devices selected. This information is typically the information 
that is reported in the input and summary pages of the study reports. The information displayed for the 
protective devices and loads may come from the connected bus of that device. Please also note that when 
multiple reports are selected, the info fields are taken from the reference report. The following image 
shows you how to select the reference report. Of course, it is highly unlikely that the input AF properties 
like the Gap and X-factor will be set differently for different scenarios. Most likely the variations occur 
on protective device settings and/or fault current levels or system configurations. This is why it is 
practical to include only the reference report input data when comparing multiple reports. You can check 
or uncheck all the information options to be displayed. 


& Arc Flash Report Analyzer 


®@ Output Report Scenarios 


O|M [7 Laxeic | 
Ref Report 


kV 


Display the voltage rating of the element. This may be the bus nominal voltage, protective device rated 
voltage or the load rated voltage. 
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Type 


Display the specific type of bus, protective device, or load (i.e. MCC, Switchgear, HVCB, Induction Mtr, 
etc). 


Connected Bus 


Display the bus ID of the bus connected to the protective device or load. 


Conductor Gap LL 


Display the bus gap of each bus or connected bus. This is the gap between conductors or buses for the 
equipment at the fault location. 


Conductor Gap LG 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault. 


Working Distance LL 


Display the working distance, which is used to calculate the incident energy, for each bus or connected 
bus. 


Working Distance LG 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault. 


Width 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault. 


Height 
N/A to JEEE-1584 methods for further details see Chapter 56- ArcFault. 


Depth 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


a 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


k 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Grounding 


Display if the bus or connected bus is grounded or not grounded. 
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Equipment Name 


Display the equipment name of the device. 


LAB to Exp. Mov. Conductor 


Display the limited approach boundary of exposed movable conductors for each bus or connected bus. 
This is the approach limit at a distance from an exposed live part that is movable within which a shock 
hazard exists. 


LAB to Fixed Part 


Display the limited approach boundary of fixed circuit parts for each bus or connected bus. This is the 
approach limit at a distance from an exposed live part that is fixed within which a shock hazard exists. 


RAB 


Display the restricted approach boundary of the bus or the connected bus. This is the approach limit at a 
distance from an exposed energized electrical conductor or circuit part within which there is an increased 
likelihood of electric shock, due to electrical arc-over combined with inadvertent movement.. 


PAB 


Display the prohibited approach boundary of the bus or the connected bus. This is the approach limit at a 
distance from an exposed live part within which work is considered the same as making contact with the 
live part. 


Allowable IE 


Display the maximum “Allowable” ATPV rating of the personal protective equipment which is used for 
tasks at this location. Typically this value should be set to Cat 2 or 4 levels. The program will generate a 
warning flag if the incident energy calculated from the arc flash study exceeds this limit. This value of 
energy is also very useful for plotting on a TCC curve. The units for this field are cal/cm’. 


Glove V-rating 


Maximum Insulated glove voltage rating per ASTM D120-14a (2014) standard. Please note that if your 
safety program requires a higher voltage rating to be used, then the user-defined voltage-rated glove 
feature can be used. 


Glove Class 
Insulated glove class per ASTM D120-14a (2014) standard. 


Location 


Equipment location field from the bus info page. 


Equipment Tag # 
Equipment tag # field from the bus info page 
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Description 


Equipment description field from the bus info page. 


Results 


This section determines which calculation values are displayed in the results windows. The results 
displayed are determined by either the output reports selected or the different analysis filters selected. 
You can check or uncheck all the result options to be displayed. 


The following are descriptions of each field which can be displayed in the results window: 


Total Incident Energy 


Display the total incident energy (cal/cm’). This value is the most important piece of information which is 
obtained from the calculation. It represents the total energy released by the fault up to the final fault 
clearing time (Final FCT). 


X Factor (IEEE 1584) 


Display the distance X Factor for each bus or connected bus. This value is a constant for each type of bus. 
Please note that the X-Factor is listed for Buses above 15kV only when the IEEE 1584 method is 
extended, for further details see Chapter 56- ArcFault. 


X Factor (ArcFault) 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Eave (kV/m) 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Arc Energy 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Thermal energy flux Energy 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


ArcFault Energy Correction Factor 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Varc (Volts) 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 
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Incident Energy 1 


Incident energy accumulated during the first stage (0 to 4 cycles) (cal/cm’). This energy represents the 
energy accumulated during the subtransient current stage. If you are running AF using the half cycle 
method, then this is the only value that will be reported. 


Incident Energy 2 


Incident energy accumulated during the second stage (4 to typically 30 cycles) (cal/cm’). This energy 
value represents the energy accumulated during the transient current stage. If the fault clearing time is less 
than 4 cycles, then this result may be zero (i.e. the arc fault did not last long enough to accumulate energy 
during this stage). If you are running AF using the 1.5 to 4 cycle method, then this is the only value that 
will be reported. 


Incident Energy 3 


Incident energy accumulated during the third stage (typically 30 to final fault clearing time) (cal/cm?). 
This energy value represents the energy accumulated during the steady-state current stage. If the fault 
clearing time is less than the steady-state current time in cycles, then this result may be zero (i.e. the arc 
fault did not last long enough to accumulate energy during this stage). 


PPE Description 


Description of the required Personal Protective Equipment required for performing energized work based 
on the determined hazard category. This PPE is determined based on the total incident energy 
accumulated during the arc fault. 


AFB 


The Arc Flash Boundary (ft-in/ m) is the distance at which the energy exposure is less than or equal to 1.2 
cal/cm? (typically the onset of a second degree burn). This boundary is always determined based on the 
total incident energy accumulated over all stages of the fault. 


Energy Levels 


Energy Levels based on either NFPA 70E or user-defined tables. The energy level is always determined 
based on the total incident energy. 


Final FCT 


The Final Fault Clearing Time (FCT) is the time at which the final source protective device operates to 
completely de-energize the arc fault. ETAP assumes that all sources must be completely de-energized 
before the arc fault can be completely extinguished. 


Ia at FCT 


Total Fault Location Arcing current magnitude (without subtraction) flowing at the stage in which the 
fault extinguished. Depending on the estimated fault clearing time, this current magnitude is the total 
current which could flow in the circuit assuming that no protective device has operated. Of course ETAP 
will reduce the current as each protective device operates if you use the incident energy subtraction 
method, but this value is always printed as the total value for reference purposes only. 


ETAP 18-298 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


Source PD ID 


This is the ID of the last source protective device to operate to de-energize the fault. For radial systems, 
this is the first device which operates which is capable of de-energizing the fault. 


%Ia Variation 


This is the arcing current variation in percent. It is only applied for systems with nominal voltage less 
than 1.0 kV. The variation is considered for faults at the bus, source protective devices or load terminals. 


FCT 1 


Duration of the first stage of incident energy collection (sec/cycles) 


FCT 2 


Duration of the second stage of incident energy collection (sec/cycles) 


FCT 3 


Duration of the third stage of incident energy collection (sec/cycles) 


Exceeds Max FCT 


This is a warning flag which indicates if the final fault clearing time exceeds the maximum allowed value 
which was entered by the user in the Arc Flash page of the short-circuit study case editor. 


Not All PDs have FCT 


This check box will be used in a future release of ETAP. Currently, this option is not handled. 


Total Ibf at FCT 


Total bolted current at the stage in which the arc fault is expected to clear (kA) 


Total Ibf” 


Total bolted fault subtransient current for a fault at the bus/source pd/load terminal (kA) 


Total Ibf’ 


Total transient bolted fault short-circuit current for a fault at the bus/source pd/load terminal (kA) 


Total Ibf 


Total steady-state bolted fault short-circuit current for a fault at the bus/source pd/load terminal (kA) 


Total Ia” 


Total subtransient arcing fault current for a fault at the bus/source pd/load terminal (kA) 
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Total Ia’ 


Total transient arcing fault current for a fault at the bus/source pd/load terminal (kA) 


Total Ia 


Total steady-state arcing fault current for a fault at the bus/source pd/load terminal (kA) 


Source PD Ibf at FCT 


Bolted short-circuit current which would flow through the last operating source protective device at the 
time it de-energizes the fault (kA) 


Source PD Ibf” 


Subtransient short-circuit current which would flow through the source protective device for a bolted fault 


Source PD Ibf’ 


Transient short-circuit current which would flow through the source protective device for a bolted fault 


Source PD Ibf 


Steady-state short-circuit current which would flow through the source protective device for a bolted fault 


Souce PD Ia at FCT 


Arcing current which flows through the last operating source protective device at the time it de-energizes 
the fault (kA) 


Source PD Ia” 


Subtransient arcing current which flows through the source protective device (kA) 


Source PD Ia’ 


Transient arcing current which flows through the source protective device (kA) 


Source PD Ia 


Steady-state arcing current which flows through the source protective device (kA) 


Source Trip Relay ID 


ID or name of the relay which operates the protective device which clears the arc fault 


Source Trip Relay Type 


Type of relay that trips the source protective device (i.e. overcurrent, differential, etc) 
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Trip Time 


Time it takes the relay to operate (sec/cycles) 


Open Time 


Rated opening time of the source protective device breaker/contact 


PD Ibf at FCT 


Bolted fault current which would flow through the protective device during the expected fault clearing 
time stage (kA) 


PD Ibf” 


Bolted fault Subtransient current contribution used to determine the equivalent arcing current which 
would flow/come from this element (kA) 


PD Ibf’ 


Bolted fault Transient current contribution used to determine the equivalent arcing current which would 
flow/come from this element (kA) 


PD Ibf 


Bolted fault steady-state current contribution used to determine the equivalent arcing current which would 
flow/come from this element (kA) 


PD Ia at FCT 


Arcing current contribution passing through the protective device during the stage at which the arc fault is 
expected to clear (kA). 


PD Ia” 


Subtransient arcing current contribution which flows from this element towards a fault at the bus (kA) 


PD Ia’ 


Transient arcing current contribution which flows from this element towards a fault at the bus (kA) 


PD Ia 


Steady-state arcing current contribution which flows from this element towards a fault at the bus (kA) 


Total PD FCT 


Total opening time of the protective device for the arc fault (sec/cycles) 


ETAP 18-301 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


PD FCT 1 


Time duration of stage one of the arc fault (sec/cycles) 


PD FCT 2 


Time duration of stage two of the arc fault (sec/cycles) 


PD FCT 3 


Time duration of stage three of the arc fault (sec/cycles) 


Define Energy for LV Equipment 


Warning flag which indicates that the program assigned a default NFPA 70E risk category for this low 
voltage location. 


CLF Method 


This field displays the method used to determine the current limiting operation time of a fuse. The 
following table describes the values of this flag: 
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aa Value of “CLF 
Condition Method” Flag Comments 
No CLF method is 0 If the ‘Current Limiting Fuse Operation’ check box is 
used. unchecked or if the regular TCC method is used. 
Let-Through Curve If the Peak Let-Through curves Method has been used 
Method has been 1 to determine the FCT. 
used. 
TCC curve is used. 9 If the “bottom of the TCC curve method has been 
used to determine the FCT. 
TEEE 1584 If the “IEEE 1584 Equations” were used to determine 
Equations are used. 3 the incident energy. 


Calc. Method limits 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 


Effect of Main PD Isolation 
This field or flag can be used to determine the effect of the Main PD Isolation on the FCT. 


Device Duty Alert 


This field indicates the locations with possible short-circuit over duty conditions. 


Correction Factor 


This field indicates the incident energy correction factor for low voltage calculations. 


Tie-PD Bus Types 


This field indicates whether or not the bus types across a tie-pd are identical or different. 


Energy Correction Factor 


This field indicates the incident energy correction factor. 


Arc Current Correction Factor 


This field indicates the user defined or default arc current correction factor. 


Method 


This field indicates the calculation method selected for the Arc Flash analysis. 


Standard Deviation Multiplier 
N/A to IEEE-1584 methods for further details see Chapter 56- ArcFault 
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Fault Type 
This field indicates the fault type selected used for the Arc Flash analysis (3-Phase, LG, or LL) 


Filter Results By 


This section allows you to filter results based on special conditions which the program determined during 
the calculation. 


Incident Energy 


Filter the results based on incident energy values. Only available if multiple reports are being compared. 


Worst Case 


Show only the results of the scenario which produced the worst-case incident energy exposure for each 
location. 


Min 
Show only the results of the scenario which produced the minimum incident energy exposure for each 
location. 


The following logic applies to the incident energy filter: 


1) Ifthe check box “Incident Energy” is selected, then the Max and Min Radio toggle field should 
be enabled. The default position of the Incident Energy check box should be as unchecked. 
Selecting this box should enable the Max/Min filters. 


2) The default position of the filter is set to Max. This means that the filter will find the highest 
incident energy values for every bus, protective device and or load terminal amongst all the 
different output reports (scenarios). 


3) The Min Incident Energy Filter is designed to do exactly the opposite of the Max filter. It is 
looking for the minimum incident energy value (not including “O”) amongst all the selected 
output reports for every faulted element. 


4) When the Incident Energy Filter Max or Min filters are enabled, the name of the configuration 
and the output report ID are always displayed. This hleps to identify which configuration or 
scenario produces the worst or minimum incident energy values. 


5) By DEFAULT the following fields should be checked and displayed when the Incident Energy 
Max/Min filter is enabled: 


a. Total Incident Energy 
b. Energy Levels 

c. AFB 

d. Output Report 
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e. Configuration 

f. Total FCT 

g. Source PD ID (even though the image above does not show it as selected) 
h. % Ia Variation 


6) Ifthe Incident Energy Filter is selected, the “Ref.” toggle radio box on the Output Report window 
is hidden. However, if you choose to show information from the “Info” window, it will come 
from the reference report. 


FCT Not Determined 


Indicate which arc fault locations are potential hazards because the protective device did not operate. This 
applies to arc faults at the bus, source protective devices or load terminals. 


The following logic applies to the FCT Not Determined filter: 


1) Ifthe “FCT Not Determined” filter is enabled and the “Bus” result selection check box is 
selected, then the program only shows the bus elements for which the program failed to find a 
fault clearing time (FCT). 


2) Ifthe “FCT Not Determined” filter is enabled and the “Protective Device” and/or “Load 
Terminals” result selection check boxes are selected, then the program only shows the results 
for the PDs and load terminals for which the program failed to find a fault clearing time. 


%Ia Variation 


Indicate which locations were determined to yield higher incident energy results because of potential 
arcing current variation (LV only). 


The following logic applies to the %la Variation filter: 


1) This filter is designed to detect problems caused by the posible variation of the arcing current 
magnitude for an arc fault at the buses. If the program determines that reduced current may cause 
worse (or a lot higher) incident energy results, it generates a flag and lists this bus in the results 
window. The variation is only applied to low voltage buses. 


2) The filter will also check for arcing current variation problems for an arc fault at the source 
protective devices or load terminals. Each one of these locations is treated separately. This means 
that the program may indicate that the arcing current variation causes problems for a fault at the 
main source protective device, but not for a fault at the bus or load terminals below. Each location 
is treated separately. 


3) The program indicates that the variation flag or warning has been raised by printing the %la 
variation in the column called % Ia Variation. Typically the value will be 15% which means 85% 
of the original current was used to determine the incident energy (as recommended by IEEE 1584 
guidelines). 


FCT by Secondary PD 


Indicate which locations have potential coordination problems under arc fault conditions (i.e. first 
upstream protective device does not trip the first). 
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The following logic applies to the FCT by Secondary PD filter: 


1) This filter applies for a fault at the bus, source PD, and load terminal. 


Exceeds Max. FCT 


The arc flash analysis “Exceeds Max. FCT” filter is designed to easily filter out any bus, protective 
device or load terminal fault which has a Fault Clearing Time higher than the maximum allowed. 
Typically the maximum value is set by default to 2.0 seconds or 120 cycles. 


The following logic applies to the Exceeds Max. FCT filter: 


1) The filter detects this condition for faults at the bus, source PDs and load terminals. In other 
words the program generates a warning flag for each location with a clearing time greater than the 
maximum. 


2) The program displays the message “> Max. FCT” in the Exceeds Max FCT column of the result 
window whenever this condition is present. 


3) The maximum FCT feature must be enabled in the AF page of the short-circuit study case editor 
for the flag and the filter to work. 
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Effect of Main PD Isolation on FCT 


This filter can be used to filter results according to the effect of the Main PD Isolation feature. All results 
which are affected by this feature can be filtered automatically. The following table shows the flag values 
and the conditions which are used by the program to set the flags. 


AFRA Flag Conditions for setting the Main PD Isolation Flags 
This flag is set to blank for a bus, load PD or load terminal (directly 
connected load) arc flash result for the following conditions: 

e The Main PD Isolation feature is not enabled (study case) 

e The load has equipment cable 
This flag is set for a bus, load PD or load terminal (directly 
“Main PD is connected load) arc flash result for the following conditions: 
Isolated” e The Main PD Isolation feature is enabled (study case) 

e The device Main Source PD is not Isolated 
This flag is set for a bus, load PD or load terminal (directly 
connected load) arc flash result for the following conditions: 
“Main PD is not e The Main PD Isolation feature is enabled (study case) 

Isolated” e The device Main Source PD is not Isolated 

e The Isolation of the main PD does not affect the 

determination of the final FCT. 

This flag is set for a bus, load PD or load terminal (directly 
connected load) arc flash result for the following conditions: 


“Blank” 


“Main PD Isolation e The Main PD Isolation feature is enabled (study case) 
affects FCT” e The device Main Source PD is not Isolated 
e The Isolation of the main PD affects the determination of the 
final FCT. 
Device Duty Alerts 


This filter can be used to filter results with Device Duty alerts. The analyzer will display the device duty 
alert with a brief comment about the type of alert being reported. 


Filter Reports by Incident Energy Levels (Hazard Category) 


The incident energy filter allows the user to filter out and color the incident energy results according to 
the level ranges defined in NFPA 70E 2000, 2004 and 2009 guidelines. This filter obtains its current level 
definitions from the Project\Settings\Incident Energy Levels editor definitions as shown below: 


Incident Energy Level Drop List 


This drop list allows the user to select which group of category definitions to use and show in the filter 
selection window below. The Image below shows the Incident Energy Levels drop list. The default 
selection of this drop list is the new NFPA 70E 2009 categories. 


Show Colors Check Box 


The show colors check box enables the coloring of the results according to the selected filter colors from 
the category filter selection window. If this checkbox is not selected, then the coloring is not enabled. 
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Filter Reports by Energy Levels 
NFPA 7O0E 2012 to 2018 /UD v 
cal/cné 


Level A |2 
Level B 4 
Level C |8 
Level D | 25 
Level E | 40 
Level F | 100 


Show Colors 


NFPA 70E 2000 


Show only the results for the scenarios which were categorized using NFPA 70E 2000 risk levels. 


NFPA 70E 2004 


Show only the results for the scenarios which were categorized using NFPA 70E 2004 risk levels. 


NFPA 70E 2009 


Show only the results for the scenarios which were categorized using NFPA 70E 2009 risk levels. 


NFPA 70E 2012 to 2018/ User-Defined 


Show only the results for the scenarios which were categorized using user-defined risk levels. 


Level A 


Show the incident energy results for locations with energy level “A” 


Level B 


Show the incident energy results for locations with energy level “B” 


Level C 


Show the incident energy results for locations with energy level “C” 


Level D 


Show the incident energy results for locations with energy level “D” 


Level E 


Show the incident energy results for locations with energy level “E” 
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Level F 


Show the incident energy results for locations with energy level “F” 


Level G 


Show the incident energy results for locations with energy level “G” 


>Level G 


Show the incident energy results for locations with energy level higher > G. 


Not Det. 


Show the incident energy results for locations for which a hazard/risk assessment could not be 
determined. 


Show Colors 


Display the colors for each category in the results window of the analyzer. 


Filter Reports by Energy Levels 
NFPA 70E 2009 v 
cal/cré 


Level 0 
Level 1 
Level 2 
Level 3 
Level 4 
> Level 4 | > 40 


Show Colors 


Energy Levels Filter Selection Window 


This window displays the category ID, the Category Max limit (cal/cm’) and the color selection buttons 
for each category. To enable the colors, click in the color box to open the color selection editor as shown 
in the image below: 
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Basic colors: 

Zi Gel See 
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Define Custom Colors >> 


V1) Incident Energy 

| FCT Not Determined 

| % 1a Variation FCT 
OJFCT by Secondary PD [c, 
—) Exceeds Max. FCT 

| Effect of Main PD Isolation on FCT || Show Colors | Expc 
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The default colors for the each of the categories are displayed in the following table: 


Default Category ID (cal/cm?) Color 
NFPA 70E 2009 
¥] Level 0 1.2 
[¥] Level 1 4 
i] Level 2 8 
[¥] Level 3 25 
iv] Level 4 40 
i] > Level 4 > 40 
¥] Not Det. N/A 
NFPA 70E 2004 
[¥] Level 0 2 
[¥] Level 1 4 
v] Level 2 8 
[¥] Level 3 25 
[¥] Level 4 40 
[¥] > Level 4 > 40 
¥] Not Det. N/A 
NFPA 70E 2000 
[¥] Level 0 1.2 
i] Level 1 5 
i] Level 2 8 
[¥] Level 3 25 
¥] Level 4 40 
¥] > Level 4 > 40 
iv] Not Det. N/A 
User-Defined 
Values 
[¥] Level A 1.2 
iv] Level B 5 
iv] Level C 8 
iv] Level D 25 
[¥] Level E 40 
[¥] Level F 100 
¥] Level G 120 
a) Level H 0 (disabled) No Color 
had Level I 0 (disabled) No Color 
OC Level J 0 (disabled) No Color 
i] > Last Enabled lvl 
M | Not Det. N/A [Red 


The following specific logic applies to the incident energy filter: 


1) The results window filters out any result which does not match with the levels selected in the 
incident energy level drop list. This means that if you ran some studies with the NFPA 70E 2000 
and and some other studies with the NFPA 70E 2004 energy levels, but the drop list selection is 
NFPA 70E 2009, then the program only displays the reports which were generated using the 
NFPA 70E 2009 selection in the Paramters Page of the Arc Flash study case editor. 
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2) The “Not Det” option of the filter shows all the results for which the incident energy level could 
not be determined. One common cause of this condition is when the program fails to determine 
the fault clearing time (i.e. “FCT not determined” condition). This means that enabling the results 
of the FCT not determined filter will most likely produce similar results to those of this filter 
option. 


Display Options 


This section will be enabled in a future release of the program. 


Actual Value 


Actual operating values of the incident energy results 


Differences with Ref 


Show the result difference between two scenarios 


Skip if Same 


Do not show results if they are the same in multiple scenarios. 


FCT Unit 


This section determines the measurement unit used to display the fault clearing time. Choose between 
cycles, seconds, or milliseconds. 


Cycles 


Display the fault clearing times in cycles. 


Seconds 
Display the fault clearing times in seconds. 


Milliseconds 


Display the fault clearing times in millisecond 
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18.12.2 AF Result Analyzer Reporting Tools 


Standard Label 


The label button is a very powerful tool which allows you to make selections for printing labels. 


Before ETAP 7.0, you had to go to navigate through each output report and print each label depending on 
which report had the highest incident energy. With the Arc Flash Result Analyzer, this task has been 
tremendously simplified. 


Now you can select to print individual labels from amongst dozens of different reports. The most 
common case for printing labels is described below: 


1) Select the Filter Results By Maximum Incident Energy Filter 

2) Select the locations for which you want to print labels 

3) Click on the Label button to open the Arc Flash Label Manager. 

4) Select the language and template to user for printing. There are hundreds of predefined templates 
available and several languages to choose from depending on your location. 

5) Click OK to generate the label. 

6) Send the print job to your label printer (Brady or DuraLabel) or color laser jet printer. 
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13.8 AF-HalfCycle Normal 2.2 : . | 
VY Arc Flash Labels _%s jis. | 
4 sé | [ 
: Label-Portuguese Label-Spanish 1 
Project Report 3 Label-English Label-French [ 
© All Project in Active Directory 4 | 
= vierBee oes 1 a|  @ Viewer a1 | 
© Active Project 4 3.5X7 Danger1-PD a PDF ia1 | L 
Example-ANSI 3.5X7 Danger2-Bus — |i ' 
g 3.5X7 Danger2-PD ) MS Word | 
V7] Bus 4 3.5X7 Waming 1-Bus Z 36 | | 
a 3 3.5X7 Waming1-PD ®) Rich Text Format [ 
| Protective Device 1 Sie olay ) MS Excel [ 
“| Load Terminals i ) Brady Bus : Set As Defaut bs | 
Info 4 2X2 Brary-PN ad | 
a d I 
= a ft 1.7 
{Connected Bus A 7 | , I 
{-)Bus Gap 
(-)X Factor Copy | 83 Sort |A) 2 
{Grounding iv By) Reporting 
Filter Results By Standard Custom 
SELB Label Label 


(@ Max 
7] Incident E : Hel L_o«_| is 
Total Energy (cal/on?) a bees tills Die © Min :. 


iv 

(FD Energy 1 [eal/en?] I es 
(CD Energy 2 (cal/en?] FCT Not Determined : 

(CD Energy 3 (cal/en?) sv la Varetion Cat ‘ = FCT Unit Work Permit Data Sheet 
(J) PPE Description M Cat2 LS 

[v] FPB FCT by Secondary PD a a : 
w Hezord Category | Exceeds Max. FCT [vl Cat 4 

[¥) Final FCT 

(1 la at FCT (kA) bd Effect of Main PD Isolation on FCT ¥) Show Colors | Export... | Find | | Help | Close 
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P : 
 ETAP Report - Lab538E / 3.5X7 Dangerl-Bus [eiel = | 
File View Help 
co a | 1 /1+ & Sm ~|Q@ a ER las 


ADANGER 


Arc Flash and Shock Hazard 


ADANGER 


Arc Flash and Shock Hazard 


ADANGER 


Arc Flash and Shock Hazard 


Flash Protection Boundary 31.4 ft 
Incident Energy (caV/cem*) 130.6 
Working Distance 36 in 


Flash Protection Boundary 
Incident Energy (cal/cm*) 
Working Distance 


17 ft 
15 
18 in 


Flash Protection Boundary 
Incident Energy (cal/em*) 
Working Distance 


18.6 ft 
aoa 
36 in 


Exceeds M ax. PPE Arc Rating Required PPE Level Required PPE Level 2 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


34500 V 
10.0 ft 
2.6 ft 
0.8 ft 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


Shock Hazard Voltage 
Limited Approach 
Restricted Approach 
Prohibited Approach 


4160 V 
5.0 ft 
2.2 ft 


0.6 ft 


Equipment Main Bus Equipment MCC1 Equipment Sub 3 


The following logic applies for printing labels from the Arc Flash Result Analyzer: 


1) If the maximum incident energy filter is not enabled and you are displaying results from multiple 
results, then the selection for printing the labels should be done either selecting a column or only 
individual cells from each column. Selecting more than one result for each element caused the 
“Label” button to be disabled. Please see the image below: 


r — 
Tic tana —_ i = 
@ Output Report Scenarios AFDecay | AFHalfCycle | 1EC-1-Phase 
i Reports 57 57 57 a 
© AF Decay ag 09 ag 
fe) AF-HalfCycle 
oro ANSI-Duty a1 83 a3 = 
eyacl TEC-1Phase 130.6 109.4 103.4 
oro Lababic 15 15 15 UI 
+—2—____ 
32 +—5—_|__ | Invalid selection of multiple 
7 a a AF results for the same 
Project Report 56 ; 2] element causes the Label 
© All Project in Active Directory button to be disabled. 
© Active Project 
I Example-ANSI 1306 103.4 103.4 
Fue 64 65 65 
¥| Protective Device 32 35 35 
Load Terminals 32 35 3.5 
ine 15 15 15 
a g 7 7A 7A 
a ce ee ns EB) . =o 103.4 109.4 _ 
[Ex Factor Copy | B3 Sort 
Grounding wy 24 A Display Options Reporting 
are Filter Results By Filter Reports By Hazard Category @ Actual Value Standard Custom 
| baie 5 Label Label 
| © Total Energy (cal/ene) rR Incident Energy Differences with Ref. 
© Energy 1 (cal/ent) (a ; Skip If Same 
O Energy 2 (cal/on?) FCT Not Determined ‘Work Parma Data Sheet 
O Energy 3 (cal/en#] % la Vatiation FCT Unit ‘ork Per ata Sher 
© PPE Description = 
O FFB FCT by Secondary PD Cucles x Se 
S gaa Exceeds Max. FCT 
inal 
© la at FCT {kal x Effect of Main PD Isolation on FCT [ Close | 
= 
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( = 
FA Fas Report rae ——._ == 
(© Output Report Scenarios X Factor AF-Decay AFHaliCycle | ANSI-Duty ArcFlash 
Ref.| Select Reports 1.473 57 7 57 a 
Ole AF-Decay 1.473 03 0. I a3 J E 
Olu AF HaliCycle 1.473 Selecting | 
Olm ANSI-Duty 1.641 ’ 81 83 only one 
rv] 130.6 130.6 70 ; y 
oO| v ArcFlash 
olmw TEC-1-Phase 1.641 15 15 15 15 AF 
= 0.973 21 21 21 - 
r its 
0.973 35 EF 2 35 bial 
0.973 7A 7 per 
a 0.973 64 5 6.4 m 65 element 
a ort 
Ae uee Dg 5S Be = enables 
(© All Project in Active Directory 0.973 the label 
@ Active Project 0.973 b aa : 
utton for 
I Example-ANSI 130.6 109.4 130.6 130.6 103, intin 
7] Bue 0.973 64 65 64 64 65 pruning. 
0.973 
¥) Protective Device 0.973 3.2 35 32 32 35 
Load Terminals 0.973 32 35 32 32 35 
irs 1.641 15 15 15 15 15 
0.973 
= sh 0.973 7 7 7 7 7A 
ey iype 130.6 103.4 130.6 130.6 1034 | - 
Connected Bus [ = ; 
Bus Gap 
[| Grounding ind Display Options 
Pare | Filter Reports By Hazard Category @ Actual Value 
©® Total Energy (cal/con?) ~ NFPA 70E 2009 oa Differences with Ref 
© Energy 1 (cal/en?) Go = maven | Skip If Same 
© Energy 2 (cal/on?) FCT Not Determined " 
Cato 12 a i 
. led 3 (cal/en?) lla Vaiiation a a i eal FCT Unit Work Permit Data Sheet 
escription ET 
© Fre FCT by Secondary PD 2 See - 
. Hazard Coleco (J Exceeds Max. FCT V1 Cat 4n i 
{© la at FCT [kA] +} [Effect of Main PD Isolation on FCT (7 Show Colors 


2) If the Maximum Incident Energy Filter is enabled, then you can select the labels to be printed in 
almost any way you want. As long as a single cell or multiple cells are selected for any element 
(row), causes the program to generate a label. 


(tc fon ep eae —_— a int 


@ Output Report Scenarios ID kV % Factor Output Rpt. Configuration Total Energy Source PD ID % la Variation 
Ref.| Select) Reports = 
= AF Decay Bus2 0.48 1.473 AF-HalfCycle Normal ag cB31 a 
oI AF HalCycle LyBus 0.48 1.641 AF-HalfCycle a3 cB40 
" ANSI-Duty Main Bus 34.5 ANSI-Duty 
ro] ‘ArcFlash MCC1 0.48 1.641 AF-HallCycle 
= iEC-1-Phase Sub24 138 0.973 AF-HalfCycle 
Sub2B 13.8 0.973 AF-HalfCycle 
b 4.16 0.973 AF-HalfCycle 
Sub3 Swar 416 0.973 AF-HalfCycle Normal [| 
= Sub22 3.45 0.973 AF-HalfCycle Normal {| 
Project Report CB2 34.5 ANSI-Duty a 
© All Project in Active Directory CB3 4.16 O973 AF-HalfCycle | ey 
‘ A CB5 13.8 0.973 AF-HalfCycle 
Active Pi t | 
sedi CBE 138 0.973 AF HalfCycle Normal [ 
| Example-ANS| 7 0.48 1.641 AF HalfCycle Normal L 
ae cBg 4.16 0.973 AF-HalfCycle Normal . 
a B10 45 ANS|-Duty Normal 130.6 cB4 
| ‘Y) Protective Device CB11 13.8 O973 AF-HalfCycle Normal 24 CB2 
HF lLoad Terminale E12 138 0.973 AF-HaltCycle 22 cBi1 
Info teTs 416 0973 AF-HalfCycle 65 CBs 
WW CB15 0.48 1.641 AF-HalfCycle 15 Fuse3 | 
id T CB16 0.48 1.641 AF-HalfCycle | | 
Psciod Bis cei 0.48 1.641 AF HalfCycle Normal 15 Fuse3 % 
mm » 
("Bus Gap 
v 
Grounding is Display Options Reporting 
R Filter Results By | Filter Reports By Hazard Category @ Actual Value Standard Custom 
PAD 9) Max Label Label 
¥) Total Energy (cal/cne) 2] [J Incident Eneray =i NFPA 70E 2003 a4 Differences with Ref 
-! © Min c j= f= 
(] Energy 1 (calor?) : cal/on? Skip If Same [=] [=] 
Energy 2 [cal/en?] FCT Not Determined 5] , 
Cato 12 5 ; Work Permit Data Sheet 
C) Energy 3 (cal/en#] % la Variation Mv] Catt 4 pay FCT Unit 
PPE Description Cat2 8 — 
FPB FCT by Secondary PD 7 ce 3 5 [= 
a al 
— nasa ad Exceeds Max. FCT v1 fata 4, = 
la at FCT (kA) bd Effect of Main PD Isolation on FCT Show Colors 


A label will be generated for each row which has at least one cell selected as shown here. In this case, since 13 rows have 


at least one selected cell, it will cause the program to generate 13 labels. 
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3) Pressing the Esc key on the keyboard allows you to deselect the cells. Pressing the Ctrl key on the 
keyboard allows you to select individual cells, rows or columns. 


4) Simply selecting the entire ID column will force the program to generate labels for all elements 
displayed in the results window. 


18.12.3 Custom Labels 


Labels are the end result of Arc Flash Studies. Many labels need to be customized according to different 
regulations or preferences (i.e. CSAZ462, NFPA 70E, NEC, ANSI Z535, etc). Unfortunately, NFPA 70E 
has not standardized on any label template and thus there may be different interpretations of the same 
content. 


To enable this button, valid fields must be selected. The logic to select valid fields is the same as printing 
standard labels. See above under Standard Label for logic on how to select valid fields. 


Click Custom Label to open the Custom Label template interface. 


Custom Label Database 


During the process of opening an Arc Flash Custom Template, ETAP creates an Excel Database 
Spreadsheet. The database contains fields needed to create a label. See below for details on all fields 
exported to this database. 
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Reporting 
Standard Custom 
Label Label 


Work, Pérmit 


Data Sheet 


Arc Flash Result Analyzer 


fv Open 


[ 3 


Or ) [i >» Computer » Local Disk (C:) » ETAP 11 /> Formatsl1100 » AF Custom Label Templates > 


oa | +4 | Search AF Custom Label Temp... 


Organize ¥ New folder Ee»  @ 
G Microsoft Office Word Name y Date modified Type Size a 
)) Templates ) BACKUP 8/2/2011 10:24 AM File folder 
a DC Labels 8/2/2011 10:24 AM File folder 
Favorites &) 4x6 Blank Heater 10/21/2009 10:26... Microsoft Office... 24 KB 
HD Desktop &) 4x6 Blank Header_NoHRC 10/21/2009 3:03 PM = Microsoft Office... 47 KB 
|B Downloads @) 4x6 Blank Header_Q3CanadianNoHRC 10/21/2009 3:03 PM Microsoft Office ... 21 KB 
) Recent Places &) 4x6 Blank Header_Q4CanadianNoHRC 10/21/2009 3:53 PM = Microsoft Office... 25 KB 
i) 4x6 Blank Header_Z462Q3Canadian 10/21/2009 10:40... Microsoft Office... 20 KB 
Libraries &) 4x6 Blank Header_Z462Q4Canadian 10/21/2009 4:32PM = Microsoft Office... 25 KB 
i] Documents &) 4x6 Danger Header 10/21/2009 4:32PM _ Microsoft Office... 46 KB 
P) Music 4) 4x6 Danger Header. NoHRC 10/21/2009 12:01... Microsoft Office ... 68 KB = 
(ee) Pictures &) 4x6 Danger Header_Q3CanadianNoHRC 10/21/2009 4:00 PM = Microsoft Office... 42 KB 
B Videos 9) 4x6 Danger Header_Q4CanadianNoHRC 10/21/2009 3:59 PM _ = Microsoft Office... 47 KB 
fa) 4x6 Danger Header_Z462Q3Canadian 10/21/2009 4:00 PM Microsoft Office... 42 KB 
)™ Computer &) 4x6 Danger Header_Z462Q4Canadian 10/21/2009 3:59PM = Microsoft Office... 46 KB 
&y Local Disk (C:) 64) 4x6 Warning Header 10/21/2009 11:48... Microsoft Office .. 66 KB 
a Local Disk (D:) &) 4x6 Warning Header_NoHRC 10/21/2009 4:30 PM = Microsoft Office... 88 KB 
&) 4x6 Warning Header_Q3CanadianNoHRC 10/21/2009 5:00 PM _ ~—— Microsoft Office... 62 KB 
Ge Network &) 4x6 Warning Header_Q4CanadianNoHRC 10/21/2009 5:00 PM = Microsoft Office... 67 KB 
&) 4x6 Warning Header_Z462Q3Canadian 10/21/2009 4:32 PM = Microsoft Office... 62 KB 
fa) 4x6 Warning Header_Z462Q4Canadian 10/21/2009 4:32PM Microsoft Office ... 67 KB 
&) 4x6 Warning Text Header_SP 10/21/2009 8:54 AM Microsoft Office... 54 KB Ss 
File name: 4x6 Danger Header bd {aut Word Documents >| 
Tools ¥ | Open |r| | Cancel 
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A message will appear that the Custom Label database is generating in the Arc Flash Result Analyzer. 


Note: This feature might take several minutes to generate depending on the amount of fields selected. 
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a 
® > Arc Flash Report Analyzer 


© Output Report Scenarios 
Ref.|Select Reports 

iv) AF-Decay 

ica] AF HalCycle 

ra} ANSI-Duty 

[v] IEC-1-Phase 
Project Report 


© All Project in Active Directory 
@ Active Project 
Example-ANSI 


Bus 


iv 
|] Protective Device 


|") Load Terminals 

Info 

as - 
Type = 
Connected Bus a 
("Bus Gap 

[-]x Factor 

{| Grounding ha 


Results 


Copy 


Filter Results By 


¥] Total Energy (cal/cr?) a] |/4 
Energy 1 (cal/en?) r 


Energy 2 (cal/cr?] 


CJ Energy 3 (cal/er?) 


PPE Description 


FPE 


Hazard Category 


KSIKSIKS 


Final FCT 


1a at FCT {kA} a 


2 


@ Max 
Incident Eneray - 

> Min 
FCT Not Determined 
% la Variation 
FCT by Secondary PD 
Exceeds Max. FCT 


Effect of Main PD Isolation on FCT 


Please wait, Arc Flash Report Analyzer is generating a Custom Label database... 


{v] Filter Reports By Hazard Category 


NFPA 70E 2009 ne 


cal/on® 
lv] Cato 12 
M Catt 4 
Y cat2 8 
Y Cat3 25 
Cat4 4 
{Y) Show Colors 


Display Options 
@ Actual Value 
Differences with Ret. 


Skip It Same 


FCT Unit 


Reporting 
Standard Custom 
Label Label 
Se 
Work Permit Data Sheet 


[ Expo... | | Find 


[tee] [vee] 


The Custom Arc Flash Label templates and the Custom Label Database are saved in the ETAP folder. (By 
default, ETAP 7.5.0 is installed in the C Drive.) 


C:\ETAP 750\Formats750\AF Custom Label Templates 


The user may also save the Custom Label Database in a user defined location and may access it as shown 


in the image below: 


@) Arc Flash Result Analyzer 


© Output Report Scenatios 
Check All 

Ref. | Select | Reports 
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Te P 
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Copy ES Sort 
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© Actual Value Standard Custom 
i Labs Label 
Filter Results By Ditter ith Ret. ae ae 
E 
[J FCT Not Determined Skiplf' Same Ss 
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ee o i 
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Under this location, there is a folder called BACKUP. Inside the BACKUP folder, there are duplicates of 
the templates in case a user wants to revert back to the original label template. 


C:\ETAP 750\Formats750\AF Custom Label Templates\BACKUP 


In order to open a new template and use the same Custom Label Database generated previously, navigate 
to the location listed above using Windows Explorer. To see previews of the label templates, see below 
under Custom Arc Flash Label Templates. 


Once the label database is created from ETAP, the database and the label templates can be stored in any 
location. As long as the label template is linked to the database, the template will import all the 
information from that label database. From there, ETAP is not needed to create new label templates. 


Exported Fields in Custom Database 


Below is the list of results generated to the Arc Flash Custom Database in chronological order. The 
description of each field is located in the Info section under the Arc Flash Result Analyzer. 


Note: Units for each field are updated based on the selection of the Project/Settings/Standards section in 
ETAP. 
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ore ree ee 
fDeviceID—s——s 
| Arc Flash Protection Boundary(f) = [20 
| Arc Flash Protection Boundary(in) [3 


Final FCT (cycles) 
Working Distance (in) 


[Hazard Category Level 8 
JHazard Category IDS 
Source PD ID 
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on 
Total Ia" (kA) 39 
% Ta Variation 4 
: 
Energy 2 (cal/cm2) 42 
4 
44 
4 
4 
4 
4 
49 
5 
52 
5 
54 
5 
5 
5 
5 
5 
6 
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6 
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PD Ia at FCT (kA) 
Ippmf(kA) OH 
Total Ia at FCT (kA) 
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soecinermiee: aa the Fields in chronological order 
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[cGaptG 
FWDistanceLG LH 
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Custom Arc Flash Label Templates 
Below are previews of some of the Arc Flash Label Templates that are provided. 


Note: The templates seen below are duplicated for different types of headers. There are blank headers, 
danger headers and warning headers provided in the AF Custom Label Templates folder. 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 5.7 ft Hazard Category 
Incident Energy 5.7 cal/em? 2 
Working Distance 24 in 


Min. PPE Requirements 


Shock Hazard Exposure 480 VAC FR long-sleeve shirt (minimum arc rating 
Insulating Glove Class 00 of 8), worn over untreated cotton T-shirt 
Shock Hazard when covers removed with FR pants (minimum arc rating of 8) 

or FR coveralls (minimum arc rating of 8) 
Limited Approach Boundary 10.0 ft 


Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment Bus1 Date: 10-26-2009 


4x6 Warning Header 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Protection Shock Protection 
Min. PPE ATPV/Esr Rating 6.84 cal/cm? Limited Approach Boundary _10.0ft 


Incident Energy 5.7 cal/em?@  24in Restricted Approach Boundary 1.0ft 
Working Distance Prohibited Approach Boundary 0.1 ft 


Arc Flash Hazard Boundary 5.7 ft 

Arc Flash Analysis Date — 10-26-2009 Shock Hazard Exposure 480 VAC 
Analysis Expiration Date 10-15-2014 Insulating Glove Class 00 
Equipment Bus1 


Incident Energy was calculated based on equipment operated and maintained as per MFR 
instructions. Changes in equipment settings or system configuration will invalidate the calculated 
values and PPE requirements which may result in hazardous condition. 


4x6 Warning Header NoOHRC 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


5.7 cal/cm? Flash Hazard at 24 in 
or 
Minimum PPE ATPV/Egr Rating of 6.84 cal/cm? 


Equipment ID: Bus1 


Arc Flash Analysis Performed on 10-26-2009 


4x6 Warning Header_Q3CanadianNoHRC 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


ARC FLASH PROTECTION SHOCK PROTECTION 

Min. PPE ATPV/Esr Rating 6.84 cal/cem* Shock Hazard when covers 

Incident Energy 5.7cal/cem?@ 24in removed 480 VAC 
Working Distance Limited Approach 10.0 ft 

Arc Flash Hazard Boundary 5.7 ft Restricted Approach 1.0 ft 

Prohibited Approach 0.1 ft 
Refer to CSA Z462 for PPE requirements Glove Class 00 
Equipment Bus1 Date: 10-26-2009 Std. IEEE 1584 


Arc Flash Analysis by: Operation Technology, Inc. File: EXAMPLE-ANSI 


4x6 Warning Header_Q4CanadianNoHRC 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


5.7 cal/cm?2 Flash Hazard at 24 in 
or 
HRC #2 


Equipment ID: Bus1 


Arc Flash Analysis Performed on 10-26-2009 


4x6 Warning Header_Z462Q3Canadian 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


ARC FLASH PROTECTION SHOCK PROTECTION 
Working Distance 24 in Shock Hazard when covers 
Incident Energy 5.7 cal/em? removed 480 VAC 
Arc Flash Hazard Boundary 5.7 ft Limited Approach 10.0 ft 
Hazard Category Restricted Approach 1.0 ft 

2 Prohibited Approach 0.1 ft 
Refer to CSA Z462 for PPE requirements Glove Class 00 
Equipment Bus1 Date: 10-26-2009 Std. IEEE 1584 


Arc Flash Analysis by: Operation Technology, Inc. File: EXAMPLE-ANSI 


4x6 Warning Header_Z462Q4Canadian 
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WARNING 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Arc Flash Hazard Boundary 5.7 ft Hazard Category 
Incident Energy 5.7 cal/em? 2 =" 
Worems Dusance ad - Min. PPE Requirements 
Shock Hazard Exposure 480 VAC FR long-sleeve shirt (minimum arc rating 
Insulating Glove Class 00 of 8), worn over untreated cotton T-shirt 


with FR pants (minimum arc rating of 8) 


Shock Hazard when covers removed aes : 
or FR coveralls (minimum arc rating of 8) 


Limited Approach Boundary 10.0 ft 
Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment Bus1 Date: 10-26-2009 


4x6 Warning Text Header_SafetyPro 


ETAP 18-326 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


Create a New Custom Template 


e Open Microsoft Word and create a new document. 
e Go to Page Layout/Size/More Paper Sizes. Verify that the paper size is Custom Size. 
e Enter the width and height. 


Note: There is a preview on the bottom to ensure the correct paper size is selected. 
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Themes: Page Setup a 


Page Background Arrange 


. Page:1 of1 | Words:0 | <% English (United States) | 
e Select OK after entering paper size. 


Note: If the default printer is selected to a standard printer, a message will appear about how the margins 
are set outside of the printable area of the page. Select Ignore. 
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are set outside the printable area of the page. Choose the Fix button to increase the appropriate margins. 


) Cex) 


“Page: Lofl | Words:0 |< EnglishUnitedstates) | EB | 


e Go to Margins/Custom Margins and change the margins to “O”. 


Note: The error pertaining to the margins and the printable area of the page will appear again. Select 
Ignore. 


Bottom: 0.5" 
Right: 0.5" 


Bottom: 1° 
Right: 0.75" 
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e Verify a 4x6 word document has been created for the label. 
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Link the AF Custom Label Database To a New Template 


e Go to Mailings/ Select Recipients/Use Existing List. 


a = 


Sie fa a 2 St Bustle) Document5 - Microsoft Word 


Mailings Revie w View Ar 


3) Rules + 


re E = = 23, Match Fields 2 ee #2] Find Recip 
‘Select Edit Highlight Address Greeting Insert Merge Preview | 
R ts | Recipient List || Merge Fields Block Line Results | ly Auto Chec 


Field~ 2) Update Labels 


fe 


Writ Ry A Sei 
3 
(8 Select fram Outlook Contacts... 


e The program will ask to select a Data Source. Navigate to the Label Database which is located in: 


C:\ETAP 710\Formats710\AF Custom Label Templates 
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Note: This location assumes that ETAP was installed in the C: Drive. 
e A window named ‘Select Table’ will appear. Select the Arc Flash Result Analyzer table and 
select OK. This will link the AF Custom Label Database to the new template. 


Description Modified 
==] 'Arc Flash Report Analyzer$ 10/19/2009 3:35:09PM 10/19/2009 3:35:09 PM 


«| mm 


First row of data contains column headers 


Insert Fields to the Label 


e To insert fields to the label, draw a text box. The text box allows for easier formatting. 


Note: Notice that there is an outline around the text box. To make the outline of the text box invisible, 
right click on the outline and select no color. 
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Page~ Page Break Ato 


_Pages _ Tables 


e Go to Mailings and select the Insert Merge Field drop down menu. This will give a list of the 
fields that can be added to the label. 
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Envelopes Labels Start Mail Select Edit Highlight Address Greeting Preview Finish &  Mergeto 
Merge~ Recipients Recipient List Merge Fields Block Line 2) Update Labels | Resuits | Gy Auto Check for Errors | Merge | Adobe PDF 


Start Mail Merge Write & 


Results Finish __ Acrobat 


Arc_Flash_Protection_Boundary_ft 
Total_Energy_calcm 
Final_FCT_cycles 
Working_Distance_in 
Device_Nominal_or_Rated_kV 
Hazard_Category_Level 
Hazard_Category_ID 
PPE_Description 
LAB_to_Exp_Mov_Conductor_ft 
LAB_to_Fixed_Part_ft 
Restricted_Approach_Boundary ft 
Prohibited Approach_Boundary ft 
Source_PD_ID 
Source_Trip_Relay_ID 
Source_Trip_Relay_Type 
Glove_Class 

Glove_Vrating_VAC 
Shock_Hazard_Present_When 
Print_Mov_or_Fixed_LAB 
Project_File. Name 

Date 

Engineer 

Contract_Number 
Equipment_Name 
System_Frequengy 

Unit_System 

User_Defined_Text 
Avail_PPE_Protection_calcm 
Hazard_Disclaimer 
Trip_Time_cycles 


Open_Time_cycles 
M_lIa_ Variation 
Energy_1_calcm 
Energy_2_calem 


Energy_3_calcm 


e Notice that the field is now entered in the text box. To view the results, select the Preview Results 
button. To navigate to all entries, use the arrows located in the top toolbar. 
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‘0 preview all entries, select the 
Preview Results button. 


Arrows are to navigate to all the 
results listed in the Label 
Database. 
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View the Label Database: 


In order to view the label database that was created from the Arc Flash Result Analyzer, select Edit 
Recipient List. This brings a window that contains the Custom Label database that is currently linked to 


the Custom Label Template. 


This window allows the user to view all the results listed in the database. Each field has a drop down 


option which allows the user to sort or hide certain fields. 


ETAP 18-333 


ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


C3 ») a da {a e “) > oF Document - Microsoft Word 
Home Insert Page Layout__References_ | Mailings | Review View —_—Acrobat 
= = 
E = = Sm =) PRutes~ 
e Fe) (S ie @ | =] = ~ =S! G3) Match Fields 
| Envelopes Labels Start Mail Select ess Greeting Insert Merge 
es 


Highlight | 
Merge~ Recipients 4 Recipient List } | [sees elds lode Line) Fields (2) Update Labels |r 
Start Mail M Write & Insert Fields 


(Wo4jt [> ail Re * 
©] Find Recipient 

LY Auto Check for Errors coe Adobe POF | 
ERNE J Finish Acrobat 


Create 


Ts the lst ofrecpns hat ibe usdin your merge Use the options below to add to or change your list. Use the 
xes to add or remove recipients from the merge. When your list is ready, dick OK. 
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Label Databasexls 
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iss 


Data Source 


Label Database.xIs 
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To print the labels in alphabetical order, click on the Device ID arrow. A drop down menu will appear. 
Select Sort Ascending and click OK. Notice all the labels are in alphabetical order. 


In order to not print any label that has a result “FCT Not Determined”, go to Edit Recipient List. From 
there, ‘Sort Ascending’ the Hazard Category Level field. Uncheck all the fields that have the result FCT 


Not Determined and click OK. Navigate to all fields and notice that any label that has FCT Not 
Determined is no longer in the collection of labels. 


Rules Applied to Each Custom Label 


Placed in the header of each template is a rule that skips all records that have the Hazard Category listed 
as FCT Not Determined. 


To add rule: 


e Place cursor in the upper most portion of the label template 
e Go to Rules/Skip Record If 
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References Mailings 


Review View Acrobat 
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a 
Seine Fe 


e 


Merge to 
Adobe PDF 


Acrobat 


Edit 
Recipient List 


Finish & 
Merge 
| Finish 


Hazard_Category_Level 
Comparison: 

Ar Equal to 

Compare to: 

FCT Not Deterined| 


Arc Flash Hazard Bo 
Incident Energy 
Working Distance 
Shock Hazard Exposure 
Insulating Glove Class 
Shock Hazard when 


Limited Approach Boundary 0.5 m 
Restricted Approach Boundary B m 
Prohibited Approach Boundary m 


Equipment Syn1 Date: 16-10-2009 


| Me mh |) GB 


Find Recipient 
Edit Address Greeting Insert Merge . Finish & Mergeto 
tipient List 'Merge Fields Block _Line Field ~ Fill-in... DY Auto Check for Errors | Merge~ | Adobe PDF 


Write & Insert Fields If...Then...Else... Preview Results Finish Acrobat 


Merge Record * 
Merge Sequence # 
Next Record 

Next Record If... 


Set Bookmark... 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Arc Flash Hazard Boundary 


Incident Energy 
Working Distance 


Shock Hazard Exposure 
Insulating Glove Class 
Shock Hazard when covers removed 


m Hazard Category 
cal/cm? 


Min. PPE Requirements 


Limited Approach Boundary 0.5 
Restricted Approach Boundary 
Prohibited Approach Boundary 


Equipment Symi 


e Preview results and navigate to all existing labels. Notice that you will still see a label that states 
“FCT Not Determined”. This is correct. Select ‘Finish & Merge’/ Edit Individual Documents.... 
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Create __ Start Mail ll Merge 
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Merge~ Recipients ~ Recipient List | Merge 


| ime ci 
2 0 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Hazard Boundary 0 m Hazard Category 
Incident Energy cal/em? —s-_ FCT Not Determined 1 
Working Distance 45.7 cm 


Min. PPE Requirements 


Shock Hazard Exposure 4160 VAC 
Insulating Glove Class 1 
Shock Hazard when covers removed 


Limited Approach Boundary 1.5 
Restricted Approach Boundary 0.7 
Prohibited Approach Boundary 0.2 


Equipment CB8 


555 


Date: 16-10-2009 


Increase the amount of significant figures 


Insert field into text box. 

Highlight field, right click and select ‘Toggle Field Codes” 

Insert ‘ \#0.0’ at the end of the field name. (There is a space after the field name. The bold simply 
indicates the field name.) 


Note: The ‘0’ is a place holder. That means more significant figures can be inserted. For example, to have 
two decimal places, type in ‘ \#0.00’). 


See below for example: 


{ MERGEFIELD LAB_to_Exp_Mov_Conductor_ft \#0.0 } 


Automatically change the units from English to Metric standard 


ETAP 


Draw a text box 
Type ‘ft’ in the text box. 
Highlight the text, select Rules/If...Then... Else.... 
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Envelopes Labels 


NCI 
#2] Find Recipient 
Fill-in... Auto Check for Errors 


Merge Record 
Merge Sequence # 
‘Next Record 

Next Record If... 
Set Bookmark... 
Skip Record If... 


e Set the rule and click OK. 
e Highlight the text once more, right click and select Toggle Field codes. The entry should match as 


seen below. 


{ IF { MERGEFIELD Unit_System } = “English” “ft” “m” } 


Add a Picture to the Label 


First, the layout of the picture must be “In Front of Text”. This allows the picture to be placed anywhere 
in the label without moving or shifting the text. To set the label to default, go to Word Options/Advanced. 
There is a section called Cut, copy and paste. Change the setting for the ‘Insert/paste pictures as:’ field to 


‘In Front of Text’. 


Popular 

Display 

Proofing 

Save 
Fratrancea 

Customize 

Add-Ins 

Trust Center 


Resources 


| Use CTRL + Click to follow hyperlink 

ia Automatically create drawing canvas when inserting AutoShapes 
iv] Use smart paragraph selection 

Use smart cursoring 

Use the Insert key to control overtype mode 

{[) Use overtype mode 

Prompt to update style 

Use Normal style for bulleted or numbered lists 


[iv] Keep track of formatting 
(1) Mark formatting inconsistencies 
V] Enable click and type 


Default paragraph style: Normal [x] 


Cut, copy, and paste 


Pasting within the same document: Keep Source Formatting (Default) [x] 


Pasting between documents: Keep Source Formatting (Default) [x] 


Pasting between documents when style definitions conflict: Keep Source Formatting [x] 


Pasting from other programs: Keep Source Formatting (Default) 7 


Insert/paste pictures as: Square x | 


Vv) Keep bullets and numbers when pasting text with Keep Text Only option 
[] Use the Insert key for paste 
(¥] Show Paste Options buttons 


(¥] Use smart cut and paste 


Show document content 


[] Show background colors and images in Print Layout view 
[] Show text wrapped within the document window 
al} Show picture placeholders () 
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More Layout Options... 


Equipment ID: Bus2 


Arc Flash Analysis Performed on 10-19-2009 
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18.12.4 Unit Conversion Techniques 
This section helps to convert the units in the label once it is exported. 


®) Arc Flash 


Report Analyzer 


(@ Output Report 


Uncheck All 


Scenarios 


Reports 


AF-1-Phase 


AF-Decay 


AF-FourCycle 


ANSI-Duty 


| 
| 
| AF-HalfCycle 
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Project Report 
>) All Project in Active Directory 
© Active Project 


Example-ANS| 


Total Energy 
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Final FCT 


Source PD ID 
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Label 
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Work Permit Data Sheet 
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C Energy 2 (caVert) (-) FCT by Secondary PD Level D 25 zs 
C Energy 3 (cal/on) Zz Level E 40 
() PPE Description Exceeds Max. FCT Level F 100 = 
AFB = 
a aren Effect of Main PD Isolation on FCT Level G 120 
Final FCT Device Duty Alerts [¥] Show Colors | Expat... 
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1. 


Torn 


Click Custom label from Arc flash Analyzer and choose the desired label as shown. 
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Arc Flash and Shock Hazard Present 


Appropriate PPE Required 


Are Flash Boundary 5.7 ft 


Incident Energy 
Working Distance 


Shock Hazard Exposure 
Insulating Glove Class 


5.67 cal/em? 
24 in 

480 VAC 
00 


Shock Hazard when covers removed 


Limited Approach Boundary 
Restricted Approach Boundary 


Prohibited Approach Boundary 


Equipment Bus] 


2. Click on Highlight Merge Fields as shown below. 
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3.5 ft 
1.0 ft 
O.1 ft 


Energy Level 


2 


Min. PPE Requirements 


FR long-sleeve shirt (minimum arc rating 
of 4), worn over untreated cotton T-shirt 
with FR pants (minimumare rating of 8) 


Date: 06-20-2014 


Seq. of Operation 


One-Line-Diagram 
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Finish & 
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Preview Revuits finish 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Boundary 
Incident Energy 
Working Distance 
Shock Hazard Exposure 
Insulating Glove Class 


Shock Hazard when covers removed 


Limited Approach Boundary 
Restricted Approach Boundary 
Prohibited Approach Boundary 


Equipment Bust 


5.7 ft Energy Level 
cal/em? 2 


24 in 
a Min. PPE Requirements 
480 VAC FR long-sleeve shirt (minimum arc rating 
00 of 4), worn over untreated cotton T-shirt 
with FR pants (minimumare rating of 8) 


3.5 ft 
1.0 ft 
O.1 ft 


Date: 06-20-2014 


3. Select the 5.7 field by pressing left click and holding it 
4. Press Ctrl +F9 and a field is enclosed within braces like {5.7} 


5. Now repeat Step 3 but use right click and select Toggle Field Codes option as shown below 
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Test BoxTools 4x6 Warning Meader docx (Read: Only) - ETAP Are Flash Report Analyzer Custom Label 
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Preview Retums 


Arc Flash and Shock Hazard Present 
Appropria=“""* «3 -quired 


Are Flash Boundary 
Incident Energy 
- Working Distance 
Shock Hazard Exposure 
Insulating Glove Class 
Shock Hazard when covers 


Limited Approach Boundary 

Restricted Approach Boundary 
i Prohibited Approach Boundary 
i Equipment Busl 


Energy Level 
2 


Min. PPE Requirements 

ng-sleeve shirt (minimum are rating 

worn over untreated cotton T-shirt 
pants (minimumare rating of 8) 


Date: 06-20-2014 
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6. Inside the braces type = ({MERGEFIELD Arc_Flash_Protection_Boundary_ft} * 12)} and click 
preview results as shown below. 


by) 2s oa Tee Box oom | 6 Wareing Header docs (Read-Only) - ETAP Arc Flach Report Analyzer Cutom Label che ESI 
—/ Home iment = Pagelayout — References. = Marings Review = View = POF Format we 
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‘Start Mail Merge Write & Insert Fields Preview Resuits 


Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Boundary 
Incident Energy 
Working Distance 24 in 

, . Min. PPE Requirements 
Shock Hazard Exposure 480 VAC ER long-sleeve shirt (minimum are rating 
Insulating Glove Class 00 of 4), worn over untreated cotton T-shirt 
Shock Hazard when covers removed with FR pants (minimumarc rating of 8) 


Limited Approach Boundary 3.5 ft 
Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment BusI Date: 06-20-2014 


7. Right click and select update field option. Now 5.7 feet is converted to 68.4 inches as shown 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 


Are Flash Boundary ft b8.Aergy Level 

Incident Energy cal/em? 5.67 92 

Working Distance 24 in 

; . : Min. PPE Requirements 
Shock Hazard Exposure 480 VAC FR long-sleeve shirt (minimum are rating 
i Insulating Glove Class 00 of 4), worn over untreated cotton T-shirt 
Shock Hazard when covers removed with FR pants (minimumare rating of 8) 
a Limited Approach Boundary 3.5 ft 

Restricted Approach Boundary 1.0 ft 
LH Prohibited Approach Boundary 0.1 ft 


Equipment Bust Date: 06-20-2014 


ETAP 18-341 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


8. Align the field and change the unit to inches and save as the label to the desired file name. 
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Arc Flash and Shock Hazard Present 
Appropriate PPE Required 
Are Flash Boundary —}- 68.4 inches} | Energy Level 
Incident Energy §.67°cal/em? = 2 
Working Distance 24 in 


, : ——s Min. PPE Requirements 
Shock Hazard Exposure 480 VAC FR long-sleeve shirt (minimum are rating 
Insulating Glove Class 00 of 4), worn over untreated cotton T-shirt 
Shock Hazard when covers removed with FR pants (minimumarc rating of 8) 


Limited Approach Boundary 3.5 ft 
Restricted Approach Boundary 1.0 ft 
Prohibited Approach Boundary 0.1 ft 


Equipment Bust Date: 06-20-2014 


Pape lett words0 


9. Repeat the same procedure for meters to centimeters and use ({MERGEFIELD 
Arc_Flash_Protection_Boundary_ft} * 100)} formula for performing the required conversion. 
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18.12.5 Work Permit 


A work permit is part of the NFPA 70E Guidelines. It is required when performing work on energized 
equipment. It contains information about the shock hazard and the arc flash analysis results. The work 
permit needs to be generated for individual bus arc flash results. It is launched from the Arc Flash Result 
Analyzer. Customize the result analyzer to fit the requirements of each project. 


ENERGIZED ELECTRICAL WORK PERMIT (C:\ETAP 11\Example-ANSI\WorkPermit1.xml) |_ % J 


PART |: TO BE COMPLETED BY REQUESTER: 
Permit Duration: From: 8/ 4/2011 [Jv To: 9/24/2012 fv Job/Work Order Number. 0123456789 


Question? |Description of circuit/equipment location 
Answer 1 |Remove Buck for M1513 from MCC 345 
| Question 2__| Description of work to be done: 
Answer 2 | Replace a defective 4160 motor starting contactor that is tripping for no apparent reason 
Question 3 | Justification of why the circuit ‘equipment cannot be de-energized or the work deferred until the next scheduled outage: 


Requester/ Title: =lectrical Maintenance Supervisor Name: John Smith Date: 9/24/2012 [Jv 


PART It TO BE COMPLETED BY THE ELECTRICALLY QUALIFIED PERSONS DOING THE WORK: 


| Question 1 Detailed job description procedure to be used in performing the above detailed work: 

Answer 1 Make sure that all equipment doors in the sub station are securely bolted closed. Cover the work area adjacent to the 
Question 2 Description of the safe work practices to be employed: 

| Answer 2 | The work will be done by the high voltage qualified crew working in strict accordance with the high voltage work practiced 
Question 3 | Results of the Shock Hazard Analysis 


Incident Energy | Hazard Cat. Output Rpt. Limited App 
5.7 caléont AF-HalfCycle 


Do you agree the above described work can be done safely? @YES © No  I|fno, retum to requester 


Electrically Qualified Person] = Title: ~~ Principal Electrical Engineer Name: Kristoffer Petersen 2 BY 4/2011 


(¥] 
V) Electrically Qualified Person 2 Title: Principal Electrical Engineer Name: Edward Cullen » «BY 4/2011 
| 


Electrically Qualified Person 3 Title: Electrical Engineer Name: Sarah Sottek » 84 4/2011 


PART Ill: APPROVAL(S) TO PERFORM THE WORK WHILE ELECTRICALLY ENERGIZED: 


¥ Approval 1: Title: Electrical Engineer Name: Greg Huldeman » Bf 4/2011 


Approval 2: Title: Electrical Engineer Name; Jacob Reynolds . Bf 4/2011 


Ed 
'¥| Approval 3: Title: Electrical Engineer Name: Frank McMullin : «BY 4/2011 
[¥] 


Approval 4: Title: Electrical Engineer Name: Alexander Henderson © BY 4/2011 


Notel: Once the work is complete, forward this form to the site Safety Department for review and retention. 


[Hee] (0K) [care] 


The Energized Electrical Work Permit Editor can be accessed from the Arc Flash Result Analyzer by 
clicking on the Work Permit Button. Please note that the work permit will be printed for several buses, 
protective devices, and load terminal arc flash results if they are selected; however, typical work permits 
would be created one at a time. The following image shows how to access the work permit editor from the 
AFRA: 
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a 
& Arc Flash Report Analyzer aioe 
(© Output Report Scenarios Output Apt. Configuration Total Energy FPB (ft) Hazard Category Final FCT Source PD ID 
Ref.| Select Reports us AF-HalfCycle Normal a 
iv] AF-Decay Bus2 AF-HalfCycle Normal r 
ica} AF-HalfCycle AF-HaltCycle 
ral ANSI-Duty AF-Decay = 
jv} | AECeI Phase Save Work Permit XML File As a 
K CB10 
Save in: }) Example-ANSI + O@P Ey cBe 
a 13.9 CBs 
t= Name Date modified Type 307 CBI2 
Project Report uy BACKUP 8/3/2011 11:55AM File folder 17.2 CB4 
© All Project in Active Directory Recent Places 9} output 8/2/2011 10:23AM File folder 13.9 ces 
© Active Project = [5 EXAMPLE-ANSIMacros 7/14/2011 5:01PM — XML Doct ue ain 
Example-ANSI (3) EXAMPLE-ANSLScenarios 7/29/2011 10:17 AM =XML Doct 3 Fused 
Desktop (3) WorkPermit 7/15/2011 10:55 AM XML Doct 13.9 ces 
WI Bus (3) WorkPermitl 8/4/2011 8:35 AM = XML Doct 17.2 cB4 
¥ | Protective Device 14.3 CB2 
Load Terminals Libraries 13.2 cai 
info 13.9 CBs 
a 3 Fed 
= Type = 3 Fuse3 
ia Connected Bus = a see = 
{/) Bus Gap 
{-)% Factor aE 
{Grounding bd 
Results File name: Cugom 
abel 
[¥] Total Energy (cal/cn?) a Save as type: Work Permit XML File (nl) Zi = 
(Energy 1 [cal/on?) [ [=] 
(FD Energy 2 [cal/en?] Data Sheet 
C. Energy 3 (caVen?} Fl % la Variation FCT Unit Saas 
(2 PPE Description 
[V) FPB FCT by Secondary PD ey) 
2) Hazard Category |_| Exceeds Max. FCT 
[¥) Final FCT 
\["] la at FCT [kA] bu Effect of Main PD Isolation on FCT VY) Show Colors | Export... | | Find | | Help 


Note: The two rows that were selected, represent two different work permits. 


Once clicking on the Work Permit button, a Save As window will generate. This allows to create a new or 
open an existing work permit template. If creating a new template, type the name in the file name path 
and click Save. This will save the work permit document based on the name given in the file name. If 
opening an existing work permit template, navigate to the file and click Save. An alert message will 
appear stating to overwrite the existing file. What this means is that the buses, protective devices, or load 
terminals arc flash analysis results that have been highlighted in the Arc Flash Result Analyzer will be 
updated in Part IJ in the work permit editor. Note that the description in the editor will not be changed. 


Reset 


The reset button will bring back the original settings of the work permit. In other words, this deletes all 
the descriptions in the Work Permit. This information cannot be retrieved once this is selected. 


Open 


To open an existing work permit template. 


Save 


To save all edits made in the work permit editor. 


Print 
Click to print document. If there was more than one row selected in the Arc Flash Result Analyzer 
window, more than one work permit will be printed. 
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OK 
To navigate out of the work permit editor. This automatically saves any changes made. 


Cancel 


When clicking Cancel, this does not save any changes made to the editor window and navigates back to 
the Arc Flash Result Analyzer window. 


Electrical Work Permit PART I: 


Part 1 of the electrical work permit can contain up to five different questions and answers. The first three 
questions must be included by default into the editor since they correspond to the wording of the 
questions as they appear in NFPA 70E 2018 Annex J “Energized Electrical Work Permit”. 


The user is free to modify the items as needed for their particular application of the work permit. The user 
is capable of enabling (selecting the check boxes) three additional items to be shown in the editor for this 
section. Note that 3000 characters are allowed in each question and answer field. 


Electrical Work Permit PART II: 


Part II of the electrical work permit can contain up to 15 different questions and answers. The first 9 
questions must be included by default into the editor since they correspond to the wording of the 
questions as they appear in NFPA 70E 2018 Annex J “Energized Electrical Work Permit”. 


The user is free to modify the items as needed for their particular application of the work permit. In fact, 
the user is capable of enabling (selecting the check boxes) six additional items to be shown in the editor 
for this section. 


The data for the bus or PD selected in the work permit editor includes the following fields: 


BusID 

Incident Energy 

Energy Levels 

AFB (ft-in) 

Nominal Voltage 

Output Report Name 

Limited Approach Boundary 
Restricted Approach Boundary 
Prohibited Approach Boundary 
Required PPE Level 

Glove V-Rating 

Glove Class 

Working Distance 


Part II of the electrical permit can contain up to 3 different Electrically Qualified Person signatures. 
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Electrical Work Permit PART III: 


Part III of the electrical work permit can contain up to 4 different approval signatures and one general 
note field. The format correspond to the “Approval section” as they appear in NFPA 70E 2018 Annex J 
“Energized Electrical Work Permit”. 
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18.12.6 Data Sheet 


The Data Sheet is an enhanced version of the arc flash analysis report. It gives detailed description of 
what selections were made in the SC study case and how the bus results were obtained. 


To access the Data sheet, navigate to the Arc Flash Result Analyzer. Select the entire row of any bus and 
click on the Data Sheet button located on the bottom right corner. From there, an Arc Flash Data Sheet 
Report Manager window will generate. Select the report and click OK. A report will be created based on 
how the bus arc flash results were obtained such as what type of bus fault current method was used, what 
type of system grounding, what PPE Hazard/Risk Categories were chosen and so forth. More details are 
listed below. 


Note: If multiple reports are filtered by Incident Energy Max or Min, the data sheet button will not be 
active. 


ff | 3 
i Arc Flash Report Analyzer [kee 
@ Output Report Scenarios Total Energy FPB [ft] Hazard Category Final FCT Source PD ID | Source Trip RelayID | Source Trip F 
Ref.| Select Reports 57 57 Cat2 10.5 CB22 a 
al aF-Decay Bus2 03 17 Cat 36 cB31 r 
LJ AF-HalfCycle Bus234 o 
im ANSI-Duty LVBus 81 48 Cat 3 12 CB40 
im IEC-1-Phase 130.6 31.4 > Cat4 17.2 CB4 OCRS Overcu 
Cl LabSB1C 1.6 Cat Fuse3 
21 OcR4 Overcubes 
Overcu 
Overcu 
Overcu 
Project Report Overcu 
© All Project in Active Directory z 
© Active Project 
Example-ANSI Overcu 
7] Bus Overcu 
(V] Protective Device Overcu 
[Load Terminals Overcu 
info 
— ae a Overcu 
E Oo + 
[| Connected Bus a ven 
[| Bus Gap 
(-)X Factor 
Grounding 
Custom 
Results asal 
[¥] Total Energy (cal/on?) a t= 
(FD Energy 1 [cal/en?] i le 
(CD Energy 2 (cal/en?] 
CO Energy 3 (cal/en?) FCT Unit Data Sheet 
() PPE Description 
fares fe 
[¥] Hazard Category : 
[] Final FCT 
[la at FCT (kA) a Effect of Main PD Isolation on FCT | Expott... | | Find | | Help | Close 
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Below is the generated Data Sheet report. There are 6 sections that describe how the bus results were 
obtained. 


P_ETAPReport-AF-Decay/DataSheet OO —OOOCOC‘“‘(C*s*s‘“‘CSSSS ma 
HSoale: -]@ 


File View Help 


Project / System Data 

Project Title Example Project Standard ANSI Date 07-29-2011 
Location Irvine, California System Frequency 60.00 Hz ETAP Revision 11.0.0C 
Contract  OTI-12345678 Unit System English Configuration Normal 
Engineer Operation Technology, Inc. Calone Units cal/em* Study Case ID AF-Decay 


Project Location Irvine, California 

Output Report Location C:\ETAP 1100\Example-ANSNAF-Decay.AAF 
AF-Decay.AAF 
C:\ETAP 1100\Lib\etaplib1100.1ib 


Flash Protection Boundary 544 ft 
Work Distance 36 inches 


Hazard Category 1 
PPE FR long-sleeve shirt (minimum arc rating of 8), wom over| 


untreated cotton T-shirt with FR pants (minimum arc rating of 8) 
or FR coveralls (minimum arc rating of 8) 


Arc Flash Input Data 


Working Distance Typical IEEE 1584 2002 EB for Flash Protection Boundary 12 cal/em* 
Gap and X-Factor Typical IEEE 1584 2002 PPE Hazard/Risk Categories from NFPA 70E 2009 
Shock Protection Boundaries NFPA 70E 2009 


Voltage -Rated Gloves: 00 300 VAC 0 1000 VAC CatO 0.0-1.2cal/em* Catl 12-4.0cal/cm* 
ASTMD 120-022 (2006) 1 7500 VAC 2 17000 VAC Cat2 4.0- 8.0 cal/cm* Cat3 8.0 -25.0 cal/cm* 
3° 26500 VAC 4 36000 VAC Cat4 25.0 - 40.0 cal/cm* 


System Impedance Adjustments : 
Apply Positive or Negative Adjustments Negative O Consider Equip. Cable & OL Heater Impedance for MV Motors 


LO Consider Equip. Cable & OL Heater Impedance for LV Motors 


Impedance Tolerance Resistance Temperature Correction Length Tolerance 
Transformer Individual OO Cable Cable Individual 
Reactor Individual LI Line Line Individual 
Overload Heater 


Short-Circuit Contributions 

Bus Bolted Fault Current Motor Contribution Based on Synchronous Generator Model Prefault Voltage 
© Symmetrical % Cycle @® Motor Status Steady-State Ibf at 30 Cycles Using @ Nominal kV x 102% 
© Symmetrical 1.5 to 4 Cycle © Loading Category @® 300% FLA © Base kV x 102% 
© User-Defined © Both €> Determined from Decrement Cuve ©} Vag from Load Flow 
Fad : 


Project/System Data 

Describes how the project data was set based on the project settings. Information such as project location, 
the project standard, unit system of the project, what date the report was ran, and report name are located 
in this section. 


Arc Flash Summary Results for this Location 

The bus arc flash analysis results described are based on the Data Sheet in the Project/System Data. It 
states Shock Hazard Voltage, Incident Energy, FCT, Source PD, Flash Protective Boundary, Working 
Distance, Hazard Risk Category, the PPE description, and the Approach Boundaries for the particular bus 
chosen. 


If there are unique results for the bus, ‘The Abnormal Condition’ descriptions will be shown. These 
unique results are arc current variation, if second level protective devices clears the fault, if the FCT 
exceeds the maximum specified in the Clearing Time page of the Arc Flash Study case, and if the PPE 
Arc Rating has exceeded the maximum. Below are the flags that will be shown if any of the conditions 
are met. 
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Arcing Current Variation of xx% was used. 

Not the first upstream protective device clears the fault. 
Fault Clearing Time Exceeds the Maximum! 

Incident Energy Exceeds the Maximum. No PPE Available! 


Note: xx% is the arcing current variation specified in the SC study case. 


Arc Flash Input Data 

This information was gathered from the Parameters page of the Arc Flash Study Case. The Gaps, X- 
Factor, Working Distance, Arc Flash Boundary, PPE Hazard/Risk Categories, and Shock Hazard 
Analysis selections are displayed. 


System Impedance Adjustments 
Impedance tolerances and adjustments are displayed based Adjustment page of the SC Study case. 


Short-Circuit Contributions 
This shows what type of bus fault current method was used, what type of motor contribution the study 
was ran in, the prefault voltage and if the synchronous generator model was used. 


Arc Flash Methodology 


This shows what method the arc flash calculation was used to determine the results, the system ground 
and if the Hazard Category for LV equipment was selected. 
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18.13 Enclosure Editor 


Arc-flash analysis has been performed over the last couple of decades based on two major directives of 
IEEE 1584-2002. The first major directive is that only one electrode configuration was used to represent 
all enclosed equipment. The other major directive is that all enclosures in the switchgear, MCC, 
switchboards, etc. are homogeneous in nature. That is every location has identical dimensions as those of 
the test setup used to develop the VCB equations. Essentially what this means is that all low voltage 
switchgear have been modeled as with the dimensions of 20 in x 20 in x 20 in (height x width x depth ). 
The same is true of every panelboard since the test setup box dimensions used were 14 in x 12 in x 8 in. 
Medium-voltage equipment is all of 45 in x 30 x 30 in. 


These two assumptions have been proven to be insufficient over the last few years. Several IEEE papers 
and research have led to the revision of the IEEE 1584 standard. The calculation method can handle up 
to 5 different electrode configurations of which VCB, VCBB and HCB are of most interest. At the same 
time, the standard also allowed methods to no longer have to assume a homogeneous size for all 
enclosures in a particular equipment. The model considers the potential effect of height, width and depth. 
It is because of this situation that ETAP decided to add a new editor to allow for the creation of specific 
locations with very different characteristics but which are still part of the same equipment. 


Furthermore, not every location or enclosure in equipment presents the same voltage and current 
exposure. Instrumentation type enclosures present a very different type of hazard when compared the bus 
side or main protective device line side locations. Engineers have been faced with the problem of 
producing external calculations for such locations and manually add the analysis results for such into the 
main analysis of the actual power system components. Last, locations in the equipment expose personnel 
to different conductor orientations and approach boundaries. The working distance exposure for 
troubleshooting instrumentation type equipment such as metering or relay equipment is very different 
from the working distance required when removing or applying grounding clamps to medium voltage 
switchgear. A single switchgear may require several working distances and different risk analysis 
assumptions which simply cannot be made assuming a homogeneous enclosure size. 


18.13.1 Enclosure types 


The first concept which must be understood when working with the enclosure editor is the enclosure type. 
There is a total of five (5) enclosure types. They are listed below: 


Bus 

Protective Device (source or load) 

Load Side (also known as load PD load side) 
Load Terminal 

Instrumentation 


The following image shows a medium voltage switchgear which can be used to explain the types of 
enclosures modeled through the enclosure editor. Next to the equipment image on the left hand side is a 
one-line diagram representation of the switchgear. The switchgear is energized in radial configuration 
through protective device CBA_M. Protective device CBA_FD serves as a feeder breaker to the load. 
The switchgear has several instrumentation compartments which contain conductors with different 
voltage and short-circuit current levels. The switchgear also shows compartments which do not house 
protective devices but serve as feeder cable connection points to the switchgear. 
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The image above also shows that each of the enclosures or cubicles have different dimensions. The main 
circuit breaker CBA_M is located inside an enclosure with dimensions of 30 in x 30 in x 25 in. The load 
feeder breaker is also housed in an enclosure of similar dimensions. The potential transformer, meters and 
relays shown in the instrumentation compartments are located in relatively different size and depth 
locations. An example being the voltage meter placed inside a 24 in x 24 in x 12 in enclosure. The 
potential transformer enclosure is housed in a 30 in x 24 in x 25 in cubicle. Both locations are shown in 
the image below with the doors open to view the internal components. 


Relay1 


cBA_M 


BusA 
13.8 kV 


CBA_FD Relay2 


FeederCable1 


30 in x 24 in x 25in 


The switchgear also has other locations which may need to be accessed such as the cable connection 
compartment below the load feeder circuit breaker CBA_FD. This location has dimensions of 32 in x 30 
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in x 25 in. The gaps between conductors at this location are different because of the insulation around the 
connection lugs. The cable is not present in the enclosure. 


ial 17 a 
if. | 


cBA_M 


BusA 
13.8 kV 


CBA_FD 


FeederCable1 


‘- 
<< -_ —_—_-_ —> 
32in x 30in x 25in 


The switchgear also has one more type of enclosure in the back and to the sides where there is potential 
exposure to the bus bars. The opening area and orientation of the bus bars are very different from what is 
considered in the main and load protective device enclosures (front of the switchgear). An overlay of the 
orientation of the bus bars is shown to illustrate the concept of orientation at this location. 


Relay1 


FeederCable1 


The following table presents the potential classification of enclosure types found in this switchgear. For 
now, the enclosures are identified based on the equipment they house. 


Enclosure Identification Enclosure Type 
Main PD CBA _M Protective Device 
Load PD CBA_FD Protective Device 
Voltage Meter Instrumentation 
Cable Connection to CBA_FD Load Side 

BusA Bus 

Relay1 and Relay2 Instrumentation 
load terminal (see image below) | Load Terminal 
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The load terminal enclosure type is not depicted here but it can be represented as a motor or load terminal 
connection enclosure some distance away from the actual switchgear. The actual location could look as 
the one shown below. 


18.13.2 Enclosure Editor Interface 


The obvious purpose of the enclosure editor is to define the physical dimensions and characteristics of 
each enclosure for the equipment as presented in the previous example. Before discussing the details of 
each of the parameters in the configuration and parameters tabs of the enclosure editor, it is a good idea to 
introduce the overall interface of the editor. 


The enclosure editor can be accessed by clicking on the following icon located in the 3D database toolbar. 
The image below shows how to open the enclosure editor. 
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The enclosure editor is divided into two main sections. The first data table allows the user to select which 
buses have enclosures. The second data table is divided into two tabs which are the configuration and 
parameters tabs. The second data table allows the customization of each individual enclosure for the 
selected bus. The image below shows the overall layout of the editor. 
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The enclosure editor also has includes a group box container in the form which allows the enclosure type 
selection when creating enclosures. It also allows the deletion and creation of enclosures from templates. 
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18.13.3 Enclosure Editor Bus/Node Selection 


This data table section allows for the selection of the bus to view or create individual enclosures. The data 
able has some basic columns which are: 


e Bus ID 
e Type (i.e. switchgear, MCC, panelboard, switchboard, etc.) 
e kV 


The bus ID column simply provides access to the list of IDs (names) of the buses / nodes for which to 
view or create enclosures. The type is exactly the same as what appears under the type field on the rating 
page of the bus. The kV is the nominal bus voltage in kV. 


The column headers allow for filtering and sorting based on the ETAP data grid characteristics. Note that 
this section will list all the three-phase buses/nodes only. As of ETAP 19.0.0, enclosures are only 
supported for three-phase systems. Single-phase and dc systems will get enclosures in a future release. 


18.13.4 Enclosure Editor Configuration Tab 


The configuration tab allows the definition of several key input parameters which are required for the new 
IEEE 1584-2018 model. It also provides very important information regarding which elements are 
included inside an enclosure. The image below shows a close-up of the fields located under the 
configuration tab. 


Configuration | Parameters, 


Enclosure ID || Bement? || Element 2 Bement 3 Enclosure Type | eae ns ees | Height (mm) | Width (rm) | Depth mm) || Volume (m3) | Frcioswe brea st 
1 |Sub28-1 Sub2B Bus vce 1143 762 762 0.664 v1 
2 |Sub28-10 PTI Instrumentation vee 1143 762 762 0.664 a 138 
3 | Sub282 Bs Protective Device vee 1143 762 762 0.664 w 
4 [sub283 cB6 out Protective Device vee 1143 762 762 0.664 w 
5 Sub2B-4 C824 Protective Device vee 1143 762 762 0.664 w 
6 |Sub2B5 cB4 Protective Device vce 1143 762 762 o.664 w 
7 |sub2B6 vee 1143 762 762 0.664 w 
8 | sub287 vce 1143 762 762 0.664 a 
9 | Sub28-8 vce 1143 762 762 0.664 wv 
10 | Sub289 vce 1143 762 762 0.664 w 


Enclosure ID 


This text field defines the name or identification (IDs) of the enclosures. This is an alphanumeric text 
field which automatically inherits the name of the bus and appends a numeric character to make enclosure 
IDs unique. The assigned ID can be changed manually, but a requirement for uniqueness remains. 
Enclosure IDs must be unique just like bus IDs are in ETAP. 


Note: The enclosure ID is set to “Not Defined” for protective devices (Source and Load) when it is 
taking input data from connected bus enclosures 


Element 1 


This field allows the selection of the first protective device element connected to the bus on a particular 
connecting line (branch connecting line or tie-protective device line). 
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Element 2 


This field allows the selection of the second protective device element connected to the bus ona 
particular connecting line (branch connecting line or tie-protective device line). 


Element 3 


This field allows the selection of the third protective device element connected to the bus on a particular 
connecting line (branch connecting line or tie-protective device line). 


IMPORTANT! READ THE FOLLOWING PRIOR TO ASSIGNING PROTECTIVE DEVICES 
IN ENCLOSURES: 


Protective Device (PD) Elements Connected on the Same Connector Line 

PDs connected on the same connector line are automatically placed in the same box by the enclosure 
editor. In other words if protective devices are in series they will appear as element 1, element 2, and 
element 3. It is HIGHLY RECOMMENDED to make sure that this reflects real-life conditions of the 
equipment. If the series connected elements placed along the same connector, are not within the same 
enclosure, then they should be separated by adding nodes or buses in between. The additional bus/node 
allows independent enclosures to be created to evaluate arcs at each individual location. This situation 
may be more complex when differential protection zones are involved (see differential protection 
modeling section for more details). NOT FOLLOWING THIS MAY RESULT in incoherent sequence 
of operation results because of the incorrect placement of PDs within enclosures. 


If the devices are not separated, then they are considered to be in the same incident energy hazard level 
(i.e. their calculated incident energy is the same). 


Enclosure Type 


The enclosure type was previously defined in this section. The types can be: 


Bus 

Protective Device (source or load) 

Load Side (also known as load PD load side) 
Load Terminal 

Instrumentation 


Notes on Load Side Enclosure Type 


There are a few items about enclosure types that need special attention. One of them is that a particular 
protective device may need to be associated with two different enclosure types. The reason for this is 
mainly caused by interface limitations. As of ETAP 18.1.1. ETAP treats load PDs (such as CBA_FD in 
the previous example) to be evaluated for two conditions. The first condition is the line-side fault on the 
protective device. The other case is to evaluate the cable compartment below for a fault on the load side 
of the breaker but on a completely separate enclosure. The second location is what ETAP 19.0.0 now calls 
as load side enclosure type. 


To get around this condition and to obtain the results for the enclosure which contains CBA_FD and for 
the cable connection enclosure below the enclosure type must be varied. One simulation can be executed 
with the type of the enclosure selected as “protective device” and a second simulation can be executed 
with the enclosure type set as “load side”. 
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Revisions could be used for the purpose of running arc-flash simulations on the element associated with 
two different enclosure types. 


In the image below, the enclosure containing the protective device CBA_FD is evaluated for an arc fault. 
The type has been selected as protective device. The arrow points to the breaker itself which means that 
the enclosure being modeled is the one where the breaker is included. 


In the following image, the lower compartment (load side of the breaker) is evaluated by changing the 
type of the enclosure associated with CBA_FD to load side. Note that the breaker is not physically in the 
location. This was accomplished by simply creating a revision to change the enclosure type. The arrow 
points to the load side of the breaker or the point where the cable is connected to the connecting lugs. 


Both of the arc flash locations shown in the switchgear images shown in the introductory example to this 
section are now associates with the same breaker. In future versions of ETAP a separate enclosure will be 
associated with a separate element (perhaps the conductor itself). 
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Notes on Instrumentation Enclosure Type 


Instrumentation enclosures as shown in the switchgear example are handled as user-definable locations 
with separate calculation requirements. Essentially instrumentation type enclosures can have different 
short-circuit current values limited by the conductors or power supply to the instruments. According to 
[B9] the following components inside the metering compartment may need to be modeled to determine 
the incident energy in the enclosure of metering nature. 


ah Relay1 
Metering Compartment Fault Current 
Level - limited by voltage transformers. 
Fuse2 
CBA_M (1 
BusA 
13.8 kV 
CBALFD [4 


The image shows an example of the enclosure where the CPT or potential transformer with direct 
connection to the bus is and also the voltage metering compartment where the voltage meters are placed. 
Both locations are separate and isolated. The short-circuit current (as limited by the size voltage 
transformers and wires can be estimated manually for most similar circuits. Once this is done, then all that 
is left to do, is to enter the current magnitude and VT voltage into the instrumentation enclosure editor 
along with the actual dimensions of the instrumentation enclosure. Figure 2 below from [B9] shows the 
separate compartments for the metering and actual CPTs. 
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VTs in 
isolated 
drawer 


CPTs in 
isolated 
drawer 


Fig. 2 Medium-voltage Metering Compartment 


Voltage probes connected to 
secondary of VTs 


Fig. 1 Typical Monitoring Voltage Connection 


The incident energy at both locations can be significantly different. To calculate the incident energy at the 
metering compartment, the limited current (typical transformers here can be 15 to 20 kVA), voltage, 
selected electrode configuration, gap and dimensions along with a realistic working distance of 18 in (far 
different than the typical 36 in used to evaluate arc-flash energy for MV systems (according to IEEE 
1584-2018) can be entered into the instrumentation enclosure. 
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Instead of calculating the energy as suggested using the user-defined parameter, it may also acceptable to 
use the fixed I.E. option for this enclosure and simply assign the energy and arc-flash boundary using the 
UD LE. and UD AFB fields. If the available current is below 2000 Amps, a value 1.2 cal/cm2 anda 
boundary of 2 to 4 ft. may suffice. 


Electrode Configuration 1 


This field allows the selection of one of two possible electrode configurations which could be present in 
the equipment contained within the enclosure. 


Electrode Configuration 2 


This field allows the selection of one of two possible electrode configurations which could be present in 
the equipment contained within the enclosure. The program only allows the selection of electrode 
configuration two for bus and protective device type enclosures. Load side, instrumentation and load 
terminal enclosure types will have a second EC in a future release of ETAP. 


Note: The enclosure editor allows the selection of a maximum of two electrode configurations (ECs). 
When more two ECs are selected, the arc-flash program automatically runs an arc-flash calculation for 
each. The EC which produces the highest incident energy is reported as the final solution. 


Height (mm) 


This is the height of the opening area of the enclosure. This is not to be confused with the physical 
internal height of the enclosure since it is possible that the opening door area is smaller than the internal 
height of the enclosure. 


Width 


This is the width of the opening area of the enclosure. This is not to be confused with the physical internal 
width of the enclosure since it is possible that the opening door area is smaller than the internal width of 
the enclosure. 


Depth (mm) 


This is the depth (internal depth) from the front opening area to the back wall of the enclosure. It is not to 
be confused with the distance between the electrodes and the back wall. The depth may only play a factor 
under the conditions described in section 4.8 of IEEE 1584-2018. 


Volume (m?) 


This is the volume of the enclosure assuming that the opening area is the same size as the front surface of 
the enclosure. It is possible that the opening area is smaller than the actual internal volume of the 
enclosure. It is calculated as H x W x D. This field is for informational purposes only (i.e. it does not have 
any effect on the calculation) 


Enclosure Isolation 


This is the enclosure isolation. If this option is checked and the enclosure isolation is selected in the arc- 
flash study case, it means that the arc fault at this location does not propagate and engage the line-side of 
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the source protective devices and render them incapable of isolating the arc fault at the location. This 
concept is explained under the “Main Protective Device Isolation” section of this chapter with the 
exception that the isolation consideration applies only to the individual location instead of all the 
locations connected to the same bus. 


Instrumentation Voltage (kV) 


This is the potential voltage which could cause the arc-flash event inside an instrumentation type 
enclosure. The user is responsible to enter the voltage to be used for the calculation of the incident energy 
at this instrumentation location. It is likely that the voltage source is external and limited by the external 
source. 
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18.13.5 Enclosure Editor Parameters Tab 


The purpose of this tab is to define for more specific input parameters for each enclosure. In particular, 
this tab hosts a lot of the parameters which have to do with protection settings and user-definable fault 
currents and energy values for equipment which cannot be modeled directly. The following image shows 
the layout of the parameters tab data table. 


i 


vit 
2 | 
3 
3 | 
$s 
| 
7 
! 
| 


BRS segs SRR KE 
Don alsio oso os 


rr 


WD 1 (in) 


This is the first working distance for an energized electrical work task at this enclosure. This working 
distance supersedes the one defined in the bus editor. 


WD 2 (in) 


This is the second working distance for an energized electrical work task at this enclosure. This working 
distance is additional to WD 1. It will be available in a future release of the program. 


WD 3 (in) 


This is the third working distance for an energized electrical work task at this enclosure. This working 
distance is additional to WD 1. It will be available in a future release of the program. 


Gap (mm) 


This is the gap between conductors for line-to-line conditions. The enclosure editor is only supported for 
IEEE 1584-2018 modeling. Only the LL gap is used and this field expects that value. For conditions 
where a line-to-ground gap should be used, please use the ArcFault module. 


Gap Tol. (%) 


This tolerance value (positive and negative) is used to determine the variation in the final arc current and 
incident energy. It can be used to simulate the variation in gaps as the conductors inside an enclosure take 
on different orientations or arrangements. This field will be considered in a future release of the program. 


AF PD Type 
This field allows the selection of a general type of protective device for specific arc-flash incident energy 
mitigation (also to simulate what if scenarios) technology. The types supported are: 


e Overcurrent 
e =Light 
e Pressure 
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By default this field is set to the blank selection which means ETAP automatically determines the source 
protective device. The overcurrent protective device type works the same way as the existing (ETAP 
18.1.1) except for overload relays user-defined source PD device type (defined in the arc-flash tab of the 
bus editor). The light and pressure types are listed separately but will have the same fundamental effect 
and behavior. The light and pressure options are meant to simulate the condition where an arc flash light 
detecting element or a pressure sensing device detect the presence of an arc-flash event and cause a 
tripping signal to be sent to upstream protective devices which then proceed to open or trip to de-energize 
the fault. In order for the program to apply user defined source protective devices the “Except if PD is 
selected in Bus /Enclosure Editor” option needs to be enabled in the Arc Flash study case. 


The logic and special handling conditions for the protective device types are explained in more detail 
under the Op. Delay section. 


Op. Delay 


The Op. Delay field is used to model intentional time delays for protective devices and Arc Flash 
detection schemes. For example this field can be used to model the operational delay of an arc quenching 
device. The source protective devices fault clearing time can found using either the system parameters or 
by specifying a user defined current in the “PD / Total I (kA)” field. The default value for the Op. Delay 
field is 0.01 sec and has a range of 0 to 99 seconds. 


For protective devices which have the AF PD Type as “Overcurrent”, the Op. Delay is modeled as an 
intentional time delay. The table below describes how the handling for the Op. Delay based on the 
different AF PD type selections and values entered in the “PD/ Total I (kA)” field. 


Simulation Logic for Combinations of AF PD Type/OP. Delay/PD/Total I fields 


ETAP automatically determines 
Blank N/A the source PD and fault clearing | N/A 
time (FCT). 
1. The PD operating time is 
determined using the 
network arc current 


OCR Tripping Time = 0.06 sec, HVCB Breaker Opening 
Time = 3 Cycles (0.05sec @ 60Hz), Op. Delay =0.01 sec 


Overcurrent O0kA 
2. The final time is the sum of — pea ae Time + HVCB Opening Time 
operating time & Op. Delay a ae 
A eae adit ee The fuse has total clearing time is found to be 0.58 seconds 
in using a current (PD / Total I (kA)) of 1.5 kA., Op. Delay = 
current 
Overcurrent Non-Zero 0.02 sec 


2. The final time is the sum of 


operating time & Op. Delay Final Time = 0.58 + 0.02 = 0.60 sec 


For light/pressure detection schemes, the “AF PD Type” needs to be set to “Light” or “Pressure” and the 
“PD/Total I (kA)” field can tell the program how much current flows through the PD in change of de- 
energizing the arc fault. If the “PD/Total I (kA)” current is non-zero, the program proceeds to find the trip 
or opening time of the device using the user-defined current and adds the Op. Delay time (similar to the 
overcurrent scheme). 


If the current is zero, the PD selected is simply used to determine the device opening time (This is the 
case if relays and low-voltage breakers are selected). This simulates the condition where a light/pressure 
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detecting element triggers and external relay which then proceeds to trip an external HVCB or LVCB. 
The Op. Delay should be used to simulate any external delay (which could be the AF relay operating 
time, any lockout relay time or any additional delay). In the case that a LVCB with a trip unit is selected, 
the program only considers the breaker opening time which by default is set to three (3) cycles. The 
opening time of the breakers as specified in this scheme is not controlled by the options available under 
the Options (Preferences)\Arc Flash and Star\ opening times, but by using an especial ETAPS INI entry 
described below: 


LVCB Trip Cycle = 3 
The default of the entry is 3 cycles when not present under the ETAP PowerStation header. The range of 
the entry is 0.001 to 100 Cycles. 


Please note that when modeling arc flash detection schemes the program only model the mitigation of 
fault clearing time and not the potential reduction in arc current in some areas of the circuit. An example 
of this is the remaining current which may flow because of the energy stored in a transformer. 


PD/ Total I (kA) 


This field has a dual purpose. If the enclosure is of “instrumentation” type, then it serves as the total 
short-circuit value which is available in the instrumentation system power supply. The value is then used 
to proceed with a localized user-defined arc flash calculation for the instrumentation enclosure. The field 
also serves a different purpose. If a light/pressure/overcurrent protective device scheme is selected under 
the AF PD type, then the current magnitude specified there can be used to determine clearing time of 
protective devices triggered by special arc-flash mitigation technology. Examples of this technology are 
crowbars, ultra-fast earthing switches, etc. 


Protective Device 


This field allows the selection of a user-defined protective device which will trip the arc fault at the 
specified enclosure. This feature works in similar way as the feature provided through the bus arc-flash 


page. 


UD FCT (sec) 


This field defines a definite arc fault duration for an arc fault at the specified enclosure. Its behavior is 
similar to the user-defined FCT feature from the bus arc-flash page. 


Fixed FCT 


This checkbox has similar behavior to that of the fixed FCT check box from the bus arc-flash page. If the 
box is checked, then the program uses the UD FCT as the arc fault duration for incident energy 
calculations. 


UD LE. (cal/cm?) 


This value is used in combination with the UD AFB (arc-flash boundary) and the “Fixed I.E.” check box 
fields. If the fixed I.E. box is checked, then the AF program simply takes the locally defined incident 
energy and arc-flash boundary as the results for the individual enclosure. Such results can be accessed by 
the arc-flash result analyzer to generate arc-flash labels or other deliverables. The default value is 4.0 
cal/cm”, but it is editable 
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UD AFB (ft.) 


This value is used in combination with the UD ILE. (incident energy) and the “Fixed I.E.” check box 
fields. If the fixed I.E. box is checked, then the AF program simply takes the locally defined incident 
energy and arc-flash boundary as the results for the individual enclosure. Such results can be accessed by 
the arc-flash result analyzer to generate arc-flash labels or other deliverables. The default value is 4.0 ft, 
but it is editable. 


Fixed LE. 
This check box allows the incident energy and arc-flash boundary to be directly defined and passed as the 


final incident energy and arc-flash boundary result to the results database. 


Hyperlink 


This field can be used to access hyperlinks added to components within the specific enclosure editor. 
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18.13.6 Enclosure Editor Selection 


The group box called “Enclosure Selection” contains options to efficiently edit enclosure information and 
to set default typical values as initial settings. There are data exchange options as well such as export to 
MS Excel and xml templates to be shared across different project databases. 


Enclosure Selection Type Dropdown List 


The enclosure type was previously defined in this section. The types of enclosures which can be added are 
partially grouped in some instances. 


Bus 

Bus and Protective Device 
Load Terminal 
User-defined 


The enclosures can be added or created based on the option selected from this dropdown list. Simply 
clicking on the “Add” button tells the program to add enclosures to the selected bus. 


Add 


This button adds the enclosures as specified on the enclosure type selection dropdown list. The following 
images show an example for adding enclosures of bus and protective device type. 


| | exceio «| cemeet -|  cemen2 | met enter Tne +] origin ~| cogsion?_ | 


GetTemoiate () 


BM (ae) (ei) (exGnsce] 
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[_ Delete} (Export) 
Get Template (HM) ( 


It is recommended to add enclosures for every component of the equipment to take full advantage of the 
individualization of the input parameters and to account for hazard/risk evaluation (i.e. main PD 
isolation). However, the enclosure editor is very flexible and allows for partial creation of enclosures. 
This means that it is possible to only create only one enclosure of any type. If this is the case, some data 
transfer rules apply. To illustrate these concepts the sample system shown below will be used. The rules 
are: 


1) If only a bus type enclosure is created, then all data is taken from this bus enclosure to provide 
results for the bus itself and any other directly connected protective device. The image below 
shows an example of the enclosure editor with only one “bus” type enclosure defined. 


©) Enclosure Editor x 


Configuration Parameters 

Bement | Bement Bectrode 
Pent |e | core 
> 1 ee Ned Bus vcB 
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2) If only one enclosure of any other type is defined, then the data for the arc-flash at this location 
comes from the enclosure itself, but input parameters for the remaining locations still come from 
the rating page of the bus editor (i.e. for individual data source) or from the arc-flash analysis data 
editor (if global data source is selected). The image below illustrates this condition. 


©) Enclosure Editor x 


Delete 


This button has the purpose of deleting the selected enclosure(s). The enclosures must be highlighted for 
this button to become active. See image below for an example of how to highlight and delete. 


(eats) (ints) (eon 
Get Template () [) 


[Hee | {0k | [Cancel | 
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Export 


Click on this button the export the selected enclosures to MS Excel. To export enclosures from multiple 
locations, simply select multiple buses as shown in the images below. Click on the export button and 
provide a name for the output spreadsheet. 
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oul Protective Device 


SPST1 Protective Device 


i 
Mls lslelelelelclelalelelelclall 


- {Bus and Protective Device + [Add] [__ Delete] [_ Typical | 


SettoTempiate — Get Template [E) = 


Export File Bus 
Name MyExportedRecords Protective Device 


Path D:\FG1.2-Rel\Example-ANSI\MyExportedRecor Browse ... Protective Device 


Ce) = Protective Device 


i 
~18/8/8/8)3|3/8|8/8/818/8 18/318 


@AQ6-¢-B we: MyExportedRecords.als [Compatibility Mode] - Excel 
TT HOME = INSERT »=--PAGELAYOUT =©-FORMULAS.)-«sDATA = REVIEW) VIEW) ADD-INS. Acrobat «= TEAM 


‘ial sho -| A SR &- Hw tes = : [ f wy [Normal | Bad Good 


t= = Famerge& Center > $- % % BAR Conditional Fide Check Cell Explanatory 
Formatting Table = 


Pate Ba Copy - 
Porm Panter & FU 


Clipboard % Font fe Algriment fe Number % ‘Styles 


Protective Device 
Device 


Note: There are visual differences between the data exported to MS Excel and the data displayed in the 
configuration and parameters tab of the enclosure editor. Namely controls such as check boxes can be 
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expressed in different format. Also, hidden fields may contain data which is also exported to the MS 
Excel file, but which are not applicable based on the settings selected in the editor. Additional filtering 
may be needed for post export data processing. 


Typical 


This is a basic function similar to other “typical” data features in ETAP. To set typical data into an 
enclosure, simply highlight it and press the typical data button. The data passed into the location is 
determined based on the data source option selected on the bus rating page. The options are either typical 
IEEE 1584-2018 or user-defined. If a standard other than IEEE 1584-2018 (such as IEEE 1584-2002) is 
selected as data source, the program uses the typical IEEE 1584-2018 data set as reference. Enclosures are 
only meant to work with the IEEE 1584-2018 model. 


Set to Template 


This option saves the selected enclosure(s) as templates so that they can be used for other locations. The 
templates are xml based files which are stored under the ETAP application directory in the “Enclosures” 
directory. These files can be copied and placed in other ETAP installations to be shared with other 
projects. The image below shows an example of the potential location of the exported template files. 


X:\ETAP Install Directory\Enclosures 


Gv- ww >» Computer >» New Volume (D:) » ETAP1900 » Enclosures vy | + 


Organize ¥ OJ Open ~ New folder 


- 


* Favorites Name Date modified Type Size 
WD Desktop |_| 5kV_Switchgear_6Compartments.xml 8/13/2018 4:36 PM = =XML Document 3 KB 
ie Downloads |) 15 kV Busaml 11/20/2018 4:13 PM = =XML Document 3 KB 
% Dropbox |) InstrumentEnclL. xml 11/19/2018 8:21 PM XML Document 1KB 
SB) Recent Places DB LV_Switchgear_6Cubicle.xml 8/13/2018 4:20PM XML Document 3 KB 
"} Public Documents DB Main.xml 11/20/2018 3:53 PM XML Document 1KB 
| |_| MetalClad15kV_Switchgear.xml 8/13/2018 4:16 PM = XML Document 2kB 
(Be Libraries |_} testaml 11/30/2018 5:02 PM XML Document 1KB 
Documents 
-) Music 


=n. 


The process of setting enclosures as templates is extremely simple. First highlight the enclosure, next 
enter a name for it in the “Set to Template” text box, and last simply add it by clicking on the add 
template icon. The editor will prompt for acknowledgement of the add action and also indicate that the 
enclosure has been added successfully. Once added the enclosure is part of the template list. The process 
is shown below. 
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Revision: Base 
‘Skip Nodes Configuration | Parameters 

Sai et Enclosure ID || Element! |) Element 2 Bemert'3 | Enclosure Tye || ,Hedmde | Hectmde | | eight 
1 [Bust Switchgear 048 
2 | Bus2 Switchboard 048 
3 |BusB Other 345 
wales Gee rn 3 |sw286 ces Protective Device vee 11 
= meer aa 4 [su287 ca24 Protective Device vee 11 
cle ae aa 5 [su288 cy ou Protective Device vee 11 
Se rans eae aE 6 | sw289 ces Protective Device vee 11 
8 [Mcct McC 048 
9 |sub3 Switchgear 4.16 
10 | Sub2A Switchgear 138 
12. | Sub3 Swor Switchgear 4.16 
13 | Sub22 Switchgear 345 
14 | Sub23 Switchgear 345 


Blectrode 
2 | Sub2B-5 Protective Device VCB 11: 
3° | Sub2B-6 CB4 Protective Device vcB 1144 
4 | Sub2B-7 CB24 Protective Device VCB 114) 
5 | Sub2B-8 CBE ‘Olt Protective Device VCB 14} 
6 | Sub2B-9 CBS Protective Device VCB 11 


Do you want to generate enclosure template to following file for 
selected enclosures? 


sila eevee un 


D:\ETAP 1900\Enclosures\MainCB-L5kV.xml 


3 


Ge Ge 


mt 


Setto Template (J) Maincb-15v Get Template [Ej aI 


(i) Successfully generate enclosure template: 


D:\ETAP 1900\Enclosures\MainCB-15kV.xml 
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MPS-C-2000 - 2000 


Get Template 


The “Get Template” option allows for an enclosure to be created as a copy of a previously created 
template. To create an enclosure from a template, simply select the bus location where the enclosure 
should be added, select the enclosure template from the list and press the “Get Template” icon. The 
program then asks for acknowledgement of the requested action and informs the user thru a message 
window if the action was completed successfully. The process is illustrated below. 
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e Oo you want to enpott enclowstrs for selected buses Irom template Me 
DAETAP S950\Enclosures\MetaiCladl SKY Switchgear.xml 


BS [tee] [SOK] [Acts] 


After adding the enclosure from the templates, elements contained inside the enclosure must be assigned 
manually. 


Find on OLV 


This option brings up to view on the active one-line diagram the selected bus in the enclosure editor. This 
is very useful to be able to determine which protective devices should be selected in the respective 
enclosures. 


Help 


This button activates the help menu. 


OK 


This button accepts the changes made during the session. Note that adding and deleting of templates may 
not be rejected by closing the editor by not clicking on the OK button. 


Cancel 


This button cancels enclosure editor data changes with the exceptions of templates modifications. 
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18.14 AC Arc Flash Calculator 


This section provides information on the AC arc-flash incident energy calculator. The images below show 


the basic layout of the AC arc-flash calculator when the I.E. vs FCT and I.E. vs Working Distance plots 
are selected. 


Power and AF Calculator 


= x 
PowerFlow ACArcAlash DC ArcAlash ArcFault 
Input Method Batch if 
Method and Fault Type Gada 
Method Phases Fault Type [ Cortour_| 
“IEEE 1584-2002 o (2-Phase vl (2-Phase U == Arc Flash Boundary —— LAB —— RAB) == Working Distance 
=— Arc Flash Plasma 
Input Parameters 
Nom. V (kVLL) Bolted Fault Current (A) 
[200] 
Conductor Gap (mm) Working Distance finch) | 
Equipment Type . = 
“Switchgear oS | Typical Data 0 5 100 15 20 2 30 35 40 45 50 55 60 
t Distance (inch) 
X-Factor System Grounding 
1.473 Solid v @ |.E. vs. FCT O LE. vs. Working Dist. 
Incident Energy 0 1.E.@ FCT 
Electrode Configuration 50 
wel “0 
Fault Clearing Time 20 
User-Defined FCT (sec) Pasocive Devine, hype 
0.200 User-Defined FCT v 20 
a 10 
0 
eer Defined FCT cain feec) 0 02 04 06 08 1 #12 14 16 18 2 22 
a 
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Power and AF Calculator 
Power low AC Arc Flash DC Arc Flash ArcFautt 


Input Method Batch Plots Results 


Method and Fault Type 
Method ; 
IEEE 1584-2002 J [ 7] === Arc Flash Boundary —— LAB —— RAB === Working Distance 
=— Arc Flash Plasma 


Input Parameters 
Nom. V (kVLL) Bolted Fault Current (kA) 


20.000 


Working Distance finch) 


0 5 100 1 20 2 3 35 40 45 50 55 60 
Distance (inch) 


O LE. vs. FCT © 


Fault Clearing Time 
User-Defined FCT (sec) Protective Device Type 
0.200 | User-Defined FCT 


User-Defined FCT min (sec) 15 20 25 30 35 40 
0.200 Working Distance - inch 
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18.14.1 Input Tab 


This tab of the calculator allows the user to enter the system parameters to be considered in the 
calculations. The input tab is displayed in the image below: 


PowerFlow AC Arc Flash DC Arc Flash ArcFault 


[input] Method Batch 


Method and Fault Type 
Method Phases Fault Type 


IEEE 1584-2018 | 3Phase »| 3Phase Vv 


Input Parameters 
Nom. V(kVLL) — Pre-Fault (%) Bolted Fault Current (kA) 


oaao | [700 ] 
a a 
Conductor Gap (mm) Working Distance (inch) 
a é 


Switchgear v Typical Data 


Height (mm) Width (mm) —_ Depth (mm) 
Electrode Configuration 
[a 
Fault Clearing Time 
User-Defined FCT (sec) Protective Device Type 


eras Fev 


Method and Fault Type 


This section allows the user to specify the method (methodology or IEEE standard) to be used for the 
incident energy calculations. 
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Method 
The calculator supports the following calculation methods: 
e JEEE 1584-2018 method 


e JEEE 1584-2002 method 
e LEE Method (Theoretically-derived Ralph Lee) 


Phases 


Enter the number of phases for the power system. The AF calculator supports 3-phase and 1-phase system 
calculations using certain rules that are different from those used in the regular ETAP arc flash 
calculation. This is done to complement the program with alternative results. 


Fault Type 


The AF calculator supports 3-phase, 2-phase, 1-phase arc faults in 3-phase systems and 1-phase faults in 
1-phase systems. 


Incident Energy Calculations for different System Phases and Arc Fault 
Types 


This section provides information on how the arc-flash calculator was configured to calculate the incident 
energy for different system phases and fault types. The following table provides a quick overview of the 
methodology used: 


Method Phases Fault Type | Calculation Process 
IEEE 1584-2018 | 3-Phase 3-Phase 3-phase equations for incident energy. 
3-Phase 2-Phase 3-phase equations for incident energy. Assumes that the 
fault escalates into a 3-phase fault. 
3-Phase 1-Phase 3-phase equations for incident energy. Assumes that the 
fault escalates into a 3-phase fault. 
1-Phase 1-Phase 3-phase equations for incident energy with a correction 


factor of 0.666 to remove some over conservatism 


IEEE 1584-2002 | 3-Phase 3-Phase 3-phase equations for incident energy. 


3-Phase 2-Phase 3-phase equations for incident energy. Assumes that the 
fault escalates into a 3-phase fault. 

3-Phase 1-Phase 3-phase equations for incident energy. Assumes that the 
fault escalates into a 3-phase fault. 

1-Phase 1-Phase 3-phase equations for incident energy with a correction 
factor of 0.666 to remove some over conservatism 

Lee 3-Phase 3-Phase The full line-to-line voltage is used in Lee’s equation 

3-Phase 2-Phase The full line-line voltage is used in Lee’s equation 

3-Phase 1-Phase The line-to-neutral voltage is used in Lee’s equation 

1-Phase 1-Phase The line-to-neutral voltage is used in Lee’s equation 


The main difference between the approach used in the calculator and the one used in regular arc-flash is 
the correction factor applied for 1-phase faults in 1-phase systems. The correction factor applied based on 
the expectation that a 1-phase system does not provide the same incident energy as that of an equivalent 
3-phase system. 
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Input Parameters 

This group of input fields allows the user to specify the input parameters for the incident energy 
calculation. The range of the input parameters is adjusted based on the selected calculation method. 
Furthermore, some fields are hidden if they do not apply for the selected calculation method. 


Nom Voltage (kV LL) 


This field represents the system nominal voltage in kV (line-to-line for 3-phase system and line-to-line or 
line-to-neutral for 1-phase systems). If either IEEE 1584-2002 or IEEE 1584-2018 method is selected the 
range is from 0.208 to 15 kV. Values higher than 15 kV can be entered and the arc flash calculator will 
provide a solution using the remaining input values for current, gap and so on (refer to the table below for 
more details on calculator nominal voltage ranges). In other words, the calculator will provide incident 
energy results beyond 15 kV. However, for IEEE 1584-2018 method, the limit for nominal voltage is 22 
kV. For higher voltage levels, ArcFault is recommended in order to obtain accurate results. 

Lee method has no fixed range for this input field. Warning messages may appear in the calculation 
warnings display window to notify the user about conditions when the voltage is outside the method 
range limits. 


Method Method Voltage Range (kV) Calculator Range (kV) 
IEEE 1584-2018 0.208-15 0.001-22 
TEEE 1584-2002 0.208-15 0.001-9999 
LEE METHOD N/A 0.001-9999 


Pre-Fault (%) 


The prefault voltage is used along with the nominal voltage to determine the Arcing Current, Incident 
Energy, and Arc Flash boundary. It represents the voltage of the faulted bus when the arc fault occurs, in 
percentage of the nominal voltage. This input field is only visible when selecting IEEE 1584-2018 
method. 


Bolted Fault Current (kA) 


This field represents the bolted fault current. There are two different bolted fault current ranges as 
described in the following table. However, the user can enter higher values, up to 200 kA (depending on 
the voltage level). The reason for allowing higher values is that many power systems have available fault 
current values higher than the maximum supported by the standards. This approach allows for estimation 
of the energy for information purposes only and the user is responsible to determine if the results can be 
used. On the other hand, there is no limit for the Lee method. Note that when, selecting IEEE 1584 CLF 
equations, that the bolted fault current may be automatically adjusted to the current-limiting range 
recommended for each fuse size and type. Warning messages may appear in the calculation warnings 
window to notify the user when the bolted fault current is outside the method limits. 


Method Voltage Level Method Current Calculator Current 
Range (kV) Range (kA) Range (kA) 
0.208-0.6 0.5-106 0.1-200 
peel 0.601-15 0.2-65 0.1-120 
IEEE 1584-2002 0.208-15 0.7-106 0.1-9999 
LEE METHOD N/A N/A 0.1-9999 
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Conductor Gap (mm) 


The gap between conductors range for the IEEE 1584-2002 method is 13 mm to 152 mm. It is possible to 
enter higher values when applying the IEEE 1584-2002 method beyond 15 kA or for equipment below 15 
kV with longer gaps (Please see ArcFault chapter for more information). 


For IEEE 1584-2018 method, there are two different Conductor Gap ranges: for nominal voltage between 
208 V and 600 V the gap range is 6.35 mm to 76.2 mm. For voltages between 601 V and 15 kV the gap 
range is 19.05 mm to 254 mm. This field is not applicable to the Lee method or for breaker or CLF 
equations. Please refer to the table below for more details on calculator Gap ranges. 


Method Voltage Level Method Gap Calculator Gap 
Range (kV) Range (mm) Range (mm) 
0.208-0.6 6.35-76.2 3-305 
EEE eats 0.601-15 19.05-254 3-2000 
IEEE 1584-2002 0.208-15 13-152 3-9999 
LEE METHOD N/A N/A 3-9999 


Note that the gap is also used to plot the potential spherical size of the arc in the arc-flash plasma plots. It 
is assumed that the diameter of the arc plasma is twice the gap length. This is an assumption only; 
however, it is logical to expect that the plasma cloud will be wider for longer arc gaps. The diameter of 
the arc plasma plot does not have any effect in the calculation and it is shown in the plots for illustration 
purposes only. 


Example of arc plasma plot for a 32 mm gap between conductors (see red arc in the image below): 


=== Arc Flash Boundary —— LAB -—— RAB = Working Distance 
=— Arc Flash Plasma 


0 5 10 15 20 25 30 35 40 
Distance (inch) 


Example of the arc plasma plot for a 104 mm gap between conductors: 
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== Arc Flash Boundary —— LAB -—— RAB = Working Distance 
=— Arc Flash Plasma 


0 5 10 15 20 25 30 35 40 


Distance (inch) 


Working Distance (inch) 


This is the working distance with a range of 1 to 100 inch. However, it is recommended to apply the 
calculations at a working distance no less than 12 inch (the incident energy models may not be valid for 
lower working distances since there may be contact with the plasma cloud). The working distance is 
plotted in the arc-flash plots as shown in the image below with a perpendicular surface plane: 


=== Arc Flash Boundary —— LAB —— RAB == Working Distance 
=— Arc Flash Plasma 


0 5 10 15 20 25 30 35 40 


Distance (inch) 


The color coding of the surface plane indicates the amount of incident energy per unit area at the 
receiving surface. In the image above, the incident energy at the working distance of 18 inch is less than 
1.0 cal/em2. At 12 inch the incident energy and the color of the working distance surface plane are 2.38 
and yellow respectively as shown below: 


=== Arc Flash Boundary —— LAB —— RAB === Working Distance 
=— Arc Flash Plasma 


0 5 10 15 20 25 30 35 40 


Distance (inch) 
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Equipment Type 


The main effect of the equipment type is to determine if the arc flash is open-air or enclosed (arc-in-a- 
box). The x-factor and other internal constants (as recommended in JEEE 1584-2002 and IEEE 1584- 
2018) are determined based on the equipment type selection. 


The equipment types are shown in the image below: 
—— 


For the Lee method, the equipment type does not have an effect since the method does not provide any 
coefficients to account for the enclosure reflectivity effect. 


System Grounding 


The system grounding definition and effect on the results used in the arc flash calculator are the same as 
those in the regular arc-flash calculations. Any selection other than solidly grounded results in an 
ungrounded configuration. For the IEEE 1584-2018 and Lee method, the System Grounding option does 
not have any effect, and therefore is not shown. 


X-Factor 


The distance x-factor is used to calculate the incident energy when selecting IEEE 1584-2002 method. 
The value can be entered directly or selected as typical. For the IEEE 1584-2018 and Lee method, the X- 
Factor does not have any effect, and therefore is not shown. 


Typical Data 


This button activates an internal lookup table in the arc flash calculator which contains typical working 
distance, x-factors and gap between conductor values. Make sure to press the typical data button to 
refresh typical parameters. Typical parameters are only selected when this button is pressed (unlike the 
bus arc flash and rating page). 


Height (mm) 


This is the height of the opening area of the enclosure. This is not to be confused with the physical 
internal height of the enclosure since it is possible that the opening door area is smaller than the internal 
height of the enclosure. 
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Width (mm) 


This is the width of the opening area of the enclosure. This is not to be confused with the physical internal 
width of the enclosure since it is possible that the opening door area is smaller than the internal width of 
the enclosure. 


Depth (mm) 


This is the depth (internal depth) from the front opening area to the back wall of the enclosure. It is not to 
be confused with the distance between the electrodes and the back wall. The depth may only play a factor 
under the conditions described in section 4.8 of IEEE 1584-2018. 


Electrode Configuration 


Electrode configuration represents the orientation of the conductors/electrodes. This dropdown menu is 
shown when selecting either IEEE 1584-2002 or IEEE 1584-2018 method. IEEE 1584-2002 method 
considers only VCB (vertical conductors in a box) and VOA (vertical conductors in open air). However, 
when selecting the IEEE 1584-2018 method, the following additional configurations are available: VCBB 
(vertical conductors in a box with barrier), HCB (horizontal conductors in a box), and HOA (horizontal 
conductors in open air). 


HCB 


Fault Clearing Time 


This group of fields is provided to give some selections for the determination of the arc fault duration or 
to select equations for current-limiting fuses and circuit breakers. 


User-Defined FCT (sec) 


Enter the arc duration or fault clearing time in seconds. The range of the field is from 0.010 to 2.0 seconds 
however smaller and higher values can be entered. The incident energy, as a function of time, is 
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automatically updated to show a color-coded result based on the I.E. determined at the FCT. The image 
below shows the plot: 


Incident Energy Ml |.E. @ FCT 


Hectrode Configuration 50 
VCB v 40 
Fault Clearing Time 30 
User-Defined FCT (sec) Protective Device Type 
0.350 User-Defined FCT v 20 
a —— nd 10 
0 
User-Defined FCT min (sec) 0 05 1 15 2 
0.350 FCT - (sec) 


The image below shows how the incident energy would be displayed at 3.0 seconds: 


Incident Energy MMM |.E.@ FCT 


Hlectrode Configuration 30 
VCB v 
60 
Fault Clearing Time 
User-Defined FCT (sec) Protective Device Type 40 
3.00 User-Defined FCT v 
a 20 
0 
User-Defined FCT min (sec) 0 05 1 15 x 25 3 35 
<a 


User-Defined FCT min (sec) 


Enter the arc duration or fault clearing time in seconds for the minimum arcing current obtained from the 
Arc Flash Results — Iarc Var (min). The incident energy in this result section (larc Var(min)), as a 
function of time, is automatically updated. Since arcing current variation is not considered for Lee 
method, this field does not affect any calculation when such method is selected. 


Protective Device Type (if IEEE 1584-2002 or IEEE 1584-2018 method is selected) 
This dropdown list is displayed if either IEEE 1584-2002 or IEEE 1584-2018 method is selected. The list 
contains the following options (see image below): 


Protective Device Type 


User-Defined FCT 
IEEE 1584-2002-CLF 
IEEE 1584-2002-LVCB 
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User-Defined FCT 

To manually enter the arc fault duration in seconds for the calculation of the incident energy. 
IEEE 1584-2002 CLF 

To select a valid CLF fuse equation per IEEE 1584-2002. 

- Class 

Select the class of the IEEE 1584-2002 CLF fuse. The options are “L” and “RK1”. 

- Size (Cont. Amp) 


For class L, the options for sizes are: 


Size (Cont. Amp) 


1201 - 1600 A 
(801 - 1200A 
601 - 800A 


For class RK1, the options are: 


Please refer to IEEE 1584-2002 for valid bolted fault current range, voltage range and working distance 
range. Even though it is not stated in IEEE 1584-2002, the CLF equations are valid for 600 VAC, 18-inch 
working distance and for VCB configuration only. It is recommended to apply these equations in the 
manner specified in the standard. 


TEEE 1584-LVCB 
This option enables the current-limiting circuit breaker equations listed in IEEE 1584-2002. 
- LV Breaker Type 


Select the breaker type (for more details refer to IEEE 1584-2002). 
- Trip Unit Type 

Select the trip unit type (for more details refer to IEEE 1584-2002). 
- Breaker Rating (Amp) 


Select the breaker continuous current rating in Amp (for more details refer to IEEE 1584-2002). 
Application Note 


The CLF equations are valid as long as they are used within the specified range described in IEEE 1584- 
2002. It is left up to the user to check if the arc current magnitude is high enough to cause operation of the 
breakers in their current-limiting region. The standard provides guidelines on how to determine this. The 
arc flash calculator does not check the range of the arc current. 
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18.14.2 Method Tab 


This section allows the user to specify some coefficient and correction factors to be considered in the 
calculations. Some of the fields may be hidden when the Lee method is selected since they may not apply. 
The Method Tab is shown below: 


“rout [Method] patch 
Conductor Material 


ior 


Bectrode Material E.M. CF 


1.000 


3-Phase to 1-Phase 


3-P to 1-P CF 


Arc Flash Boundary (Eb) 


cal/cm2 


Conductor/Electrode Material 


This field provides the conductor material (CM/EM) correction factor used on the arc-flash incident 
energy calculations in case of different electrode materials. Since Copper is the default material, and is the 
only conductor supported by IEEE 1584, its correction factor is fixed (1). For Aluminum, the default 
value for the correction factor is 1.25. The CM/EM correction factor range is 0.001 to 3.0. The value is 
user-definable. Note that the 1.25 default value for aluminum was not selected based on existing 
standards and it was picked based on analysis of alternative sources. 


3-Phase to 1-Phase 


This is the correction factor to be used to adjust incident energy calculations in single-phase systems. The 
range for the 3-P to 1-P correction factor is from 0.001 to 1. 


Arc-Flash Boundary Threshold Energy (Eb) 


This field allows the user to select the incident energy threshold value at which the arc-flash boundary 
(Results Tab) is calculated. The Arc-Flash Boundary is the distance from the arc source at which the onset 
of a second-degree burn could occur. The default and recommended value is 1.2 cal/cm*. The value of Ep 
can be set to a higher value than 1.2 cal/cm*. The program only allows you to set this value to a maximum 
of 40.00 cal/cm’. 


Note: It is recommended to make sure that the electrical safety program regulations allow for the Eb value 
to be set to higher settings and this should be done under engineering supervision. 
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18.14.3 Batch Tab 


This section allows the user to generate multiple results based on input data listed in a .csv file. The batch 
process calculation performs the arc flash analysis with IEEE 1584-2018 method only. The batch tab is 
displayed in the image below: 


out Method [Bach ] 


Import Database 


[Mew | 
| Select 


Export Database 


Work Distances 


WD 1 WD2 WD 3 


Arc Fault Boundaries 


AFB 1 AFB 2 AFB 3 


lbf Variation 


Ibf Max (kA) Ibf Min (kA) lbf Step (kA) 


Import Database 


This section contains options for importing an input data file. The input data file should contain all the 
data inputs required by the calculator for the arc-flash analysis. The batch process has many features such 
as multiple sets of working distances (for different tasks) and multiple AFB threshold values. The import 
file must be of a comma separated file format (*.csv). The *.csv file must follow the format specified in 
the following image. The order and quantity of the columns must be the same, yet the description of the 
column can be customized (i.e. Location can be called Equipment Name, etc., etc). 
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4 A a [AE | AY | | J |W | CP Zz 
: Ibf voltageLL gap WD1 WD2 WD3_ FCT AFBI AFB2 AFB3 equipment height width depth a 3P to Electrode Electrode 5. FCT min Pre-Fault 
Location Phases in 3 : - ES Grounding X-Factor 

4 (kA) (kVrms) (mm) (inch) (inch) (inch) (sec) (cal/cm2) (cal/cm2) (cal/cm2) type (mm) (mm) (mm) (mm) 1PCF Material Config. (sec) V (%) 
(2 eusa (3Phase) 15.39 i) 0.48 32 18 22 26 «(0.138 12 4 8 1 508 508 508 600 0.3 1 oO 1 oO oO 1.473 0.2 100 

3 |Bus4(1Phase) 15.39 1 0.48 32 18 22 26 «(0.138 12 4 8 1 508 508 508 600 0.3 0.5 oO 1 oO oO 1.473 0.2 100 

4 |Bus6 15.39 oO 0.48 32 18 22 26 = 0.277 12 4 8 1 508 508 508 600 0.3 1 i) 1 oO oO 1.473 0.3 100 

5 Open Air 3.638 i) 4.16 102 24 30 35 0.106 12 4 8 oO 914 914 «914 600 0.3 1 oO 1 4 oO 0.973 0.2 100 

6 |EnclosedBus 3.638 oO 4.16 102 24 30 35 (0.106 12 4 8 1 914 914 «(914 600 0.3 1 oO 1 1 oO 0.973 0.2 100 

7 ‘|Bus7 3.638 oO 4.16 102 24 30 35 (0.349 12 4 8 1 914 914 «(914 600 0.3 1 oO 1 oO oO 0.973 0.5 100 

8 |Bus8 3.638 oO 4.16 102 24 30 35 0.699 12 4 8 1 914 914 «914 600 0.3 1 oO 1 1 oO 0.973 0.8 100 

9 |Bus9 3.638 1 4.16 102 24 30 35 0.699 12 4 8 1 914 914 «(914 600 0.3 1 oO 1 2 oO 0.973 0.8 100 
Location 


This field specifies the fault location (Bus/Equipment name) where the arc flash is to be performed. This 
is a text field. 


Ibf (kA) 


This is the bolted fault current. This field represents the fault current in kA when no fault impedance is 
considered. The value entered should be within 0.001 to 9999 kA. 


Phases 


The AF calculator batch process supports 3-phase, and 1-phase systems. Enter “O” for three-phase 
systems and “1” for single-phase systems. 


Voltage LL (kV rms) 


This field represents the system nominal voltage in kV (line-to-line for 3-phase system and line-to-line or 
line-to-neutral for 1-phase systems). 


Gap (mm) 


This is the distance between conductors or buses for the equipment at the fault location. This value is to 
be entered in millimeters (mm). 


WD 1 (inch) 


This is the distance from the possible arc point to the person in inches. This field is defined as the distance 
between the arc point and the persons face and torso. 


WD2 (inch) 
This parameter represent a second working distance at which incident energy and arc flash boundaries are 
calculated in order to be compared to the first set of results (WD1). 


WD3 (inch) 


As well as with WD2, this field represents an extra working distance at which the calculations are done. 
An extra set of results is obtained in the export file on the same raw of the corresponding fault location 
data. 
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FCT (sec) 


This is the calculated time in seconds, which is needed by the protective device to completely open and 
clear the arc current fault. 


AFB1 (cal/cm2) 


This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD1”. 


AFB2 (cal/cm2) 


This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD2”. 


AFB3 (cal/cm2) 


This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD3”. 


Equipment Type 


This option allows you to select the different types of equipment that are supported for the AC Arc Flash 
Calculator. Enter “0” if the faulted bus/equipment is categorized as Open-Air, and enter “1” if the faulted 
bus/equipment is enclosed. 


Height (mm), Width (mm), Depth (mm) 


These fields are associated to the dimensions of the enclosure of the faulted bus/equipment where the 
incident energy is calculated. These parameters allow the calculation of the enclosure correction factor 
and other internal constants. 


“a” and “k” reflectivity coefficients 


These fields represent reflectivity properties of the enclosure and are determined based on the dimensions 
of the box/enclosure. Since these coefficients are not considered in IEEE 1584-2018 method, such fields 
are reserved for future enhancements of the calculator. However, the import file needs to have the specific 
quantity of columns (in the same order) shown in the figure above. 


3P to 1P CF 


This is the correction factor used to adjust incident energy calculations in single-phase systems. The 
calculator only considers it if the “Phases” parameter is set to “1” in the Import file. 


Electrode Material 


This field determines the electrode material considered for the arc-flash incident energy calculations. 
Enter “O” if the electrode material is Copper, or enter “1” if it is Aluminum. 
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EM CF 


This field provides the correction factor used on the arc-flash incident energy calculations in case of 
different electrode materials. The calculator only considers it if the “Electrode Material” material is set to 
“1” in the import file. 


Electrode Configuration 


This field represents the orientation of the conductors/electrodes. Select the number associated to the 
electrode configuration from the following table and enter it in the import file. 


Electrode Parameter to be entered 
Configuration in the Import File 
VCB 0 
VCBB 1 
HCB 2 
VOA 3 
HOA 4 


Grounding and X Factor 


These fields are reserved for future enhancements of the calculator. The user can fill this fields with zeros 
(0). However, the import file needs to have the specific quantity of columns (in the same order) shown in 
the image above. 


FCT min (sec) 


This is the calculated time in seconds, which is needed by the protective device to completely open and 
clear the arc current fault considering arc current variation. 


Pre-Fault V (%) 


This is the voltage of the faulted bus/equipment when the arc fault occurs, in percentage of the nominal 
voltage of the system. 


Export Database 

First, the user needs to create an empty .csv file. Then, such a file is selected through the calculator 
Export Database section. After clicking on the “Calculate” button, all the arc flash results obtained by the 
calculator for the different fault locations established in the import file are saved in the export file. After 
calculation is performed, the export .csv file is organized as follows: 
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Location ID 


This field specifies the fault location (Bus/Equipment name) where the arc flash analysis is performed, 
according to the import file. 


Iarc-— kA 
This is the arcing current in kA obtained through the IEEE 1584-2018 method. 


Iarc min-—kA 


This is the minimum arcing current in kA, considering arc current variation according to IEEE 1584-2018 
method. 


IE @ WD1 - cal/cm2 


This is the incident energy result at the working distance specified in the import file as “WD1”. 


IE min @ WD1 - cal/cm2 


This is the incident energy result associated to the minimum arcing current (considering arcing current 
variation) at the working distance specified in the import file as “WD1”. 


AFB @ Eb1 - in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB1”. This distance is calculated based on the arcing current “Tarc 
—kA”. 


AFB min @ Eb1 - in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB1”. This distance is calculated based on the minimum arcing 
current “Iarc min —kA”. 


Tarc Var — pu 


This field represents the ratio of the minimum arcing current “Jarc min — kA” to the arcing current “Jarc — 
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4 A | eat Fae EST | D | E oe eo | I | J | a ol | ee eee R 
lEmin@ AFB min Enclosure IEmin@ AFB min IEmin@ AFB min 
e larc- = larc min - IE @ WD1- AFB@ larc Var- | IE @ WD2- AFB @ IE @ WD3- AFB@ Method 
Location ID wo1- ~ @Eb1- Size (1/CF) - wop2- @ Eb2- WD3- -  @Eb3 - : 
kA kA cal/cm2 Eb1-in— pu cal/cm2 Eb2-in cal/cm2 Eb3-in ~ Warnings 
Hl cal/cm2 in pu cal/cm2 in cal /cm2 in 
2 | Bus4(3Phase) 11.549 10.12534 3.97969735 5.0854733 38.115 44.4357 0.87675 1.00010001 2.8879127 3.690332 17.94277 20.91817 2.2113022 2.82572 11.6281 13.5564 
3 |Bus4 (1Phase) 11.549 10.12534 1.98984867 2.5427366 24.701 28.7974 0.87675 1.00010001 1.4439564 1.845166 11.62814 13.5564 1.1056511 1.41286 7.53583 8.785475 
4 | Bus6 11.549 10.12534 7.98823308 7.6282099 58.947 57.2699 0.87675 1.00010001 5.7967524 5.535497 27.74928 26.95991 4.4386283 4.23858 17.9834 17.47186 
5 |Open Air 3.0945 2.987874 1.11856574 2.0313768 22.975 33.0708 0.96553 1 0.7760969 1.409434 11.01698 15.85824 0.6029098 1.09492 7.21605 10.38705 
6 | Enclosed Bus 3.3556 3.282985 1.02295035 1.8848248 21.874 31.1287 0.97836 0.83553474 0.695151 1.280844 10.9162 15.53413 0.5323349 0.98085 7.31656 10.41144 
7 |Bus7 3.2155 3.140106 2.57363806 3.6024986 39.025 48.3546 0.97656 0.80673114 1.8134652 2.538432 18.11574 22.44675 1.4238987 1.99313 11.646 14.43032 
8 |Bus8 3.3556 3.282985 6.74568204 7.5392991 64.999 69.3102 0.97836 0.83553474 4.5840618 5.123375 32.43318 34.58422 3.5103972 3.9234 21.7365 23.178 
9 |Bus9 3.2275 3.142291 10.0771882 11.210861 83.113 88.4496 0.97358 0.89673898 6.8754421 7.648911 41.15883 43.80123 5.2796594 5.8736 27.4644 29.22748 
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Enclosure Size (1/CF) — pu 


This parameter represents the correction factor associated to the enclosure dimensions according to IEEE 
1584-2018 method. 


IE @ WD2 - cal/cm2 


This is the incident energy result at the working distance specified in the import file as “WD2”. 


IE min @ WD2 - cal/cm2 


This is the incident energy result associated to the minimum arcing current (considering arcing current 
variation) at the working distance specified in the import file as “WD2”. 


AFB @ Eb2 — in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB2”. This distance is calculated based on the arcing current “Iarc 
_ ke’. 


AFB min @ Eb2 - in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB2”. This distance is calculated based on the minimum arcing 
current “Iarc min—kA”. 


IE @ WD3 - cal/cm2 


This is the incident energy result at the working distance specified in the import file as “WD3”. 


IE min @ WD3 - cal/cm2 


This is the incident energy result associated to the minimum arcing current (considering arcing current 
variation) at the working distance specified in the import file as “WD3”. 


AFB @ Eb3 — in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB3”. This distance is calculated based on the arcing current “Jarc 
= kA. 


AFB min @ Eb3 - in 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB3”. This distance is calculated based on the minimum arcing 
current “Iarc min—kA”. 


Method Warnings 


This field displays messages about calculation warnings or conditions where input parameters may be out 
of method range. 
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18.14.4 Results Tab 


This section shows to the user the arc-flash analysis results based on the specific method selected in the 
Input Tab. The Results Tab is shown in the figure below: 


Pete 
Arc Flash Results - 100% larc 


Arcing Current (kA) Incident Energy (cal/cm2) Arc Flash Boundary (inch) 


Arc Flash Results - larc Var (min) 


Arcing Current (kA) Incident Energy (cal/cm2) Arc Flash Boundary finch) 


Correction Factors 


larc Variation - CF (pu) Enclosure Size - (1/CF) (pu) 


Calculation Wamings 


Arc Flash Results — 100% Iarc 


This group of display fields provides the output results of the arc-flash incident energy calculations 
considering the total arcing current. 


Arcing Current (kA) 


This display only field shows the arc current in kA. The field is blank when no arc current can be 
calculated (e.g. for IEEE 1584-2002 CFL equations). 
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Incident Energy (cal/cm2) 
This display only field shows the incident energy in cal/cm2 for IEEE and Lee methods. 


Arc Flash Boundary (inch) 


This display only field shows the arc-flash boundary results in inch for both the IEEE and Lee methods. It 
is blank when the AFB cannot be determined or is not applicable. 


Arc Flash Results — Iarc Var (min) 


This group of display fields provides the output results of the arc-flash incident energy calculations 
considering the variation factor in the arcing current. For the Lee method, arcing current variation is not 
considered, therefore, these fields remain blank. 


Arcing Current (kA) 


This display only field shows the minimum arc current in kA. The field is blank when no arc current can 
be calculated (e.g. for IEEE 1584-2002 CFL equations). 


Incident Energy (cal/cm2) 


This display only field shows the incident energy in cal/cm2 for both IEEE 1584-2002 and 1584-2018 
methods considering the variation of the arcing current. 


Arc Flash Boundary (inch) 


This display only field shows the arc-flash boundary results in inch for both the IEEE 1584-2002 and 
1584-2018 methods considering the variation of the arcing current. It is blank when the AFB cannot be 
determined or is not applicable. 


Correction Factors 


This group of display fields provides the correction factor used on the arc-flash incident energy 
calculations. For the Lee method, these coefficients are not considered; therefore, these fields remain 
blank. 


Iarc Variation — CF (pu) 


This display only field shows the arc current variation factor in pu. When selecting IEEE 1584-2002, the 
default value is 0.85 if nominal voltage is less than or equal than 1 kV. For voltage levels greater than 1 
kV, this coefficient is 1. 

On the other hand, for IEEE 1584-2018 method, this coefficient is internally calculated depending upon 
the nominal voltage. 


Enclosure Size — (1/CF) (pu) 


This display only field shows the enclosure-size correction factor. This coefficient allows adjusting the 
incident energy values for enclosures smaller and larger than the normalized enclosures taken into 
account during the standard development (IEEE 1584-2018). For IEEE 1584-2002 method, this 
coefficient is not considered. 
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Calculation Warnings 


This display only text window displays messages about calculation warnings or conditions where input 
parameters may be out of method range. 


18.14.5 Arc Flash Plots Tab 


This section shows to the user the arc-flash analysis results in an interactive and didactic way through 
several kinds of plots. Such plots reflect the information stated in the Results tab. The Plots Tab is shown 


in the figure below: 
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Arc-Flash Boundary, LAB, RAB, Working Distance and Arc Flash Plasma 
This plot panel shows the limited approach boundary (LAB) per NFPA 70E 2018 in blue, restricted 
approach boundary (RAB) per NFPA 70E 2018 in green, the working distance plane (color-coded 
according to the incident energy level) and the arc-flash boundary (AFB) plot in black. The arc plasma 
plotted in red as a function of the gap length (i.e. its diameter is twice the gap length). 


The plot panel charts are shown below: 
me Arc Flash Boundary = LAB -—— RAB) === Working Distance 
=— Arc Flash Plasma 


0 5 10 #15 20 2 30 35 40 45 50 55 60 
Distance (inch) 


Contour Plot 


This plot is a graphical technique for representing a 3-dimensional surface around the arc fault, and 
relating a color to a specific incident energy level depending on the distance from the fault event. The 
closer the distance, the darker the color, therefore the higher the incident energy at this specific working 
distance. Contour plot is displayed when “Contour” button in the Plots Tab is pressed. 

Contour plot is cleared once any parameter in the Input or Method Tab is modified, unlike the other plots 
that update automatically. 


15 20 23 30 3 40 45 50 
Distance (inch) 
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Incident Energy vs FCT and Incident Energy vs Working Distance Plots 


This plot panel shows the plots for incident energy (cal/cm2) against the fault clearing time (sec) if the 
radio box position is set to “I.E vs. FCT”. The arc flash calculator provides a plot of the incident energy 
vs the working distance when the radio box “I.E. vs. Working Dist.” is selected. 


The image below shows both plots: 
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18.15 DGUV-I 203-078 Arc Flash Calculator 


This section provides information on the DGUV-I 203-078 arc-flash calculator. The images below show 
the basic layout of the calculator when the results tab is active and when plots tab is selected. 


al DGUV-I 203-078 Arc-Flash Calculator - oF x 
Inputs Method Batch Results Plots 
Method and Fauit Type Arc Charateristics 
scien — rot tee Arc Curent (IkLB) (kA) Arc Power (PLB) (MW) 
[peutiawere __] [Same _~] [sme _v 
Input Parameters 
UNn (Volts) I"k3pmax kA) I"k3pmin (cA) 
 aaceaian a we PPE Test Level 
Arc Energy (WLB) (kJ) W LBPK 1 (kJ) W LBaK 1 (kJ) 
Cw) [eo 
Hlectrode gap (d) (mm) Working Distance (a) (mm) W LBPK 2 (kJ) W LBakK 2 kJ) 
= = 
R/X Correction Factors 
Equipment Type = kP (pu) kB (pu) 
a LV Distr. Sys/Switchgear v| [ 15 | 0.381 0.500 
PPE Evaluation and Wamings 
pele Waming1: WLB > than Class 1 PPE Level - Take other measures or Isolate 


Waming2: WLB > than Class 2 PPE Level - Take other measures or Isolate 
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8G DGUV-I 203-078 Arc-Flash Calculator = oO x 
Inputs Method Batch 
Method and Fault Type 
Method Phases Fault Type ——RX=0 ——RX=0.2 ——RK=05 ——RXK=10 ——RXK=20 © kB 
DGUV-I 203-078 v, (3Phase vy) (3Phase Vv) 
Input Parameters 
UNn (Volts) I"k3pmax (kA) I"k3pmin (kA) 
zoe zm] 
a 
a a Sk" (MVAsc) 2 


Hlectrode gap (d) (mm) Working Distance (a) (mm) 
| 60 | [300 


0 07 02 03 04 05 06 07 O08 O9 1 


a a kU - pu 
RX —RK=0 ——RK=02 —RK=05 —RK=10 ——RK=20 © KP 
0.200 Equipment Type kT 
a |LV Distr. Sys/Switchgear vv) [15 
Typical Data 
Duration of Exposure 
Exposure Time (sec) 
a 0 07 02 03 04 05 O06 O07 O08 O9 1 
k°kU - pu 


18.15.1 Inputs Tab 


This tab of the calculator allows the user to enter the system parameters to be considered in the 
calculations. The input tab is displayed in the image below: 
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Method and Fault Type 
Method Phases Fault Type 
DGUV-| 203-078 Vv 3Phase v= -3Phase Vv 
Input Parameters 
UNn (Volts) I"k3pmax (kA) I"k3pmin (kA) 
a a Sk" (MVAsc) 


Hectrode gap (d) (mm) Working Distance (a) (mm) 


a ai 
R/K 
Ease Te I 
8 LV Distr. Sys/Switchoear  v| | 15 | 
Typical Data 
Duration of Exposure 
Exposure Time (sec) 


Method and Fault Type 
This section allows the user to specify the method (DGUV-I 203-078 or “Schau, H.; Halinka, A.”) to be 
used for the energy calculations. 


Method 
The calculator supports the following calculation methods: 
e DGUV-I 203-078 Method (based on the German Social Accident Insurance, DGUV in German) 


e “Schau, H.; Halinka, A.” Method (Based on the reference: “Elektrische Schutz-einrichtungen in 
Industrie-netzen und —anlagen”). 
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Phases 


Enter the number of phases for the power system. The German Arc-Flash calculator supports 3-phase and 
1-phase system calculations using certain rules that are different from those used in the regular ETAP arc 
flash calculation. 


Fault Type 


The calculator supports 3-phase, 2-phase, 1-phase arc faults in 3-phase systems and 1-phase faults in 1- 
phase systems. 


Electric arc energy calculations for different system phases and arc fault types 


This section provides information on how the calculator was configured to calculate the electric arc 
energy for different system phases and fault types. The following table provides a quick overview of the 
methodology used: 


Method Phases Fault Type Calculation Process 
3-Phase 3-Phase 3-phase equations for electric arc energy. 

3-phase equations for electric arc energy. Assumes that 

DGUV-I 203- dais rene the fault escalates into a 3-phase fault. 
078 & “Schau, 3-phase equations for electric arc energy. Assumes that 

H.; Halinka, siuiesad ne the fault escalates into a 3-phase fault. 
a 3-phase equations for electric arc energy with a editable 
1-Phase 1-Phase correction factor of 0.666 (Method Tab) to remove some 

over conservatism 


Input Parameters 


This group of input fields allows the user to specify the input parameters for the calculations. The range 
of the input parameters is adjusted based on the selected calculation method. 


UNn (Volts) 


The system nominal voltage in V (line-to-line for 3-phase system and line-to-line or line-to-neutral for 1- 
phase systems). Warning message will appear in the “PPE Evaluation and Warnings” display window to 
notify the user about conditions when the voltage is outside the method range limits (UNn < 200V). 


I”k3pmax (kA) 

Maximum prospective short-circuit current before a three-phase fault (Bolted fault current) depending on 
the different possible configurations of the system studied. 

I”k3pmin (kA) 


Minimum prospective short-circuit current before a three-phase fault (Bolted fault current) depending on 
the different possible configurations of the system studied. 
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Electrode Gap (d) (mm) 


This field represents the distance between the conductors at the fault location. There is no specific 
electrode gap range for the “Schau, H.; Halinka, A.” method. For the DGUV-I 203-078 method, this field 
is not taken into consideration for the calculations. 


Working Distance (a) (mm) 


This is the distance between a person and the electrodes at the arc fault location. A range of 1 to 2000 mm 
is allowed for this field. The default value for this parameter is 300 mm, however, smaller values can be 
entered affecting directly the arc protection energies that a PPE equipment withstand according to IEC 
standard 61482-1-2. 


R/X 


Ratio of the resistance to the inductive reactance of the electrical system at the arc fault location. 


Equipment Type 


This dropdown list shows all the possible fault location based on the geometry of the equipment at which 
the arc fault is simulated. This field is aimed to determine the transmission factor k,, depending on the 
geometry of the equipment. The equipment types are shown in the image below: 


Equipment Type 
LV Distr. Sys/Switchgear 


LV Distr. Sys/Switchgear 
MV Distr. Sys/Switchgear 


Blectric Pole (Open-Air) 
Open-Air 


This factor and other internal constants are determined based on the equipment type selection, as shown 
in the table below. After clicking on “Typical Data” button, all the applicable fields are automatically 
populated based on the equipment type selection. 


Equipment Types kT | d@mm) a (mm) R/X | UD 

kP 

Household Junction Box 1.9 — || 45 300 1.0 0.24 
Behind House Supply System 1.0 25 300 2.0 0.25 

Control Cabinet 15 20 300 0.87 | 0.149 
Cable Dist. Cabinet 1.5: | 45 300 0.2 0.34 
Compact Station 1.7 | 45 300 0.87 | 0.34 
LV Distr. Sys/Switchgear 1.5 | 60 300 0.2 0.34 
MV Distr. Sys/Switchgear 1.7 | 100 450 0:2 0.34 

Sleeve Assembly 1.9 | 45 300 1.0 | 0.240 
Cable Splice 1.9 | 45 300 1.0 0.24 
Distribution Pole (open-air) 2.4 | 150 300 0.2 0.24 
Open-Air 2.4 | 60 300 0.2 0.24 
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kT 


The transmission factor (kT) takes into account the electrical system’s geometric configuration and 
describes the spatial propagation of the electric arc thermal impact in space. 


Typical Data 


This button activates an internal lookup table in the calculator, which contains typical working distance, 
transmission factor (kT), R/X, and electrode gap values. Make sure to press the typical data button to 
refresh typical parameters. Typical parameters are only selected when this button is pressed. 


Duration of Exposure 


This field is provided to give some selections for the determination of the arc fault duration. 


Exposure Time (sec) 


Enter the arc duration or fault clearing time in seconds. The range of the field is from 0.010 to 2.0 
seconds, however, smaller and higher values can be entered. The electric arc energy (WLB) as a function 
of time is automatically updated in Results Tab once this parameter is changed. 


18.15.2 Method Tab 


This section allows the user to specify some coefficient and correction factors to be considered in the 
calculations. Some of the fields may be hidden when the DGUV-I 203-078 method is selected since they 
may not apply. The Method Tab is shown below: 
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kB <= 1.0kV kB > 1.0kV @ Calculated 


O User Defined 


Statistical % A 


B x 
Cc D y 


PPE Class Levels 
Class 1 168 kJ @ VDE 0682-306-1-2 
User-Defined 
Class 2 320 kJ O 
Conductor Material 
Bectrode Material E.M. CF 


3-Phase to 1-Phase kP 


3P to 1-P CF @ Calculated 


O User eins 


Actual Short-Circuit Current (IkLB) 


For DGUV-I 203-078 method, this field displays two editable boxes where the value for the current- 
limiting factor (kg) can be entered directly for systems with voltage level less than or equal than 1 kV, 
and for system with voltage level greater than 1 kV, respectively. 


On the other hand, for “Schau, H.; Halinka, A.” Method, this field shows two radio buttons (Calculated 
and User-Defined). When “Calculated” is selected, kg is calculated according to the process detailed on 
the references (“Elektrische Schutz-einrichtungen in Industrie-netzen und —anlagen”). When “User- 
Defined” is selected this field displays two editable boxes where the value for the current-limiting factor 
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(kg) can be entered directly for systems with voltage level less than or equal than 1 kV, and for system 
with voltage level greater than 1 kV, respectively. 


PPE Class Level 


For both methods, this field displays two radio buttons (VDE 0682-306-1-2 & User-Defined). When the 
first one is selected, the PPE Class Levels specified by IEC standard 61482-1-2 are considered for 
calculations of the equivalent arc energy and final PPE selection, see table below: 


Electric fault arc Mean Value W, pp 
protection Class kJ 

Class 1 168 

Class 2 320 


On the other hand, when “User-Defined” is selected, an additional class level (Class 3) is shown, and the 
three of them can be freely modified. 


Conductor Material 


This field displays a dropdown menu where the electrode material can be selected (Copper or Aluminum). 
The default option is copper. When aluminum is selected, a coefficient factor is available to account for 
any necessary adjustment in the arc energy due to the electrode material. 


3-Phase to 1-Phase 


This section displays an editable field where the coefficient factor can be entered directly. This coefficient 
factor is intended to address any necessary adjustment in the arc energy due to the selection of 1-Phase 
systems in the Phases dropdown menu (Inputs Tab). 


kP 


This parameter represents the normalized arc power employed to obtain the active power consumed by 
the electric arc. This section displays two toggle radio buttons (Calculated and User-Defined). 


When “Calculated” is selected, kp is computed according to the process detailed on the references 
(“Elektrische Schutz-einrichtungen in Industrie-netzen und —anlagen”). When “User-Defined” is selected 
an editable box becomes available, where the parameter can be entered directly. 


For DGUV-I 203-078 method, this field does not have any effect since this method employs the 
maximum values for the normalized arc power (Kpmq,x) based on the following equation. 


0.209 
Pmax = (R/x)ot7 


18.15.3 Batch Tab 


This section allows the user to generate multiple results based on input data listed in a .csv file. The batch 
process calculation has the capability to perform the arc flash analysis with any of the two available 
methods, either “DGUV-I 203-078” or “Schau, H.; Halinka, A.”. The batch tab is displayed in the image 
below: 
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Import Database 
This section contains options for importing an input data file. The input data file has to contain all the data 
inputs required by the calculator for the arc-flash analysis. The batch process has features such as multiple 
sets of working distances (for different tasks). The import file must be of a comma separated file format 
(*.csv). The *.csv file must follow the format specified in the following image. The order and quantity of 
the columns must be the same, yet the description of the column can be customized (i.e. Location can be 
called Equipment Name, etc.). 


Import Database 
View 
Select Import 
Export Database 
View 
Select Calculate 


Work Distances 


WD 1 


Arc Fault Boundaries 


AFB 1 


Ibf Variation 


Ibf Max (kA 


AFB 2 


Ibf Min (kA 


AFB 3 


lbf Step (kA 


Location 


This field specifies the fault location (Bus/Equipment name) where the arc flash is to be performed. This 


is a text field. 


ETAP 


18-406 
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4 A [eee Seal | Mec Dope fea ae el eae Fev | PR cs MA PND (ee Osc | ote | ON Rae S| ee eV Wi | 
, UNn , Standard 
a Ik"3pmax Ik"3pmin al a2 a3 FCT Equipment kT kB<=1.0 kB>1.0 Electrode 3Pto1P Calculated Calculated UDkP 
Location Phases (VoltsLL RoverX Method / UD PPE 

fl (kA) (kA) ive (mm) (mm) (mm) (mm) (sec) Type (pu) kv Class Material CF /UDkB  /UDkP (pu) 

2 |Work location 1 20 10 i) 400 0.2 45 250 300 350 0.05 oO 1 0.7 1 o 1 oO a 0.666 1 i) eM 
3_|Work Location 2 20 10 oO 400 0.5 60 300 400 500 0.05 o 15 0.7 1 oO oO 0 a 0.666 oO 1 2 
4 |Work Location 3 20 10 oO 400 1 80 350 500 0 0.05 oO 10 0.5 1 oO oO oO 1 0.666 oO 1 1 
5_|Work Location 3_1 20 10 oO 400 1 80 350 500 0 0.05 i) - 0.5 1 oO oO 0 1 0.666 0 1 1 
6 |Work location 4 15 10 i) 800 0.2 45 250 300 350 O01 i) 0 0.5 1 1 tt} 0 1 0.666 i) 0 0.5 
7 _|Work location 5 15 10 i“) 800 0.5 60 300 400 500 01 o 15 0.9 1 1 i} i} 1 0.666 1 0 i} 
8 |Work location 6 15 10 0 800 a) 80 350 500 Oo O12 Oo 24 0.5 1 1 i} EY 0.5 0.666 0 0 0.01 
9 |Work location 6_1 15 10 i) 800 1 80 350 500 Oo O12 Oo 24 0.5 1 1 i} 1 1 0.666 0 1 0.01 
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Ik”3pmax (kA) 


Maximum prospective short-circuit current before a three-phase fault (Bolted fault current) depending on 
the different possible configurations of the system studied. 


Ik”3pmin (kA) 


Minimum prospective short-circuit current before a three-phase fault (Bolted fault current) depending on 
the different possible configurations of the system studied. 


Phases 


The calculator batch process supports 3-phase, and 1-phase systems. Enter “O” for three-phase systems 
and “1” for single-phase systems. 


UNn (Volts LL rms) 


The system nominal voltage in V (line-to-line for 3-phase system and line-to-line or line-to-neutral for 1- 
phase systems). 


R over X 


Ratio of the resistance to the inductive reactance of the electrical system at the arc fault point. The value 
entered should be within 0.001 to 10. 


d (mm) 


This field represents the distance between the conductors at the fault location. 


al (mm) 


This is the distance from the possible arc point to the person in mm. This field is defined as the distance 
between the arc point and the persons face and torso. 


a2 (mm) 


This parameter represent a second working distance at which incident energy is calculated in order to be 
compared to the first set of results (a1). 


a3 (mm) 


As well as with a2, this field represents an extra working distance at which the calculations are 
performed. An extra set of results is obtained in the export file on the same raw of the corresponding fault 
location data. 


FCT (sec) 


This is the calculated time in seconds, which is needed by the protective device to completely open and 
clear the arc current fault. 
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Equipment Type 


This option allows you to select the different types of equipment that are supported for the calculator. 
Enter “O” is the faulted bus/equipment is categorized as Open-Air, and enter “1” if the faulted 
bus/equipment is enclosed. 


kT (pu) 


This field represents the transmission factor (kT) associated to the geometric configuration of the 
equipment at the fault location. 


kB <= 1.0 kV 


This is the current-limiting factor (kg) used to calculate the arc current for systems with voltage level 
lower than or equal to 1 kV. If both “Method” and “Calculated/UD kB” fields are set to “1” this column is 
not considered. 


kB > 1.0kV 


This is the current-limiting factor (kg) used to calculate the arc current for systems with voltage level 
greater than 1 kV. If both “Method” and “Calculated/UD kB” fields are set to “1” this column is not 
considered. 


Method 


This option allows the user to select between the two methods available for the calculator. Enter “O” if 
“DGUV-I 203-078” method is desired, or enter “1” to employ “Schau, H.; Halinka, A.” method for the 
batch process. 


Standard/UD PPE Class 


This option allows the user to select the PPE Class Levels that are considered for the PPE evaluation in 
the batch process. If this field is set to “0”, the PPE Class Levels specified by IEC standard 61482-1-2 are 
considered for calculations. On the other hand, if it is set to “1”, the User-Defined values (pre-established 
in the calculator) are considered in the batch process. 


Electrode Material 


This field determines the electrode material considered for the arc-flash energy calculations. Enter “O” if 
the electrode material is Copper, or enter “1” if it is Aluminum. 


EM CF 


This field provides the correction factor used on the arc-flash energy calculations in case of different 
electrode materials. The calculator only considers it if the “Electrode Material” field is set to “1” in the 
Import file. 


3P to 1P CF 


This is the correction factor used to adjust incident energy calculations in single-phase systems. The 
calculator only considers it if the “Phases” parameter is set to “1” (Single Phase) in the Import file. 
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Calculated/UD kB 


This option allows the user to select the current-limiting factor (kg) that is considered for the calculations. 
If this field is set to “0”, the kp factor is calculated according to the selected method. On the other hand, if 
it is set to “1”, the User-Defined values (established in the import file) are considered in the batch process. 


Calculated/UD kP 


This option allows the user to select the normalized arc power factor (kP) that is considered for the 
calculations in the batch process. If this field is set to “0”, kP is calculated according to the selected 
method. On the other hand, if it is set to “1”, the User-Defined value (established in the import file) is 
considered in the batch process. 


UD kP (pu) 


This field represents the normalized arc power factor (kP) employed for the calculations of the power 
dissipated by the electric arc during the fault. This value is only considered when the field 
“Calculated/UD kP” is set to “1”. 


Export Database 

First, the user needs to create an empty .csv file. Then, such a file is selected through the calculator 
Export Database section. After clicking on the “Calculate” button, all the arc flash results obtained by the 
calculator for the different fault locations established in the import file are saved in the export file. After 
calculation is performed, the export .csv file is organized as follows: 


4 A | (SU ed? a VOM Saacc) (Je ala ST Es | | | J | re aL Nel Be P| Re Se ee | U 
1 

. PLB- WLB- WLBaK1 WLBaK2 WLBaK3 Ik3max- UB- 1B- KkU- WLBaK1 WLBaK2 WLBaK3 WLBaK1 WLBaK2 WLBaK3 . 
2| More Location ID) HIRE SER Sk OVE Cpu RB SPOT as | a @al-k) @al-kJ @al-kiJ_ kA Volts Ohms pu @a2-kI @a2-ki @a2-k) @a3-kJ @a3-kKJ @a3-KI ee ane 
3. |Work location 1 7 13.85641 0.38126 0.7 5.283 264.146 116.6667 222.2222 347.2222 20 OO oo 168 320 500 228.6667 435.5556 680.5556 WARNINGS for al: Warning1: 
4 |Work Location 2 7 13.85641 0.32627 0.7.-4.521 226.044 252 480 750 20 oo 448 853.3333 1333.333 700 133.333 2083.333 WARNINGS for al: WARNING 
5 Work Location 3 5 13.85641 0.29 0.5. 4.018 200.918 2286.667 4355.556 6805.556 20 «0 0 0 4666.667 8888.889 13888.89 0 t) 0 WARNINGS for al: WARNING 
6 |Work Location 3.1 5 7.657488 0.29 052.221 111.034 0.228667 0.435556 0.680556 11.05263 0 0 —_0_ 0.466667 0.888889 1.388889 0 t) 0 WARNINGS for al: Warning1: 
7 |Worklocation4 9.054494 20.78461 0.24428 0.9054 5.077 507.718 0 t) 0 15 282.1 0.0312 0.192 ° ) t) 0 t) 0 WARNINGS for al: Warning1: 
8 [Work location 5 9 20.78461 0.26498 0.9‘ 5.508 550.753 252 480 750 15 346.9 0.0385 0.236 448 853.3333 1333.333 700 1333.333 2083.333 WARNINGS for a1: Warning1: 
9 Work location6 7.202491 20.78461 0.24855 0.7202 5.166 258.304 548.8 1045333 1633.333 15 365.7 0.0508 0.249 1120 2133.333 3333.333 0 0 0 WARNINGS for al: WARNING 
10 |Work location 6_1 7.202491 20.78461 0.01 (0.7202 0.208 20.7846 548.8 1045.333 1633.333 15 365.7 0.0508 0.249 1120 2133.33, 3333.333 0 t) 0 WARNINGS for al: WARNING 


Work Location ID 


This field specifies the fault location (Bus/Equipment name) where the arc flash is performed according 
to the import file. 


IkLB-kA 


This field represents the arc current in kA. 


Sk—-MVA 


This is the total short-circuit apparent power at the fault location in MVA. 


kP - pu 


This field displays the normalized arc power factor (kP) employed for the calculations. 
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kB - pu 


This field displays the current-limiting factor (kg) employed for the calculations. 


PLB -MW 


This is the active power of the electric arc during the fault in MW. 


WLB - kJ 


This is the electric arc energy in kJ. Based on the comparison between this value and the equivalent arc 
energies, a PPE can be selected as appropriate or not for a specific fault location. 


W LBaK 1 @ al - kJ 


This parameter represent the equivalent arc energy at the working distance “al” when the protection class 
level W LBPK 1 (kJ) is considered. 


W LBaK 2 @ al - kJ 


This parameter represent the equivalent arc energy at the working distance “al” when the protection class 
level W LBPK 2 (kJ) is considered. 


W LBaK 3 @ al - kJ 


This parameter represent the equivalent arc energy at the working distance “al” when the protection class 
level W LBPK 3 (kJ) is considered. 


Ik3max - kA 


Maximum prospective short-circuit current before a three-phase fault (Bolted fault current) depending on 
the different possible configurations of the system studied. This is the same value entered in the import 
file. 


UB - Volts 


This field shows the electric arc voltage in Volts. This field is equal to zero (“0”) when DGUV-I 203-078 
method is selected since it does not consider this parameter. 


rB - Ohms 


This field shows the electric arc resistance in Ohms. This field is equal to zero (“0”) when DGUV-I 203- 
07 method is selected since it does not consider the arc characteristics. 


kU - pu 
This field displays the voltage factor (kU) employed for the calculations. 
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W LBaK 1 @ a2 - kJ 


This parameter represent the equivalent arc energy at the working distance “a2” when the protection class 
level W LBPK 1 (kJ) is considered. 


W LBaK 2 @ a2 - kJ 


This parameter represent the equivalent arc energy at the working distance “a2” when the protection class 
level W LBPK 2 (kJ) is considered. 


W LBaK 3 @ a2 - kJ 


This parameter represent the equivalent arc energy at the working distance “a2” when the protection class 
level W LBPK 3 (kJ) is considered. 


W LBaK 1 @ a3 - kJ 


This parameter represent the equivalent arc energy at the working distance “a3” when the protection class 
level W LBPK 1 (kJ) is considered. 


W LBaK 2 @ a3 -kJ 


This parameter represent the equivalent arc energy at the working distance “a3” when the protection class 
level W LBPK 2 (kJ) is considered. 


W LBaK 3 @ a3 - kJ 


This parameter represent the equivalent arc energy at the working distance “a3” when the protection class 
level W LBPK 3 (kJ) is considered. 


Method Warnings 


This field displays messages about calculation warnings or conditions where input parameters may be out 
of method range. 
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18.15.4 Results Tab 


This group of display fields provides the output results of the Arc Flash calculations. Some of the fields 
may be hidden when the DGUV-I 203-078 method is selected since they may not apply. The results tab is 
shown below: 


ST 


Arc Charateristics 
Arc Current (IkLB) (kA) Arc Power (PLB) (MW) 
17.295 5.423 
Arc Voltage (UB) (Volts) Arc Resistance (rB) (Ohms) 
PPE Test Level 
Arc Energy (WLB) (kJ) W LBPK 1 (ku) W LBak 1 (kJ) 
[m2] 1680 
W LBPK 2 kJ) W LBaK 2 (kJ) 
W LBPK 3 ku) W LBaK 3 (kJ) 
Correction Factors 
kP (pu) kB (pu) kU (pu) 
PPE Evaluation and Wamings 


Waming1: WLB > than Class 1 PPE Level - Take other measures or Isolate 


Arc Characteristics 


Arc Current (IkLB) (kA) 
This display-only field shows the arc current in kA. 
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Arc Power (PLB) (MW) 
This display-only field shows the active power dissipated by the electric arc in MW. 


Arc Voltage (UB) (Volts) 


This display-only field shows the arc voltage in Volts. This field is not shown when DGUV-I 203-078 
method is selected since it does not consider this parameter. 


Arc Resistance (rB) (Ohms) 


This display-only field shows the arc resistance in Ohms. This field is not shown when DGUV-I 203-078 
method is selected since it does not consider the arc characteristics. 


PPE Test Level 


Arc Energy (WLB) (kJ) 


This display-only field shows the electric arc energy in kJ based on the method selected and the provided 
parameters. 


W LBPK 1 (kJ) & W LBPK 2 (kJ) 


These display-only fields show the arc protection classes in kJ. When “User-Defined” is selected in “PPE 
Class Levels” (Method Tab), a third display-only field (W LKPK 3) is also shown. 


W LBaK 1 (kJ) & W LBaK 2 (kJ) 


These display-only fields show the equivalent arc energies in kJ. These parameters represent the 
equivalent energies withstood by the PPE equipment according to the different test levels, working 
distance, and transmission factor (k;). When “User-Defined” is selected in “PPE Class Levels” (Method 
Tab), a third display-only field (W LBaK 3) is also shown. 


Correction Factors 


kP (pu) 

This display-only field shows the normalized arc power factor used in the calculations, and obtained 
through the calculation process detailed in the references. 

kB (pu) 

This display-only field shows the current-limiting factor used in the calculations, and obtained through 
the calculation process detailed in the references. 

kU (pu) 


This display-only field shows the voltage factor used in the calculations. This field is not shown when 
DGUV-I 203-078 method is selected as it does not consider the arc characteristics. 
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references are resources that provide additional or helpful material. Reference to these resources is made 
for informational use only. ETAP has not evaluated all the references listed here and makes no claim 
towards their accuracy or completeness. 
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[B4] Lee, R. H., “Pressures Developed by Arcs,” [EEE Transactions on Industry Applications, vol. [A-23, 
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Load Flow 


The ETAP Load Flow Analysis Module calculates the bus voltages, branch power factors, currents, and 
power flows throughout the electrical system. ETAP allows for swing, voltage regulated, and unregulated 
power sources with multiple power grids and generator connections. It is capable of performing analysis 
on both radial and loop systems. ETAP allows you to select from several different methods in order to 
achieve the best calculation efficiency. 


This chapter defines definitions and explains the usage of different tools you will need to run load flow 
studies. Theoretical background for different load flow calculation methods is also provided. 


The Load Flow toolbar section explains how you can launch a load flow calculation, open and view an 
output report, or select display options. The Load Flow Study Case Editor section explains how you can 
create a new study case, what parameters are required to specify a study case, and how to set them. The 
Display Options section explains what options are available for displaying some key system parameters 
and the output results on the one-line diagram, and how to set them. The Load Flow Calculation Methods 
section shows formulations of different load flow calculation methods. Comparisons on their rate of 
convergence, improving convergence based on different system parameters and configurations, and some 
tips on selecting an appropriate calculation method are also found in this section. The Required Data for 
Calculations section describes what data is necessary to perform load flow calculations and where to enter 
them. The Load Flow Study Output Report section illustrates and explains output reports and their format. 
Finally, the Load Flow Result Analyzer allows you to view the results of various studies in one screen so 
you can analyze and compare the different results. 
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19.1 Load Flow Toolbar 


The Load Flow toolbar will appear on the screen when you are in the Load Flow Study Mode. 


Run Load Flow Studies 
Auto Run 

Halt Current Calculation 
Alert View 

Load Flow Report Manager 
Load Flow Result Analyzer 
Load Flow Comparator 
Load Flow Display Options 
Unit Display Options 
Power Flow Display Options 
Voltage Display Options 
Load Terminal Voltage 
Line/Cable Voltage Drop 
Panel/Single Phase System 
Get Online Data 

Get Archived Data 

Run SLE Load Flow 


Load Analyzer 
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Run Load Flow Studies 


Select a Study Case from the Study Case Editor. Then click on the Run Load Flow Study icon to 
perform a load flow study. A dialog box will appear to specify the output report name if the output file 
name is set to Prompt. The study results will then appear on the one-line diagram and in the Output 
Report. 


Auto Run 


Click to Activate or De-activate the Auto Run. When the Auto Run is active, any one of the following 
actions will run a load flow study: 

e APD has changed its status. 

e Anelement has changed its properties. 

e The load flow study case is changed. 


Halt Current Calculation 


The Stop Sign button is normally grayed-out. When a Load Flow calculation has been initiated, this 
button becomes enabled and shows a red stop sign. Clicking on this button will terminate the calculation. 


Alert View 


After performing a load flow study, you can click on this button to open the Alert View, which lists all 
equipment with critical and marginal violations based on the settings in the study case. 


Load Flow Report Manager 


Load Flow Output Reports are provided in the form of a Crystal Report. The Report Manager provides 
four pages (Complete, Input, Result, and Summary) for viewing the different parts of the output report for 
Crystal Reports. Available formats for Crystal Reports are displayed in each page of the Report Manager 
for load flow studies. You can view the report in the Crystal Reports viewer, or save the report in PDF, 
MS Word, Rich Text Format, or Excel format. If you wish this selection to be the default for reports, click 
the Set As Default checkbox. 


Choosing any format in the Report Manager activates the Crystal Reports. You can open the whole load 
flow output report or only a part of it, depending on the format selection. The format names and 
corresponding output report sections are given below: 


e Adjustments Indicates tolerance and temperature correction adjustments 
e = Alert-Complete Provides complete report of system alerts 

e = Alert-Critical Provides summary of critical alerts only 

e = Alert-Marginal Provides summary of marginal alerts only 

e Branch Loading Branch loading results 

e Branch Branch input data 

e Bus Loading Displays overloaded bus information 

e Bus Bus input data 

e Cable Cable input data 

e Complete Complete output report including all input and output 

e Cover Title page of the output report 

e Equipment Cable Equipment cable input data 

e High Voltage DC Link High Voltage DC Link input data 

e Impedance Provides detailed information about impedance elements in the system 
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e Line Coupling Displays Transmission Line coupling impedance data 
e Load Flow Report Load Flow calculation results 

e Losses Branch loss results 

e NO Protective Devices Displays Normally Open protective devices 

e Panel Report Load Flow calculation results for panel systems 

e Reactor Reactor input data 

e Summary Summary of load flow calculation 

e SVC Static Var Compensator (SVC) input data 

e Transformer Transformer input data 

e UPS Report Load Flow calculation results for UPS systems 


You can also view output reports by clicking on the View Output Report button on the Study Case 
toolbar. A list of all output files in the selected project directory is provided for load flow calculations. To 
view any of the listed output reports, click on the output report name, and then click on the View Output 
Report button. 


Study Case 
11008 - 88 cable 


LF-Report 
LF-Rpt-200Sum 
LF-Rpt-200 DF 
LF-Rpt-100B 
LF-Rpt-100A 


Prompt 


Load Flow Result Analyzer 


The Load Flow Result Analyzer allows you to view the results of various studies in one screen so you can 
analyze and compare the different results. 


Load Flow Comparator 


When ETAP Real-Time is set up and after you run a Load Flow study with online data, you can press this 
button to bring up the Load Flow Comparator view. It lists a comparison of all system operating values 
between ETAP Real-Time output and Load Flow calculations. 


Load Flow Display Options 


The results from load flow studies are displayed on the one-line diagram. To edit how these results look, 
click on the Load Flow Display Options icon. For more information see Load Flow Display Options. 


Unit Display Options 
Click to turn on/off the units in OLV display. 


Power Flow Display Options 


Click and hold to select the power flow display options. 
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kW kVA W VA 
KW kvar pyar KVA Amp amp : Wovar vor VA Amp amp (mM) 7 


MW MVA 
MW Myar yu, MIVA Amp Amp k 


Voltage Display Options 


Click and hold to select the voltage display options. 


oY KV Volt 


Load Terminal Voltage 


Click to display load terminal voltage. 


Line/Cable Voltage Drop 


Click to display line or cable voltage drop. 


Panel/Single Phase System 


Click to display panel or single phase system results. 


Get Online Data 


When ETAP Real-Time is set up and the Sys Monitor presentation is online, you can bring real-time data 
into your offline presentation and run a Load Flow by pressing on this button. You will notice that the 
Operating Loads, Bus Voltages, and Study Case Editor will be updated with the online data. 


Get Archived Data 


When ETAPS Playback is set up and any presentation is on Playback Mode, you can bring this data into 
your presentation and run a Load Flow by pressing on this button. You will notice that the Operating 
Loads, Bus Voltages, and Study Case Editor will be updated with the playback data. 


Load Analyzer 


The Load Analyzer tool and its associated reports are designed for load schedule reporting of ETAP 
models. This module allows the user to report loads of multilevel-connected elements in a system directly 
(called Connected Loads), or by applying different multiplying factors (called Operating Loads). 
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19.2 Study Case Editor 


The Load Flow Study Case Editor contains solution control variables, loading conditions, and a variety of 
options for output reports. ETAP allows you to create and save an unlimited number of study cases. Load 
flow calculations are conducted and reported in accordance with the settings of the study case selected in 
the toolbar. You can easily switch between study cases without having to reset the study case options each 
time. This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, study cases can be used for any 
combination of the three major system toolbar components, i.e. for any configuration status, one-line 
diagram presentation, and Base/Revision data. 


When you are in Load Flow Analysis Mode, you can access the Load Flow Study Case Editor by clicking 
on the Study Case button from the Load Flow Study Case toolbar. You can also access this editor from 
the System Manager by clicking on the Load Flow Study Case folder. 


@B3 LF Report > 4S Lrreport , Cable 


There are two ways you can create a new study case. You can click on the “New” button inside the Study 
Case Editor. It will open the Duplicate Study Case dialog box for you to specify names of an existing 
Study Case and the new study case you want to create. 


Duplicate Study Case 


Copy: LF 1004 


To |LF 10041 


Cancel 


ETAP 19-6 ETAP 19.0 User Guide 


Load Flow Analysis Study Case Editor 


You can also create a new Study Case from the System Manager, by right-clicking on the Load Flow 
Study Case folder and selecting Create New. ETAP will then create a new study case, which is a copy of 
the default Study Case, and adds it to the Load Flow Study Case folder. 


System Manager x 
G One-Line Components 

eS Disisibvation Components 

| =| SS ras 


=)-y Example-ANSI - C:\ETAP\Example-ANSI\ 
a-o Configurations 
a-i Presentations 
as Study Cases 
#)-(g Arc Flash - 7 
(5 Battery Sizing - 2 
~-(y Cable Derating -1 
~-(j Contingency Analysis - 1 
(5g DC Arc Flash - 3 
(Sg DC CSD Analysis - 1 
(5g DC Load Flow -1 
~-(y DC Short Circuit - 1 
(5 Distribution Load Flow 


~-( Distribution Short Circuit 

(59 Failure Mode Analysis - 1 

(5 Fault Management and Service Restoration 
(5g Harmonic Analysis - 1 

(5g Intelligent Load Shedding - 1 


sees fab] eee eee Be] Be] Be) Be) Bf) 


oN oo 
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19.2.1 Info Page 


Load Flow Study Case 
Info Loading +Adjustment Alert 
Study Case ID Method 
LF 100A ne ei 
© Newton-Raphson 


eal © Fast-Decoupled 
Unit 
Rated Voltage kV 


Precision 


Calculate Flows For 1-Phase & Panel Systems 
Operating Voltage | % 
Options 
Initial Voltage 
@ Bus Initial Voltages 


Power MVA 


Equipment Cable 
[7] Exclude Load Diversity Factor O User-Defined 


[_] Apply Transformer Phase Shift 


Update 
[_] Initial Bus Voltages [_] Cable Load Amp [_] Operating Load & Voltage 


[_] Inverter Operating Load [_] Transformer LTCs 


Study Remarks 
Second line of remarks for "LF 100A" study case. 


ic LF 100A v 5) Copy New | Delete Help OK | Cancel 


Study Case ID 


Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering the new ID. Study Case ID can be up to 12 alphanumeric characters. Use the Navigator button at 
the bottom of the editor to go from one study case to the next existing Study Case. 


Method 


In this group you can select a load flow solution method. Three methods are available: Newton-Raphson, 
Adaptive Newton-Raphson and Fast-decoupled. 


For the Newton-Raphson and adaptive Newton Raphson methods, a few Gauss-Seidel iterations are made 


first, to establish a set of sound initial values for the bus voltages (since convergence of the Newton- 
Raphson Method is highly dependent on the initial bus voltages). 
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Max. Iteration 

Enter the maximum number for iterations in this field. If the solution has not converged before the 
specified number of iterations, the program will stop and inform you. The recommended and default 
values is 99 for the Newton-Raphson and Fast-Decoupled Methods. 


Precision 

Enter the value for the solution precision in this field, which is used to check for convergence. This value 
determines how precise you want the final solution to be. For the Newton-Raphson and Fast-Decoupled 
Methods, the precision is compared with the difference in power for each bus (MW and Mvar) between 
iterations. If the difference between the iterations is less than or equal to the value entered for precision, 
the desired accuracy is achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the program again (you may need to increase the number of iterations). 


Note: A smaller precision value results in lower mismatch (higher accuracy), as well as a longer run time. 
The default (and recommended) value is .0001 pu power for the Newton-Raphson and Fast-Decoupled 
Methods. 


Apply XFMR Phase-Shift 
Check this box to consider transformer phase-shift in load flow calculations. The phase-shift of a 
transformer can be found in the Transformer Editor. 


Calc. 1-Ph/Panel Systems 

Check this box to include 1-phase and/or panel system load flow calculations as part of the whole system 
load flow calculation. A 1-phase/panel system is defined as a radial sub-system that is powered through a 
top panel, 1-phase UPS, or a phase adaptor connected to a 3-phase bus. A power system may contain 
several 1-phase/panel systems. Each 1-phase/panel system has a top element that is a 3-phase panel, 1- 
phase UPS, or a phase adapter. 


If this box is checked, bus voltages and branch flows in 1-phase/panel systems will be calculated in a load 
flow run and calculation results will be reported in the one-line diagram and the crystal report. If this box 
is not checked, the load for each 1-phase/panel system will be summed up to its top element for the 
loading specified in the study case. This load summation is based on the load rated voltage and does not 
consider any branch losses. The top element will be treated as a single load in the system. 


The 1-phase/panel system must be a radial system. ETAP checks loop configurations in panel/1-phase 
UPS systems when performing load flow calculations. Should a loop configuration be detected, the load 
flow calculation will be terminated and a message will be posted. 


Update 


In this group, you can decide to update initial conditions of the buses and/or set the transformer taps to the 
calculated value of LTCs. The selected options will be updated after the subsequent load flow run. 


Initial Bus Voltage 

Select this option to update the values of the bus voltage magnitudes with the result of the load flow run. 
Bus voltage update will result in a faster convergence of the subsequent load flow solutions since the 
initial bus voltages will be closer to the final values. 
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Inverter Operating Load 

In an AC load flow study, an inverter is represented as a constant voltage source. When this option is 
checked, the load provided by the inverter will be updated to the inverter element, which can be used later 
as DC load of the inverter in a DC Load Flow Study. 


Operating Load & V 

The option is available if your ETAP key has the online feature. When this box is checked, the calculation 
results will be updated to sources, loads, and buses, so that they can be utilized as input for later studies. 
These values are also displayed in element editors. If your ETAP key does not have the online feature, 
you can see the operating P, Q, and V in only element editors, and they cannot be used in a later study. 


Transformer LTCs 

Select this option to update the transformer taps to reflect the result of load tap changer (LTC) settings, 
i.e., transformer taps will be set to values determined from the load flow solution for LTCs. This feature is 
useful when you want to consider the impedance of the LTC taps for short-circuit calculations. Selecting 
this option will also display the LTC settings on the OLV. 


Cable Load Amp 

Select this option to transfer cable load current data from the previously run load flow study. The data is 
transferred to the Operating Load Current in the Cable Editor for each cable associated with the load flow 
study. 


Report 


Rated Voltage In 
Bus nominal voltages seen in the output report can be printed in V or kV. Select your preference from the 
drop down list. 


Bus Operating Voltage In 

Calculated bus voltages seen in the output report can be printed in V, kV or in percent of the bus nominal 
voltages. Select your preference from the drop down list. For graphical display of bus voltages see Load 
Flow Display Options. 


Power In 

Calculated power flows, loadings and generations seen in the output report can be printed in MVA or 
kVA. Select your preference from the drop down list. For graphical display of the power flows see Load 
Flow Display Options. 


Equipment Cable Losses and Vd 

Select this option to print an equipment cable losses and voltage drop report. Once this option is selected, 
you will have the option to Exclude Load Diversity Factor. Checking this option will exclude the load 
diversity factor in the calculations of equipment cable losses and voltage drop in the report only. For more 
information on load diversity factors, see the Loading page of the Load Flow Study Case Editor. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this section for load flow calculation 
purposes. 


ETAP 19-10 ETAP 19.0 User Guide 


Load Flow Analysis Study Case Editor 


Bus Initial Voltages 
Select this option to use bus voltages and angles as entered in the Info page of the Bus Editors. Using this 
option, you can simulate load flow studies with different initial conditions for bus voltage. 


User-Defined Fixed Value 

This option allows you to simulate load flow studies using a fixed bus voltage and angle for all buses. 
When you select the fixed initial condition option, you must enter the initial voltage value as the percent 
of the bus nominal voltage. The default values are 100% for bus voltage magnitude and zero degree for 
bus voltage angle. 


Determination of Initial Bus Voltage Angle 

When transformer phase-shift is considered in the load flow calculation, the initial bus voltage angle 
should be taken into account. Otherwise, very poor initial bus voltage angle may be used and which may 
affect load flow convergence. To resolve this issue, the ETAP Load Flow Module calculates the bus 
voltage angle-based on transformer phase-shift and compares the calculated value against the initial bus 
voltage angle from user selected option. If the difference between the two values is larger than the 
specified MaxIniAngDiff, ETAP uses the calculated the values as the initial bus voltage angle, where 
MaxIniAngDiff is an ETAP.INI file entry defaulted at 10. According to the selection for the initial bus 
voltage and the Apply XFMR Phase-Shift field, there are four different situations: 


e When the Use Fixed Values is checked and the Apply XFMR Phase-Shift is also checked, the 
calculated initial bus voltage angles are used in the load flow calculation. 


e When the Use Bus Voltages is checked and the Apply XFMR Phase-Shift is also checked, the initial 
bus voltage angle from the Bus Editor is compared against the calculated bus voltage angle. If the 
difference is less than MaxIniAngDiff, the initial bus voltage angle from the Bus Editor is used; 
otherwise the calculated value is used in the load flow calculation. 


e When the Use Fixed Values is checked and the Apply XFMR Phase-Shift is not checked, the initial 
voltage angle entered in the Load Flow Study Case is used in the load flow calculation. In this case, 
all the buses have the same initial voltage angle. 


e When the Use Bus Voltages is checked and the Apply XFMR Phase-Shift is not checked, the initial 
bus voltage angles from the Bus Editor are used in the load flow calculation. 


When the operating load is specified as the system load, the operating voltage angles are used as the 
initial value. In this case, if the Apply XFMR Phase-Shift is checked, the operating voltage angle is 
compared against the calculated bus voltage angle. If the difference is less than MaxIniAngDiff, the 
operating voltage angle is used; otherwise the calculated value is used in the load flow calculation. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this remarks field. Information entered in this 
location will be printed on the second line of every output page header line. These remarks can provide 
specific information for each study cases. The first line of the header information is global for all study 
cases and is entered in the Project Information Editor. 


19.2.2 Loading Page 
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Load Flow Study Case 
Info Loading = Adjustment Alert 


Loading Category 
Design Design 
[_] Operating P.Q [_] Operating P.Q.V 
Load Diversity Factor Charger Loading 
© None @ Loading Category 
© Bus Minimum © Operating Load 
O Bus Maximum 


@ Global 


ConstantkVA Constant Z 
125 110 


v 5) Copy New | Delete Help OK | Cancel 


Loading Category 

Select one of the ten Loading Categories for the current Load Flow Study. With the selection of any 
category, ETAP uses the percent loading of individual motors and other loads as specified for the selected 
category. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the Induction 
Machine Editor and Synchronous Motor Editor and the Loading or Rating page of other load component 
editors. 


Operating P,Q 


This option is available if your ETAP key has the online feature. When this box is checked, the operating 
loads updated from online data or a previous Load Flow Study will be utilized in the Load Flow Study. 
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Generation Category 


Select one of the ten Generation Categories for the current Load Flow Study. With the selection of any 
category, ETAP uses the generator controls for the selected category, as specified in the Rating page of 
the Generator Editor. The generator controls will be different depending on the mode that the generator is 
operating under. The mode of generation is selected on the Info page of the Generator Editor. The table 
below shows the generation controls with respect to the mode of generation. 


Mode Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 
Operating P, Q, V 


This option is available if your ETAP key has the online feature. When this box is checked, the generator 
operating values updated from online data or a previous load flow study will be utilized in the Load Flow 
Study. 


Load Diversity Factor 


This section allows you to specify load diversity factors to be applied on the loading category load. When 
the Operating Load is selected, a diversity factor is not considered. 


None 
Select ‘None’ to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When the minimum bus loading option is selected, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate load flow 
studies with each bus having a different minimum diversity factor. 


The minimum bus loading study option may be used to see the effect of transformer taps and capacitors 
(if any) on the system voltages under a minimum (light) loading condition. 


Bus Maximum 

When the Maximum Loading option is selected, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate load flow 
studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global Diversity Factor 

Enter the diversity factors for all constant kVA, constant Z, generic, and constant I loads. When you 
select this option, ETAP will globally multiply all motors, static loads, constant current loads, and generic 
loads of the selected Loading Category with the entered values for the respective load diversity factors. 


Constant kVA 


Constant kVA loads include induction motors, synchronous motors, conventional and unbalanced lumped 
loads with % motor load, UPS’s, and chargers. 
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Constant Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOV’s, and conventional and 
unbalanced lumped loads with % static load. 


Constant I 
Constant current loads include unbalanced lumped loads with % constant current load. 


Generic 
Generic loads include lumped loads modeled using either the exponential, polynomial, or comprehensive 
model. 


Please refer to the Load Flow Calculations Methods section for the load-modeling concepts used in 
ETAP. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25 percent above their nominal values. This value can be smaller or greater than 100 percent. 


Charger Loading 


You have the option to use the Loading Category or the Operating Load for chargers. The operating load 
for a charger can only be updated from a DC Load Flow Study. 
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19.2.3 Adjustments Page 


This page allows you to specify tolerance adjustments to length, equipment resistance, and impedance. 
Each tolerance adjustment can be applied based on the individual equipment percent tolerance setting or 
based on a globally specified percent value. 


Tolerances are typically applied to electrical calculations especially in cases where the actual equipment 
data is suspect, manufacturer datasheet reflects tolerances or it is a new electrical system design. 


Load Flow Study Case 


Info Loading Adjustment Alert 
Apply Neg. Tolerance and Min. Temp. Correction 
Impedance Tolerance Length Tolerance 
Transformer Cable / Busway 


O Individual O Individual 
@ Global % @ Global 


Reactor 
O Individual 
@ Global 


Overload Heater Transmission Line 
O Individual O Individual 
@ Global 1 @ Global 


Resistance Temperature Cormection 
Cable / Busway Transmission Line 
O Individual Min. temperature O Individual Min. temperature 
@ Global [ 7% | @ Global 5 | 


LF New Delete Help OK || Cancel 


Apply Neg. Tolerance and Min. Temp. Correction 


When tolerances are applied to the load flow calculation, they are typically considered as positive 
tolerance for impedances & length and maximum temperature value from resistance temperature 
correction. This is done such that the load flow calculations yield higher voltage drops & losses; making 
the results more conservative. By applying this checkbox, load flow calculations shall utilize negative 
tolerance and minimum temperature correction making the results less conservative. 
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Impedance Tolerance 


This group allows you to consider tolerance adjustments to impedance values for transformer, reactor, and 
overload heater. 


Transformer Impedance Adjustment 

This adjustment is applied to transformer impedance. The net effect of the transformer impedance 
adjustment in load flow calculations is to increase the impedance by the specified percent tolerance value. 
For example, if the transformer impedance is 12% and the tolerance is 10%, the adjusted impedance used 
in the load flow calculation will be 13.2%, resulting in higher losses. 


The Impedance Adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating page. A global Transformer Impedance Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of Load Flow Study Case Editor Adjustment page. The global Impedance Adjustment overrides any 
individual transformer tolerance value. 


Reactor Impedance Adjustment 

This adjustment is applied to the reactor impedance. The Load Flow Module increases the reactor 
impedance by the specified percent tolerance resulting in larger impedance and consequently a larger 
voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the 
adjusted reactor impedance used in the load flow calculation is 0.105 Ohm. 


The Impedance Adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor Editor Rating page. A global Reactor Impedance Adjustment can be specified as 
well by selecting and specifying a global tolerance other than 0% in the corresponding field of the Load 
Flow Study Case Editor Adjustment page. The global Impedance Adjustment overrides any individual 
reactor tolerance value. 


Overload Heater Resistance 

This adjustment is applied to the overload heater (OH) resistance. The Load Flow Module increases the 
OH resistance by the specified percent tolerance resulting in a larger resistance and consequently a larger 
voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the 
adjusted OH resistance used in the load flow calculation is 0.105 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating page. A global Overload Heater Resistance 
Adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field of Short Circuit Study Case Editor Adjustment page. The global Resistance 
Adjustment overrides any individual overload heater tolerance value. 


Length Tolerance 


This section allows you to consider tolerance adjustments to cable and transmission line lengths. 


Cable Length Adjustment 

This adjustment is applied to the cable length. The Load Flow Module increases the cable length by the 
specified percent tolerance resulting in larger impedance and consequently a larger voltage drop. For 
example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in 
the load flow calculation is 210 ft. 
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The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 
in the Cable Editor Info page. A global Cable Length Adjustment can be specified as well by selecting 
and specifying a global tolerance other than 0% in the corresponding field of the Load Flow Study Case 
Editor Adjustment page. The global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line Length Adjustment 

This adjustment is applied to the transmission line length. The Load Flow Module increases the 
transmission line length by the specified percent tolerance resulting in larger impedance and consequently 
a larger voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 
2.5%, then the adjusted transmission line length used in the load flow calculation is 2.05 miles. 


The Length Adjustment can be applied to individual lines by using the tolerance percent value specified 
in the Transmission Line Editor Info page. A global Transmission Line Length Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of the Load Flow Study Case Editor Adjustment page. The global Length Adjustment overrides any 
individual transmission line tolerance value. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the maximum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on 
the individual cable/line maximum temperature setting or based on a globally specified value. 


Temperature Correction for Cable Resistance 

This adjustment is applied to the cable conductor resistance. The Load Flow Module adjusts the 
conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables by using the maximum operating 
temperature value specified in the Cable Editor Impedance page. A global temperature correction can be 
specified as well by selecting and specifying a global maximum temperature value in the corresponding 
field of the Load Flow Study Case Editor Adjustment page. The global temperature correction value 
overrides any individual Cable Impedance page maximum temperature. Please refer to the Cable Editor 
Impedance page section in Chapter 11 (AC-Editors). 


Temperature Correction for Transmission Line Resistance 

This adjustment is applied to the transmission line conductor resistance. The Load Flow Module adjusts 
the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by using the maximum operating 
temperature value specified in the Transmission Line Editor Impedance page. A global temperature 
correction can be specified as well by selecting and specifying a global maximum temperature value in 
the corresponding field of the Load Flow Study Case Editor Adjustment page. The global temperature 
correction value overrides any individual Transmission Line Impedance page maximum temperature. 
Please refer to the Transmission Line Editor Impedance page section in Chapter 11 (AC-Editors). 
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19.2.4 Alert Page 


The Alert page in the Load Flow Study Case Editor is used to specify the setup of all the Simulation 
Alerts that are provided to notify you of an abnormal loading condition based on predetermined, 
“allowable”, percent values and system topology. The functional capability of the Simulation Alert 
System is to generate alerts when there is an overload in protective devices, buses, transformers, cables, 
lines, panels, DC links, reactors, generators, and power grid. The alerts are reported by the generation of 
different types of alerts, either graphically in the one-line diagram display or in the Alert View window. 


Load Flow Study Case 


Info ~—- Loading Adjustment “Vert 


Critical Marginal Critical Marginal 
Loading Bus Voltage 


Bus 95 le OverVoltage 105 102 


Cable/Busway 95 le UnderVoltage 95 98 


Line 35 Generator / Power Grid Excitation 


Reactor 95 % OverExcited | 100 


Transformer 95 | % | UnderExcited | 100 


Panel/UPS/VFD 95 


PD 95 l 
Auto Display | 


Generator 95 


Copy Online Copy Online 
95 le Alarms Wamings 


Critical and Marginal Alerts 

There are two types of simulation alerts generated after a Load Flow Study. The difference between 
Marginal and Critical Alerts is their use of different percent value conditions to determine if an alert 
should be generated. If a condition for a Critical alert is met, then an alert will be generated in the Alert 
View window and the overloaded element will turn red in the one-line diagram. The same is true for 
Marginal Alerts, except that the overloaded component will be displayed in magenta color. Also, the 
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Marginal Alerts checkbox must be selected if you wish to display the Marginal Alerts. If a device alert 
qualifies it for both Critical and Marginal alerts, only Critical Alerts are displayed. It should be noted that 
in order for ETAP to generate alerts for an element type, both the element rating and the percent value 
entered in this page must be non-zero. The element ratings for alert checking are given in the following 
sections. 


Loading 


This set of value fields allows you to enter the condition percent values of the monitored parameters used 
to determine if an alert should be reported based on loading conditions determined by a load flow 
calculation. The Load Flow Loading Alerts generate overload alerts. 


Bus Alert 

The Load Flow Module will generate a Bus Loading Alert if the Critical or Marginal percent limit of 
rated continuous current in the bus is exceeded. The rated continuous current in the bus is specified in the 
Rating page of the Bus Editor. 


Cable Alert 

The Load Flow Module will generate a Cable Alert if the Critical or Marginal percent limit of allowable 
ampacity in the cable is exceeded. The allowable ampacity of the cable is specified in the Ampacity page 
of the Cable Editor. 


Line Alert 

The Load Flow Module will generate a Line Alert if the Critical or Marginal percent limit of derated 
ampacity in the transmission line is exceeded. The derated ampacity of the transmission line is calculated 
in the Ampacity page of the Transmission Line Editor. 


Reactor Alert 

The Load Flow Module will generate a Reactor Alert if the Critical or Marginal percent limit of rated 
current in the reactor is exceeded. The rated current in the reactor is specified in the Rating page of the 
Reactor Editor. 


Transformer Alert 

The Load Flow Module will generate a Transformer Alert if the Critical or Marginal percent limit of 
maximum MVA of the transformer is exceeded. The maximum MVA of the transformer is specified in 
the Rating page of the Transformer Editor. The simulation alerts work for both 2 and 3-winding 
transformers. 


Panel Alert 

The Load Flow Module will generate a Panel Alert if the Critical or Marginal percent limit of rated 
current in the panel is exceeded. The rated current of the panel is specified in the Rating page of the Panel 
Editor. 


Protective Device Alert 

The Load Flow Module will generate Protective Device Alerts when certain predetermined parameter 
value ratings are exceeded. The following table contains a list of the conditions used by the Alert 
Simulation program to determine when to report an alert. Load flow results are compared to the 
monitored parameters listed in the following table: 
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Protective Devices Monitored parameters in percent of | Condition reported 
Low Voltage Circuit Breaker Continuous rated Current OverLoad 
High Voltage Circuit Breaker Continuous rated Current OverLoad 

Fuses Rated Current OverLoad 
Contactors Continuous rated Current OverLoad 
SPDT/SPST switches Continuous rated Current OverLoad 


The Load Flow Module will generate Protective Device Alerts only if the monitored parameter rating is 
larger than zero. 


Generator Alert 

The Load Flow Module will generate a Generator Alert if the Critical or Marginal percent limit of rated 
MW of the generator is exceeded. The rated MW of the generator is specified in the Rating page of the 
Generator Editor. 


Bus Voltage Alerts 


Bus Voltage Simulation Alerts generate alerts if the voltage magnitude percent results from the load flow 
calculation exceed or are below the specified nominal kV rating percent values. Bus Voltage Alerts report 
over voltage and under voltage alerts. 


Generator/Power Grid Excitation Alerts 


Simulation Alerts for generator and power grid excitation monitor the percent rated var limits. An alert 
for Over Excitation is reported if the Upper Excitation percent limit (Qmax) for the generator is exceeded 
according to a load flow calculation. An alert for Under Excitation is reported if the generator Mvar result 
from the load flow calculation is below the specified Lower Excitation percent limit (Qmin). You have 
the option to run the load flow calculation without monitoring Under Excitation conditions. An alert for 
Under Excitation will be reported if the UnderExcited (Qmin) checkbox is selected. The Under Excitation 
percent limit for the generator is 100% of Qmin. 


ETAP also has two alerts for the generator built into the load flow calculation. ETAP will produce an 
Under-Power alert if the real power output of the generator, from the load flow calculation, is less than 
the value of Pin. You can specify Pmin in the Capability page of the Generator Editor. Pmin must be non- 
zero in order for ETAP to generate the alert. Also, if the generator is modeled in Swing Mode, it will 
absorb real power in load flow if necessary; therefore, ETAP will produce a Pour<0 alert for Swing Mode 
generators if the real power output from the load flow calculation is negative. 


Marginal Limit 
If the Marginal Limit option is checked, the Alert View window will display the marginal alerts as well. If 
not selected, the Alert View window will display only the critical alerts. 


Auto Display 

If the Auto Display option is checked, the Alert View window automatically opens after the load flow 
calculation completes. If not checked, the Alert View window can be opened by clicking the Alert View 
icon on the Load Flow toolbar. 
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19.3 Display Options 


19.3.1 Results Page 


The Load Flow Analysis Display Options consist of a Results page and three pages for Results, AC, AC- 
DC, and Colors information annotations. The colors and displayed annotations selected for each study are 
specific to that study. 


r . 
Display Options - Load Flow ==) 


Resutts | AC | AC-DC | Colors | 
Bus Voltage Power Flows 


© Mw 


O@LN 


@LL 


Load Term. Base kV 


¥| Load Term. Mag. 


Based on 
(@ Load Rated kV 


© Bus Nom. kV 


Voltage Drop 
Line / Cable 


| Load FDR 


Panel / UPS Systems 


¥) Results 


(©) Average Values 


(@ All Phases 
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Show Units 
Select this option to show units for power flow and current displayed on the one-line diagram. 


Check All 
Select this option to show all available result annotations. When this box is unchecked, the previous 
settings are restored. 


Voltage 


Voltage 
Select kV or percent for voltage display on the one-line diagram from the list. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. Bus voltages are displayed at 15 
degrees. 


L-N 
Select this option to display calculated bus voltages on the one-line diagram as Line to Neutral values. 


L-L 
Select this option to display calculated bus voltages on the one-line diagram as Line to Line values. 


Bus Angle 
Select this option to display bus angles in degrees on the one-line diagram. Bus angles are displayed at 
-15 degrees. 


Load Term. Mag. 

Select this option to display load (motors and static loads) terminal voltages on the one-line diagram. 
Load terminal voltages are displayed at 15 degrees. Load terminal voltages can be displayed based on 
load rated kV or bus nominal kV, depending on the selection in Load Term. Base kV. 


Load Term. Base kV 


This group allows you to select base kV for load terminal magnitude, when the voltage is selected to be 
displayed in percent. This group will be disabled if it is selected to display voltage in kV. 


Load Rated kV 
Select this option to use load rated kV as the base for load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for load terminal voltage display. 


Voltage Drop 


Line/Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


Load FDR 
Select this option to display the load feeder voltage drops. 
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Panel/UPS Systems 


Results 


Select this option to display results for panel systems in the one-line diagram, assuming that the Calc. 1- 
Phase/Panel System option has been checked in the study case when the load flow calculation was carried 
out. If the Calc. Panel System option has not been checked in the load flow study case or the panel system 
display option is not checked, no results will be displayed in the one-line diagram. 


Average Values 
Select this option to display average values for panel system results as shown in the following table. 


Panel System Load Flow Results Displayed in Average Values 


Phase Type Voltage Current Power 
3-Phase Average Value Average Value Total Power 
1-Phase, 3-Wire LL Value Average Value Total Power 
1-Phase, 2-Wire Phase Value Phase Value Phase Value 
MCC1 97 18 
9kW llkvar iv 
i a 8&9 
28k lkvar* + 36k lOkvar | 
Panell | 
3Ph-4 T6 
whe 50 kVA 
Pn13 5% 
aoe Bus3 g6.> 
'36kW LOkvar 


| “4.73 


17k Skvar* 


| LPne3 


al 


Mtr? 
20 HP 


Panel System Load Flow Results Displayed in Average Values 


All Phases 
Select this option to display individual phase values for panel system results. For 3-phase elements, 
voltage, current, and power for phases A, B, and C are displayed in sequence, and for one-phase three- 
wire elements, voltage, current, and power for phases LL, L1, and L2 are displayed in sequence. 


ETAP 


Panel System Load Flow Results Displayed in All Phases 


19-23 
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Phase Type 


Voltage 


Current 
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Panel System Load Flow Results Displayed in All Phases 


Power Flows 
You can specify how the flows will be displayed in this area. 


Units 
Select the unit (VA or kVA or MVA) to be used to display power flow on the one-line diagram. 


kW 
Select the kW radio button to display power flow in W, kW or MW. 


jkvar 
Select the jkvar radio button to display power flow in var, kvar or Mvar. 


kW + jkvar 
Select the kW + jkvar radio button to display power flow in kW+jkvar or MW+jMvar. 


kVA 
Select the kVA radio button to display power flow in kVA or MVA. 
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Amp 
Select the Amp radio button to display current flow in amperes. 


kVA + Amp 
Select the kVA + Amp radio button to display power flow in VA + Amp, kVA + Amp or MVA + Amp. 


%PF 
When the Amp or kVA radio button is selected, you can check this box to show power factor of power 
flow along with the current. 


Flow Results 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at one end of a branch, i.e., the end that has a positive kW value flowing into the branch. For 
3-winding transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 
Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select the checkbox to display power flow into composite networks. 


Branch Losses 


Select this option to display branch losses on the one-line diagram. Losses are displayed inside a bracket 
in [kW+jkvar] or [MW+jMvar]. 


Meters 


Ammeter 
Check this option to display primary current for the branch to which an ammeter is attached. 


Voltmeter 
Check this option to display primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 


Check this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 
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19.3.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


Display Options - Load Flow 
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Cable / Bus Duct 


Composite Motor [¥] 
Composite Net wv 


(| Use Default Options [¥| Show Equipment Cable 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Generator kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type (# Phases - # Wires) 
Transformer kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line Number of Cables - Number of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay Display Tag, entered in Info Page of Relay Editor 
PT & CT Transformer Rated Turn Ratio 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 
Generator Subtransient Reactance Xd” 
Power Grid (Utility) | Positive Sequence Impedance in % of 100 MVA (R +j X) 
Motor % LRC 
Transformer Positive Sequence Impedance (R + j X per unit length) 
Branch, Impedance Impedance in Ohms or % 
Branch, Reactor Impedance in Ohms 
Cable/Line Positive Sequence Impedance (R + j X in Ohms or per unit length) 
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D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 


For transformers, the operating tap setting for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


DB 
Select the checkboxes under this heading to display the datablock for the selected device or element 
types. 


Composite Mtr 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be 
grayed out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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19.3.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 
networks. 


Display Options - Load Flow x=) 


Size Type Lath 
| & 


Use Default Options 


fatness) = (ce 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 
Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 
VED HP/kW 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 
Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, output, & DC FLA 


DB 
Select the checkboxes under this heading to display the datablock for the selected device or element 
types. 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the 


color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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19.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - Load Flow |—eeerSvom 


Annotations 


Theme 


@) User-Defined 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the global color theme selected in the color Theme list for element annotations to be 
applied globally throughout all diagrams. When the option is selected, the name assigned to the applied 
color theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 
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Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the global color themes option has been previously 
selected. 
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19.4 Calculation Methods 


ETAP provides three load flow calculation methods: Adaptive Newton-Raphson, Newton-Raphson, 
and Fast-Decoupled. They possess different convergent characteristics, and sometimes one is more 
favorable in terms of achieving the best performance. You can select any one of them depending on your 
system configuration, generation, loading condition, and the initial bus voltages. 


Newton-Raphson Method 


The Newton-Raphson Method formulates and solves iteratively the following load flow equation: 


AP} |J, J, |) Ad 
AQ| | J, J, || AV 
where AP and AQ are bus real power and reactive power mismatch vectors between specified value and 


calculated value, respectively; AV and Ao represents bus voltage magnitude and angle vectors in an 
incremental form; and J1 through J4 are called Jacobian matrices. 


The Newton-Raphson Method possesses a unique quadratic convergence characteristic. It usually has a 
very fast convergence speed compared to other load flow calculation methods. It also has the advantage 
that the convergence criteria are specified to ensure convergence for bus real power and reactive power 
mismatches. This criterion gives you direct control of the accuracy you want to specify for the load flow 
solution. The convergence criteria for the Newton-Raphson Method are typically set to 0.001 MW and 
Mvar. 


The Newton-Raphson Method is highly dependent on the bus voltage initial values. A careful selection of 
bus voltage initial values is strongly recommended. Before running load flow using the Newton-Raphson 
Method, ETAP makes a few Gauss-Seidel iterations to establish a set of sound initial values for the bus 
voltages. 


The Newton-Raphson Method is recommended for use with any system as a first choice. 


Adaptive Newton-Raphson Method 


This improved Newton-Raphson Method introduces a set of smaller steps for iterations where a potential 
divergence condition is encountered. The smaller increments may help to reach a load flow solution for 
some systems where the regular Newton-Raphson method might fail to reach one. 


The Newton-Raphson method is based on the Taylor series approximation. For simplicity and 
incremental steps a linear interpolation/extrapolation of the additional time step increments is performed 
to improve the solution. 


f(xy + ay * Ax) < f(xy) 


The incremental steps are controlled by adjusting the value of @, to find a possible solution for the 
following solution step. 


The test results prove that the adaptive load flow method can improve the convergence for distribution 
and transmission systems with significant series capacitance effects (i.e. negative series reactance). It is 
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also considered to possibly improve convergence for systems with very small impedance values, but that 
is not guaranteed. 


One side effect of using this method is reduced calculation speed because of the incremental steps in the 
solution. 


Fast-Decoupled Method 

The Fast-Decoupled Method is derived from the Newton-Raphson Method. It takes the fact that a small 
change in the magnitude of bus voltage does not vary the real power at the bus appreciably, and likewise, 
for a small change in the phase angle of the bus voltage, the reactive power does not change appreciably. 
Thus the load flow equation from the Newton-Raphson Method can be simplified into two separate 
decoupled sets of load flow equations, which can be solved iteratively: 


[AP]=[4,] 46] 
[40]=[J.]4V] 
The Fast-Decoupled method reduces computer memory storage by approximately half, compared to the 


Newton-Raphson method. It also solves the load flow equations using significantly less computer time 
than that required by the Newton-Raphson method, since the Jacobian matrices are constant. 


As with the Newton-Raphson Method, convergence criteria of the Fast-Decoupled Method is based on 
real power and reactive power mismatches, which are typically set to 0.001 in the order of MW and Mvar. 
Although for a fixed number of iterations it is not as accurate as the Newton-Raphson Method, the 
savings in computer time and the more favorable convergence criteria makes for a very good overall 
performance. 


In general, the Fast-Decoupled Method can be used as an alternative to the Newton-Raphson Method, and 
it should definitely be given a try if the Newton-Raphson Method has failed when dealing with long radial 
systems or systems that have long transmission lines or cables. 


Load Flow Convergence 


As in any iterative solution method, the convergence of the load flow solution is affected by a number of 
factors specific to power systems. 


Negative Impedance 

Negative reactance should be avoided. For example, the traditional method of modeling 3-winding 
transformers by a Y equivalent model using one impedance and two 2-winding transformers, could 
sometimes result in a negative impedance value for one of the impedance branches. In this case, the 
negative impedance should be combined with other series circuit elements so that the result is a positive 
impedance value. Load flow calculations may not converge if a large value of negative impedance is 
used. ETAP can now model 3-winding transformers directly with no need for you to do any conversions. 


Negative Reactance 

Series transmission line capacitance can create overall negative reactance on the branch element. In 
versions of ETAP, (11.1.1 and below), it is likely that larger negative reactance values may cause 
divergence. ETAP 12.0.0 and higher includes a new method called Adaptive load flow. 
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Zero or Very Small Impedance 
A zero or very small impedance value of any branch is not allowed, since this will result in infinity or a 
huge number in the system admittance matrix. You should represent this type of impedance by a tie 
circuit breaker to solve the problem. 


Widely Different Branch Impedance Values 

Widely different branch impedance values on the same per unit base may result in a slow convergence. 
To avoid this situation, various techniques, such as combining series branches with low impedance 
values, ignoring short length transmission lines and/or cables, or modeling a small impedance branch with 
tie circuit breakers, can be employed. 


Long Radial System Configurations 
Long radial system configurations usually take a longer time to converge than loop configurations. In 
general, the Fast-Decoupled Method works faster than the Newton-Raphson for radial system. 


Bad Bus Voltage Initial Values 

Solution convergence speed and computing time are functions of the initial voltages for load-type buses. 
The closer the initial voltages are to their final profile, the faster the solution converges. The solution may 
not converge if the initial voltages are too far from the final profile, thus it is recommended that the 
Update Bus Voltage option be used to obtain a set of sound initial bus voltages. 


Modeling of Loads 


Constant Power Load 

Constant power loads include induction motors, synchronous motors, conventional and unbalanced 
lumped loads with % motor load, UPS’s, and chargers. The power output remains constant for all changes 
in input voltage. Below are the respective I-V and P-V curves for a constant power load: 


I 


Motor Load lg Running Motor 
Power output 


Current 


Vmin Vmax Vmin Vmax WV 


Constant Impedance Load 

Constant impedance loads include static loads, capacitors, harmonic filters, MOV’s, and conventional and 
unbalanced lumped loads with % static load. The input power increases proportionally to the square of the 
input voltage. Below are the respective I-V and P-V curves for a constant impedance load: 
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Load Input 
Power 


Vv Vv 


Constant Current Loads 

Constant current loads include unbalanced lumped loads with % constant current load. The current 
remains constant for all changes in voltage. Below are the respective I-V and P-V curves for a constant 
current load: 


I Constant Current 


Generic Load 
Generic loads include lumped loads using either the exponential, polynomial, or comprehensive model. 


A generic load model expresses the characteristics of the load at any instant of time as algebraic functions 
of the bus voltage magnitude and frequency at that instant. Refer to the Lumped Load section in Chapter 
11 (AC-Editors) for more information. 


Modeling of AC-DC Converters 


In a Load Flow Study, chargers are represented as constant kVA loads connected to their AC input bus. 
An inverter is represented as an AC source without considering the internal impedances, which can have 
several operating modes as a generator can have. 


Modeling of HV DC’s 

In a Load Flow Study, the HV DC link is represented as a branch, which consists of a Rectifier, a DC 
line, and an Inverter. Both the Inverter and the Rectifier of the HVDC link require a connection either 
directly to a swing bus or to a system containing a swing bus. 


Modeling of SVC’s 

In a Load Flow Study, the SVC is represented as a variable static load. The SVC regulates voltage at its 
terminal by controlling the amount of reactive power injected into or absorbed from the power system. 
When running load flow on a system containing an SVC, load flow will first determine the system 
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voltages without the SVC. If the initial voltage of the bus connected to SVC is lower than the reference 
voltage, the SVC will inject reactive power. And if the initial voltage of the bus connected to SVC is 
higher than the reference voltage, the SVC will absorb reactive power. Refer to the Static Var 
Compensator section in Chapter 11 (AC-Editors) for more information. 


Modeling of UPS 


In a Load Flow Study, the UPS is represented as a constant load at its input side and a swing source at its 
output side (where the output side is energized). 


When the UPS is selected as a load based on its loading category in its loading page, the system that is 
connected to the UPS output side will be de-energized if there is not any other swing sources in the 
system and the UPS is modeled as a pure constant load. 


UPS Output Side is De-energized 


When the UPS is selected as a load based on its connected load, the UPS output bus will be modeled as a 
swing bus with the UPS rated output voltage as its regulating voltage for its output bus. Then the 
calculated UPS output bus loading will be treated/shared as the UPS output side loading. 


If multiple UPS selected as connected loads share the same output bus, the calculated UPS output bus 
loading will be shared among all the UPS by their maximum rated currents. The UPS output side loading 
will be reflected onto the UPS input bus by considering its efficiency and the operating input power factor 
selection in its loading page. For example, if the UPS share of its output bus loading is P + j*Q, then the 
UPS loading will be reflected onto its input bus based on the operating input PF selection as a load: 


1. P/EFF + j*P/EFF*sqrt(1-PF*PF)/PF where EFF is the UPS efficiency and PF is the rated or user- 
defined power factor. 
2. P/EFF + j*Q when connected load power factor is selected. 


Modeling of VFD 


In a Load Flow Study, the VFD is modeled the same way as the UPS except for: 

e The VFD is modeled as a load based on its connected load. 

e The VFD output swing bus voltage is specified by the VFD loading category. 

e The VFD output side loading will be reflected onto its input side and shared equally by its input 
branches if the VFD is connected to multiple input branches. Otherwise, the VFD output side loading 
will be reflected onto its input bus. 


Modeling of Inverter Current Limit 


If inverter loading current is less than Imax, the inverter controls its terminal voltage and behaves as a 
constant voltage source. Once the loading current reaches Imax, the loading current and voltage follow 
the current limit curve. The inverter voltage-current curve is shown as following, where Vreg is the rated 
inverter voltage. When Imax = Isc, current limit model is not applicable. Current limit model is used for 
inverters in swing or voltage control mode. This model is not applied for 1-phase inverters. 
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Voltage 


Vreg 


FLA Imax Isc Current 


Imax is specified in Inverter Editor Rating Page and Isc is SC Model Page S.C. Current Imax field. 


Different Factors Considered in Load Calculation 

ETAP provides you with great flexibility in modeling load variations through different load factors, such 
as demand factor, load percent, service factor, and application factor, etc. Depending on your 
specifications, these factors are used differently in calculating loads under several circumstances: 


e Load Editor — Calculation of load for loading categories and voltage drop 


e Input for Studies — Calculation of load specification for load flow and initial load for motor starting 
and transient stability studies 


e Studies Results — Calculation of load displayed in one-line diagram from load flow, motor starting, 
and transient stability studies 


e Bus Editor — Sum of load connected to a bus 
The following two tables describe how these factors are used in these cases: 


Factors Used for Motor Load Calculation 


Load Editor Input to Studies | Results from Studies Bus 
Load | Loss | Vd Load Loss_| Load | Loss | Vd | Editor 

Bus Nominal kV x x xX x x x x x 
Bus Operating V x x x x x 

Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
Service Factor ii 

App. Factor = 

Load Quantity x x x x x x x 
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Bus Diversity Factor * * * * * 


Global Diversity Factor * * * * * 
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Factors Used for Static Load Calculation 


Load Editor Input to Studies | Results from Studies | Bus 
Load | Loss | Vd | Load Loss_| Load | Loss | Vd | Editor 

Bus Nominal kV xX x xX x x xX x x x 
Bus Operating V x x x x 

Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
App. Factor * 

Load Quantity x x x x x x x 
Bus Diversity Factor = * id * * 

Global Diversity Factor = . * 7 a 


* Indicates the factor is used in calculation if specified by the user in the related Load Editor or Study 


Case. 


Notes: 


e Motor load includes induction motor and generator, synchronous motor, and motor load portion of 


lumped load. 


e Static load includes static load, capacitor, MOV, and static load portion of conventional and 
unbalanced lumped loads. 


ETAP 
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19.5 1-Phase/Panel System Load Flow Calculation 


When the Calc. Panel/UPS System option is checked in the Study Case, the panel/UPS system load flow 
will be carried out along with the 3-phase system in a load flow run. Due to special conditions for 
panel/UPS systems, the calculations are performed with a different method from the one used for the 3- 
phase system. 


When the Calc. Panel/UPS System option is not checked in the Study Case, loads from a panel/UPS 
system is summed up for the specified load category to the top element (a panel, a phase-adaptor, or an 
UPS) of the panel/UPS system and this top element is treated as a load to the 3-phase system. In this load 
summation, loads are added up under rated voltage without considering losses and voltage drop. 


1-Phase/Panel Systems 


A panel system is defined as a radial sub-system that is powered through a top panel, a phase adaptor, or 
an 1-phase UPS connected to a 3-phase bus. A power system may contain several panel systems. Each 
panel system has a top element that is either a 3-phase panel or a phase adapter. 


Special Conditions for 1-Phase/Panel System Load Flow Calculation 


Looped 1-Phase/Panel System 

A 1-phase/panel system should be a radial sub-system. There should be no loops involved. Before load 
flow calculation, ETAP checks for loop configurations. In case any loops are detected in a 1-phase/panel 
system, an error will be posted. 


Transformer LTC 
Transformer LTC is not considered for any transformer in 1-phase/panel systems. Even if the LTC field is 
checked in the Transformer Editor, it will be ignored in 1-phase/panel system load flow calculation. 


Branch Shunt Impedance 
Shunt impedance for branches such as cable, transmission line, and impedance are not included in the 1- 
phase/panel system load flow calculation. 


Feeder Cable for Panel Internal Loads 

In the load flow calculation, internal loads for a panel are lumped into an equivalent load. As a result, 
losses caused by feeder cables of panel internal loads are not considered in panel system load flow 
calculation. However, feeder cables for external loads are included in the calculation. 


Calculation Method 


The 1-phase/panel system load flow calculation is carried out sequentially with 3-phase load flow to 
achieve accurate result. The calculation involved three stages. 


Before the 3-phase system load flow calculation is performed, a load flow computation is carried out for 
each 1-phase/panel system for the loading category and diversity factors specified in the study case. In 
this computation, the terminal bus voltage of the top element is assumed to be fixed at its initial value 
entered in the Bus Editor. The purpose of this pre-load-flow calculation is to accurately calculate 1- 
phase/panel system load, including branch losses and effect of voltage drop on various types of loads. 
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Once the 1-phase/panel system load is calculated, it is stored in the top element. The 3-phase system load 
flow calculation is then carried out, in which the top element of each 1-phase/panel system is represented 
as a single load connected to a 3-phase bus. 


After the 3-phase system load flow is completed, a load flow calculation is carried out again for each 1- 
phase/panel system with the updated terminal bus voltage of the top element just calculated from the 3- 
phase system load flow. Subsequently, if the updated terminal bus voltages are notably different from the 
original values used in the calculations, then a consecutive load flow calculation may result in different 
values from the first calculation results. 


The results of the calculation are reported on the one-line diagram and in Crystal Report. 
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19.6 Required Data 


Bus Data 


Required data for load flow calculations for buses includes: 


e Nominal kV 
e %V and Angle (when Initial Condition is set to use Bus Voltages) 
e Load Diversity Factor (when the Loading option is set to use Diversity Factor) 


Branch Data 


Branch data is entered into the Branch Editors, i.e., Transformer, Transmission Line, Cable, Reactor, and 
Impedance Editors. Required data for load flow calculations for branches includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Impedance base kV and base kVA/MVA 


Power Grid Data 
Required data for load flow calculations for power grids includes: 


Operating Mode (Swing, Voltage Control, Mvar Control, or PF Control) 
Nominal kV 

%V and Angle for Swing Mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for Voltage Control Mode 
MW and Mvar loading, and Mvar limits Mvar Control Mode 

MW loading and PF, and Mvar limits for PF Control Mode 


Synchronous Generator Data 


Required data for load flow calculations for synchronous generators includes: 


Operating Mode (Swing, Voltage Control, or Mvar Control) 

Rated kV 

%V and Angle for Swing Mode of Operation 

%V, MW loading, and Mvar limits (Qmax and Qmin) for Voltage Control Mode 
MW and Mvar loading, and Mvar limits Mvar Control Mode 

MW loading and PF, and Mvar limits for PF Control Mode 


Note: The Mvar limits (Qmax and Qmin) can also be calculated from the capability curve. The required 
additional data for this calculation includes: 


e All data on the Capability page 
e Synchronous reactance (Xa) 
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Inverter Data 
Required data for load flow calculations for inverters includes: 


e Inverter ID 
e DC and AC rating data 
e AC output voltage regulating data 


Synchronous Motor Data 


Required data for load flow calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
% Loading for desired Loading Category 

Equipment cable data 


Induction Motor Data 
Required data for load flow calculations for induction motors includes: 


e Rated kW/hp and kV 

e Power factors and efficiencies at 100%, 75%, and 50% loadings 
e % Loading for desired Loading Category 

e Equipment cable data 

Static Load Data 


Required data for load flow calculations for static loads includes: 


Static Load ID 

Rated kVA/MVA and kV 

Power factor 

% Loading for desired Loading Category 
Equipment cable data 


Capacitor Data 


Required data for load flow calculations for capacitors includes: 


Capacitor ID 

Rated kV, kvar/bank, and number of banks 
% Loading for desired Loading Category 
Equipment cable data 
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Lumped Load Data 


Required data for load flow calculations for lumped loads includes: 


Conventional 

e Load ID 

e Rated kV, kVA/MVA, power factor, and % motor load 
e % Loading for desired Loading Category 


Unbalanced 

e Load ID 

e Rated kV, kVA/MVA, power factor, % motor load, and % static load 
e % Loading for desired Loading Category 


Exponential 

e Load ID 

e Rated kV, PO, QO, a, and b 

e % Loading for desired Loading Category 


Polynomial 

e Load ID 

e Rated kV, PO, QO, p1, p2, q1, and q2 

e % Loading for desired Loading Category 


Comprehensive 

e Load ID 

e Rated kV, PO, QO, al, a2, b1, b2, p1, p2, p3, p4, ql, q2, q3, and q4 
e % Loading for desired Loading Category 


Charger and UPS Data 


Required data for load flow calculations for chargers and UPS’s includes: 


e Element ID 
e Rated AC kV, MVA, efficiency, and power factor, as well as DC rating data 
e % Loading for desired Loading Category 


HV DC Link Data 


Required data for load flow calculations for HV DC links includes: 
e Element ID 


e All data on the Rating page is required for Load Flow calculations 
e Inverter current margin (Im) 
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SVC Data 


Required data for load flow calculations for SVC’s includes: 


Element ID 

Rated kV 

Inductive Rating (Either Qz, I,, or Br) 
Capacitive Rating (Either Qe, Ic, or Bc) 

Max Inductive Rating (Either Qrmax, or ILaaxy) 
Max Capacitive Rating (Either Qcqminy, or Iccminy) 


Note: Qc, Qccmin), and Br must be entered as a negative value 


Panel Data 
Required data for load flow calculations for panels includes: 


Element ID 

Rated kV and Amps 

Number of Branch Circuits 

Loading and %Loading 

Phasing, Number of Poles, and State 

Connection Type, i.e. Internal, External, Spare, etc. 


Other Data 


There are some Study Case related data, which must also be provided. This includes: 


Method (Newton-Raphson or Fast-Decoupled) 

Max Iteration 

Precision 

Loading Category 

Initial Voltage Condition 

Report (report format) 

Update (for bus voltages and transformer LTCs using load flow result) 


The Study Case related data is entered into the Load Flow Study Case Editor. 
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19.7 Output Reports 


The load flow calculation results are reported both on the one-line diagram and in the Crystal Reports 
format. The graphical one-line diagram displays the calculated bus voltages, branch flows and voltage 
drops, load power consumption, etc. You can use the Display Options Editor to specify the content to be 
displayed. It also flags abnormal operating conditions, such as overloaded cables and over- or under 
voltage buses, in different colors. 


The Crystal Reports format provides you with detailed information for a Load Flow Analysis. You can 
utilize the Load Flow Report Manager to help you view the Output Report. 


19.7.1 View from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the Output Report listed in the Study Case toolbar with the selected format. In the 
picture shown below, the Output Report name is LF 100A and the selected format is Complete. 


eo 7 Ra laoe 


Adjustments 
Alert Complete 
Alert Critical 
Alert Marginal 
Branch 

Branch Loading 
Bus 

Bus Loadin 


Complete 

Cover 

Equipment Cable 
High Voltage DC Link 
Impedance 

Line Compensation 
Line Coupling 

Load Flow Report 
Losses 

Panel Report 

Reactor 

svc 

Summary 

Switched Capacitor 
Switched Capacitor Switching Report 
Transformer 

UPS 

UPS Report 

VFD 

Voltage Regulator 
Voltage Regulator Summa 


19.7.2 Report Manager 


To open the Report Manager, simply click on the Report Manager button on the Load Flow toolbar. The 
editor includes four pages (Complete, Input, Result, and Summary) representing different sections of the 
output report. The Report Manager allows you to select formats available for different portions of the 
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report and view it via Crystal Reports. There are several fields and buttons common to every page, as 
described below. 


Output Report Name 
This field displays the name of the output report you want to view. 


Path 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the Output Report. If no selection is made, it will close the editor. Click on the Cancel button to close 
the editor without viewing the report. 


19.7.3 Complete 


The Complete Report includes Input Data, Results, and Summary Reports. 


Load Flow Report Manager |e) 


Complete | Input_| Resut | Summary | 


Complete @ Viewer 
© PDF 
MS Word 
») Rich Text Format 


© MS Excel 
("| Set As Default 


Output Report Name 


LF-Report 
Path 


C:\ETAP\Example-ANS! 
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Viewer and File Options 

You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


Load Flow Analysis 


Loadimg Category: 1, Design 
Load Diversity Factor: Nore 


Generation Category: 1, Design 


Swing Generator Load Total 
Number of Buses: 1 1 12 l¢ 

XFMR2 HFM RS Reactor Lime/Cable Impedance Tie PD Total 
Number of Branches: ? 1 0 4 0 0 12 
Method of Sobation: Newton-Raphson Method 
Maximum No. of heration: 99 
Precision of So tion: 0.000100 


System Frequency: 60.00 
Unit System : English 
Project Filename: EXAMPLE 


Output Filename: DVETAP 500 Wedark el'exam ple ‘LFreport. li 
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19.7.4 Input Data 


This page allows you to select different formats for viewing input data, grouped according to type. They 


include: 


Adjustments 

Branch 

Bus 

Cable 

Cover 

Equipment Cable 
High Voltage DC Link 
Impedance 

Line Coupling 

NO Protective Devices 
Reactor 

SVC 

Transformer 


Note: Input Data is not included for 1-Ph elements. The Unbalanced Load Flow module may be used to 
report this data. 


Project: 


Location: 
Cordract: 
Engineer: 
Filmame: 


ETAP 
Example 


Lake Forest, California 
OTI- 12345678 

Operation Techno b gy, Inc. 
EXAMPLE 


Study Case: LF 1004 


This rfo is printed on top of every output report, Ist remark le. (120 characters) 
Second lme of remarks for "LF 1004" shady case. 


ETAP 


ADJUSTMENTS 


Apply Individual 


Tolerance Adjustn ert. Gbbal 
Transformer Inpedance: Yur Tndivii ual 
Reactor Im pedarce: Yur Indivii wal 
Overload Heater: Ho 
Tramm ission Liv Length: He 
Cable Length: Ho 


Apply Individual 


Temperature Correction Adjustn ert. Gbbal 

Transm ission Line Resistance: Yur Individual 

Cable Resistance: Yur Tndivai ual 
19-50 


Page: 1 
Date: 10-30-2003 
SN: 850TBO125 


Revision: Base 
Comfig.: Nomal 


Percent 


Degree C 
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19.7.5 Results 


This page allows you to select the desired Output Report. 


LOAD FLOW REPORT 


Bus Voltage Generation Moter Load Static Load Load Flow XFMR 
wD iv %Maz. Ang. MW Mvar uw Mvar uw Mvar mD nw Mvar Am % PF % Tap 
Bul 4 TR 19 0 0 0 9 0 o Bu? 0.65 0375 RES BH 
fab3 -0.65+ 0375 WMS BH 
Bu? O48 TT -20 4 4 0.47 037 6 0 Bul 0.47 03 RS BID 
But GM BB 13 4 6 0 4 6 0 sub?B -0.537 0345 267) M1? 
fub23 0537 0345 au? M17 
Bu? 130 101.663 -22 0 0 0 0 0 0 gublA 3 HS -20t¢ 1322 29 
fub22 306s Bot 1322 29 
Bul3é 0400 SBT -ll 0 0 0407 0.233 0125 ONTF Fab23 -0 532 -0310 MSS 339 
LVBu os 8=9TSTT -30 0 0 0256 onls 029 O15¢ Subs Swer 055+ 017% N29 9543 
*Main Bo 34500 = 100,00 on 3202 las 0 0 0 0 sabtA 585s 1125 WS B21 -2500 
fab2B “2.456 0.681 459 -98T 
fub3 
MeC1 O4@ 1lOL NH 25 0 0 030+ 0137 01% 0000 fabs Swer 0487 -0137 wolS 9626 
Sabla 10 101.70 -22 0 0 2599 “11% 0 o Bu? 3069 2065 122 29 
Main Bo “SHS 059 1433 BK 
*2abiB 130 100000 13 £300 033+ 058 0.616 6 o But 0537 O35 207) MIT 
fub3 +705 “0003 194+ 10000 
Main Bo 
fub3 +10 86732 “0.6 0 0 0 0 0.000 “0443 Subd wer 1443 0539 2159 GA 
Bul 0.658 0398 tS 85 
Main Bo -2105 3008 9740 
fubz?B 
fabs Swer +10 WAS “0.6 0 0 0404 01% 0 0 Sub “1447 0 538 215d BH 
LVBu O556 0200 RS Mp7 
meel 0487 0155 Tl2 9530 +2500 
fub22 3450 | SB.779 “+4 0 tf] 1785 110é 129 07387 But “305+ “135 ws7 85.00 
2ub23 3450 =A 09 0 0 0 0 0 0 Bur2shé 0537 0339 ts BHSI3 +2500 
But 0.537 0339 lots 853 


* Indicate a wham meohtd bw ( volt ge co nto Ted or ¢ wing type mac hime connec td to it) 
# Indicate aba witha bad mémathofmom thal] MVA 
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LOAD FLOW REPORT 
Panel / 3-Phase, 1-Phase Systems 


Bus/F aneL Phase Adapter Voltage Loai* Load Flow XFMR 
pia] Vv OPhare Type Phase % Maz Ang. Wo od CKI pia] Phys 9W dinar Amp %PF % Tap 
Pansll oa 3 P 1olat 25 107 on eel “441-0903 157-1000 
1st -1225 29 = -13 “235 14 Hw -99 
lst 175 14 13 -203 -1é BR WF 
2 Pab 2? 0312 +5 1000 
2 107 0312 38 «(1000 
2 2 0312 22 9 
3 Oe 207 0491 % 1100p 
Pai o+a 3 P 1olat 25 17 03 Pansll 27-0312 +5 1000 
1H -1225 107 03 107-0312 38 «1000 
lee 175 «2 03 -f2 -0312 220 9 
Pall 0240 1 P 1007+ 30 94 03 Bud “94-0312 39D 
3037-30 9.6 on “96 0.000 @ 1000 
3037-30 15 on 15) 0.000 13 «1000 
Buss 0240 1 5B 1007+ 34 4 4 3 Oe “94-0312 39D 
5037-30 4 4 3 “96 0.000 ® 1100p 
3037-30 4 4 3 “15 0.000 13 1008 
Pall 9+ 0312 39D 


Type: B=B a, P=Pane] PA=Phare Adapter 


* Forpanslit mdicates mtrml bade and dimcth comectd bad. Comnectd panel bads am wtimcmiod. 
Forby it mdicater dimcthy commctad bade. Conmcted pare lload are notinluind. 
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19.7.6 Summary 


This page allows you to select different portions of the load flow summary to view. 


Note: Some portions of the summary are available only when you have selected specific options in the 
study case, such as Critical and Marginal Voltage options. 


ETAP 


Alert-Complete 
Alert-Critical 
Alert-Marginal 


Branch Loading 
Bus Loading 
Losses 
Summary 
Alert Report 
% Alert Settings 
Critical Margmal 
Loading 
Bus 1000 900 
Cable 1000 900 
Im pe dance 1000 950 
Reactor 1000 900 
Line 1000 950 
Transform er 1000 950 
DC Lik 1000 950 
Parel 1000 950 
Protective Dew ice 1000 850 
Generator 1000 950 
Bus Voltage 
OverVoltage 1050 1020 
Under Vo lage 950 98.0 
Generator Excitation 
OverExcited (Q Max.) 1000 950 
UnderEx cited (Q Min.) 
Margimal Report 
ID Device Type Reting Tne — Calculeted phe g. Cond ition 
Bul Bu os | V 0470 979 UaderVolt gw 
Bul Bu ee hed o465 ws UrderVolt gu 
LVBw Bu 04 8 0470 0 UaderVoln gu 
Subd Sweet Bu 225.000 = Amp 215395 7 OwrLoad 
Fou? Foe 125.000 Amp 121.557 972 OwsLoad 
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Over voltage (or under voltage) alerts for AB, BC, and CA buses and three-phase buses under panels are 
generated based on the highest (or lowest) line to neutral voltage. This voltage value is scaled to line-line 
base by multiplying by 1.732 and displayed in the operating voltage column. 


| MW Mvar MVA % PF | 
| Source (Swing Buses): 0.651 0.590 0.879 74.11 Lagging | 
| Source (Non-Swing Buses): 5.000 3.071 5.868 85.21 Lagging | 
| Total Demand: 5.651 3.661 6.733 83.93 Lagging | 
| Total Motor Load: 4.072 1.823 4461 91.27 Lagging 
| Total Static Load: 0.938 0.271 0.976 96.06 Lagging | 
| Total Constant I Load: 0.461 1.208 1.293 35.66 Lagging | 
| Total Generic Load: 0.137 0.082 0.160 85.75 Lagging | 
| Apparent Losses: 0.044 0.276 | 
| System Mismatch: 0.000 0.000 | 


Number of Iterations: 3 


The summary of total generation, loading and demand is reported in either MW and Mvar or MVA and 
%PF (Power Factor). The total Source generation is separated into at Swing Buses and at Non-Swing 
Buses. Total Demand is the total of Motor Load, Static Load, Constant I Load and Generic Load, plus the 
Apparent Losses, where the Apparent Losses are the calculated total MW and Mvar losses of the system. 
This report does not include the result for 1-Ph systems. The Unbalanced Load Flow module may be used 
to report the results for unbalanced systems. 
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19.8 Alert View 


The functional objective of the Alert View is to provide an immediate list of all the alerts generated by the 
load flow calculation. The Alert View window may be configured to automatically display as soon as the 
load flow calculation is over by selecting the Auto Display checkbox in the Alarm page of the Load Flow 
Study Case. It may also be accessed by a left-click on the Alert View icon. The Alert View provides 
several tabulated sections of information about the reported alerts. You may refer to Section 19.2.4 Alert 
page for detailed information on alerts for each type of elements. 


Study Case: Data Revision: Base 
Configuration: Date: 16-07-2015 


{| Zone Filter [_] Area Filter {| Region Filter 


1 & 1 


Critical 


Device ID Type Condition Rating/Limit Operating % Operating Phase Type 


Bus LOC A Bus Under Voltage O.65 k¥ 0.617 94.9 AB 
Bus LOC B Bus Under Voltage O.65 k¥ 0.614 94.4 
Bus?80 Bus Under Voltage 0.11 k¥ 0.104 94.3 
Bus781 Bus Under Voltage 0.11 k¥ 0.104 94.3 
Bus782 Bus Under Voltage 0.11 k¥ 0.103 93.9 
Bus783 Bus Under Voltage 0.11 k¥ 0.103 93.9 
CB4 LY CB Overload 100 Amp 117.565 117.6 
Charger1 Charger Overload 65 Amp 66.017 101.6 3-Phase 


Marginal 


Device ID Condition Rating/Limit Operating % Operating Phase Type 
Cable 11 Overload 97 Amp 96.74 99.7 3-Phase 


Device ID 


The Device Identification group of the Alert View lists the names of all the components that qualified as 
alerts after the load flow calculation. 


Type 
The Type group of the Alert View displays information about the type of the device having the displayed 
alert. 


Condition 


The Condition group of the Alert View provides a brief comment about the type of alert being reported. 
In the case of load flow alerts, the different conditions reported are Overloads, Over Voltage, Under 
Voltage, Over Excited, and Under Excited. 
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Rating/Limit 

The Rating group of the Alert View provides the rating information being used by the Load Flow Module 
to determine whether an alert should be reported and of what kind. Section 19.2.4 Alert Page provides 
detailed information on alerts for each type of elements. 


Operating 


The Operating group of the Alert View displays the results from the Load Flow calculation. The results 
listed here are used in combination with those displayed in the ratings section to determine the operating 
percent values. These values are then compared to those entered in the Alert page of the Load Flow Study 
Case Editor. 


Over voltage (or under voltage) alerts for AB, BC, and CA buses and three-phase buses under panels are 
generated based on the highest (or lowest) line to neutral voltage. This voltage value is scaled to line-line 
base by multiplying by 1.732 and displayed in the operating voltage column. 


% Operating 

This group displays the percent operating values calculated based on the load flow results and the 
different element ratings/Limits. The values displayed here are directly compared to the percent of 
monitored parameters entered directly into the Alert page of the Load Flow Study Case Editor. Based on 
the element type, system topology and given conditions, the Alert Simulation program uses these percent 
values to determine if and what kind of alert should be displayed. 


Phase Type 
This group displays whether the alert being displayed is for a Single-Phase or 3-Phase component. 
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19.9 Messages 


Messages are provided to troubleshoot load flow calculation related issues. The messages are categorized 
in the table below. 


Category Description Range 
Critical The most important messages. These messages 70-99 
may be the main reasons for convergence 
issues, and should be reviewed. 
Marginal Marginal messages are not as important as 40-69 
critical messages, but they may contain causes 
for divergence. Incorrect data entry may be 
divulged in marginal parts. 
Informative These are not as important as the two previous 1-39 
categories and causes of divergence. However, 
reviewing them will help to check the entered 
data. 


By default, all of the possible messages will be reported and can be viewed in the message table. Users 
may control which message categories are to be displayed in the message table by adding the INI entry 
“MessageSwitchOn” in the ETAPS.INI file. See the below table for descriptions of the different INI entry 
values. 


MessageSwitchOn Description 
3 (Default) Show all messages. 
2 Show only critical and marginal messages. 
1 Show only critical messages. 
0 Off 


Accessing the Message Table 


In the current ETAP release, users may view the messages by loading the load flow report database. To 
accomplish this, first select “List Output Reports” from the Study Case toolbar. 


. Cable 


£2 List Output Reports 
List available report formats 


Select the report to be viewed. 
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|_) LF-Report.LF1$ 
|_| LF-Rpt-100A.LF1S 
|_| LF-Rpt-100B.LF1S 


(| LF-Rpt-200 DF.LFLS 
|_| LF-Rpt-200Sum.LF1S 


File name: LFreport.LF1S 


In the database viewer, double click the table “Messages” to view the messages. 
= =e x 
Pctempteannireotiis 


LFR 
LFSourceLoad 


se acaalarig 11100 [OutRange 38 | Drectlyconnecte... BUS 
LFSumLoss ‘11200 [OutRange 35 impedance oft... CABLE | 
LFSumTotal as 
LFUnder TL npedmcedtts... ALINE 


LFUPSSingleph 
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Message Table Fields 


Each message contains following information which are listed in the Message table. 


P : 

% C:\Example-ANSI\LFreport.LF1S jo) ea) 
File 
LFR a Code + Type w Category ~ Description +» HemTypel ~ HemiD1 + HemType2 ~ HemiD2 ~~ CalcValue ~ LimitValue ~ 
LFSourceLoad 11196 OutRange Impedance of thi... |XFMR3 T1 Be ali! a 7 
—— 11100 | OutRange Directly connecte... | BUS Sub22_.. .../3.267149 — |0.590673 
umEquip & 

resides 11200 OutRange Impedance of thi... | CABLE Cable14 ... |6.248305 | 1.06837 
LFSumTotal 11100 OutRange Directly connecte... | BUS Sub2B ...|1.646681 | 0.737989 
LFUnder a 11200 OutRange Impedance of thi... | XLINE Line4 os ... | 4.19472 1.581767 
LFUPSSingleph 7 

x 

Code 


Explained in the Message Description section 


Type 
List the type of message 


Category 
Critical: 70-99, Marginal: 40-69, Informative: 1-39 


Description 
A description of the message 


ElemTypel 
The element type of the involved element or the first element if two elements are involved 


ElemID1 
The element ID of the involved or first involved element 


ElemType2 
The element type of the second element if two elements are involved 


ElemID2 
The element ID of the second involved element 


CalcValue 
Calculated value for this message 


LimitValue 
Limit values for this message 
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Message Descriptions 


The message code starts from 11010. Detailed descriptions for each message code are listed below. Note 
that the limits can be set by an entry in ETAPS.INI as listed. 


11010 Load flow did not converge. 
When the load flow does not converge in the specified iteration number, or diverges during the iterations, 
the 11010 message will be shown in the messages table. 


11012 Load flow converged, but the results may be not valid. 
There are certain situations that the load flow convergence may not be valid. 


11014 Load flow cannot be run due to superfluous connection between two buses. 
This message appears when there is a superfluous connection in the system. For example, a branch is 
shorted by a tie PD. 


11020 to 11030 
When any of codes from 11020 to11030 exists, this indicates that the voltage of PQ buses is reaching a 
limit. 


11020 Average voltage at all PQ buses is lower than limit. 
This message appears when the average of voltage magnitude in all PQ buses is below limit as set below. 


, Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_V_Average 80 50 100 


11022 Average voltage at all PQ buses is near limit. 


This message appears when the average of voltage magnitude in all PQ buses is near (less than 1.1 times) 
the limit. 


11030 Voltage at this PQ bus is lower than limit. 


This message appears when the voltage magnitude of an individual PQ bus is below the limit as set 


below. 
2 Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_V_Minimum 60 40 100 


11032 Voltage at this PQ bus is near limit. 


This message appears when the voltage magnitude of an individual PQ bus is near (less than 1.1 times) 
the limit. 


11040 Individual bus power mismatch (MVA) is higher than limit. 
When the power mismatch (difference between specified and calculated load) at an individual bus is 
higher than limit as set below, this message appears. 


INI Variable Default Value Minimum Maximum 
(MVA) (MVA) (MVA) 
LF_Max_Indiv_Mismatch 0.1 0.001 7 
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11042 Individual bus power mismatch (MVA) is near limit. 
When the power mismatch (difference between specified and calculated load) at an individual bus is near 
(greater than 0.8 times) the limit, this message appears. 


11050 Individual bus power mismatch percentage is higher than limit. 
When the percent of the power mismatch in compare with the installed load (difference between specified 
and calculated load) at an individual bus is higher than limit as set below, this message appears. 


: Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_Max_Indiv_Mismatch_Percent 0.1 0.01 1 


11052 Individual bus power mismatch percentage is near limit. 
When the percent of the power mismatch (difference between specified and calculated load) in compare 
with the specified load at an individual bus is near (greater than 0.8 times) the limit, this message appears. 


11060 Total system power mismatch percentage is higher than limit. 
When the percent of the power mismatch (difference between specified and calculated load) in compare 
with the specified load at all buses is higher than limit as set below, this message appears. 


: Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_Max_Total_Mismatch_Percent 0.1 0.01 1 


11062 Total system power mismatch percentage is near limit. 
When the percent of the power mismatch (difference between specified and calculated load) in compare 
with the specified load at all buses is greater than 0.8 times the limit as set above, this message appears. 


11070 Bus initial voltage value is lower than limit value. 
This message appears if the initial voltage of a bus entered is lower than 80% of the limit as set below. 
Lower initial voltage could cause load flow divergence. 


: Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_BusInitv 100 50 120 


11074 Bus initial voltage value is higher than limit value. 
This message appears if the initial voltage of a bus entered is higher than 120% of the limit as set in above 
table. Higher initial voltage could cause load flow divergence. 


11080 Admittance matrix has ill condition, causing the load flow convergence problem. 

Ill condition admittance matrix represents the situation that very small impedance is connected to a very 
large one. In this case, large elements in the Jacobian are emerged, which causes the Newton-Raphson or 
Fast-Decoupled method to fluctuate and fail to converge. 


11090 Directly connected load at this bus, based on the voltage level, is larger than the 
limit. 

This message appears when the sum of all connected load at this bus is larger than the limit as set below. 
All connected load includes all constant power, constant current and constant impedance loads which are 
directly connected to an individual bus. 
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Voltage Level INI Variable Default Value Minimum Maximum 
(kV) (100xMVA) (100xMVA) (100xMVA) 
<1 LF_OutRange_Load_1kV 0.1 0.0001 10 
>1&<35 LF_OutRange_Load_35kV 1.0 0.0001 20 
> 35 &<110 LF_OutRange_Load_110kV 4.0 0.0001 50 
>110 LF_OutRange_Load_P110kV 10.0 0.0001 100 


11092 Directly connected load at this bus, based on the voltage level, is near limit. 

This message appears when the sum of all connected load at this bus is not larger than the limit, but it is 
larger than 80% of the limit. All connected load includes all constant power, constant current and constant 
impedance loads which are directly connected to an individual bus. 


11100 Directly connected load at this bus, compared to average of other buses, is near 
limit. 

This message appears when the sum of all connected load at this bus is not larger than the limit, but it is 
larger than 2 times of the limit. All connected load includes all constant power, constant current and 
constant impedance loads which are connected to an individual bus. The limit is calculated based on the 
average loads of all other buses. 


11110 Directly connected generation at this bus, based on the voltage level, is larger than 
the limit. 

This message appears when the sum of all connected generation units at this bus is larger than the limit as 
set below. All connected generation includes all generators, which are directly connected to an individual 
bus. 


Voltage Level INI Variable Default Value Minimum Maximum 
(kV) (100xMVA) | (100xMVA) | (100xMVA) 
<1 LF_OutRange_Gen_1kV 3.0 0.0001 100 
>1&<35 LF_OutRange_Gen_35kV 5.0 0.0001 100 
>35&< 110 LF_OutRange_Gen_110kV 7.0 0.0001 100 
> 110 LF_OutRange_Gen_P110kV 10.0 0.0001 100 


11112 Directly connected generation at this bus, based on the voltage level, is near limit. 
This message appears when the sum of all connected generation units at this bus is not larger than the 
limit, but it is larger than 80% of the limit. All connected generation includes all generators, which are 
directly connected to an individual bus. 


11120 Directly connected generation at this bus, compared to average of other buses, is 
larger than the limit. 

This message appears when the sum of all connected generation units at this bus is larger than the limit. 
All connected generation includes all generators, which are directly connected to an individual bus. The 
limit is calculated based on the average of generation units of all other buses. 


11130 Nominal voltage at this bus is greater than 120 percent of the system voltage. 
This message appears when the nominal bus voltage is higher than 120% of the system voltage (Vbase). 


11132 Nominal voltage at this bus is greater than 110 percent of the system voltage. 


This message appears when the nominal bus voltage is between 110% and 120% of the system voltage 
(Vbase). 
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11134 Nominal voltage at this bus is less than 80 percent of the system voltage. 
This message appears when the nominal bus voltage is less than 80% of the system voltage (Vbase). 


11136 Nominal voltage at this bus is less than 90 percent of the system voltage. 
This message appears when the nominal bus voltage is between 80% and 90% of the system voltage 
(Vbase). 


Vbase is the base voltage calculated based on the swing source. 


11150 Precision order is higher than limit value. 
This message appears when the precision order is higher than 6 (e.g. 10”, 10°). 


11152 Precision order is lower than limit value. 
This message appears when the precision order is lower than 4 (e.g. 10°, 10°). 


11160 Maximum number of iterations is lower than limit value. 
This message appears when the number of iteration is less than 10. 


11170 Cable length, based on the voltage level, is larger than the limit. 
This message appears when a cable’s length based on the nominal voltage level is larger than the limit as 
set below. 


Voltage Level : Default Value | Minimum Maximum 
(Ev) INI Variable (ft) (ft) (ft) 
<1 LF_OutRange_CableLength_ikv 1500 0.0001 1000000 
2>1&<35 LF_OutRange_CableLength_35kv 2500 0.0001 1000000 
>35&< 110 LF_OutRange_CableLength_110kv 3500 0.0001 1000000 
>110 LF_OutRange_CableLength_P110kV 4500 0.0001 1000000 


11172 Cable length, based on the voltage level, is near the limit. 
This message appears when a cable’s length based on the nominal voltage level is larger than 0.8 times of 
the limit. 


11180 Cable length (ft), compared to average of other cables, is larger than the limit. 
This message appears when the cable length is larger than 2 times of the limit. The limit is calculated 
based on the average of cable length of all other cables. 


11190 Impedance of this branch, based on the voltage level, is larger than the limit. 
This message appears when the impedance of cable, impedance or transmission line is larger than the 
limit as set below. 


Voltage Level INI Variable Default Value Minimum Maximum 
(kV) (p.u.) (p.u.) (p.u.) 
<1 LF_OutRange_Impedance_1kV 300 1 1000 
>1&<35 LF_OutRange_Impedance_35kV 300 1 1000 
>35&<110 LF_OutRange_Impedance_110kvV 300 1 1000 
>110 LF_OutRange_Impedance_P110kV 300 1 1000 
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11192 Impedance of this branch, based on the voltage level, is near limit. 
This message appears when the impedance of cable, impedance or transmission line is greater than 80% 
of the limit. 


11196 Impedance of this transformer is larger than the limit. 
This message appears when the impedance of a transformer is larger than the limit as set below when load 
flow does not converge or is larger than 2 times of the limit as set below when load flow converges. 


: Default Value Minimum Maximum 
INI Variable (%) (%) (%) 
LF_OutRange_Impedance_Transformer 7 3 10 


11198 Impedance of this transformer is near limit. 
This message appears when the impedance of a transformer is less than but greater than 80% of the limit. 


11200 Impedance of this branch (Line, Cable and Impedance) compared to average of 
other branch impedances is larger than the limit. 

This message appears when the impedance of a Cable, Impedance or Transmission Line is larger than 2 
times of the limit. The limit is calculated based on the average impedance of all other branches. 


11210 Susceptance of this branch (Line, Cable and Impedance), based on the voltage level, 
is larger than the limit. 

This message appears when the susceptance of cable, impedance or transmission line is larger than the 
limit as set below. 


Voltage Level INI Variable Default Value Minimum Maximum 
(kV) (p.u.) (p-u.) (p.u.) 
<1 LF_OutRange_Susceptance_1kv 0.5 0.0001 10 
>1&<35 LF_OutRange_Susceptance_35kV 1 0.0001 10 
>35&<110 LF_OutRange_Susceptance_110kV y) 0.0001 10 
7 >110 LF_OutRange_Susceptance_P110kV 4 0.0001 10 


11212 Susceptance of this branch, based on the voltage level, is near limit. 
This message appears when the susceptance of cable, impedance or transmission line is greater than 80% 
of the limit. 


11220 Susceptance of this branch, compared to average of other branches, is larger than 
the limit. 

This message appears when the susceptance of a Cable, Impedance or Transmission Line is larger than 2 
times of the limit. The limit is calculated based on the average susceptance of all other branches. 


11230 Load flow may not have converged due to system R/X ratio being higher than limit. 
Branches with high R/X ratio or zero X cause difficulty in the load flow converge. Thus, this message 
appears when the R/X of branches of the entire network is larger than the limit as set below. 


INI Variable Default Value Minimum Maximum 


LF_R_X_Average 10 0.1 100 
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11232 R/X ratio of the connected branches to this bus is higher than limit. 

If the R/X ratio of the entire network is higher than the limit as set above, message 11232 could appear. 
Load flow calculation reports individual buses that have R/X ratio higher than 2 times of the R/X ratio of 
the entire network. 


11240 Directly connected load at this bus is larger than the MW transfer capability limit of 
all directly connected branches. 

When the real part of directly connected load at an individual bus, is larger than maximum capability limit 
of all branches that is connected to it, this message appears. 


11242 Directly connected load at this bus is near the MW transfer capability limit of all 
directly connected branches. 

When the real part of directly connected load at an individual bus, is larger than 80% the maximum 
capability limit of all branches that is connected to it, this message appears. 


11244 Directly connected load at this bus is larger than the Mvar transfer capability limit 
of all directly connected branches. 

When the reactive part of directly connected load at an individual bus, is larger than maximum Mvar 
capability limit of all branches that is connected to it, this message appears. 


11246 Directly connected load at this bus is near the Mvar transfer capability limit of all 
directly connected branches 

When the reactive part of directly connected load at an individual bus, is larger than 80% of the maximum 
Mvar capability limit of all branches that is connected to it, this message appears. 


11250 Directly connected load at this bus is larger than the branch MW transfer capability 
limit. 

When the real part of directly connected load at an individual bus, is larger than maximum MW capability 
limit of a branch that is connected to it, this message appears. 


11252 Directly connected load at this bus is near the branch MW transfer capability limit. 
When the reactive part of directly connected load at an individual bus, is larger than 80% of the maximum 
MW capability limit of a branch that is connected to it, this message appears. 


11254 Directly connected load at this bus is larger than the branch Mvar transfer 
capability limit. 

When the reactive part of directly connected load at an individual bus, is larger than maximum Mvar 
capability limit of a branch that is connected to it, this message appears. 


11256 Directly connected load at this bus is near the branch Mvar transfer capability limit. 


When the reactive part of directly connected load at an individual bus, is larger than 80% of the maximum 
Mvar capability limit of a branch that is connected to it, this message appears. 
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19.10 Load Flow Result Analyzer 


The Load Flow Result Analyzer allows you to view the results of various load flow studies in one screen 
so you can analyze and compare the different results. You can compare the results of general information 
about the project or more specific information such as the results contained from buses, branches, loads or 
sources in a load flow study. The Load Flow Result Analyzer is a time saving tool that allows you to 
compare and analyze different reports coming from different projects, within the same directory, in a 


single display. 
Ct 7 
3} Load Flow Result Analyzer a 
Study Reports Study ID LF-Repott LF-Rpt-1 004 LF-Ript-1008 LF-Ript 
Ref. |Select Reports Study Case ID LF Report LF Report LF 1004 LF 100B LF 2{ « 
® LFreport Ec 
oO LF-Report Data Revision Base Base Base Base BE 
oO LF-Rpt-1004 Configuration Normal Stage 1 Normal Normal Nol 
LF-Rpt-100B 
Oo e Loading Cat Full Load Full Load Full Load Design Bre 
oO LF-Rpt-200 DF : ; 
LF-Rot2005um Generation Cat Normal Normal Design Normal Not 
o) P - Diversity Factor Normal Loading Normal Loading Normal Loading Global MF Mininurr 
oO Untitled 
Buses 7 15 17 17 1 
Branches 13 11 13 13 1 
Generators 1 1 1 1 . 
Power Grids 1 1 1 1 
Project Report Loads 17 16 7 17 1 
(© Active Project Example-ANS| Load-MW 7.607 4.894 7.603 13.457 ag 
© All Project in Active Direct Load-Mvar 2.915 1.459 2.939 5.592 31 
Me ile ae weet meee Generation MW 5 5 63 5 ! 
Generation-Myar 3.063 3.069 0.916 3.893 3.1 
Report Type Loss-MiW 0.042 0.025 0.043 0.165 Ol 
Loss-Mvar 0.417 0.183 0.442 1.093 Oz 
© General Info 
Mismatch-MW i} 0 0 0 1 
© Bus Results Mismatch-Mvar it} 0 it} it} l 
>) Branch Results 
© Loads «| 1m r 
© Sources 
Export 


Export Load Flow Analyzer Data and create a report in Microsoft Excel format. 


ETAP 
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Load Flow Result Analyzer Export |e 


Export File 


Name Project 


Path C:\ETAP\Example-ANSI\Project 


Results to be exported are based on data options checked when a single 
report is selected 


19.10.1 Report and Result Selections 


Study Reports: 


Select which Load Flow Study Reports to compare by clicking on the checkbox. The results of the 
selected study report(s) will appear in the display table. 


Study Reports 


a | 


® LFreport 
oO LF-Report 
oO LF-Rpt-1004, 
oO | LF-Apt-1008 
oO LF-Rpt-200 DF 
oO LF-Rpt-200S um 
) Untitled 


Ref 
Select the study report that is used as the reference. The Display table also indicates which study report is 
used as the reference by a green highlight on the study report name. 


Study ID € Frepor LF-Report LF-Rpt-1004, | LF-Rpt-100B | 
|| Study Case ID LF Report LF Report LF 1004, LF 1008 
Data Revision | Base Base Base Base 
Configuration I Normal | Stage 1 | Normal Normal 
Report Type 


Select which Report Type you would like displayed. 
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Report Type 


®) General Info 
Bus Results 
Branch Results 


Loads 


Sources 


General Info 
Selecting General will display the general information contained in the study report such as number of 
elements, system generation, loads and losses, and conversion parameters. 


Bus Results 
Selecting Bus will display the bus information contained in the study report. 


Branch Results 
Selecting Branch will display the branch information contained in the study report. 


Loads 
Selecting Load will display the load information contained in the study report. 


Sources 
Selecting Source will display the source information contained in the study report. 


Project Report 


Select which project report(s) you would like active. 


Project Report 


® Active Project Example-ANSI 


~) All Project in Active Directory 


Active Project 
The first selection is defaulted to the open project file. This will limit you to all the reports generated 
from this project. 


All Projects in Active Directory 


This allows the user to compare reports from different projects that are located within the directory that 
the current (open) project file resides. 
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19.10.2 General Info 


Under this category, general information that summarizes the study and the information that is reported in 
the first and last page of the output reports are displayed. When “General Info” is selected, the Display 
Table is changed to show the following: 


Study ID LF-Report LF-Rpt-1004, LF-Fpt-100B LF-Fipt- 
Study Case ID LF Report LF Report LF 1004 LF 100B LF 2 « 
Data Revision Base Base Base Base Bee 
Configuration Normal Stage 1 Normal Normal Noi 
Loading Cat Full Load Full Load Full Load Design Bre 
Generation Cat Normal Normal Design Normal No 
Diversity Factor Normal Loading Normal Loading Normal Loading Global MF Minirourr 
Buses 7 15 7 17 1 
Branches 13 11 13 13 1 
Generators 1 1 1 1 j 
Power Grids 1 1 1 1 
Loads 17 16 if 17 1 
Load-MW 7.607 4.894 7.603 13.457 72 
Load-M var 2.915 1.459 2.939 5.592 3.1 
Generation-M\W 5 5 6.3 5 ! 
Generation-M var 3.063 3.069 0.916 3.893 3.1 
Loss-M\W 0.042 0.025 0.043 0.165 OC 
Loss-Mvar 0.417 0.183 0.442 1.093 0.2 
Mismatch-M\W Oo 0 QO oO I 
Mismatch-M var a oO QO 0 I 
< m r 

Study Case ID 

Study case ID: unique name up to 25 characters. 

Data Revision 

This field indicates the name of the Data Revision used for the selected study report. 

Configuration 

This field indicates the configuration status being used for the selected study report. 

Loading Cat 

Display the name of the Loading Category used for the selected study report. 

Generation Cat 

Display the name of the Generation Category used for the selected study report. 
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Diversity Factor 
Display the Load Diversity Factor used for the selected study report. 


Buses 
Display the total number of Energized Buses that exist in the selected study report. 


Branches 
Display the total number of Branches that exist in the selected study report. 


Generators 
Display the total number of Generators that exist in the selected study report. 


Power Grids 
Display the total number of Power Grids that exist in the selected study report. 


Loads 
Total number of Loads that exist in the selected study report. 


Load-MW 
Total Load in MW that exists in the selected study report. 


Load-Mvar 
Total Load in Mvar that exists in the selected study report. 


Generation-MW 
Display the total Generation in MW that exists in the selected study report. 


Generation-Mvar 
Display the total Generation in Mvar that exist in the selected study report. 


Losses-MW 
Display the total losses in MW that exist in the selected study report. 


Losses-Mvar 
Display the total losses in Mvar that exist in the selected study report. 


Mismatch-MW 
Display the total mismatch in MW that exists in the selected study report. 


Mismatch-Mvar 
Display the total mismatch in Mvar that exist in the selected study report. 
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19.10.3 Bus Results 


Under this category, bus information and the load flow results for the buses are displayed. When “Bus 
Results” is selected, the Result Analyzer display is changed to show the following: 


la = . 
® Load Flow Result Analyzer = [peo 
Study Reports 


Nominal k¥ LF-Report 


Ref. |Select Reports 
(O} LFreport 
oO | LF-Repott 
oO | LF-Rpt-1004, 
oO | LF-Rpt-100B 
oO | LF-Rpt-200 DF 
oO | LF-Rpt-200Sum 
oO | Untitled 


Project Report 


(@ Active Project Example-4NSI 


© All Project in Active Directory 


«| m | r 
Report Type Bus Type Bus Info Load Flow Results Alert 
p ¥] Source Buses (¥| Nominal k¥ © Voltage amet wl Lal 
© General Info a : ; Loading [¥V] 100 % [Vl 9 % 

Nodes IDE Ce © KW Loading 
@ Bus Results (| MCC & SWGR | Type © kvar Loading OverVoltage [¥] 105 % ([¥) 102 % 
@ ciach Henke ¥) Load Buses © Amp Loading UnderVoltage [V] 95 % MM) 98 &% 
~) % Loading - - } 
= Display Options | 
© Loads -_ 
@ Actual Value ("| Skip If Same 

ee es Unit (© Differences with Ref. 

@ kVA Voltage 


| Export. | | Find | Help | 


Bus Type 


This section determines what type of buses to display in the table. 


Bus Type 

‘V| Source Buses 
¥| Nodes 

‘¥) MCC & SWGR 
v 


Load Buses 
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Source Buses 
These are Buses that are connected to a Generator or Power Grid. 


Nodes 
These are Buses that have been graphically displayed as Nodes. 


MCC & SWGR 
These are Buses that have MCC or SWGR as the type selected in the Rating page. 


Load Buses 
Buses that have loads connected to them. 


Bus Info 
This section determines which bus information to display in the table. 
Bus Info 
| Nominal k¥ 
Amp Rating 
Type 


Nominal kV 
Display the bus nominal voltage in kV of the selected bus. 


Amp Rating 
Display the ampere rating of the selected bus. 


Type 
Display the bus type information: Gen, SWNG, or Load. 


Unit 


This section determines the measurement unit used to display the bus loading results and operating bus 


voltages. 
Unit 


@ kVA Voltage 
MVA, 


"E 


Load Flow Results 


This section determines which results to display in the table. 


Note: When multiple study reports are selected, Calculated Results section becomes Radial buttons. 
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Load Flow Results Load Flow Results 
®) Voltage V) Voltage 
kW Loading | kW Loading 
kvar Loading (¥| kvar Loading 
Amp Loading [Vv] Amp Loading 
% Loading | % Loading 


Voltage 
Display operating voltage based on the result voltage unit (kV, % of Bus nominal kV, or Volts). 


kW Loading 
Display total bus loading (kW or MW). 


kvar Loading 
Display total bus loading (kvar or Mvar). 


Amp Loading 
Display Ampere Loading of the load directly connected to the bus. 


% Loading 
Displays the percent loading based on the calculated ampere loading and ampere rating of the bus. 


Alert 


This section allows you to enter the marginal and critical limits on the display table. 


Note: The results will be highlighted based on these limits, not based on the limits set from the study 
case. 


Alert 


Loading [¥} 100 % v 9 % 


OverVoltage [¥V} 105 % ({[¥) 102 % 


Under¥oltage ¥ 95 % \v 98 |Z 
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LF-Report LF-Ript-1004, LF-Rpt-100B 


Loading 
Highlights bus loading alerts. 


OverVoltage 
Highlights bus over voltage alerts. 


UnderVoltage 
Highlights bus under voltage alerts. 


Display Options 


Display Options 
©) Actual Value Skip lfSame (Delta< O01 %) 


© Diterences wih Ft, TSS 


Actual Value 
Display the actual value of the results. 


Differences with Ref. 
Display the delta differences between the calculated results with respect to the values from the reference 
report. 


Skip if Same - Delta is less than 
Data that has the same results or a value within the delta limit, as the reference study will not be 
displayed. 


Find 


Select any bus from the Bus ID list and click find to locate that bus on your one-line diagram. 
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19.10.4 Branch Results 


Under this category, branch information and the load flow results for the branches are displayed. When 
“Branch Results” is selected, the Result Analyzer display is changed to show the following: 


BN} Load Flow Analyze 
Study Reports Type Rating 1 Rating 2 LF-Ap 
Ref. Reports Cable 222 ft 1-3/C 750 1557.9 15E a 
e) LF-Report Eq. Cable 1250 ft 1-3/0 4 935.2 ES: 
O CF Apt 1004 Eq. Cable 259 ft 1-3/0 4/0 86.45 86. 
oul LFApe 1008 Eq, Cable 1-1/0 350 17741 7 
oO LF-Apt-200 DF Cable 430 ft 2-3/0 250 357.8 35° 
) LF-Aipt200Sum Eq. Cable 1200 ft 1-3/0 2 1514.3 151 
Eq. Cable 650 ft 1-1/C 350 192 1 
Oo | LFreport Eq Cable 470 ft 1-304 0 ( 
Cable 27 
Cable 410.1 ft 1-3/0 350 525.4 5: 
Eq. Cable 100 ft 1-3/0 350 123 le 
Line 5280 ft 210 530.7 53° 
Transf. Sw 34.5 kV 15000 kVA, 1037.9 232 
Project Report Transf. 3W 13.8kV 10000 kVA 2956.9 42€ 
Transf. Sw 416 kY 5000 kVA 1916.7 191 
@ Active Project | Example-ANSI Transf. 2 34.5 713.8 k¥ 10000 kV¥é, 937.6 364 
ee ‘i : Trans. ZW 4.16 / 0.48 k¥ 750 kVA 475.6 471 
OAll Project in Active Directory Transt Wal ATR AN AReV FANN kd AAA AL 
4 » 
Report Type Branch Type Branch Info Load Flow Results Alert 
Cesaae Transformer LJ Bus 1 @kW Flow | Citic Marginal 
eneral Info Catia /Bonway Ceus2 Oke Fow Loading 100 |x YY 95 |% 
© Bus Results Line Type OAmp Flow Voltage Drop 5 14% Mw 4 |% 
@ Branch Results Fess per OXPF 
Impedance Rating 2 © % Loading Daca 
O Loads Equip Cable CAllowable © % Voltage Drop bee sed 
O KW Losses @ Actual Value (Skip If Same 


O Sources Unit 
@kvA Voltage 
Omw (|* 


Okvar Losses 


O Differences with Ref. 


Expott... Find Help Close 


Branch Type 
Select the Branch type(s) to display on the table. The list of branch types is below: 
e Transformer 
e Cable 
e Line 
e Reactor 
e Impedance 
e Equipment Cable 
ETAP 19-75 
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Branch Info 


This section determines which branch information to display in the table. 


Branch Info 
Bus 1 
Bus 2 
Type 
Rating 1 
Rating 2 
Allowable 


Bus 1 
Display “From Bus” connection in that element editor. 


Bus 2 
Display “To Bus” connection in that element editor. 


Type 
Display the element type on the display table. 


Rating 1 and Rating 2 
Display the Rating for each branch. See table below for each Rating: 


Type Rating 1 Rating 2 
2-W Transformer Primary kV / Secondary kV Primary Winding Rating MVA/KVA 
3-W Xfmr_ Primary Rated kV Primary Winding Rating MVA/kKVA 
3-W Xfmr Secondary | Rated kV Primary Winding Rating MVA/KVA 
3-W Xfmr Tertiary Rated kV Primary Winding Rating MVA/KVA 
Cable Length Meters Size 
Line Length Meters Size 
Reactor Positive sequence impedance ohms | Reactor rating Amps 
Impedance Positive sequence resistance Positive sequence reactance 

ohms/percent ohms/percent 

Equipment Cable Length Meters Size 


Unit 
This section determines the measurement unit used to display the branch loading results and operating 
branch voltages. 
Unit 
@ kVA Voltage 
MVA, 


<x 
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Load Flow Results 


This section determines which results to display in the table. 


Note: When multiple study reports are selected, Calculated Results section becomes Radial buttons. 


Load Flow Results Load Flow Results 
Agel @) kW Flaw 
¥ | kvar Flow kvar Flow 
¥) Amp Flow Amp Flow 
¥|% PF % PF 
¥% Loading % Loading 


% Voltage Drop 
kV’ Losses 


¥|% Voltage Drop 


Vv | kV Losses 


kvar Losses 
v¥ | kvar Losses 


kW Flow 
Display power flow (kW or MW) 


kvar Flow 
Display power flow (kvar or Mvar) 


Amp Flow 
Display ampere flow from one bus to another. 


% PF 
Display Power Factor (%) 


% Loading 
Display loading (%) 


% Voltage Drop 
Display voltage drop (%) 


kW Losses 
Display branch losses (kW or MW) 


kvar Losses 
Display branch losses (kvar or Mvar) 


Alert 


This section allows you to enter the marginal and critical limits on the display table. 


Note: The results will be highlighted based on these limits, not based on the limits from the Study Case. 
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Alert 
Loading v 100% v 95 % 
Voltage Drop 5 % Vv 4 % 


Loading 
Highlight branch loading alerts. 


Voltage Drop 
Highlight branch voltage drop alerts. 


Display Options 


Display Options 
Actual Value ¥|SkiplfSame (Delta< O8F.01 %) 


®) Differences with Ref. — LFrepott 


Actual Value 
Display the actual value of the results. 


Differences with Ref. 
Display the delta differences between the calculated results with respect to the values from the reference 
report. 


Skip if Same - Delta is less than 
Data that has the same results or a value within the delta limit, as the reference study will not be 


displayed. 


Find 


Select any branch from the ID list and click find to locate that element on your one-line diagram. 
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19.10.5 Loads 


Under this category, load information and the load flow results for the loads are displayed. When “Loads” 
is selected, the Result Analyzer display is changed to show the following: 


& , 
i} Load Flow Result Analyzer x 
Study Reports Terminal Bus Type Rating Rated kV 
Ref. |Select Reports Sub 3 Capacitor -450 kvar 4.16 414 
LVBus Static 280 kVA, 0.48 0.25 
LFi t 
a | iff MCCI Static 100 kVA 0.48 Die 
LER ik LVBus Lumped 220 kVA, 0.46 Og 
O|0 ‘Apt Sub22 Lumped 3500 kVA 33 3 
ol[o LF-Rpt-1008 Bus9 Lumped 500 kVA 4.16 4 
olfu LF-Fipt-200 DF LVBus MOV 14.743 HP 0.46 0.2 
oO | oO LF-Rpt-200S um MCC1 Induction 75 HP 0.46 
o/]o Untitled MCC1 Induction 125 HP 0.46 
MCC1 Induction 50 HP 0.46 
MCC1 Induction 120 HP 0.46 
Sub3 Swear Induction 500 HP 4 41 
Sub24, Synchronous 1250 HP 13.2 13. 
Project Report 
@ Active Project Example-4NSI 
© All Project in Active Directory ~ 
«| mW r 
Report Type Load Type Load Info Load Flow Results Alert 
; W] Induction (¥] Terminal Bus © kW Loading “Giieal = gall 
© General Info - : Loading [¥} 100 % [V 9 % 
¥)| Synchronous ¥| Type © kyar Loading 
© Bus Results V7] Lumped (¥) Rating © Amp Loading OverVoltage (V) 105 % 102% 
corneas 7] Static ANE SS © %PF UndetVoltage VY] 95 % [fF] 9 % 
: ¥| MOV © % Loading - - 
@ Loads 7 P @ Terminal Voltage ee SOE 
¥) Capacitor : er e.: 
om @ Actual Value (¥) Skip If Same 
a) ¥) SVC ; 
pi souees f Oia (© Differences with Ref. 
¥| Filter @ kVA Voltage 
\MvA — [KM¥asu 
Expott... Find Help 
Load Type 
Select the load type(s) to display on the table. The list of load types is below: 
e Induction 
e Synchronous 
e Lumped 
e = Static 
e MOV 
e Capacitor 
e SVC 
e Filter 
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Load Info 


This section determines which load information to display in the table. 


Load Info 

(¥| Terminal Bus 
¥\ Type 

vs Rating 

¥| Rated k¥ 


Terminal Bus 
Bus connected to the load. 


Type 
Display the load type on the display table. 


Rating and Rating kV 
Display the Rating for each load. See table below for each Rating: 


Rating 
HP/ kW 
HP/ kW 
MVA/KVA 
MVA/KVA 
HP/kW 
Capacitor rated Mvar/kvar 
Rated inductive/capacitive var kvar/Mvar 
Capacitor rated Mvar/kvar per phase 


Unit 


This section determines the measurement unit used to display the operating load and load terminal voltage 
results. 


Unit 
@ kVA Voltage 
MVvA, 


<n 


Load Flow Results 


This section determines which results to display in the table. 


Note: When multiple study reports are selected, Calculated Results section becomes Radial buttons. 
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Load Flow Results Load Flow Results 
® kW Loading ¥) kw Loading 
kvar Loading (¥) kvar Loading 
Amp Loading (¥) Amp Loading 
% PF [7] % PF 
) % Loading \¥| % Loading 


+) Terminal Voltage ¥) Terminal Voltage 


kW Loading 
Total operating load (kW or MW) 


kvar Loading 
Total operating load (kvar or Mvar) 


Amp Loading 
Display the current loading results. 


% PF 
Display the Power factor (%). 


% Loading 
Displays the percent loading based on the calculated ampere loading and ampere rating of the load. 


Terminal Voltage 
Display the load terminal voltage results. 


Alert 


This section allows you to enter the marginal and critical limits on the display table. 
Note: The results will be highlighted based on these limits, not based on the limits from the study case. 


Alert 


Loading [¥} 100 % ([¥V) 9 % 
OverVoltage |v) 105 jz ia 102% 


Under¥oltage || 95 |% ge 4% 


Loading 
This highlights loading alerts for loads. 
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OverVoltage 
This highlights over voltage alerts for loads. 


UnderVoltage 
This highlights under voltage alerts for loads. 


Display Options 


Display Options 
©) Actual Value ¥\ Skip lfSame [Delta< 0.01 %) 


® Differences with Ref. -  LFreport 


Actual Value 
Display the actual value of the results. 


Differences with Ref. 
Display the delta differences between the calculated results with respect to the values from the reference 
report. 


Skip if Same - Delta is less than 
Data that has the same results or a value within the delta limit, as the reference study will not be 


displayed. 


Find 


Select any load from the ID list and click find to locate that load on your one-line diagram. 
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19.10.6 Sources 


Under this category, source information and the load flow results for the sources are displayed. When 
“Sources” is selected, the Result Analyzer display is changed to show the following: 


= 
1} Load Flow Result Analyzer =x 
Study Reports ID Terminal Bus Type Rating Rated kV 
Ref. |Select Reports Sub2B Synchronous 7500 kw 13.8 24 « 
® LFreport Main Bus Power Grid 1200000 kV¥Aé, | 34.5 aE 
oO LF-Report =a 
oO LF-Rpt-1004 
oO LF-Rpt-1008 
oO LF-Rpt-200 DF 
oO LF-Rpt-200Sum 
(e) Untitled 
Project Report 
@ Active Project Example-ANS| 
© All Project in Active Directory ~ 
« |g) r 
Report Type Source Type Source Info Load Flow Results 
2 | Power Grid (¥) Terminal Bus » kW Generation 
© General Info = ; 
|¥| Synchronous |v) Type ~) kyvar Generation 
») Bus Results (¥) Wind Turbine |v) Rating ® Amp 
- [¥| Rated k¥ © “PF 
© Branch Results 
-) % Generation . . 
Display Options 
~) Loads 
© Actual Value {-] Skip If Same 
ir) i 
®) Sources Unit (> Differences with Ref. 
@ kVA Voltage 
- kv 
) MVA | Export... | Find | Help | 
Source Type 


Select the Source type(s) to display on the table. The list of source types is below: 
e Power Grid 


e Synchronous 
e Wind Turbine 


ETAP 19-83 ETAP 19.0 User Guide 


Load Flow Analysis Load Flow Result Analyzer 


Source Info 
This section determines which source information to display in the table. 


Source Info 

¥) Terminal Bus 
¥\ Type 

¥) Rating 

¥| Rated k¥ 


Terminal Bus 
Display the bus connected to the source. 


Type 
Display the source type. 


Rating and Rating kV 
Display the rating for each source. See table below for each Rating: 


ing 
3 phase Short Circuit MVAsc Contribution | Rated voltage 


Rated Real Power MW/ kw Rated voltage 
Wind Turbine Rated Real Power MW/kW Rated voltage 


Unit 
This section determines the measurement unit used to display the total operating source generation and 
the rating for each source. 


Unit 
@ kVA Voltage 
MVvA, 


<x 


Load Flow Results 


This section determines which results to display in the table. 


Note: When multiple study reports are selected, Calculated Results section becomes Radial buttons. 
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Load Flow Results Load Flow Results 
k\wW Generation (V) kW Generation 
kyvar Generation ¥| kvar Generation 

@ Amp v¥\ Amp 
% PF ¥| % PF 
% Generation i] & Generation 


kW Generation 
Total operating source generation (kW or MW). 


kvar Generation 
Total operating source generation (kvar or Mvar). 


Amp 
Source current results 


% PF 
Power factor of the source (%) 


% Generation 
Source generation (%) 


Display Options 
Display Options 


Actual Value [\¥|SkiplfSame (Delta< O01 %) 


© Diferences with Ft, LF SSS 


Actual Value 
Display the actual value of the results. 


Differences with Ref. 
Display the delta differences between the calculated results with respect to the values from the reference 
report. 


Skip if Same - Delta is less than 
Data that has the same results or a value within the delta limit, as the reference study will not be 


displayed. 


Find 


Select any source from the ID list and click find to locate that source on your one-line diagram. 
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19.11 Load Analyzer 


The Load Analyzer module is designed as a generalized load-list to report load-schedules for power 
system components such as switchgear, MCC, transformers, cables, lines, panels, etc. Different reports 
provide informative data regarding all loads connected downstream to equipments. 


This tool is helpful during the operating phase of a project, as well as design/planning phase where system 
studies may not be possible due to incomplete one-line diagram or data. 


Reports include the following user options: 


Base or Revision Data 

Configuration 

Loading Category 

Connected / Operating Loads 

Continuous / Intermittent / Spare Loads 

Continuous / Non-Continuous Loads 

Load Demand Factors 

Global and Individual Bus Diversity (Deviation) Factors 


GO: GO? Gl GON b= 


In addition and in contrast with the regular Load Flow analysis, the Load Analyzer allows a deeper study 
of the different loads present in a system. This gives the user more flexibility in analyzing individual 
loads using Minimum/Maximum Bus Loading, or to simply determine the actual connected and operating 
loads in a given system. 


Notes: 


Looped configurations or systems with two swing sources (utility or generator) are not currently 
handled by the Load Analyzer. Only radial systems are handled. 

In case the load voltage from the nameplate of an element is different from the upstream Bus 
voltage, the Load Analyzer will not adjust the voltage of the element. Therefore, the Load 
Analyzer results will be different from the Load Flow results. 

Wind turbines, MG sets, Harmonic Filters (HF), and Static var Compensators (SVC) loads are not 
considered by the Load Analyzer. These loads will be added in the future. 

3-phase and 1-phase loads below an Uninterruptible Power Supply (UPS) are not considered by 
the Load Analyzer. Only the internal load of the UPS is considered. 

Feeder losses and branch losses are ignored by the Load Analyzer. The Load Flow program 
considers all branch losses. 


19.11.1 Load Analyzer Editor 


The Load Analyzer module is launched from the Load Flow mode and by clicking on the Load Analyzer 
icon, which is located on the right hand side toolbar. 


ETAP 
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T hayveriontivnmancemuan@n) 
File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
SEH SB 420 SQQQ98 oo BERR ES PP BAR OO. & empperun + Phase -a7. 


E Jy Base ~ 5, Relay View + Relay View + +“ Normal > To, iy BBB LF Report ~ &S LFReport a Cable 


Seite A LN 


ETAP offers a suite of fully integrated Electrical Engineering software 
solutions including arc flash, load flow, short-circuit, transient stability, 
relay coordination, cable ampacity, optimal power flow, and more. Its 
modular functionality can be customized to fit the needs of any company, 
from small to large power systems. 
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X: 24825 _¥: 6243 (Zoom Level: 21) 


Once the module is launched, the Load Analyzer Editor opens. Following is a list and description of the 
different fields available in this editor. 


(mime 


Project Example-ANSI Revision Base Config Normal 


Output File Loading 
Name  Example-ANSI Loading Category 


Load Diversity factor Power Factor & Efficiency 


Continuous Load Intermittent Load Spare Load Power Factor 
@ None @® None @ None © Use Rated Power Factor 


© Bus Max © Bus Max © Bus Max © Interpolate at Specified % Loading 


© Bus Min © Bus Min © Bus Min 


© Global © Global © Global Efficiency 
© Use Rated Efficiency 


@ Interpolate at Specified % Loading 


{| Apply Bus Diversity Factor to Non-Directly Connected Loads 


Project 
The project name is displayed in this field. This filed is for your information and cannot be edited. 
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Revision 
The project revision is displayed in this field. This field is for your information and cannot be edited. To 
change the revision you must close this editor, go to the Revision toolbar and select another revision. 


Configuration 

The project configuration is displayed in this field. This field is for your information and cannot be 
edited. To change the configuration you must close this editor, go to the Configuration toolbar and select 
another configuration. 


Output File Name 


Enter the output report database filename. By default, ETAP enters the same name as the project name. 
The output file name can contain upto 250 characters. 


Note: Very long filenames can cause text wrapping on the report headers and affect the report format. It 
is recommended to use up to 25 characters for the filename. 


Loading Category 


Select one of the ten Loading Categories for the current Load Analyzer study. With the selection of any 
category, ETAP uses the percent loading of individual motors and other loads as specified for the selected 
category. Note that you can assign loading to each one of the ten categories from the Nameplate page of 
the induction machine and synchronous motor editors and the Loading or Rating page of other load 
component editors. 


, 
Induction Machine Editor - Mtr = 


_ Cable/Vd_eotemmbable Amp | Protection | Reliability | Remarks | Comment _| 
info__|CNameniste | imp | Model_| Inertia [Load | Start Dev | Stat Cat 
[1 100kW 0.38kV 1-3/0 4/0 AWG/kcmil 0.6kV 
©) Relay Vi Netl (Load Fl — 
‘| Relay View=>...=> oad Flow FL NL OL 
Design 
0% 7% 0% 0% TOD 
© kW} 100 kV 038 %PF 9154 91.54 9154 91.54 91.54 
kvA|[ 118 FLA 1794 xe 9254 9254 92.54 0 92.54 
100 7498 49990 100 
Wha 
%Sip 1.5 1773 4 1800 1 
neve’ Slip RPM Poles RPM SF 
Bus23A ) 


Library... None 
Loading a i 


Operating Load: [87.101 kW */ | 38.404 kvar 


(23 a i) [Mima >) allel 


Double Click 
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Load Diversity Factor 

In the Load Analyzer editor, you can choose the desired Load Diversity Factor applied to each of the 
three Demand Factors for each load (i.e. Continuous, Intermittent, and Spare). The different Load 
Diversity Factors are the following: 


None (no load diversity factor is applied) 

Bus Max (individual Bus Max diversity factor is applied to directly connected loads) 
Bus Min (individual Bus Min diversity factor is applied to directly connected loads) 
Global Value (Global load diversity factor is applied to all loads) 


For each Bus in the system, the user can define the upper and lower bounds of the Load Diversity Factor 
that will apply to the loads directly connected to that Bus. These individual Load Diversity Factors are 
applied when Bus Max or Bus Min is selected from the Load Analyzer editor under each category - 
Continuous, Intermittent, and Spare. These values will not be taken into account for loads since Load 
Diversity Factors are set to a Global Value. For instance, if the user selects Continuous Load to have a 
Global Value equal to 90%, then all Continuous Loads in the system will be multiplied by that unique 
Global Value. 


Demand Factor 
In ETAP, operation of loads fall under three status categories: 


e Continuous (default is set to 100%, which means the load operates continuously) 
e Intermittent (default is set to 50%, which means the load operates for 12 hours) 


e Spare (default is set to 0%, which means the load is not operating) 


The accounted percentage of the load falling under each category, called the Demand Factor, can be set 
for individual loads from each editor in the Info page. 
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Induction Machine Editor - Mtr1 exe 
able/Vd | Cable Amp | Protection | Reliability | Remarks | Comment 
Cirfo | Nameplate | imp | Model | inertia | Load | StatDev | Start Cat 
Ql i 100Kw o38KVv 13/0 4/0 AWG/komil 0.6kV 
f | Info fu 
©} Relay View=>...=>Netl (Load Flow O ay 


1D ial 


Revision Data 


Bus {Bus23A 


Equipment 


Tag # 


Name 
Bus23A a) 


Description 


Connection 


Aen. Type [Motors] @ 3 Phase 


Data Tipe 1 Phage 
Priority | Other ¥ Quantity 


Demand Factor Configuration 


Mtr1 Continuous [Normal 
100 kW 100 % Status | Continuous BA 
Double-click 
Seo an 0) GE) Gx) ee) 


Apply Bus Diversity Factor to Non-Directly Connected Loads 

The Load Analyzer program allows the user to apply Load Diversity Factor to non-directly connected 
loads in the system. This means that if the Apply Bus Diversity Factor to Non-Directly Connected Load 
option is checked, then the Load Diversity Factor of all buses in the system will be considered (i.e. 
multiple dipping is applied at all levels). 


PF & EFF 


For all induction and synchronous motors in the system, the user can select to either use the Rated Power 
Factor (PF) and Efficiency of motors, or to use interpolated values for the specified motor % loading. 


If the Rated PF and/or Eff options are selected, then Rated PF and Eff will be used for synchronous 
motors, and PF and Eff of 100% loading will be used for induction machines. 


If the Interpolate at Specified % Loading option is selected, then the program interpolates the Power 
Factor and Efficiency entered for both induction and synchronous motors at the specified % Loading. The 
interpolation occurs linearly based on the Power Factor and Efficiency values entered at 100, 75, and 50 
% Loadings. The Power Factor and Efficiency values can be entered for individual motors from their 
editor and Nameplate page. 
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19.11.2 Reports 


Once the different settings have been selected from the Load Analyzer interface, click OK and the Load 
Analyzer Report Manager will open to display the results of the study. The user has the choice to select 
different reports from the following tabs: 


Bus Loading 
Bus Summary 
Load List 
Schedules 


Load Analyzer Report Manager |p Sr| 
ss Summary | Load List | Schedules | 


Bus FDR Loading-1 @) Viewer 
Bus FDR Loading-2 PDF 
Bus FDR Loading-3 


MS Word 


Rich Text Format 
>) MS Excel 
("| Set As Default 


Output Report Name 


Example-ANS| 
Path 


C:\ETAP\Example-ANS! 


Pee 


Report Manager also displays the Output Report Name and the Path where project files are located. As a 
reminder, Load Analyzer is the only module that skips reporting of nodes in some of its reports. For other 
ETAP modules, nodes and buses are treated the same way in output reports. 


Load Analyzer reports can export into Viewer (Crystal Reports format), PDF, MS Word, Rich Text 
Format, and MS Excel and allows choosing any of these formats to be Set As Default. 


For the Load Analyzer reports, ETAP creates database files with the extension of <filename>.LA1. This 
database is used to produce load analyzer output reports. 


All reports include a header, which displays project name, business location, contract number, the 
engineer’s name, filename, ETAP logo, ETAP version number, report name, page number, date, serial 
number (SN), revision number, configuration, and remarks with up to 120 characters. The project name, 
location, contract number, engineer’s name, and remarks can be set from the ETAP toolbar 
Project/Information. The filename is set in the Output Filename given in the Load Analyzer Editor. 
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Bus Feeder (FDR) Loading Reports 
The Bus FDR Loading-1, 2 & 3 reports are sorted alphabetically by Bus ID. 


ey 


BusID: Busl Bus Continuous Current (A) and 
ro g- [ Bus EVA= SQRT(S) X KV X Continuous Current 


Voltage: O.48kV Rating 12004, 998kVA 
Connected Feeders 3 Connecied Loads Operating Loads 
& Loads Descrip tion 


4 / | 


‘onnected Feeders} Bus Summary Continu 
and Loads / 


Downstream to 


Bus ID Description Field 


582.50 333.41 
Status: Continuous, \ 


671.17 582.50 


671.17 


333.41 
Intermittent, Spare, or ‘ 
Non-Continuous for 


Panels ‘otal Connected Loads Total Operating Loads 


= Connected Loads X 


% Loading X 
Connected Loads Connected Loads Demand Factor X 
Based on Loads % Loading Load Diversity Factor 
Nameplate 


Total Connected Loads 


Power Factor for 
Connected Loads 


Total Connected 
Loads by Status 


Operating Loads = Connected Loads X % Loadirg 


Bus Total Operating Loads include Connected Loads X % Loading X Demand Factor X Diversity Factor (Bus Diversity Factos are applied to directly commected loads only.) 
Status: C=Contimous, I=Intemnittent, $=$ pare, NC=Non-Contimous Panel Loads 

Diversity Factors: C: None, I: None, $: None 

Nodes are not reported. 


Bus FDR Loading-1 Report selected from Bus Loading tab in the Report Manager 
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Bus Continuous (A) and 


BusID: Busl — 


Voltage: o4gny &— Rating 1200A, 998KVAI 


tinuous Current 


Connected Feeders 


& Loads Descrip tion Comments 


Cablel4 671.17 


0.00 
0.00 


671.17 
0.00 


Status: Continuous, 0.00 


Intermittent, Spare, 
or Non-Continuous 
for Panels 


582.50 333.41 671.17 


Description Field 


Motor Horse Power and 


Absorbed Load Based on Total Operating Loads 


Nameplate Value = Connected Loads X 


Power Factor for 
Connected Loads 
by Status 


% Loading X 
Demand Factor X 
Load Diversity Factor 


Operating Loads = Connected Loads X % Loading 

Bus Total Operating Loads inchde Connected Loads X % Loading X Demand Factor X Diversity Factor (Bus Diversity Factors are applied to directly conrected loads only.) 
Status: C=Contimous, I=Intennittent, $=$ pare, NC=NonContimous Panel Loads 

Diversity Factors: C: None, I: None, $: None 

Nodes are not reported 


Bus FDR Loading-2 Report selected from Bus Loading tab in the Report Manager 


Bus Continuous Current (A) and 


BusID: Busl a 


Bus kVA = SQRT(3) X kV X Continuous Current 
pues] — 
Voltage: O.48kV Rating 1200A, 998kVA 


Connected Feeders Connected Loads 


B Nambia Operating 
& Loads Deserp tion & 


Rating Load Unit hy lwar KWVA 
c 582.50 
0.00 


Cablel4 


0.00 


671.17 
0.00 


Status: Continuous, i . f i 0.00 


Intermittent, Spare, or 
Non-Continuous for 
% Operating kVA: 67.27 


582.50 333.41 671.17 


Panels 


Nameplate Rating and % Loading 
x Rating in Horse Power (HP) or kVA Power Factor for 
Total Operating Loads Connected Loads 
= Connected Loads X by Status 
sine’ 


Demand Factor X 
Load Diversity Factor 


Total Connected Loads by Status 
Total Connected Loads 


Total Operating kVA / 
Rated Bus kVA 


Operating Loads = Connected Loads X % Loadire 


Bus Total Operating Loads inchde Connected Loads X % Loading X Demand Factor X Diversity Factor Bus Diversity Factors are applied to directly connected loads. 
Status: C=Contimous, I=Intemuittent, S=S pare, NC=Non-Contimous Panel Loads 
Diversity Factors: C: None, I: None, $: None 


Bus FDR Loading-3 Report selected from Bus Loading tab in the Report Manager 
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Bus Loading Summary Reports 


The Bus Loading Summary-1 & 2 reports provide the sum of all loads for all Buses including Connected 
and Operating Loads. These reports are sorted alphabetically by Bus ID. 


Bus Connected Loads Operating Loads % Loading 


Rating (A) % PF Connected Operating 


582.50 333.41 671.17 582.50 333.41 671.17 
175.00 0.00 175.00 175.00 0.00 175.00 
582.50 333.41 671.17 582.50 333.41 671.17 
533.06 310.91 617.11 533.06 310.91 617.11 
20.31 0.31 20.31 20.31 0.31 20.31 
0.00 0.00 0.00 0.00 0.00 0.00 
533.06 310.91 617.11 533.06 310.91 617.11 
2975.00 1843.74 3500.00 2975.00 1843.74 3500.00 
600.00 263.39 655.27 600.00 263.39 655.27 
575.10 184.10 603.85 562.20 176.97 589.39 
9053.17 2952.42 9522.43 9040.27 2945.29 9507.95 
483.01 136.94 502.05 483.01 136.94 502.05 
83.20 1.25 83.21 83.20 1.25 83.21 
20.31 031 20.31 20.31 031 20.31 
29.03 0.94 29.05 29.03 0.94 29.05 
2647.77 652.28 2726.93 2634.87 645.14 2712.70 
2975.00 1843.74 3500.00 2975.00 1843.74 3500.00 
533.06 310.91 617.11 533.06 310.91 617.11 
3969.85 1227.19 4155.20 3969.85 1227.19 4155.20 
2435.55 1072.96 2661.42 2435.55 1072.96 2661.42 
2065.27 768.87 2203.75 2052.37 761.74 2189.17 


rating Loads = 
= oa Loads X [Power Factor for 
% Loading X m 
sg : Demand Factor X Operating Leads 
= Load Diversity 
Factor Total Connected k' 
/ Rated Bus kV2 
Operating Loads inchide Connected Loads X % Loading X Demand Factor X Diversity Factor (Bus Diversity Facto are applied to directly conrected loads only.) 
Diversity Factors: C: None, I: None, $: None 


Bus Loading Summary-1 report selected from Bus Summary tab of the Report Manager 
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Bus Upstream Bus Connected Loads Operating Loads 
Rating (A) 
582.50 333.41 e727 | 582.50 333.41 era? | 
175.00 0.00 A 175.00 0.00 
582.50 333.41 . 582.50 333.41 
533.06 310.91 J 533.06 310.91 
20.31 031 20.31 0.31 


0.00 0.00 A 0.00 0.00 


533.06 310.91 J 533.06 310.91 


2975.00 1843.74 J 2975.00 1843.74 
600.00 263.39 { 600.00 263.39 
575.10 184.10 fs 562.20 176.97 

9053.17 2952.42 F 9040.27 2945.29 
483.01 136.94 : 483.01 136.94 

83.20 1.25 J 83.20 1.25 
20.31 031 4 20.31 0.31 
29.03 0.94 5 29.03 0.94 

2647.77 652.28 J 2634.87 645.14 

2975.00 1843.74 J 2975.00 1843.74 
533.06 310.91 J 533.06 310.91 

3969.85 1227.19 : 3969.85 1227.19 

2435.55 1072.96 i 2435.55 1072.96 

2065.27 768.87 is 2052.37 761.74 


‘connected Loads 
Based on Loads 


Nameplate 


Demand Factor X 
Load Diversity 
Factor 


Operating Loads inchide Connected Loads X % Loading X Demand Factor X Diversity Factor (Bus Diversity Facto are applied to directly conrected loads only.) 
Diversity Factors: C: None, I: None, $: None 


Bus Loading Summary-2 report selected from Bus Summary tab of the Report Manager 
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Load List Reports 
The Load List reports provide load information ordered by Bus Loading Summary, by Bus, by Status, and 
by Load. As a note, Panels are not included in Load List by Status Report. These reports are sorted 
alphabetically by Bus ID. 


‘onnected Loads ID 
Equipment 


ID 


3 Operating Namephie 


Description Load Rating Unit 


RPM Vv BusID Comments 


**Bus ID: 
Load2 


**Bus ID: 
Chargerl 
UPS-1 


**Bus ID: 
LUMP4 


Mtl 


**Bus ID: 
LUMP3 


**Bus ID: 
LUMPS 


**Bus ID: 
Loadl 


LUMP1 
MOV 
Syn2 


**Bus ID: 
LTG Load 


Mt3 


Mté 


**Bus ID: 
CAPI 


**Bus ID: 
LUMF2 


**Bus ID: 


Operating Loads = Connected Loads X % Loading 
Note: Panels are not included inthis report. 


ETAP 


Busl 


Bus2 


Bus234 


MCCl1 


Sub 3 


Sub 22 


Sub2A 


This is a test for Description field. 175.00 


450.00 


ic] | 3500.00 3500.00 
~w 
Ss: 

tte! 


Description Field Status: Continuous, - Laake i 
Intermittent, and Spare [Loads RPM if any) lated kV — 


This is a test for Conurents field 


3.300 


AN 


% Loading X Rating and Nameplate 
Rating in Horse Power (HP) or kVA 


Load-List Bus Summary report selected from Load List tab of the Report Manager 
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BusID: LYBus 4 


Voltage. 0.48kV «—— Rating 1600A, 1330 kVA 


Equipment Operating Loads 


Description Comments 
127.00 
108.47 
10.09 


-58.51 


Status: Continuous, 
Data Type Specified from Intermittent, Spare, or 
ithe Loads Editor/Info Tab Non-Continuous for 

Panels 


eplate Rating 


Horse Power (HP) 


Operating Loads = Connected Loads X % Loading 
Status: C=Contimous, I=Intemnittent, $=S pare, NC=Non-Contimous Panel Loads 


Load-List by Bus report selected from Load List tab of the Report Manager 


Ordered by Status: Continuous, 
Intermittent, or Spare 
% Loading X Nameplate H % 
Rating Rating Unit Loading % Eff WW Iwar WA Comments 


Equipment Operating Loads 


Conf uration Sfatus = C (Continuous) 


**BugID: Busl0 
Load2 This is a test for Description field. 


**BusID: Bus2 
Chargerl 
UPS-1 


**BusID: Bus23A 
LUMP4 
Mel 


**BusID: Bus4 
LUMF3 


**BusID: Bus? 
LUMPS 


**BusID: LYBus 
Load] 


LUMP1 
Syn2 


**BusID: MCC1 
LTG Load 


Mt3 
Mtd 
Mts 


Mbé 


**BusID: Sub 3 


— i za 
Operating Loads = Connected Loads X % Loading 
Note: Panels are not inchaded inthis report. 7 Status: Continuous, 
Intermittent, or Spare 
Horse Power (HP) 


Load-List by Status report selected from Load List tab of the Report Manager 


‘onnected Loads X % Loading 


ETAP 19-97 ETAP 19.0 User Guide 


Load Flow Analysis Load Analyzer 


Equipment Operating Loads 


Status 


Description Comments 


is a test for Description field 


is a test for Cormments field 


3500.00 
120.00 
500.00 
500.00 
15.00 
100.00 
2500.00 
75.00 
125.00 
50.00 
120.00 
500.00 

1250.00 


Data ——— | Specified from 
‘ \ | Editor/Info Tab 


as Connected Loads 
a Status: Continuous, 
Renee Rating in (intermittent, Spare, or! [Connected Loads X ~ 
Operating Loads = Connected Loads X % Loading Horse Power Renee or kVA] | Non-Continuous for % Loading 


Status: C=Contixmous, I= Intemnittent, S=S pare, NC=NonContimous Panel Loads Panels 


aaanaaaaaaaaAeteananaaaaaaaa 


Load-List report selected from Load List tab of the Report Manager 


Schedule Reports 


The Bus Loading Schedule report displays the total load at each Bus including the effect of all 
multiplying parameters (i.e. % Loading, Demand Factor, and Load Diversity Factor). This Report 
tabulates only downstream Buses and Loads (no equipment). This report is sorted by Bus kV first and 
then Bus ID. 


The Cable Schedule Report tabulates all Equipment and Branch Cables present in the system. This report 
also provides information about the Connected Buses, kV, and other physical parameters for each Cable. 


Transformer Loading Schedule-1 & 2 reports tabulate all Transformers present in the system. These 


reports also provide information about the Connected Buses, Impedance, and other electrical parameters 
for each transformer. 
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Bus kV: 13.800 <——_ Bus ID: Sub2B [Non-Motors Rated Loading Category: Design 
Fed From: _ Main Bus “iw 
oy 


Cont. Amp: 1600 ~~ 


Equipment ID Description 


533.06 


Total Connected Load: . : 2435.55 1072.96 
Total Connected Load X % Loading: 4 2435.55 1072.96 


Se = Total Connected Load X % Loading X DF: - c 2435.55 1072.96 
Description Field otal Connected Load X % Loading X DF X Dwv.: c 243555 1072.96 


Status: Continuous, Intermittent, 
Spare, or Downstream Load 


‘otal Connected Loads X 
% Loading X 
Demand Factor 


Demand Factor X 
Load Diversity Factor 


Operating Loads = Comected Loads X % Loading 

C=Contimous, [=Intermittent, $=S pare, D=Downsteam Load, %Ld=%Loading, DF=Demand Factor, Div.=Divesity Factor (Bus Diversity Factors are applied to directly connected loads only.) 
Divenity Factors: C: None, I: None, $: None 

Nodes are mot reported. 


Bus Loading Schedule Report selected from Schedules tab of the Report Manager 


Cable Connected Bus ID 
From Bus To Bus/Load Comments 

Comments test for Cablel] 
Comments test for Cablel2 
Comunents test for Cablel3 
Comments test for Cablel4 
Comunents test for Cablel3 
Comuments test for Cablel9 
Comuments test for Cable2 
Comments test for Cable20 
Comments test for Cable21 


Comments test for Cable22 


Comunents test for Cable23 


Comments test for Cable? 4 ft 


To Bus/Load ID ‘omments Field (Cable Rated kV ia 
umber of 
‘onductors per Cable 


Cable Length 


Cable Schedule Report selected from Schedules tab of the Report Manager 
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Transformer Connected Bus ID 


Impedane ——Rated___ 
ID From Bu: To Bus (%) KVA —% Loading 


[Bus Operating Loads Total kVA / 
Transformer Maximum kV 
(Bus Operating Loads Total k 
Transformer Rated kV- 


Transformer Loading Schedule-1 report selected from Schedules tab of the Report Manager 


Transformer Connected Bus ID 


ID From Bus 


Transformer Loading Schedule-2 report selected from Schedules tab of the Report Manager 
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Unbalanced Load Flow Analysis 


Many applications of distribution systems require a robust and efficient power flow solution method. A 
power flow solution method must be able to model the special features of distribution systems in 
sufficient detail. Distribution systems have a relatively unbalanced nature, which results from a mixture 
of 3-phase, 2-phase, and single-phase network components, including unbalanced loads and shunts. 
Therefore, an Unbalanced Load Flow Analysis has become the preferred solution. 


The ETAP Unbalanced Load Flow Analysis Program calculates the bus voltages, branch power factors, 
currents, and power flows for individual phases throughout the electric power system. The module allows 
for swing, voltage regulated, and unregulated power sources with multiple utility and generator 
connections. It handles both radial and loop systems. A powerful current injection method is provided in 
order to achieve the best calculation efficiency. 


This chapter gives definitions and explains how to use the various tools you will need to run Unbalanced 
Load Flow Studies. It also provides theoretical background for the unbalanced load flow calculation 
method. The chapter consists of the following sections: 


Section Description 


Unbalanced Load Flow Toolbar This section explains how you can launch an 
unbalanced load flow calculation, open and view an 
Output Report, or select display options. 


Unbalanced Load Flow Study Case Editor This section explains how you can create a new Study 
Case, what parameters are required to specify a Study 
Case, and how to set them. 


Display Options This section explains what options are available for 
displaying some key system parameters, the output 
results on the one-line diagram, and how to set them. 


Unbalanced Load Flow Calculation Method This section shows formulations of current injection 
load flow calculation methods. 


Required Data for Calculations This section describes what data is necessary to 
perform unbalanced load flow calculations and where 


to enter them. 


Unbalanced Load Flow Study Output Report This section illustrates and explains Output Reports 
and their format. 
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20.1 Unbalanced Load Flow Toolbar 


The Unbalanced Load Flow Toolbar will appear on the screen when you are in the Unbalanced Load 
Flow Study Mode. 


Run Unbalanced Load Flow Studies 
Run Open Phase Fault Studies 

Halt Current Calculation 

Alert View 

Unbalanced Load Flow Report Manager 
Unbalanced Load Flow Plots 
Unbalanced Load Flow Display Options 
Unit Display Options 

Power Flow Display Options 

Voltage Display Options 

Show Average / Phases 

Load Terminal Voltage 

Line/Cable Voltage Drop 

Show Feeder Voltage Drop 

Get Online Data 

Get Archived Data 

Unbalanced Load Flow Comparator 
Load Allocation 


Auto Load Allocation 


ETAP 20-2 ETAP 19.0 User Guide 


Unbalanced Load Flow Analysis Toolbar 


Run Unbalanced Load Flow Studies 


Running an Unbalanced Load Flow Study is a simple, two-step process: 


1. Select a Study Case from the Study Case Editor. 

2. Click the Run Unbalanced Load Flow Study button to perform an Unbalanced Load Flow Study. 
A dialog box appears. Specify the Output Report name if the output file name is set to Prompt. The 
study results appear on the one-line diagram and in the Output Report. 


Run Open Phase Fault Studies 


Running an Unbalanced Load Flow Study is a simple, three-step process: 


1. Select a Study Case from the Study Case Editor. 
2. Select an Open Phase by left-clicking on the button and navigating through A, B, C, AB, BC, CA 
phases. 


Xe KO Ke HE HE HK 


3. Place the fault on a connector of any three-phase branch by left-clicking the button and left-clicking on 
the connector. 


If the three-phase branch is a transmission line, the line will not be in any mutual coupling group with 
other transmission lines. 


Unbalanced Load Flow Display Options 

The results from Unbalanced Load Flow Studies are displayed on the one-line diagram. To edit how these 
results look, click the Unbalanced Load Flow Display Options button. For more information, see Section 
20.3, Display Options. 


Alert View 


After performing an Unbalanced Load Flow Study, you can click this button to open the Alert View, 
which lists all equipment with critical and marginal violations based on the settings in the Study Case. 


Unbalanced Load Flow Report Manager 


Unbalanced Load Flow Output Reports are provided in the form of Crystal Reports Report. The Report 
Manager provides four pages (Complete, Input, Result, and Summary) for viewing the different parts of 
the Output Report from Crystal Reports. Available file types for Crystal Reports are displayed in each 
page of the Report Manager for Unbalanced Load Flow Studies. 
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P . . 
Unbalanced Load Flow Report Manager Ex) 


® Viewer 

© PDF 

© MS Word 

» Rich Text Format 


© MS Excel 
[] Set As Default 


ULF 


Path 
C:\ETAP\Example-ANS! 


M 


Choosing any format in the Report Manager activates Crystal Reports. You can open the whole 
Unbalanced Load Flow Output Report or only a part of it, depending on the format selection. You can 
view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text Format, or 
Excel format. If you prefer this to be the default format for reports, click the Set As Default checkbox. 


The following table explains the format names and their corresponding Output Reports. 
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This format... Provides this information... 

Adjustments Tolerance and temperature correction adjustments 
Alert-Complete Complete report of system alerts 

Alert-Critical Summary of critical alerts only 

Alert-Marginal Summary of marginal alerts only 

Branch Branch input data 

Branch Loading Branch loading results 

Bus Bus input data 

Bus Loading Overloaded bus information 

Cable Cable input data 

Complete Complete Output Report, including all input and output 
Cover Title page of the Output Report 

Equipment Cable Equipment cable input data 

Impedance Detailed information about impedance elements in the system 
Losses Branch loss results 

NO Protective Devices Displays | Normally open protective devices 

Reactor Reactor input data 

Summary Summary of the load flow calculation 

Transformer Transformer input data 

Unbalanced LF Report Unbalanced load flow calculation results 


You can view Output Reports by clicking the Report Manager button on the Study Case toolbar. The List 
Output Report window lists all of the output files in the selected project directory for unbalanced load 
flow calculations. To view any of the listed Output Reports, select the Output Report name and click the 
List Output Report button. 


Study Case 
Ge yu a ea Cable 


Prompt 


Halt Current Calculation 


The Halt Current Calculation button is normally grayed-out. When an unbalanced power flow calculation 
has been initiated, this button becomes enabled and shows a red stop sign. Clicking on this button will 
terminate the calculation. 


Get On-line Data 


When Real-Time is installed and the Sys Monitor presentation is on-line, you can bring real-time data 
into your offline presentation and run an unbalanced load flow calculation by clicking the Run 
Unbalanced Load Flow button. The Operating Loads, Bus Voltages, and Study Case Editor will be 
updated with the on-line data. 
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Get Archived Data 


When ETAPS Playback is installed and any presentation is in Playback mode, you can bring this data into 
your presentation and run an unbalanced load flow calculation by clicking the Run Unbalanced Load 
Flow button. The Operating Loads, Bus Voltages, and Study Case Editor will be updated with the 
playback data. 


Unbalanced Load Flow Comparator 


When ETAP Real-Time is set up after you run a Load Flow Study with on-line data, you can click this 
button to bring up the Load Flow Comparator view. It lists comparisons of all system operating values 
between ETAP Real-Time output and Load Flow calculations. 
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20.2 Study Case Editor 


The Unbalanced Load Flow Study Case Editor contains solution control variables, loading conditions, 
and a variety of options for Output Reports. ETAP allows you to create and save an unlimited number of 
Study Cases. Unbalanced load flow calculations are conducted and reported using the settings of the 
Study Case selected in the toolbar. You can switch between Study Cases without resetting the Study Case 
options each time. This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any 
combination of the three major system toolbar components (that is, for any configuration status, one-line 
diagram presentation, or base/revision data). 


When you are in Unbalanced Load Flow Analysis mode, you can access the Unbalanced Load Flow 
Study Case Editor by clicking on the Edit Study Case button from the Study Case toolbar when in 
Unbalanced Load Flow Analysis mode. You can also access this editor from the System Manager by 
clicking on the unbalanced load flow project in the Study Case folder. 


le Cable 
ULF 


To create a new Study Case, go to the System Manager, right-click the unbalanced load flow project in 
the Study Case folder, and select Create New. The module will then create a new Study Case, which is a 
copy of the default Study Case, and adds it to the unbalanced load flow’s Study Case folder. 


System Manager x 
| One-Line Components 
a Distribution Components | 
= Multi-Dimensional Database | 

o5-(@q Load Flow - 5 | 


&) 


Motor Starting - 2 

(j Optimal Capacitor Placement - 1 

( Optimal Power Flow - 1 

( Railway Traction -1 

Reliability Analysis - 1 

(@ Short Circuit - 7 

Star Analysis - 2 

StarZ-1 

ct): Supervisory Control -1 

} Switching Optimization - 1 

} Switching Sequence Management - 1 

+) Time Domain 3-Phase Load Flow - 1 

} Transient Stability - 2 E 

<q Unbalanced 3-Pha 
-) ULF - Default 

Unbalanced 3-Phase Short Circuit - 1 

} Voltage Stability - 1 —_ 


)---) 


(¥) Ge) )-- )- ) ) 


(0-4) 


+) 


(+) 


@ Rules & Libraries 
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20.2.1 Info Page 


Info ~— Loading Adjustment Alert Adv Alert Feeder 


Study Case ID Method 
Current Injection Max. Iteration 100 
ULF Precision] 0.0001 
[_]Calculate AC & DC System 
Update 
[_] Initial Bus Voltages [_]Cable Load Amp [_] Operating Load & V 
[_] Inverter Operating Load [_] Transformer LTCs 
Report Options 
[_] Suppress Report Output Intial Vokage 
Rated Volt kV v 
ee O Bus Initial Voltages 
, % = 
Operating Voltage © User-Defined 
Power MVA v 
Vmag | 100 Vang 0 
Equipment Cable Losses and Vd 
[_] Report Sequence Load Flow Results 
Study Remarks 
Second line of remarks for "ULF" study case. 
<|) | ULF v| |>|] | Copy || New | Delete | Help OK | Cancel 


Study Case ID 


In the Study Case ID group, you can rename a Study Case by deleting the old ID and entering the new ID. 
The Study Case ID can be up to 25 alphanumeric characters. Use the arrow buttons at the bottom of the 
editor to go from one Study Case to another. 


Method 
The currently available method is the Newton-Raphson Current Injection Method. 


Max. Iteration 


Enter the maximum number of iterations. If the solution has not converged before the specified number of 
iterations, the module will stop and inform you. The recommended and default values are 99. 
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Precision 

Enter the value for the solution precision (used to check for convergence). This value determines how 
precise you want the final solution to be. The precision is applied to check the difference between the bus 
voltages after each iteration. If the difference between the iterations is less than or equal to the value 
entered for precision, the desired accuracy is achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the module again. 


Note: You may need to increase the number of iterations. A smaller precision value will result in a lower 
mismatch (higher accuracy), as well as a longer run time. The default value of 0.0001 pu volts is 
recommended. 


Calculate AC & DC System 


Check this checkbox to perform calculation for AC and DC systems simultaneously. When this checkbox 
is unchecked, the simulation will only consider AC part of the system. For details on AC-DC calculation 
refer to Section 20.6 - Unified Load Flow Calculation. 


Update 


In the Update group, you can decide to update the initial conditions of the buses and/or set the transformer 
taps to the calculated value of load tap changers (LTCs). The selected options will be updated after the 
subsequent unbalanced load flow run. 


Initial Bus Voltages 

Select this option to update the values of the bus voltage magnitudes with the result of the load flow run. 
Bus voltage update will result in a faster convergence of the subsequent load flow solutions, since the 
initial bus voltages will be closer to the final values. 


Inverter Operating Load 

In an AC Load Flow Study, an inverter is represented as a constant voltage source. When this option is 
checked, the load provided by the inverter will be updated to the inverter element, which can be used later 
as DC load of the inverter in a DC Load Flow Study. 


Operating Load & V 

This option is available if your ETAP installation has the on-line feature. When you select this option, the 
calculation results will be updated to sources, loads, and buses, so that they can be utilized as inputs for 
later studies. These values are also displayed in Element Editors. If your ETAP installation does not 
include the on-line feature, you can only see the operating P, Q, and V in Element Editors, and they 
cannot be used in a later study. 


Transformer LTCs 

Select this option to update the transformer taps to reflect the result of the Load Tap Changer (LTC) 
settings (that is, transformer taps will be set to values determined from the load flow solution for LTCs). 
Use this feature when you want to consider the impedance of the LTC taps for short-circuit calculations. 
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Cable Load Amp 

Select this option to transfer cable load current data from the previously run Unbalanced Load Flow 
Study. The data is transferred to the Operating Load Current in the Cable Editor for each cable associated 
with the Unbalanced Load Flow Study. 


Report 


Suppress Report Output 
Check this box to suppress the output report. Study reports will not be generated.. 


Rated Voltage In 
Bus nominal voltages seen in the output report can be printed in V or kV. Select your preference from the 
drop down list. 


Bus Operating Voltage In 

Calculated bus voltages seen in the output report can be printed in V, kV or in percent of the bus nominal 
voltages. Select your preference from the drop down list. For graphical display of bus voltages see Load 
Flow Display Options. 


Power In 

Calculated power flows, loadings and generations seen in the output report can be printed in MVA or 
kVA. Select your preference from the drop down list. For graphical display of the power flows see Load 
Flow Display Options. 


Equipment Cable Losses and Vd 
Select this option to report losses and voltage drops associated with equipment cables in the Output 
Report. 


Report Sequence Load Flow Results 
Select this option to report load flow results in sequence domains for 3-phase elements. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this group for unbalanced load flow 
calculation purposes. 


Bus Initial Voltages 
Select this option to use bus voltages and angles as entered in the Info page of the Bus Editors. You can 
simulate Unbalanced Load Flow Studies with different initial conditions for bus voltage using this option. 


User-Defined Fixed Value 

Select this option to simulate Unbalanced Load Flow Studies using a fixed bus voltage and angle for all 
buses. When you select the fixed initial condition option, you must enter the initial voltage value as the 
percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude and zero 
degree for bus voltage angle. 


Determination of Initial Bus Voltage Angle 


e The ETAP Unbalanced Load Flow Analysis Module calculates the bus voltage angle based on 
transformer phase-shift and compares the calculated value against the initial bus voltage angle from 
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the user selected option. If the difference between the two values is larger than the specified 
MaxIniAngDiff, ETAP uses the calculated values as the initial bus voltage angle, where 
MaxIniAngDiff is an ETAP.INI file entry that is defaulted at 10. 


When the operating load is specified as the system load, the operating voltage angles are used as the 
initial value. In this case, the operating voltage angle is compared against the calculated bus voltage 
angle. If the difference is less than MaxIniAngDiff, the operating voltage angle is used; otherwise, the 
calculated value is used in the unbalanced load flow calculation. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this field. Information entered here will be printed on 
the second line of every output page header line. These remarks can provide specific information for each 
Study Case. 


Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Information Editor. 


20.2.2 Loading Page 


Unbalanced Load Flow Study Case 
Info Loading Adjustment Alert Adv Alert Feeder 
Loading Category Generation Category 
Design Design 
(_] Operating P.Q (_] Operating P.G.V 


Load Diversity Factor Charger Loading 
@ Loading Category 


@ None 
© Operating Load 


O Bus Minimum 


© Bus Maximum 


O Global Double Open-Phase 


Operating Below 


DC Loading Category 


Design 


<| | ULF 
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Loading Category 


Select one of the ten Loading Categories in the Loading Category group for the current Unbalanced Load 
Flow Study. ETAP uses the percent loading of individual motors and other loads as specified in the 
category you select. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the Induction 
Machine Editor, Synchronous Motor Editor, and the Loading or Rating page of other Load Component 
Editors. 


Operating P,Q 

This option is available if your ETAP installation has the on-line feature. When you select this box, the 
operating loads updated from on-line data or a previous Unbalanced Load Flow Study will be utilized in 
the Unbalanced Load Flow Study. 


Generation Category 


Select one of the ten Generation Categories in the Generation Category group for the current Unbalanced 
Load Flow Study. When you select a category, ETAP uses the generator controls for that category, as 
specified on the Rating page of the Generator Editor. The generator controls will be different depending 
on the mode in which the generator is operating. The mode of generation is selected on the Info page of 
the Generator Editor. The table below shows the generation controls with respect to the mode of 
generation. 


Mode Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Operating P, Q, V 

This option is available if your ETAP installation has the on-line feature. When you select this box, the 
generator operating values updated from on-line data or a previous Load Flow Study will be utilized in 
the Unbalanced Load Flow Study. 


Load Diversity Factor 


The options in this group allow you to specify load diversity factors to be applied on the Loading 
Category’s load. When you select the Operating Load option, no diversity factor is considered. 


None 
Select None to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When you select the Minimum Bus Loading option, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate Load 
Flow Studies with each bus having a different minimum diversity factor. 


The minimum Bus Loading Study option may be used to see the effect of transformer taps and capacitors 
(if any) on the system voltages under a minimum (light) loading condition. 
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Bus Maximum 

When you select the Maximum Loading option, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate Load Flow 
Studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global 

Enter the global diversity factors for all constant kVA, constant Z, generic, and constant I loads. When 
you select this option, ETAP will globally multiply all motors and static loads of the selected Loading 
Category with the entered values for the motor and static load diversity factors. For information about 
load-modeling concepts used in the module, see section 20.4, Calculation Method. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Const. kVA 
Constant kVA loads include induction motors, synchronous motors, and conventional lumped loads with 
% motor load, UPS, and chargers. 


Const. Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional 
lumped loads with % static load. 


Const. I 
Constant current loads include lumped loads operating in Unbalanced Node. 


Generic 
Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive mode. 


Charger Loading 


For chargers, you can select the Loading Category or the Operating Load if the “Calculate AC & DC 
System” checkbox is unchecked at Info page of the study case. 


If the “Calculate AC & DC checkbox is checked, the charger loading will based on flow results at the DC 
side of the charger. In this case, you may select Constant Current mode or Uniform mode for charger 
loading. In AC-DC unified load flow, 3 phase charger will be modeled as a delta connected load. When 
using Uniform model, the charger loading between AB, BC, CA will be the same. When using Constant 
Current model, the charger loading between AB, BC, CA will be proportional to respective charger L-L 
voltages. 


DC Loading Category 


Select one of the ten Loading Categories in the Loading Category group for DC part of the Unbalanced 
Load Flow Study. ETAP uses the percent loading of DC loads as specified in the category you select. 


Double Open-Phase 
Enter the threshold for loads to consider operating instead of lock-rotor impedances when below this 
threshold. 
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20.2.3 Adjustment Page 


Unbalanced Load Flow Study Case x 


Info Loading Adjustment Alert Adv Alert Feeder 


] Apply Neg. Tolerance and Min. Temp. Correction 


Impedance Tolerance Lenath Tolerance 
Transformer Cable / Busway 
O Individual O Individual 
@ Global 2 |% @ Global > is 
Reactor Transmission Line 
O Individual O Individual 
@ Global 4 |% @ Global > |% 
Overload Heater 
O Individual 
@ Global 2 |% 
Resistance Temperature Correction 
Cable / Busway Transmission Line 
O Individual Min. temperature O Individual Min. temperature 
@ Global A lt @ Global 7 | 
$|) | ULF v 5) Copy New Delete | Help OK || Cancel 


The Impedance Tolerance, Length Tolerance, and Resistance Temperature Correction groups on the 
Adjustment page allow you to consider tolerance adjustments to length, equipment resistance, and 
impedance. Each tolerance adjustment can be applied based on the individual equipment percent tolerance 
setting or based on a globally specified percent value. 


Tolerances are typically applied to electrical calculations especially in cases where the actual equipment 
data is suspect, manufacturer datasheet reflects tolerances or it is a new electrical system design. 


Apply Neg. Tolerance and Min. Temp. Correction 


When tolerances are applied to the load flow calculation, they are typically considered as positive 
tolerance for impedances & length and maximum temperature value from resistance temperature 
correction. This is done such that the load flow calculations yield higher voltage drops & losses; making 
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the results more conservative. By applying this checkbox, load flow calculations shall utilize negative 
tolerance and minimum temperature correction making the results less conservative. 


Impedance Tolerance 


Transformer 

The net effect of the transformer impedance adjustment in unbalanced load flow calculations is to 
increase the impedance by the specified percent tolerance value. For example, if the transformer 
impedance is 12% and the tolerance is 10%, the adjusted impedance used in the unbalanced load flow 
calculation will be 13.2%, resulting in higher losses. 


The impedance adjustment can be applied to individual transformers by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Transformer Editor. To 
make a global transformer impedance adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The global impedance adjustment overrides any individual 
transformer tolerance value. 


Reactor 

This adjustment is applied to the reactor impedance. The Unbalanced Load Flow Analysis Module 
increases the reactor impedance by the specified percent tolerance, resulting in a larger impedance and 
consequently a larger voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its 
tolerance is 5%, then the adjusted reactor impedance used in the unbalanced load flow calculation is 
0.105 Ohm. 


The impedance adjustment can be applied to individual reactors by selecting the Individual option. This 
option uses the tolerance percent value specified on the Rating page of the Reactor Editor. To make a 
global reactor impedance adjustment, select the Global option and type a global tolerance other than 0% 
in the displayed text box. The global impedance adjustment overrides any individual reactor tolerance 
value. 


Overload Heater Resistance 

This adjustment is applied to the overload heater (OH) resistance. The Unbalanced Load Flow Analysis 
Module increases the OH resistance by the specified percent tolerance resulting in a larger resistance and 
consequently a larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance 
is 5%, then the adjusted OH resistance used in the load flow calculation is 0.105 Ohm. 


The resistance adjustment can be applied to individual overload heaters by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Overload Heaters Editor. 
To make a global overload heater resistance adjustment, select the Global option and type a global 
tolerance other than 0% in the displayed text box. The global resistance adjustment overrides any 
individual overload heater tolerance value. 


Note: The adjustments only apply if the Cable/OL Heater option is selected for MV and/or LV motors. 


Length Tolerance 


Cable 
This adjustment is applied to the cable length. The Unbalanced Load Flow Analysis Module increases the 
cable length by the specified percent tolerance resulting in larger impedance and consequently a larger 
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voltage drop. For example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted 
cable length used in the unbalanced load flow calculation is 210 ft. 


The length adjustment can be applied to individual cables by selecting the Individual option. This option 
uses the tolerance percent value specified on the Info page of the Cable Editor. To make a global cable 
length adjustment, select the Global option and type a global tolerance other than 0% in the displayed text 
box. The Global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line 

This adjustment is applied to the transmission line length. The Unbalanced Load Flow Analysis Module 
increases the transmission line length by the specified percent tolerance resulting in larger impedance and 
consequently a larger voltage drop. For example, if the length of the transmission line is 2 miles and the 
tolerance is 2.5%, then the adjusted transmission line length used in the unbalanced load flow calculation 
is 2.05 miles. 


The length adjustment can be applied to individual transmission lines by selecting the Individual option. 
This option uses the tolerance percent value specified on the Info page of the Transmission Line Editor. 
To make a global transmission line length adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The Global Length Adjustment overrides any individual 
transmission line tolerance value. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the maximum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on 
the individual cable/line maximum temperature setting or based on a globally specified value. 


Cable 

This adjustment is applied to the cable conductor resistance. The Unbalanced Load Flow Analysis 
Module adjusts the conductor resistance based on the maximum operating temperature. If the maximum 
operating temperature is greater than the rated base temperature of the conductor, then its resistance is 
increased. 


The temperature correction can be applied to individual cables by selecting the Individual option. This 
option uses the maximum operating temperature value specified in the Cable Editor. To make a global 
temperature correction, select the Global option and type a global maximum temperature value in the 
displayed text box. The global temperature correction value overrides any individual Cable Impedance 
page maximum temperature. For more information, see the Cable Editor Impedance Page section in 
Chapter 11, AC-Editors. 


Transmission Line 
This adjustment is applied to the transmission line conductor resistance. The Unbalanced Load Flow 
Analysis Module adjusts the conductor resistance based on the maximum operating temperature. If the 
maximum operating temperature is greater than the rated base temperature of the conductor, then the 
resistance is increased. 


The temperature correction can be applied to individual lines by selecting the Individual option. This 
option uses the maximum operating temperature value specified on the Impedance page of the 
Transmission Line Editor. To make a global temperature correction, select the Global option and type a 
global maximum temperature value in the displayed text box. The global temperature correction value 
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overrides any individual Transmission Line Impedance page maximum temperature. For more 
information, see the Transmission Line Editor Impedance Page section in Chapter 11, AC-Editors. 
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20.2.4 Alert Page 


The Alert page in the Unbalanced Load Flow Study Case Editor is used to setup primary simulation alerts 
that notify users about an abnormal loading condition based on allowable percent values and system 
topology. The functional capability of the Simulation Alert System is to generate alerts when there is an 
overload in protective devices, buses, transformers, cables, lines, panels, reactors, generators, or the 
power grid. The alerts are reported either graphically in the one-line diagram display or in the Alert View 
window. 


Unbalanced Load Flow Study Case [prove 
|__| 
| info. _| Loading | Adjustment | Alet | Adv Alert | 
Critical [-] Marginal Critical [] Marginal 
Loading Bus Voltage 
Bus 100 % OverVoltage 105 % 
Cable 100 % UnderVoltage 95 % 
Reactor 100 % Generator / Motor Excitation 
Line 100 % OverExcited 100 % Qmax 
Transformer 100 % [PM] UnderExcited 
Panel/UPS/VFD 100 % 
| Auto Display | 
Generator 100 % 
Inverter/Charger 100 % —— a oe 
| we =} (te Crea | 


Critical and Marginal Alerts 

Simulation alerts generated after an Unbalanced Load Flow Study are either critical or marginal. Critical 
and marginal alerts use different percent value conditions to determine if an alert should be generated. If 
the condition for a critical alert is met, then an alert will be generated in the Alert View window and the 
overloaded element will turn red in the one-line diagram. The same is true for marginal alerts, except that 
the overloaded component will be magenta instead of red. Also, you must select the Marginal Limit 
option if you want marginal alerts displayed. If a device alert qualifies as both a critical and a marginal 
alert, only a critical alert is displayed. 
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Note: For ETAP to generate alerts for an element type, both the element rating and the percent value 
entered on the Alert page must be non-zero. The element ratings for alert checking are given in the 
following sections. 


Loading 


This group of options allows you to enter the condition percent values of the monitored parameters used 
to determine if an alert should be reported based on loading conditions determined by an unbalanced load 
flow calculation. Unbalanced load flow loading alerts generate overload alerts. 


Bus 

The Unbalanced Load Flow Analysis Module will generate a bus loading alert if the critical or marginal 
percent limit of rated continuous current in the bus is exceeded. The rated continuous current in the bus is 
specified on the Rating page of the Bus Editor. 


Cable 

The Unbalanced Load Flow Analysis Module will generate a cable alert if the critical or marginal percent 
limit of allowable ampacity in the cable is exceeded. The allowable ampacity of the cable is specified on 
the Ampacity page of the Cable Editor. 


Reactor 

The Unbalanced Load Flow Analysis Module will generate a reactor alert if the critical or marginal 
percent limit of rated current in the reactor is exceeded. The rated current in the reactor is specified on the 
Rating page of the Reactor Editor. 


Line 

The Unbalanced Load Flow Analysis Module will generate a line alert if the critical or marginal percent 
limit of allowable ampacity in the transmission line is exceeded. The allowable ampacity of the 
transmission line is specified on the Ampacity page of the Transmission Line Editor. 


Transformer 

The Unbalanced Load Flow Analysis Module will generate a transformer alert if the critical or marginal 
percent limit of maximum MVA of the transformer is exceeded. The maximum MVA of the transformer 
is specified on the Rating page of the Transformer Editor. The simulation alerts work for both two and 
three winding transformers. 


Panel/UPS/VFD 

The Unbalanced Load Flow Analysis Module will generate a panel/UPS/VFD alert if the critical or 
marginal percent limit of rated current in the panel, UPS or VFD is exceeded. The rated current of the 
panel is specified in the Rating page of the Panel Editor. The rated current of the UPS or VFD is specified 
as the input currents in the Rating page of their editor. If VFD has multiple input connections, the total 
current is checked against the VFD rated input current. 


Note: If the UPS or VFD output current exceeds the maximum output current specified in their Rating 
page, an Over-Current alert will be generated as a critical alert. 


Generator 

The Unbalanced Load Flow Analysis Module will generate a generator/power grid alert if the critical or 
marginal percent limit of rated MW of the generator is exceeded. The rated MW of the generator is 
specified on the Rating page of the Generator Editor. 
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Inverter/Charger 

The Unbalanced Load Flow Analysis Module will generate an overload alert if the critical or marginal 
percent limit of rated MW of the inverter/charger is exceeded. The rated MW of the inverter/charger is 
specified on the Rating page of the inverter/charger Editor. 


Bus Voltage 


The options in this group allow you to set bus voltage simulation alerts in situations where the voltage 
magnitude percent results from the unbalanced load flow calculation exceed or are below the specified 
nominal kV rating percent values. Bus voltage alerts report over- and under-voltage. 


Generator/Motor Excitation 


Simulation alerts for generator excitation monitor the percent rated Mvar limits. An alert for over- 
excitation is reported if the upper excitation percent limit (Qmax) for the generator is exceeded in an 
unbalanced load flow calculation. An alert for under-excitation is reported if the generator Mvar result 
from the unbalanced load flow calculation is below the specified under-excitation percent limit (Qmin). 
You have the option to run the unbalanced load flow calculation without monitoring under-excitation 
conditions. An alert for under-excitation will be reported if you select the UnderExcited option. The 
under-excitation percent limit for the generator is 100% of Qmin. 


Marginal Limit 


If the Marginal Limit option is selected, the Alert View window will display the marginal alerts as well 
critical alerts. If this option is not selected, the Alert View window will display only critical alerts. 


Note: The critical and marginal alerts will not be displayed if the percent setting is set to zero. 


Auto Display 


If the Auto Display button is selected, the Alert View window automatically opens after the unbalanced 
load flow calculation is completed. If Auto Display is not selected, you can open the Alert View window 
by clicking the Alert View button on the Unbalanced Load Flow toolbar. 
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20.2.5 Adv Alert Page 


The Adv Alert page of the Unbalanced Load Flow Study Case Editor is used to specify the setup of some 
advanced simulation alerts which are provided to notify you of an abnormal loading condition based on 
allowable percent values and system topology. The Simulation Alert System generates alerts when there 
is an overload in buses, transformers, cables, lines, panels, reactors, generators, power grid, and meters. 
The alerts are reported either graphically in the one-line diagram display or in the Alert View window. 


Unbalanced Load Flow Study Case |p 


Voltage Unbalanced (Bus) 


@ LVUR 
PVUR 


VUF 0 


Current Unbalanced (Branch) 


LIUR 
IUF 2 


IUF 0 


| Ge 


Critical and Marginal Alerts 

Simulation alerts generated after an Unbalanced Load Flow Study are either critical or marginal. Critical 
and marginal alerts use different percent value conditions to determine if an alert should be generated. If 
the condition for a critical alert is met, then an alert will be generated in the Alert View window and the 
overloaded element will turn red in the one-line diagram. The same is true for marginal alerts, except that 
the overloaded component will be magenta instead of red. Also, you must select the Marginal Limit 
option if you want marginal alerts displayed. If a device alert qualifies as both a critical and a marginal 
alert, only a critical alert is displayed. 
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Note: For ETAP to generate alerts for an element type, both the element rating and the percent value 
entered on the Alert page must be non-zero. The element ratings for alert checking are given in the 
following sections. 


Voltage Unbalanced (Bus) 


Voltage unbalanced (bus) alerts are generated if the percent voltage unbalance ratios resulting from the 
unbalanced load flow calculation exceed the specified percent values. These percentage voltage 
unbalanced ratios include those of line voltages, phase voltages, negative sequence voltages, and zero 
sequence voltages. Voltage unbalanced (bus) alerts report over-voltage unbalance ratio alerts. 


Note: The voltage unbalance ratio (VUR) is the ratio of the maximum voltage deviation from the average 
voltage to the average voltage with the assumption that the average voltage is always equal to the nominal 
value. 


LVUR 
Select LVUR to use the unbalance ratio of line voltages. 


The NEMA (National Equipment Manufacturer’s Association) definition of voltage unbalance, also 
known as the line voltage unbalance rate (LVUR) is given by: 


LVUR = Max voltage deviation from the avg line voltage 


: x 100(%) 
Avg line voltage 


PVUR 
Select PVUR to use the unbalance ratio of phase voltages. 


The IEEE definition of voltage unbalance, also known as the phase voltage unbalance rate (PVUR) is 
given by: 


PVUR = Max voltage deviation from the avg phase voltage 


x 100(%) 
Avg phase voltage 


VUF 2 

An index used in European Standards to indicate the degree of unbalance is the voltage unbalance factor 
(VUF), which is the ratio of the negative sequence voltage to the positive sequence voltage and is given 
by: 


4; 
VUF, = a 100(%) 


1 


VUE 0 (VUF 0) 
The zero sequence voltage unbalance factor of phase voltages, which is given by: 


- 
VUF, = =a x 100(%) 


1 
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Current Unbalanced (Branch) 


Current unbalanced (branch) alerts are generated if the percent branch current unbalance ratios resulting 
from the unbalanced load flow calculation exceed the specified percent values. These percent current 
unbalance ratios include those of branch currents, negative, and zero sequence branch currents. Current 
unbalanced (branch) alerts report over-current unbalance ratio alerts. 


LIUR (TUR) 
Branch current unbalance ratio (IUR), which is given by: 


IUR= Max branch current deviation from the average 


x 100(%) 
Average of branch currents 


IUF 2 (IUF2) 
The negative sequence branch current unbalance factor, which is given by: 


I 
IUF, = 7 x 100(%) 


1 


IUF 0 (TUF) 
The zero sequence branch current unbalance factor, which is given by: 


I 
IUF, = a x 100(%) 


1 


Meters 


Meter alerts are generated if the percent meter measurements exceed the specified percent values. These 
percent meter measurements include those of Current, Voltage, MW, Mvar, PF, and Freq. meter alerts 
report over-meter measurements alerts. 
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20.2.6 Feeder Page 


Unchecked Feeder’s Transparency | 


Bi (ue) [co [new [Bs [ee | [0 [een 


Calculate Entire System 


Check this checkbox to perform calculation for the entire system. 


Calculate Selected Feeders only 


Check this checkbox and select the feeder to perform calculation for the selected feeder only. 


Unchecked Feeder’s Transparency 


This feature is for adjusting the transparency of the unchecked feeder. This feature is available in GIS 
view only. 
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20.3 Display Options 


20.3.1 Results Page 


The Unbalanced Load Flow Analysis Display Options consist of a Results page and three pages for AC, 
AC-DGC, and Colors information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


Load Term. Base kV 
9) Load Rated kV 


Bus Nom. kV 


Voltage Drop 
Line / Cable 


Branch Losses 
|| Load FDR [>] MW +jMvar 


Average / Phases 


©) Average Values 
(@) All Phases 
©) All Sequences 
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Show Units 


Select this option to show units for power flow and current displayed on the one-line diagram. 


Check-ALL 


Select this option to show all available result annotations. 


Note: When this box is unselected, the previous settings are restored. 


Voltage 


In the Voltage list, select kV or % for voltage display on the one-line diagram. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. Bus voltages are displayed at 15 
degrees. 


Bus Angle 
Select this option to display bus angle in degree on the one-line diagram. Bus voltages are displayed at 
-15 degrees. 


Load Term. Mag. 

Select this option to display load (motors and static loads) terminal voltages on the one-line diagram. 
Load terminal voltages are displayed at 15 degrees. Load terminal voltages can be displayed based on 
load rated kV or bus nominal kV, depending on the option selected in the Load Term. Base kV group. 


L-N 
Select this option to display bus phase voltages on the one-line diagram. 


L-L 
Select this option to display bus line voltages on the one-line diagram. 


Load Term. Base kV 


This group allows you to select base kV for load terminal magnitude, but only when voltage is displayed 
in percent (% is selected in the Voltage list). This group will be disabled if voltage is displayed in kV. 


Load Rated kV 
Select this option to use load rated kV as the base for load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for load terminal voltage display. 


Voltage Drop 


Line/Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


Load FDR 
Select a unit for power flow or current flow from the list to be displayed on the one-line diagram. 
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Average/Phases 


Average Values 
Select this option to display average values as shown in the following tables. 


Unbalanced Load Flow Results Displayed in Average Values 


Voltage Current Power 
Phase Type 
3-Phase Average Value Average Value Total Power 
2-Phase Average Value Average Value Total Power 
1-Phase 3-Wire Average Value Average Value Total Power 
1-Phase 2-Wire Phase Value Phase Value Phase Value 


All Phases 

Select this option to display individual phase values. For 3-phase element, voltage, current, and power for 
phases A, B, and C are displayed in sequence and for single-phase 3-wire element, voltage, current, and 
power for phases L1, N, and L2 are displayed in sequence. 


Unbalanced Load Flow Results Displayed in All Phases 


Voltage Current Power 
Phase Type 
3-Phase Phases A, B, & C Phases A, B, & C Phases A, B, & C 
2-Phase Phases A&B, B&C, Phases A&B, B&C, Phases A&B, B&C, 
or C&A or C&A or C&A 
1-Phase 3-Wire Phases L1, N, L2 Phases L1, N, L2 Phases L1, N, L2 
1-Phase 2-Wire Phase Value Phase Value Phase Value 


All Sequences 
Select this option to display individual sequence values for 3-phase elements. 


Power Flows 


In this group, you specify how the power flows will be displayed. From the Power Flows list, select the 
units (VA or kVA or MVA) to be used to display power flow on the one-line diagram. 


kW + jkvar 
Select the kW + jkvar option to display power flow in kW+jkvar or MW+jMvar, depending on the power 
flow units you are using. 


kVA 
Select the kVA option to display power flow in kVA or MVA, depending on the power flow units you are 
using. 
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Amp 
Select the Amp option to display current flow in amperes. 


%PF 


When the Amp or kVA option is selected, you can select this option to show power factor of power flow 
along with the current. 


Angle 
When the Amp option is selected, you can select this option to show the current angle. 


Flow Results 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at the end of the branch that has a positive kW value flowing into the branch. For three- 
winding transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 


Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select this option to display power flow into composite networks. 


Neutral 
Select this option to display the neutral current. This option is only available when Amp is selected for 
Power Flows. 


Branch Losses 


Select this option to display branch losses on the one-line diagram. Losses are displayed inside a bracket 
in [kW+jkvar] or [MW+jMvar]. 


Meters 


Ammeter 
Select this option to display primary current for the branch to which an ammeter is attached. 


Voltmeter 
Select this option to display primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 


Select this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 
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20.3.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


G 7 
Display Options - Unbalanced Load Flow [aaa 


ID 


Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 


Select the AC elements for which you want to display the ratings on the one-line diagram. The following 
table shows the ratings for each element. 
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AC Elements Rating 

Generator kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# Phases - # Wires) 
Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay 50/51 for Over-current Relays 

PT & CT Transformer Rated Turn Ratio 


kV 
Select the elements under this heading for which you want to display the rated or nominal voltages on the 
one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the elements under this heading for which you want to display the ampere ratings (continuous or 
full-load ampere) on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 


Select the AC elements under this heading for which you want to display the rated impedance on the one- 
line diagram. 


Device Type Impedance 

Generator Subtransient Reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
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D-Y 
Select the elements under this heading for which you want to display the connection types on the one-line 
diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the Load Tap 
Changer (LTC). 


DB 
Select the checkboxes under this heading to display the datablock for the selected device or element 
types. 


Composite Mtr (Motor) 


Select this option to display the AC composite motor IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. The checkboxes on this page will be grayed-out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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20.3.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 
networks. 


ia 4 
Display Options - Unbalanced Load Flow [=== 


Size Type Lath 
loo 


Use Default Options 


ID 
Select the AC-DC elements under this heading to display the IDs on the one-line diagram. 
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Ratin 
Select he AC-DC elements under this heading to display the ratings on the one-line diagram. 
Device Type Rating 
Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 
VFD HP/kW 


kV 
Select the AC-DC elements under this heading to display the rated or nominal voltages on the one-line 
diagram. 


A 
Select the AC-DC elements under this heading to display the ampere ratings on the one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 
Select this option to display the composite network IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. 
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20.3.4 Colors Page 


This page includes options for displaying information annotations for DC elements. 


Display Options - Unbalanced Load Flow |e 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 
( Theme Editor [peo 
Theme | Example Default x| Color Code 
Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font 
Standard Element Colors 
AC DC Composite 
Energized | a 6 
De-energized 
Pins | | Ew 
Selected |g EE 
Faulted Bus | |__| 
Annotation 
Aan Hyperlink 
Warning (MN) «Visited Hyperlink = ( ) 
No Tag Online Meter | 
Acknowledged (MBN) © Playback Meter (i) 
Bad Quality | 
Zoom Grid Faulted Bus 
Color (MN) «= Color © Color 
Transparency 80 * Size 8 Symbol 
Style a 
Background { 
eS aD Ge ae od SD Ge 


Theme Editor 
The Theme Editor allows you to select existing color themes or define a new color theme. 


Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 


on this page may also affect other modes and presentations if the color themes option has been previously 
selected. 
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20.4 Calculation Method 


ETAP provides a novel and powerful technique of Newton-Raphson 3-phase power flow calculations 
using the current injection method. The 3-phase current injection equations are written in rectangular 
coordinates. An efficient sparse matrix technique for ordering, factorization, and forward/backward 
substitution is applied. This method has been used to compute power flows on real balanced and 
unbalanced distribution systems and has been shown to be very robust and to converge in less iterations 
than other methods, especially for heavily loaded systems. 


The current injection method formulates and solves iteratively the following load flow equation: 
[AV EY] = [Are] 


abc 


where AVim”’ is a 3-phase bus voltage vector in an incremental form, and Alim“” is a 3-phase bus current 
injection mismatch vector between specified value and calculated value; and y“” is the corresponding 
Jacobian matrix. The off-diagonal elements of y*” are identical to the corresponding elements of the node 
admittance matrix; and the diagonal elements of y“” are dependent on both the corresponding elements of 
the node admittance matrix and the load model adopted for each phase at a given bus. 


The current injection method has relatively lower requirements of the bus initial voltage values compared 
to the Newton-Raphson Method and the fast-decoupled method. Instead of using bus real power and 
reactive power mismatch as convergence criteria, the current injection method checks bus voltage 
magnitude tolerance between two consecutive iterations to control the solution precision. The typical 
value for bus voltage magnitude precision is set to 0.0001 pu. 


Unbalanced Load Flow Convergence 


As in any iterative solution method, the convergence of the unbalanced load flow solution is affected by a 
number of factors specific to power systems. 


Negative Impedance 

Negative resistance and reactance should be avoided. As an example, the traditional method of modeling 
three-winding transformers by a Y equivalent model, using one impedance and two two-winding 
transformers, sometimes results in a negative impedance value for one of the impedance branches. In this 
case, the negative impedance should be combined with other series circuit elements so that the result is a 
positive impedance value. Load flow calculations may not converge if a large value of negative 
impedance is used. ETAP can now model three-winding transformers directly with no need for users to 
do any conversions. 


Zero or Very Small Impedance 
A zero or very small impedance value of any branch is not allowed, since this will result in infinity or a 
huge number in the system admittance matrix. You should represent this type of impedance by a tie 
circuit breaker to solve the problem. 


Widely Different Branch Impedance Values 

Widely different branch impedance values on the same per unit base may result in a slow convergence. 
To avoid this situation, various techniques, such as combining series branches with low impedance 
values, ignoring short length transmission lines and/or cables, or modeling a small impedance branch with 
tie circuit breakers, can be employed. 
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Long Radial System Configurations 
Long radial system configurations usually take more time to converge than loop configurations. 


Bad Bus Voltage Initial Values 

Solution convergence speed and computing time are functions of the initial voltages for load-type buses. 
The closer the initial voltages are to their final profile, the faster the solution converges. The solution may 
not converge if the initial voltages are too far from the final profile, thus it is recommended that the 
Update Bus Voltage option be used to obtain a set of sound initial bus voltages. 


Open Phase Fault Calculation 


When an Open Phase fault is placed on a connector of any three-phase branch, only the three-phase 
branch impedance matrix will be modified. The modification is equivalent to the insertion of a 3-phase 
closed CB into the connector with the corresponding phase(s) open. All the rest of the power network will 
be kept the same. Under this modification, the Unbalanced Load Flow calculation is run. 


Under open phase fault condition, the extremely low voltage profile and heavy constant KVA loading 
might make the calculation diverge due to the system maximum loadability limits. The INI entry of 
“ImpedanceMotorVoltagePercentage” sets the voltage threshold for induction motors to switch from 
constant KVA loads to constant impedance loads when the terminal bus voltages are under the threshold 
voltages for positive-sequence. The threshold voltage is calculated as the motor rated voltage times the 
percentage of the INI entry. The percentage is default to be 65. For example, if the motor rated voltage is 
4 kV, then the default threshold voltage is 2.6 kV. When the positive-sequence voltage of the motor 
terminal bus is below 2.6 kV, the motor constant KVA load for the positive sequence will be switched to 
a constant impedance load which has the same KVA rating at voltage 2.6 kV. Please refer to Modeling of 
Loads for modeling of induction motors. 


If there is a Double Open Phase fault in the system, a check will be performed on each bus in the system 
to determine if there is any upstream source that can supply rotating torque for connected motors. This is 
accomplished on the initial load flow run by using only swing and voltage control sources, temporarily 
disconnecting any load except for static loads, then using a fictitious induction motor to determine if 
sufficient rotating torque is present for connected motors. Theoretically, the rotating torque would be zero 
for any bus subjected to a double open phase fault condition, but due to numerical convergence tolerance 
in the initial load flow, a margin is added for the rotating torque. This margin is specified by the 
ETAPS.INI entry “RotationTorqueMargin” and is defined as the percent of rotating torque when 
compared to 100% balanced conditions, with a default value of 5%. Any bus will be treated as 
experiencing a double open phase condition, if the initial load flow provides a rotating torque less than 
“RotationTorqueMargin”. Motors will be automatically switched to their locked rotor impedance (static 
loading) if they are connected to a double open phase bus. However, these motors can be considered as 
still operating/running based on _ their loading. The ETAPS.INI- entry’ of 
"DoubleOpenLockRotorThreshold" sets the loading threshold for induction motors and synchronous 
motors to be considered as still operating/running under double open phase fault conditions, with a 
default value of 30%. Percent loading is determined from the motors’ loading category sections or the 
ratio of the operating value and the corresponding rating. Any motor connected to a double open phase 
bus, with percentage loading below "DoubleOpenLockRotorThreshold" will still be considered as 
operating/running. For conventional lump loads connected to a double open phase bus, the constant KVA 
loading portion will always be automatically switched to a locked rotor impedance value regardless of 
loading. 
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Modeling of Power Sources 


Power sources include generators and utilities with a mode of swing, voltage control, or Mvar/PF control. 
The internal sequence impedances of power sources are employed to represent the inherent source phase 
imbalance due to distribution system imbalance. The sequence models of a power source are quite simple, 
shown below, where yo, yi, and yz2 are respectively the positive-, negative-, and zero-sequence 
admittances, and I; is an equivalent current source. 


Io h Ip 


Vv V2 
0 Vo | ‘ 6 
yo y2 
I © 8 a 
[e) 
Zero Positive Negative 
Sequence Sequence Sequence 


Sequence Models of a Power Source 


Note: These internal impedances are ignored and the utility is represented in phase domain if 
“Unbalanced” is selected in the rating page. The grounding connection is always considered to be solid 
grounded in this scenario. 


Swing Mode 

The specified constraints for a swing power source are the magnitude and the phase angle of the positive 
sequence voltage at the swing source terminal. The use of positive sequence representation for voltage 
magnitude regulation makes it possible to properly represent the automatic voltage regulation (AVR) 
mechanism of a power source, where in most cases; the average voltage magnitudes of all three phases is 
the voltage magnitude that is regulated. Under unbalanced conditions, the negative and zero sequence 
voltages may be non-zero. 


Voltage Control Mode 
The constants for a power source of the voltage control mode are the total output of 3-phase real powers 
and the magnitude of the positive sequence terminal voltage. 


Mvar/PF Control Mode 
The constants for a power source of Mvar/PF control mode are the total output of 3-phase real powers and 
the total output of 3-phase reactive powers. 


Modeling of Loads 


Constant Power Load 

Constant power loads include induction motors, synchronous motors, conventional and unbalanced 
lumped loads with % motor load, UPS, and chargers. The power output remains constant for all changes 
in input voltage. Below are the respective I-V and P-V curves for a constant power load: 
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Motor Load P Running Motor 
Current Power output 


Vmin Vmax Vmin Vmax WV 


Note: The constant power loads of synchronous motors are treated as the Mvar control mode sources with 
negative power generations. These types of loads have the same structures as the synchronous generators 
of Mvar control mode, and only the total of 3-phase power outputs / inputs for such a load remain 
constant for unbalanced situations. Because of the difficulty of multiple solutions, ETAP does not allow 
for the constant power unbalanced lumped loads (with % motor load) connected in Y with open neutral. 


The constant power loads of 3-phase induction machines, conventional and unbalanced lumped loads 
with % motor loading, are treated as combinations of the Mvar control mode sources with negative power 
generations for positive sequence and constant impedance loads for negative-sequence and zero-sequence. 


Note: When induction motors run under locked rotor conditions, they should act as static loads. Under 
different voltages, the Power Factor might be different from that under the rated voltage. 


Constant Impedance Load 

Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional and 
unbalanced lumped loads with % static load. The input power increases proportionally to the square of the 
input voltage. Below are the respective I-V and P-V curves for a constant impedance load: 


I 


Load Input 
Power 


Vv Vv 


Constant Current Loads 
Constant current loads include lumped loads operating in unbalanced mode. The current remains constant 
for all changes in voltage. Below are the respective I-V and P-V curves for a constant current load: 
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P Load Power 
Load Current 


V Vv 


Generic Load 

Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive 
modes. 

A generic load model expresses the characteristics of the load at any time as algebraic functions of the bus 
voltage magnitude and frequency at that instant. 


Exponential Model: 


p=P,(V) (1+K,,Af) 
Q=,(V) 0+K,af) 


For this and other generic models, 
va” 
Vo 
where P and Q are active and reactive components of the load when the bus voltage magnitude is V 
and Af is the frequency deviation (f - ‘, The subscript , identifies the values of the respective 
variables at the initial operating condition. Typically K ,, ranges from 0 to 3.0, and K ,, ranges from —2.0 


to zero. 


The parameters of this model are the exponents a and b. With these exponents equal to 0, 1, or 2, the 
model represents constant power, constant current, or constant impedance characteristics, respectively. 


Polynomial Model: 


P= P,|p,V" + p,V+ p, |l+K Af) 
Q= Q) lav” +q,V +q,(l+KyAf) 


The polynomial model is composed of constant impedance, constant current, and constant power 
components. The parameters of the model are the coefficients p,, P,, D3, 4,;, >, and q,;, which define 


the proportion of each component. 


Comprehensive Model: 


P = P,[Poory + Prypy + Prxps | 
Where: 
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Prony = DV + p,V + ie 
Pexp, = = p,V yr (1+ K Af 
Pexp2 = P p,(V er (1+ K y.Af ’ 


The expression for the reactive component of the load has a similar structure. The reactive power 
compensation associated with the load is represented separately. 


Modeling of Transmission Lines 


A transmission line can be modeled as 3-phase, 3-phase, or single phase with any geometry configuration, 
and can be coupled with other transmission lines. Currently, a transmission line can belong to one 
coupling group only. The Kron Method is used to handle neutral wires, as the average grounding model is 
typically used in distribution systems. The Kron Reduction Method makes the assumption that the neutral 
voltage at a branch end is equal to zero. 


Modeling of Transformers 

ETAP uses a combined model of common transformers and regulating transformers. This model can 
accommodate any phase shift, grounding impedance, and different positive/negative and zero sequence 
impedance. 


The (3) 1-phase transformer, open delta transformer, are modeled phase by phase based on the single 
phase transformer parameters. Single phase center-tap transformer is modeled by assuming the solid 
connection to the reference point of the power grid at the center-tap point of the transformer. 


The No Load Loss is modeled as shunt impedances in T equivalent circuits for each pair of the coupling 
windings. 


’ U 
ry Ly Lp ry 


For two winding transformer, the positive- and negative- sequence circuits will use the same shunt 
impedances which are calculated from the positive-sequence no load loss testing data. The zero-sequence 
will use the shunt impedances which are calculated from the zero-sequence no load loss testing data when 
there is no buried delta winding. 


For three winding transformer, the PS, PT and ST coupling windings will be modeled as T equivalent 
circuits correspondingly with the same shunt impedances. 


Buried delta winding will be modeled as an independent winding for zero-sequence circuit. The winding 
parameters will be derived from the inputs of the Buried Delta Winding page. A two winding transformer 
with a buried delta winding can be modeled equivalently as a three winding transformer with the tertiary 
winding connected as delta and unconnected. A three winding transformer with a buried delta winding 
can be modeled equivalently as a four winding transformer with the fourth winding connected as delta 
and unconnected. 
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Modeling of AC-DC Converters 

In a Load Flow Study, chargers are represented as constant kVA loads connected to their AC input bus. 
An inverter is represented as an AC source without considering the internal impedances, which can have 
several operating modes as a generator. 


Modeling of HVDC 
An HVDC Link is not considered in the Unbalanced Load Flow Study. In the event any HVDC Link is 
detected, an error will be posted. 


Modeling of SVC 


The voltage support capability of the SVC deteriorates with decreasing system voltage. The 3-phase SVC 
is connected in Delta. 


Modeling of UPS 


In a Load Flow Study, the UPS is represented as a constant load at its input side and a swing source at its 
output side (where the output side is energized). 


When the UPS is selected as a load based on its loading category in its loading page, the system that is 
connected to the UPS output side will be de-energized if there is not any other swing sources in the 
system and the UPS is modeled as a pure constant load. 


om 


UPS Output Side is De-energized 


When the UPS is selected as a load based on its connected load, the UPS output bus will be modeled as a 
swing bus with the UPS rated output voltage as its regulating voltage for its output bus. Then the 
calculated UPS output bus loading will be treated / shared as the UPS output side loading. 


If multiple UPS selected as connected loads share the same output bus, the calculated UPS output bus 
loading will be shared among all the UPS by their maximum rated currents. The UPS output side loading 
will be reflected onto the UPS input bus by considering its efficiency and the operating input power factor 
selection in its loading page. For example, if the UPS share of its output bus loading is P + j*Q, then the 
UPS loading will be reflected onto its input bus based on the operating input PF selection as a load: 


1. P/EFF + j*P/EFF*sqrt(1-PF*PF)/PF where EFF is the UPS efficiency and PF is the rated or user- 
defined power factor. 
2. P/EFF + j*Q when connected load power factor is selected. 


Modeling of VED 

In a Load Flow Study, the VFD is modeled the same way as the UPS except for: 

e The VFD is modeled as a load based on its connected load. 

e The VFD output swing bus voltage is specified by the VFD loading category. 

e The VFD output side loading will be reflected onto its input side and shared equally by its input 
branches if the VFD is connected to multiple input branches. Otherwise, the VFD output side loading 
will be reflected onto its input bus. 
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Modeling of Inverter Current Limit 


If inverter loading current is less than Imax, the inverter controls its terminal voltage and behaves as a 
constant voltage source. Once the loading current reaches Imax, the loading current and voltage follow 
the current limit curve. The inverter voltage-current curve is shown as following, where Vreg is the rated 
inverter voltage. The current refers to the maximum phase current for swing mode inverter and positive 
sequence current for voltage control mode inverter. When Imax = Isc, current limit model is not 
applicable. Current limit model is used for inverters in swing or voltage control mode. 


Voltage 


Vreg 


FLA Imax Isc Current 


Imax is specified in Inverter Editor Rating Page and Isc is SC Model Page S.C. Current Imax field. 


Different Factors Considered in Load Calculation 
ETAP provides you with great flexibility in modeling load variations through different load factors, such 


as demand factor, load percent, service factor, and application factor. Depending on your specifications, 
these factors are used differently in calculating loads under several circumstances: 


e Load Editor — Calculation of load for Loading Categories and voltage drop 

e Input for Studies — Calculation of load specification for load flow and initial load for motor starting 
and transient stability studies 

e Studies Results — Calculation of load displayed in one-line diagram from load flow, motor starting, 
and Transient Stability Studies 

e Bus Editor — Sum of load connected to a bus 
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The following two tables describe how these factors are used in these cases: 


Factors Used for Motor Load Calculation 
Load Editor Input to Studies | Results from Studies Bus 
Load | Loss | Vd Load Loss Load | Loss Vd_ | Editor 

Bus Nominal kV x x x x x x xX x 
Bus Operating V x x x x x 
Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
Service Factor i 
App. Factor * 
Load Quantity x x x x x x x 
Bus Diversity Factor ii e = * ie 
Global Diversity Factor * in ia * * 


Factors Used for Static Load Calculation 


Load Editor Input to Studies | Results from Studies | Bus 
Load | Loss | Vd | Load Loss_| Load | Loss | Vd | Editor 

Bus Nominal kV x x x x x x xX x x 
Bus Operating V x x x x 

Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
App. Factor i. 

Load Quantity x x x x x x x 
Bus Diversity Factor i ia * ia * 

Global Diversity Factor * 2 - i ‘i 


* Indicates the factor is used in calculation if you have specified it in the related Load Editor or Study 
Case. 


Notes: 


e Motor load includes induction motor and generator, synchronous motor, MOV, and motor load 
portion of lumped load. 


e Static load includes static load, capacitor, and static load portion of lumped load. 
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20.5 Panel System Viodeling 


In this version of ETAP, the panel system load flow calculation becomes part of the system load flow 
calculation. The figure below shows a simple panel system in OLV and its equivalent representation for 
load flow calculation. In the equivalent representation, the panel is modeled as a bus using the panel ID. 
The external connections to the panel are connected to the bus. Each internal load entered from the panel 
editor is also expressly modeled as a load connected to the bus, using the panel ID plus circuit number of 
the internal load as the load name. 


This enhanced panel system modeling allows the panel system elements to be handled in the same way as 
elements in regular system. The limitations in previous version of ETAP on panel system calculation for 
Unbalanced Load Flow Analysis have been removed. These limitations include looped panel system, 
transformer LTC, and branch shunt, etc. 


) MainPNL 


3Ph-4W | 
T6 


SubPNL1 240 V PNL 
3Ph-4W 0.24 kV | 
' 240 V PRL. ! 
| 0.24 kW 
LUMP10 an 
10 kVA 
LUMP10 . 
SubPNL1 #3 SubPNL1 #8 10 kVA 
15 kVA 3 kVA 
ETAP OLV Panel System Equivalent Panel System for Calculation 
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20.6 Unified Load Flow Calculation 


Unified load flow calculation will be enabled when “Calculate AC & DC System” checkbox is checked in 
study case editor. This mode allow you to calculate AC and DC system simultaneously in one unbalanced 
load flow run. 


DC components can be connected to AC system through AC-DC device such as inverter, charger and 
UPS. Calculated AC and DC power are transferred through AC-DC device. DC system can be energized 
by either DC source elements such as Battery and DC PV Array, or AC-DC device such as UPS and 
charger. 


AC-DC device 


Charger, UPS and Inverter are the only three device in ETAP that allow connection between AC and DC 
systems. 


Charger 

In unified load flow, charger is modeled similar to a 6 pulse rectifier, thus, the firing angle as well as 
operating DC voltage will affect the total AC power demand. Charger only allows power flow from AC 
system to DC system, any reverse flow will be blocked. Only Charger with type of “charger” and 
“converter” are considered in unified load flow calculation. 


UPS 
In unified load flow, UPS allows power transferred between its AC input/output pin and DC pin. When 
“Blocked by Auction Diode” is checked in UPS editor, rating page, the power transfer between UPS AC 
input pin and DC pin will be blocked. The AC-DC power transferred through UPS can have the following 
directions: 

e From AC input pin to DC pin (if not blocked) 

e From DC pin to UPS AC input pin (if not blocked) 

e From DC pin to UPS AC output pin 


Inverter 

In unified load flow, the AC power provided by inverter will be limited by its connected DC generation, 
if connected DC generation is not able to cover the total usage, the calculation will diverge. In addition, if 
large power mismatch is detected between inverter input and output terminal during calculation, alert 
message will be given, detailed alert message can be found in alert viewer. 


Calculation Method 


The AC and DC systems are calculated simultaneously to achieve accurate results. In each iteration, AC 
and DC power will be transferred through AC-DC device. Depends on study case setting, the exchanged 
AC power can be distributed to each phase evenly or in proportion to phase current magnitudes. 


In unified load flow calculation, the loading category of charger and UPS will not be considered in 
calculation if they have active DC system connected to their DC pin, similarly, the generation category of 
inverter will not be considered in calculation if it has DC system connected to its DC pin. The transferred 
power will be affected by AC-DC device efficiency, regardless of flow direction. The reactive power at 
the AC terminal of the AC-DC device is determined by transferred AC active power and device power 
factor. 
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In unified load flow calculation, the DC loads are modeled as constant power and constant impedance. 
The DC sources are modeled as constant voltage and constant current. A constant voltage source 
maintains its terminal bus voltage at a fixed value, while a constant current source injects a fixed value of 
current into the system. 


The results of the calculation are reported on the one-line diagram and in Crystal Reports. 


Unified Load Flow Convergence 


As in any iterative solution method, the convergence of the unified load flow solution is affected by a 
number of factors specific to power systems. 


Inverter is the only AC source of the system 

In unified load flow, inverter output is limited by its connected DC source generation, when inverter is the 
only AC source of the system, due to AC/DC power mismatch, there may be problems in reaching a 
solution. Add another swing source such as utility may solve the convergence problem. 


Precision of the Calculation 
In unified load flow, when DC component rating is too small, the calculation precision need to be 
increased to have a better convergence. 
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20.7 Required Data 


Bus Data 
Required data for unbalanced load flow calculations for buses includes: 


e Nominal kV 
e %V and angle (when Initial Condition is set to use bus voltages) 
e Load diversity factor (when the Loading option is set to use diversity factor) 


Branch Data 


Branch data is entered into the Branch Editors (that is, the Transformer, Transmission Line, Cable, 
Reactor, and Impedance Editors). Required data for unbalanced load flow calculations for branches 
includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Impedance base kV and base kVA/MVA 

Zero sequence impedances 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for unbalanced load flow calculations for power grids includes: 


Operating Mode (swing, voltage control, Mvar control, or PF control) 
Nominal kV 

%V and angle for swing mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode 

MW loading and PF for PF mode 

Grounding types and parameters 

Single-phase MVAsc and X/R 


Synchronous Generator Data 


Required data for unbalanced load flow calculations for synchronous generators includes: 


Operating Mode (Swing, voltage control, or Mvar control) 

Rated kV 

%V and angle for swing mode of operation 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode of operation 

MW loading and PF for PF mode 

Xa’, X2, Xo, and X/R 

Grounding types and parameters 
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Inverter Data 
Required data for unbalanced load flow calculations for inverters includes: 


e Inverter ID 
e DC and AC rating data 
e AC output voltage regulating data 


Synchronous Motor Data 


Required data for unbalanced load flow calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xa’, X2, Xo,and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Induction Motor Data 
Required data for unbalanced load flow calculations for induction motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xsc, X2, Xo, and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Static Load Data 


Required data for unbalanced load flow calculations for static loads includes: 


Static load ID 

Rated kVA/MVA and kV 

Power factor 

Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 


Capacitor Data 


Required data for unbalanced load flow calculations for static loads includes: 


e Capacitor ID 


ETAP 20-49 ETAP 19.0 User Guide 


Unbalanced Load Flow Analysis Required Data 


Rated kV, kvar/bank, and number of banks 
Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 


Lumped Load Data 


Required data for unbalanced load flow calculations for static loads includes: 


Load ID 

Rated kV, MVA, power factor, and % motor load 
Loading Category ID and % loading 

Phase type 

Xsc and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Charger & UPS Data 


Required data for unbalanced load flow calculations for chargers and UPSs includes: 


e Element ID 
e Rated AC kV, MVA, efficiency, and power factor, as well as DC rating data 
e Loading Category ID and % loading 


SVC Data 


Required data for unbalanced load flow calculations for SVC includes: 


Element ID 

Rated kV 

Vmax 

Vmin 

Vref 

Rated QI] and Qc 
Qlmax and Qcmin 


Panel Data 
Required data for unbalanced load flow calculations for panels includes: 


Element ID 

Rated kV and amps 

Number of branch circuits 

Loading Category ID and % loading 

Phasing, number of poles, and state 

Connection type (such as internal, external, or spare) 


Battery 


Required data when unified load flow is enabled. 
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Info Page 

e Battery ID 

e Bus connection data 
e Number of strings 
e 


Battery library type data. The resistance per positive plate (Rp) is used to calculate battery internal 
resistance. 


Rating page 
e Number of cells 
e Rated voltage 


DC Converter 


Required data when unified load flow is enabled. 


Info Page 
e DC converter ID 
e Bus connection data 


Rating page 
e Rating section data 
e Operating Vou 


CCSD Load 


Required data when unified load flow is enabled. 


Info Page 
e CCSD load ID 
e Bus connection data 


Rating page 
e Rating section data 
e Load category data 


Other Data 


There are some Study Case-related data, which must also be provided. These include: 


Maximum iteration 

Precision 

Loading Category 

Initial condition 

Report (report format) 

Update (for bus voltages and transformer LTCs using load flow result) 


The Study Case-related data is entered into the Unbalanced Load Flow Study Case Editor. 


ETAP 20-51 ETAP 19.0 User Guide 


Unbalanced Load Flow Analysis Output Reports 


20.8 Output Reports 


The unbalanced load flow calculation results are reported both on the one-line diagram and in Crystal 
Reports format. The graphical one-line diagram displays the calculated bus voltages, branch flows, and 
voltage drops, load power consumption, etc. You can use the Display Options Editor to specify the 
content to be displayed. It also flags abnormal operating conditions, such as overloaded cables and over- 
or under-voltage buses, in different colors. 


The Crystal Reports format provides you with detailed information for an Unbalanced Load Flow 
Analysis. You can utilize the Unbalanced Load Flow Report Manager to help you view the Output 
Report. 


When unified load flow is enabled, AC and DC system will be reported separately in Crystal Reports. 


20.8.1 View from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click the View Output Report button, ETAP 
automatically opens the Output Report listed in the Study Case toolbar with the selected format. In the 
picture shown below, the Output Report name is ULF and the selected format is Cable. 


sutyese lw 
@e Bu - £2 ur - ty [cane 


Adjustments 
Alert Complete 
Alert Critical 
Alert Marginal 
Branch 

Branch Loading 
Bus 


Bus areal 


Complete 

Cover 

Equipment Cable 
Generator 

Impedance and Line 
Line Coupling 

Line Impedance Matrices 
Loads 

Losses 

Panel Report 

Power Grid 

Reactor 

svc 

Summary 

Transformer 

UPS 

UPS Report 

Unbalanced LF Report 
VFD 
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20.8.2 Report Manager 


To open Report Manager, click the Report Manager button on the Unbalanced Load Flow toolbar. The 
editor includes four pages (Complete, Input, Result, and Summary) representing different portions of the 
Output Report. The Report Manager allows you to select file types available for different portions of the 
report and view it via Crystal Reports. There are several fields and buttons common to every page, as 
described below. 


Viewer and File Options 

You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


Output Report Name 
This field displays the name of the Output Report you want to view. 


Path 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click this button to access Help. 


OK/Cancel 

Click OK to close the editor and open the Crystal Reports view to show the selected portion of the Output 
Report. If no selection is made, it will close the editor. Click Cancel to close the editor without viewing 
the report. 
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20.8.3 Input Data 


This page allows you to select different file types for viewing input data, grouped according to type. They 
include: 


Adjustments 
Branch 

Bus 

Cable 

Cover 

Equipment Cable 
Impedance and Line 
Line Coupling 

Line Impedance Matrices 
Reactor 

SVC 

Transformer 


rc =P 
Unbalanced Load Flow Report Manager (wml 


Line Imnedance Matrices 
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Project: Example ETAP Page: 1 
Location: ivi, California Date: 07-24-2004 
Contract: OTI-12345678 SN: 850TBO125 
meer: Operation Technobgzy, bx. Revision: Base 
Engrs P ba Stady Case: ULF 
Filmame: EXAMPLE Comfig.: Nomal 
This nfo is printed om every output report, Ist remark lime. (120 characters) 
Adjustments 
Apply individual 
Tolerance Adjustm ents !Gbbal Percent 

Transformer Impedance: Yer Inhiulwl 

Reactor Im pedarce: Yer Inhulwl 

Overload Heater Resistance: Ho 

Transm ission Line Length: Ho 

Cable Length: Ho 


Apply Individual 


Temperature Correction Adjustm ents !Gbbal Degree C 
Transm ission Lire Resistance: Yor Inhivalwl 
Cable Resistance: Yor Inlinlwl 
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20.8.4 Result 


This page allows you to select file types to view the load flow result portion of the Output Report. 


Co > 
Unbalanced Load Flow Report Manager les) 


| Complete | Input_| Resut | Summary | 


Unbalanced LF Report 


ULF 


Path 
C:\ETAP\Example-ANSI 
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UNBALANCED LOAD FLOW REPORT 


Bus Voltage Generation Load Load Flow XFMR 
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20.8.5 Summary 


This page allows you to select different portions of the load flow summary to view. 


Note: Some portions of the summary are available only when you select specific options in the Study 
Case, such as critical and marginal voltage options. 


Alert-Complete 
Alert-Critical 
Alert-Marginal 
Branch Loading 
Bus Loading 
Losses 
Summary 


f 
Unbalanced Load Flow Report Manager se 


©) Viewer 

© PDF 

© MS Word 

© Rich Text Format 


© MS Excel 
(| Set As Default 


ULF 


Path 
C:\ETAP\Example-ANS] 
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20.8.6 Complete 


The only file type available on this page is Complete, which brings up the Complete Report for the Load 
Flow Study. The Complete Report includes Input Data, Results, and Summary Reports. 


C . 
Unbalanced Load Flow Report Manager se 


(@) Viewer 
© PDF 
© MS Word 


© Rich Text Format 
> MS Excel 
(| Set As Default 


ULF 


Path 
C:\ETAP\Example-ANS! 


ETAP 20-59 ETAP 19.0 User Guide 


Unbalanced Load Flow Analysis Output Reports 


Alert Advanced ort 
% Alert Settings 
Critical Margimal 
Bus Voltage 
Line Voltage Unbalanced Rate 30 20 
Negative Sequence (L-L) 30 20 
Zero Sequence 30 20 
Branch Current 
3-Phase Unbalanced 30 20 
Negative Sequence 30 20 
Zero Sequence 30 20 
Meters 
Current 920 950 
Voltage 920 950 
Real Power 920 950 
Reactive Power 920 950 
Power factor 920 950 
Frequency 920 950 
Critical Rep ort 
ID Device Type Rating Unt Phaze Calculated Mag Condition 
Bud Bu o4+ lv A Oole 32 OwiTubahicsV 
B ools 32 
c ool 32 
tl 3 W XFMEp 44.753 Au A 32.539 nz? Ow1Tulah ol 
5B 13.982 312 
c 18577 415 
tl 3 W XFMUEs 199345 Ap A 144 40 nz? Ow1Tublahlw ol 
B 42192 312 
c 32.47 415 
Tl 3 W XFME+ 301582 Au A 219.240 nz OwrTulaliw ol 
B ™ 033 312 
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20.9 Alert View 


The Alert View contains a list of all the alerts generated by the unbalanced load flow calculation. The 
Alert View window may be configured to automatically display as soon as the unbalanced load flow 
calculation is over, by selecting the Auto Display option on the Alert page of the Unbalanced Load Flow 
Study Case. It may also be accessed by clicking the Alert View button. The Alert View provides tabulated 
columns of information about the reported alerts. You may refer to Section 20.2.4 Alert Page for detailed 
information on alerts for each type of elements. 


Study Case: ULF Data Revision: Base 
Configuration: = Normal Date: 07-24-2015 


Zone Filter Area Filter Region Filter 
es 


Critical 


Device ID Condition Rating? L... OperatingA OperatingB Operating C 


Bus2 Under Vol... 0.48 kV 0.26 kV 0.26 kV 0.26 k¥ 
Cable2 Overload 370Amp 391.614mp 329.44Amp 333.93 4mp 
Cable2 LIUR (Po... 351.66Amp 39.95Amp 2222A4mp 17.73Amp 
Cable2 IUF 2 (Ne... 351.35Amp 21.98Amp 21.98Amp 21.98 Amp 
Cable2 IUFO fe... 357.35Amp 23.26Amp 23.26Amp 23.26 Amp 

m 


Marginal 


Device ID Condition Rating/L.. OperatingA OperatingB Operating C “Op. & “Op. B 0p. C 


Device ID 
The Device Identification column of the Alert View lists the names of all the components that qualified as 
alerts after the unbalanced load flow calculation. 


Type 
The Type column of the Alert View displays information about the type of device having the displayed 
alert. 


Condition 

The Conditions column of the Alert View provides a brief comment about the type of alert being 
reported. In the case of unbalanced load flow alerts, the different conditions reported are Overloads, Over 
Voltage, Under Voltage, Over Excited, and Under Excited. 


Rating/Limit 

The Rating/Limit column of the Alert View provides the rating information being used by the unbalanced 
load flow program to determine whether an alert should be reported and whether it is marginal or critical. 
For detailed information on alerts for each type of element, see the Alert Page section. 
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Operating A, B, and C 

The Operating A, B, and C columns of the Alert View display the results from the unbalanced load flow 
calculation. The results listed here are used in combination with those displayed in the Rating/Limit 
column to determine the operating percent values. These values are then compared to those entered in the 
Load Flow Study Case Editor Alert page. 


%Op. A, B, C 

The %Value column displays the percent operating values calculated based on the unbalanced load flow 
results and the different element ratings. The values displayed here are directly compared to the percent of 
monitored parameters entered directly into the Alert page of the Unbalanced Load Flow Study Case 
Editor. Based on the element type, system topology, and given conditions, the Alert Simulation program 
uses these percent values to determine if and what kind of alert should be displayed. 
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Motor Acceleration 


During the motor starting period, the starting motor appears to the system as small impedance connected 
to a bus. It draws a large current from the system, about six times the motor rated current, which therefore 
results in voltage drops in the system and imposes disturbances to the normal operation of other system 
loads. Since the motor acceleration torque is dependent on motor terminal voltage, in some cases the 
starting motor may not be able to reach its rated speed due to extremely low terminal voltage. This makes 
it necessary to perform a Motor Starting Analysis. The purpose of performing a motor starting study is 
twofold: to investigate whether the starting motor can be successfully started under the operating 
conditions, and to see if starting the motor will seriously impede the normal operation of other loads in 
the system. 


ETAP provides two types of motor starting calculations: Dynamic Motor Acceleration and Static Motor 
Starting. In the Dynamic Motor Acceleration calculation, the starting motors are represented by dynamic 
models and the Motor Acceleration Module simulates the entire process of motor acceleration. This 
method is used to determine if a motor can be started and how much time is needed for the motor to reach 
its rated speed, as well as to determine the effect of voltage dips on the system. In Static Motor Starting, 
the starting motors are modeled by the locked-rotor impedance during acceleration time, simulating the 
worst impact on normal operating loads. This method is suitable for checking the effect of motor starting 
on the system when the dynamic model is not available for starting motors. 


The Motor Acceleration Chapter is divided into the following sections: 


e The Motor Starting Toolbar section explains how to start a motor starting calculation, to open and 
view an Output Report, and to select display options. 

e The Motor Starting Study Case Editor section explains how you can create a new Study Case, what 
parameters are required to specify a Study Case, and how to set the parameters. 

e The Display Options Section explains available options for displaying some key system parameters 
and the output results on the one-line diagram. 

e The Motor Starting Calculation Methods section describes calculation methods used by the module. 

e The Required Data for Calculations section describes what data are necessary to perform motor 
starting studies and where to enter them. 

e The last three sections describe how to view calculation results. 
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21.1 Motor Starting Toolbar 


Run Static Motor Starting 


Run Dynamic Motor Starting 
+O 


Display Options 
Ms Alert View 
Report Manager 
lala Motor Starting Plots 


Halt Current Calculation 


Get On-Line Data 


Get Archived Data 


Run Dynamic Motor Startin 

Click this button to perform a time-domain simulation for starting and/or switching off motors and static 
loads. Accelerating motors are modeled dynamically for this study; therefore, related motor parameters 
such as dynamic model (or LR model for synchronous motors), inertia, and starting load must be 
specified. Motors (induction and synchronous) and static loads can be switched off and on in any event 
created. 


Run Static Motor Starting 


Click this button to perform a time-domain simulation for starting and/or switching off motors and static 
loads. For this study, starting motors are modeled as constant impedance loads calculated from their 
locked-rotor currents with a user-defined acceleration time. Required parameters for this study include the 
locked-rotor current and power factor, acceleration time at no-load and full-load, and starting load. 


Motors (induction and synchronous), MOVs, and static loads can be switched off and on in any event 
created. 


Display Options 


Click this button to customize the information and results annotations displayed on the one-line diagram 
in Motor Starting Mode. 


Alert View 


Click this button to bring up Motor Starting Analysis Alert View, which lists all critical and marginal 
alerts for a study based on the set up in the Alert page of the Study Case used. 
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Report Manager 


Motor acceleration output reports are provided in Crystal Reports. The Report Manager provides four 
pages (Complete, Input, Result, and Summary) for viewing the different parts of the output report for both 
text and Crystal Reports. Available formats for Crystal Reports are displayed in each page of the Report 
Manager for motor starting (dynamic and static) studies. 


Crystal Reports formatted reporting is activated by choosing a format in the Report Manager. You can 
open the whole study output report or only a part of it, depending on the format selection. You can view 
the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text Format, or Excel 
format. If you wish this selection to be the default for reports, click the Set As Default checkbox. 


F ik 
Motor Starting Report Manager x=) 


@ Viewer 

© PDF 

© MS Word 

© Rich Text Format 
© MS Excel 


Set As Default 


Path 
C:\ETAP\Example-ANSI 


You can also view Output Reports by clicking the Output Report button on the Study Case toolbar. A list 
of all output files in the selected project directory is provided for motor starting calculations. To view any 
of the listed Output Reports, click the Output Report name, and then click the List Output Report button. 


Study Case 
Ge ye MS-Dyn ~ EBa cable . 


MS-Static 


Motor Starting Plots 


To view plots of accelerated motors, click this button to bring up a dialog box to select motors from a 
drop-down list. 


ML 
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Halt Current Calculation 


The Stop Sign button is normally disabled. When a motor acceleration calculation has been initiated, this 
button becomes enabled and shows a red stop sign. Clicking this button will terminate the current 
calculation. One-line diagram display will not be available if you terminate the calculation before it 
completes; but the Output Report and plots do store the calculation results up to the time when you 
terminate the calculation. 


Get On-Line Data 


If your ETAP installation has the on-line feature (Real-Time Module), you can copy the on-line data to 
the current presentation. 


Get Archived Data 


If your ETAP installation has the on-line feature (Real-Time Module), you can copy the archived data to 
the current presentation. 
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21.2 Study Case Editor 


The Motor Starting Study Case Editor contains solution control variables, prestart loading conditions, 
motor starting events, and a variety of options for output reports. The Study Case is used for both 
dynamic and static motor acceleration studies. 


ETAP allows you to create and save an unlimited number of Study Cases. Motor starting calculations are 
conducted and reported in accordance with the settings of the Study Case selected in the toolbar. You can 
switch between Study Cases without resetting the options each time. This feature is designed to organize 
your study efforts and save you time. 


As part of the multi-dimension database concept of ETAP, Study Cases can be used for any combination 
of the three major system toolbar components (Configuration Status, One-Line Diagram Presentation, and 
Base/Revision Data). 


The Motor Starting Study Case Editor can be accessed by first selecting the Motor Starting Analysis 
Mode from the Status/Mode toolbar, then clicking the Study Case button from the Motor Starting toolbar. 
You can also access this editor from the System Manager by clicking the Motor Starting Study Case 
folder. 


To create a new Study Case, go to the System Manager, right-click the Motor Starting Study Case folder, 
and select Create New. The Motor Acceleration module will then create a new study case, which is a copy 
of the default Study Case, and adds it to the Motor Starting Study Case folder. 
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21.2.1 Info Page 


Motor Starting Study Case 


Info = Event ~=Model Adjustment Alert 
Study Case ID Solution Parameters 
O Adaptive Newton-Raphson 


| MS-Dyn 


@ Newton-Raphson 
Report 


Max. Iteration 5 Simulation Time Step 
@ Bus Voltage in Percent 


O Bus Voltage in kV Precision 0.001 Plot Time Step 


Skip Tabulated Plots (_] Apply XFMR Phase-Shift 


Prestart Loading Category Prestart Generation Category Prestart Charger Loading 
Design Design @ Loading Category 
Cloperating P,Q [operating P,Q. V O Operating Load 
Load Diversity Factor Initial Voltage Condition 


@ None O Bus Maximum @ Bus Initial Voltages 


O User-Defined Fixed Value 
O Global 


Study Remarks 
ome line of remarks for "MS-Dyn" 


MS-Dyn 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering the new ID. The Study Case ID can be up to 12 alphanumeric characters in length. Use the 
Navigator button at the bottom of the editor to go from one Study Case to the next existing Study Case. 


Solution Parameters 


In this group you can select a load flow solution method. Two methods are available: Newton-Raphson, 
and Adaptive Newton-Raphson. Choose solution control values for the load flow and motor starting 
solutions as well as the plot resolution. 
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Max. Iteration 

This value determines the maximum number of iterations ETAP can make while solving the load flow 
equations. This means that the load flow should quit if it has not converged after the number of iterations 
you specify here. Since dynamic and static motor starting calculation methods use the Newton-Raphson 
algorithm, typical systems are solved within two to three iterations. We recommend choosing a minimum 
of five iterations. If the solution does not converge, you may want to increase this number, as well as 
decrease the value you have specified for precision. 


Precision 

The load flow algorithm works by an iterating procedure until the motor loads, it calculates for each bus 
match the motor loads which are scheduled for each bus. The difference is called system mismatch. 
Solution Precision tells ETAP how many mismatches are allowed for a solution to be considered valid. 
When the mismatch for the motor MW and Mvar on each individual bus is below the value you enter for 
precision, ETAP halts the load flow solution and declares that the solution has converged. Try using a 
value of 0.001 to begin. If your system will not converge, try increasing this value incrementally (for 
example, to 0.005, etc.) until it converges. 


Simulation Time Step 

Enter the simulation time step for motor starting calculations. The recommended simulation time step is 
0.001 second. If the simulation time step is too small, accumulation of the round off errors can cause 
inaccurate results. On the other hand, if this value is too large, calculation results may not capture the 
dynamic characteristics corresponding to very small time constants of the control equipment or system. 


Plot Time Step 

This value determines how often ETAP should record the results of the simulation for plotting. For 
instance, if you specify 20 steps, ETAP will plot points at every 20 X simulation time step (for example, 
for a simulation time step of 0.001 plot time step will be .02 seconds). The smaller this number is, the 
smoother your plots will look, but also remember that the plot files on your hard disk may grow quite 
large. The main thing to keep in mind is that ETAP records plot information at this interval throughout 
the simulation. So if you specified a simulation time step of 0.001 seconds, plot time step of 10, and a 
total time of 20 seconds, ETAP will write 20/(0.001*10)= 2000 points to disk, which is a large plot file. 


Apply XFMR Phase-Shift 
Select this option to consider transformer phase-shift in load flow calculations. The phase-shift of a 
transformer can be found in the Transformer Editor. 


Prestart Loading Category 


This option allows you to specify how the system is loaded prior to starting any motors and/or switching 
on any static loads. You can select prestarting loads by loading categories or from operating load. 


Loading Category 

Select one of the ten loading categories for prestart loading in the motor starting study case. With the 
selection of any category, ETAP uses the percent loading of all motors and other loads as specified for 
that category. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the Motor 
Editors and the Loading page of the Static Load Editors. 
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Operating P,Q 

This option is enabled only if your installation of ETAP has the on-line feature (Real-Time Module). 
When this option is selected, the operating load will be used as the prestart load instead of the Loading 
Category. 


Prestart Generation Category 

This option allows you to specify how the generators and power grids are operating prior to starting any 
motors and/or switching on any static loads. You can select prestarting generation by generation 
categories or from operating values. 


Generation Category 

Select one of the 10 generation categories for prestart generation. With the selection of any category, 
ETAP uses the generation values as specified for that category in the Rating page of a generator or a 
power grid. Depending on the operating mode of the source, the generation values may include voltage 
magnitude and angle, real and reactive power, or power factor. 


Operating P, Q, V 
When this option is selected, the operating values will be used as the prestart generation instead of the 
Generation Category. 


Note: The operating values for a generator or a power grid can be entered from the Rating page of its 
editor or be updated automatically from a load flow calculation. 


Prestart Charger Loading 


This group allows you to select the charger loading source. 


Loading Category 
When this option is selected, the load from the category specified in the Category field will be used to 
calculate the charger load for the prestarting load flow. 


Operating Load 
When this option is selected, the charger operating load will be used for the prestarting load flow. 


Note: The charger operating load is updated from DC Load Flow Studies when the Updating Charger 
Load option has been selected in the DC Load Flow Study Case. 


Load Diversity Factor 


This group allows you to specify load diversity factors to be applied on the loading category load. When 
the Operating Load is selected, no diversity factor is considered. 


None 
Select this option to use the percent loading of each load as entered for the selected Loading Category. 


Bus Maximum 

When this option is selected, all motors and other loads directly connected to each bus will be multiplied 
by the bus maximum diversity factor. Using this option, you can simulate load flow studies with each bus 
having a different maximum diversity factor. 
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This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Bus Minimum 

When this option is selected, all motors and other loads directly connected to each bus will be multiplied 
by the bus minimum diversity factor. Using this option, you can simulate load flow studies with each bus 
having a different minimum diversity factor. 


Global 

Enter the diversity factors for all Constant kVA, Constant Z, Constant I, and Generic loads. When you 
select this option, ETAP will globally multiply all loads of the selected category with the entered load 
diversity factors according to load types. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25 percent above their nominal values. This value can be smaller or greater than 100 percent. 


Report 


Bus Voltage in Percent 
Prints Calculated bus voltages in the Output Report as a percentage of the bus nominal voltages. For 
information about graphical display of bus voltages, see Section 21.3, Display Options. 


Bus Voltage in kV 
Prints Calculated bus voltages in the Output Report in kV. For information about graphical display of bus 
voltages, see Section 21.3, Display Options. 


Skip Tabulated Plots 
Check this box to skip generating tabulated plots in the Output Report. This will significantly reduce the 
calculation time. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this section for load flow calculation 
purposes. 


Bus Initial Voltages 

Select this option to use bus voltages and angles as entered in the Info page of the bus editors. Using this 
option, you can use regular load flow updated initial bus voltage and angles for motor starting studies 
initial load flow. Using this option may be beneficial when motor starting initial load flow diverges. 


User-Defined Fixed Value 

This option allows you to specify the use of user-defined initial conditions for the motor starting load 
flow at t = O- (i.e. initial load flow). When you select the fixed initial condition option, you must enter the 
initial voltage value as the percent of the bus nominal voltage. The default values are 100% for bus 
voltage magnitude and zero degree for bus voltage angle. 
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Study Remarks 


You can enter up to 120 alphanumeric characters in this remark box. Information entered here will be 
printed on the second line of every Output Report page header. These remarks can provide specific 
information regarding each Study Case. 


Note: The first line of the header information is global for all Study Cases and entered in the Project 
Information Editor. 


ETAP 21-10 ETAP 19.0 User Guide 


Motor Acceleration Study Case Editor 


21.2.2 Time Event Page 


ETAP allows you to set up unlimited number of events to simulate switching actions in a single Motor 
Starting simulation. You can start or switch off individual loads or categorized motor groups with the 
Action by Load and Action by Starting Category features, respectively. You can also change the 
operating load by clicking the Load Transitioning option to change from one loading category to another. 


Motor Starting Study Case 


Info Event Model Adjustment Alert 
Events Action by Bement 


Event ID Time i Load ID Rating kV Bus ID 


Synt___Desgn __1250HP T32kV_Sub2A 
* Event 2 0.800 S Pump 1 —— Design 500HP 4kV Sub3 Swe 
* Event 3 4.000 


[xa] |e 


Action by Load Transitioning 

Active [Exclude MV Load >= [ 1000 | kVA 
Loading Category 

a J) MiBxcude LV Load >= [ 20 |kVA 


) Bl | Copy | | New | {Delete | | Help [0K || cance! 


You can start or switch off multiple loads by starting category and/or by individual load. 


Note: The Motor Acceleration Module assumes that all In Service loads are operating, except for the 
loads that are started or switched off in time events. 
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If you start an already running load, ETAP will ignore the second starting action. If you switch off an 
already switched off load, ETAP will ignore the second switch off action. 


Note: You can specify conflicting actions on a motor during the same time event by using the Action by 
Starting Category and Action by Load options. In such an event, the Motor Acceleration module checks 
the action specified by Action by Load first, and then checks the Action by Category event. The first valid 
action gets executed in the simulation and the rest are ignored. 


Events 


The Events Group lists all the events you specified in the study case according to their time of occurrence. 
The active events are flagged by a “*” sign and are listed before inactive events. In the calculation, only 
active events are simulated. For each event, it displays the event name and the time of occurrence. When 
you click an event from the list, all the actions defined for the event are displayed in the other groups on 
the page. 


You may Add, Edit or Delete an event by clicking the corresponding buttons. 


Add 
When you click the Add button, it brings up the Event Editor for you to add a new event. 


Active 


Select this option to activate the event. When an event is inactive, it will not be considered in the motor 
starting calculations. 


Event Editor 
Active Event ID Time 
7 p 


latch com 


Event ID 


Enter a name for the event. It can be an alphanumeric string up to 12 characters long. This name does not 
have to be unique, but it is suggested to use a unique name for each event within a given Study Case. 


Time 

Enter the time for each time event in seconds. 

Note: ETAP lists events in the order of the time defined here. 

Edit 

When you click the Edit button while an event is selected from the Events list, it brings up the Event 


Editor with all the information for the event for you to modify. For description of the Event Editor, see 
the Add Section above. 
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Delete 
When you click the Delete button while an event is selected from the Events list, it removes the events 
and associated actions from the Study Case. 


Note: All changes, including removing an event, will not take effect until you click the OK button or 
navigate to another Study Case. 


Total Simulation Time 


Total Simulation Time is the amount of time, in seconds, that you want the simulation to run. For 
instance, let's say you set up the following scenario: 


t1=0.00 Nothing happens during this time event 
t2=0.10 Start motor Mtr10 and switch on static load Stat2 on bus 20 
t3=0.20 Switch off Mtr8 on bus 10 


Total Simulation Time = 2.00 


This simulation will go as follows: at time t1 = 0, ETAP will run a load flow, using the prestart loading 
you selected, to find the initial conditions of the system. At time t2 = 0.1 seconds, ETAP will begin 
accelerating motor Mtr10 and switch on static load Stat2 on bus 20. At time t3 = 0.2 seconds, ETAP will 
switch off the motor Mtr8 on bus 10. The simulation will continue for 1.8 more seconds, until time T = 
2.0 seconds, when the simulation ends and the plots and summary reports are generated. As you can see, 
the total time must be greater than your last event time. 


Action by Element 

This feature allows you to switch on/off any existing motor or static load or change Generation Category 
of a generator/power grid in a time event. The list of loads and sources that have been selected is 
displayed in the Action by Element list box. 


~ Action by Element 
Action LoadID StCateg... Rating kV Bus ID 


Start Syn1 Design 1250 HP13.2kV Sub2A 
Stat Pump1 Design 500HP 4kV Sub3Sw 


| Add | | Edit | [Delete | 


Add 

To add a switching action for a motor, MOV, static load, generator, or power grid, click the Add button to 
open the Add Action By Element Editor. This editor allows you to add and/or modify a motor, MOV, 
static load, generator, or power grid specifications, such as start/switch off, starting categories and 
generation categories. Click the OK button and the specifications of the selected elements will be 
displayed in the Action by Element list box. 
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Add Action By Element [prem 
Element Type Action Motor, Load, MOV, Generator 
®) Motor 
ID ~ 
Static Load @ Start Mind | 
MOV Stop Starting Category | Design 7 


Gen/Power Grid 


oe eo 


Element Type 


Motor Starting studies simulate switching of three types of loads: induction/synchronous motor, static 
load and capacitor, and MOV. ETAP also simulates change of Generation Category for a generator or a 
power grid. 


Action 


Select this option to switch/stop motor, switch on/off a static load or a capacitor, start an MOV, or change 
Generation Category for a generator or a power grid. If you start an already running load, ETAP will 
ignore the second starting action. If you switch off an already switched off load, ETAP will ignore the 
second switch off action. 


Note: ETAP assumes that all In Service loads are operating, except for the loads that are started or 
switched off in time events. 


Motor, Load, MOV, Generator 


ID 


Select an element ID from the drop-down list. The content in this list varies according to element type 
selected. For motor load, it contains all induction and synchronous motors; for static load, it contains all 
static loads and capacitors; for MOV, it contains all the MOVs; and for Gen/Power Grid, it contains all 
the generator and power grids in the system. 


Starting Category 

When Motor is selected from Element Type, this field shows up for you to specify a predefined starting 
category from the list box. This list contains all ten motor starting categories. Information for starting 
categories can be defined in the Start Cat page of Induction and Synchronous Motor Editors, including 
starting and final loading percent, as well as begin and end time of load change. When starting a motor by 
element, you do not need to select the Starting Category option to use the loading and time data defined 
for the Starting Category. 


Note: The Starting Category is not applicable to static loads. 


Loading Category 


When Static Load is selected from Element Type and the selected action is Switch On, this field shows up 
for you to specify a predefined Loading Category from the drop-down list. This list contains all ten 
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loading categories. The loading percent of the specified Loading Category, as defined in the Loading page 
of Static Load Editor, will be used to determine the amount of load to be switched on. 


Generation Category 


When Gen/Power Grid is selected from Element Type, this field shows up for you to specify a predefined 
generation category from the list box. This list box contains all ten generation categories. The 
generator/power grid operating data from the selected category, as defined in the Rating page of 
Synchronous Generator Editor or Power Grid Editor, will be used to simulate its operating condition. 


Edit 

To edit an action, click its action item and then click the Edit button. The Edit button opens the Edit 
Action By Element editor. This editor allows you to modify the data. The options in this editor are the 
same as those for the Add Action by Element Editor. For information about the Add Action by Element 
Editor, see the Add Section above. 


Delete 
To delete an action from the Action by Element list, select the element by clicking its action item and then 
click the Delete button. The selected load will be removed from the action list. 


Action by Starting Category 


This feature allows you to start motors by predefined motor starting categories. 


Note: Motor starting categories can be defined in the Start Cat page of the Induction Motor, Synchronous 
Motor, and MOV Editors. The selected motor groups are displayed in the Action by Starting Category list 
box. 


Action by Starting Category 


Action Starting Categor... Bus ID 
Emergency All Buses 


Accident MCC1 


Delete 


AE 


Add 

To start or switch off a predefined group of motors, click on the Add button to open the Add Action By 
Starting Category Editor. This editor allows you to add and/or modify motor group specifications, such as 
start/switch off, starting categories, and connected bus IDs. Click the OK button and the specifications of 
the motor groups selected in this editor will be displayed in the Action by Starting Category list box. 
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Add Action By Starting Category 
Action By Category 
Start Starting Category Start Up 7 | 
Switch Of Bus ID | Bus? 7| 


| Help | | Cancel 


Action 

Select Start or Switch Off for the selected motor group. If you start an already running load, ETAP will 
ignore the second starting action. If you switch off an already switched off load, ETAP will ignore the 
second switch off action. 


Note: ETAP assumes that all In Service loads are operating, except for the loads that are started in time 
events. 


By Category 


Starting Category 

Select a predefined Starting Category from the list box. This list box contains all ten motor starting 
categories. Motor starting categories can be defined in the Start Cat page of Induction and Synchronous 
Motor Editors. 


Bus ID 

Select a bus ID to define the motor starting group from the drop-down list. This list contains all bus IDs 
created for the electrical system under study. In addition, you can choose Start or Switch Off for all buses 
defined by a Starting Category by selecting All Buses from the Bus ID list. 


Edit 

To edit a selected group of motors, click its action item and then click the Edit button. The Edit button 
opens the Add Action By Starting Category Editor. This editor allows you to modify the data. For 
information about the Add Action by Element Editor, see the Add Section above. 


Delete 

To delete a motor group from the Action by Starting Category listing, select the motor group by clicking 
its action item, and then click the Delete button. The selected motor group will be removed from the 
action list. 


Action by Load Transitioning 


This feature allows you to change operating load from one Loading Category to another. In changing the 
loading category, if a motor load is changed from a zero percent to a non-zero percent load, it will create 
an action to start the motor. However, once a motor is started by an action from Load Transition, the Load 
Transition option will not apply to the motor anymore. Furthermore, once a load, including motors, static 
loads, and capacitors, has been switched on or off through Action by Load or Action by Starting 
Category, the Load Transition option will not apply to this load from that point on. 
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Action by Load Transitioning 
¥ Active 


Loading Category 
| Emergency 7| 


¥) Exclude MV Load >= 500 kVA 


0 kVA 


Active 
Select this option to activate load transitioning in this event. 


Loading Category 
Select a new Loading Category from the list. 


Exclude MV Load >= 
Select this option to enable the kVA field on the right. Enter the kVA limit in the field for medium 
voltage loads to be ignored in the Load Transition. If this option is cleared, medium voltage loads of all 
sizes will be considered in the Load Transition. Loads with rated voltage higher than 1 kV are considered 
as medium voltage loads. 


Exclude LV Load >= 

Select this option to enable the kVA field on the right. Enter the kVA limit in the field for low voltage 
loads to be ignored in the Load Transition. If this option is cleared, low voltage loads of all sizes will be 
considered in the Load Transition. Loads with rated voltage not higher than 1 kV are considered as low 
voltage loads. 


kVA 
Once enabled, you can enter a limit for load capacity rating in this text box. 


Note: A value of zero means that no loads are considered in the Load Transition. 
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21.2.3 Model Page 


In the Model page specify model information for transformer LTCs and motor loads. 


Motor Starting Study Case 
Info Event Model Adjustment Alert 
Transformer LTC 
Include Automatic Action Time Delay 


For Prestart Load Flow O Use Individual LTC Time Delay 


Toe =0- 
oneal © Use Global Time Delay 


During & After Motor Acceleration 


Initial Time Delay 
( Time = 0+) 


Operating Time 


Starting Load of Accelerating Motors 


O Based on Motor Electrical Rating 


@ Based on Motor Mechanical Load 


Transformer LTC 


Include Automatic Action 
In this group you can specify the transformer LTC feature to be simulated in motor starting studies. 


For Prestart Load Flow 


If this option is selected, automatic voltage regulation actions and LTCs of transformers, if there are any, 
will be simulated in the prestart load flow calculation. 


ETAP 21-18 ETAP 19.0 User Guide 


Motor Acceleration Study Case Editor 


During & After Motor Acceleration 


If this option is selected, LTCs of transformers, if there are any, will be simulated in calculations after the 
prestart load flow. 


Time Delay 

During motor starting, the Motor Acceleration module will check the voltages of the LTC regulated buses 
and set up an internal clock with a time delay. If a voltage is out-of-range and stays out-of-range, at the 
end of the initial delay time (Ti), the module will check the voltage again and decide whether to reset the 
clock or initiate an LTC tap adjustment. In the latter case, it will take a time duration equal to the 
operating time (Tc) to complete the LTC tap change. This process will continue until the final voltage 
falls within the regulating range or the LTC has reached its limits. 


In this group you specify the LTC time delay used in the calculation. The information in this group is 
applied in the study only when the During & After Motor Acceleration option is selected. 


Use Individual LTC Time Delay 
If this option is selected, the initial time delay and the operating time entered in the individual 
Transformer Editor will be used in the calculation. 


Use Global Time Delay 

When this option is selected, the values entered in the Initial Time Delay and Operating Time fields will 
be used in the calculation. This means that all of the LTCs in the system will assume the same initial time 
delay and operating time. 


Initial Time Delay 
In this field you can enter the global initial time delay in seconds. 


Operating Time 
In this field you can enter the operating time in seconds. 


Starting Load of Accelerating Motors 


In the motor acceleration calculations, the difference between the motor torque and the load torque is the 
motor acceleration torque and a non-zero changes acceleration torque the motor speed. In ETAP, the load 
torque model is specified as torque in percent as a function of normalized motor speed. This load torque 
may be based on motor electrical rating or on mechanical load. In this group, you indicate to the Motor 
Acceleration Module which base you want to use. 


Based on Motor Electrical Rating 

When this option is selected, it is assumed that the load torque model you selected in the Motor Editor 
only represents the shape of the load as a function of speed. The load torque values will be adjusted so 
that at the synchronous speed the torque is equal to 100%. This means that, with the modified load curve, 
the motor will consume the rated electrical power at 100% starting load, under the rated voltage and at the 
rated speed. When this option is selected, the torque base used to construct load torque model has no 
effect on calculation results. 


Based on Motor Mechanical Load 

When this option is selected, it is assumed that the load torque model you selected in the Motor Editor 
represents the actual load based on rated output torque. The load curve will be applied as it is without any 
adjustments. 
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To illustrate the implication of this selection, consider a motor that has a start load of 50% and rated 
output torque T,. On the Load page of the motor, the load torque curve is Model 1 given below, which has 
a load torque of 80% at operating speed and the curve is based on T,. 


Motor Load Model Curves 


% Torque = 40 +41 w+A2 we + A3 we 
100 


Model 1: Load @ Rated Speed < 100% Model 2: Load @ Rated Speed = 100% 


Case 1: Load Model Based on Motor Electrical Loading 


In this case, the load torque curve will be shifted so that the torque at rated speed is 100% of the motor 
rated torque. This means that the torque at each point on the load curve will be multiplied by a factor of 
1.25 (equal to 1/0.8). This modified curve will be used as the load torque curve for the study. Note that 
the modified curve is given as Model 2 above. 


Since the starting load is 50%, the actual load will be 50% of the load based on the modified curve 
(Model 2) as described above. The starting load torque is equal to 0.5 T.. 

Case 2: Load Model Based on Motor Mechanical Load 

In this case, the load torque curve will not be shifted because it is assumed to represent the actual load. 
However, since the starting load is 50%, the load torque curve will be adjusted so that the torque at each 


point of the curve is multiplied by 0.5. The starting load torque is equal to 0.5*0.8 T, = 0.4 T.. 


Note: If the motor has a load model as given in Model 2 above, there is no difference in calculation 
results between the two options. 
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21.2.4 Adjustment Page 


This page allows the User to specify tolerance adjustments to transformer, reactor, and overload heater 
impedance, cable and transmission line length, and cable and transmission line temperature effect on their 
resistance values. Each tolerance adjustment can be applied based on the individual equipment percent 
tolerance setting or based on a globally specified percent value. 


Motor Starting Study Case 


Info Event Model Adjustment Alert 


Impedance Tolerance 


Transformer 
O Individual 
@ Global 

Reactor 


O Individual 


@crrt [5 |% 


Overload Heater 
O Individual 
@ Global 


Resistance Temperature Correction 


Cable / Busway 
O Individual Max. Temperature 


@ Global 35 


Impedance Tolerance 


y, & 


Length Tolerance 


Cable / Busway 

O Individual 

Sona (5) 
Transmission Line 


O Individual 
@ Global 


Transmission Line 


O Individual Max. Temperature 
y, 


@ Global 25 


In this group, you can specify impedance tolerance values for transformer, reactor, and overload heater. 


ETAP 


21-21 
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Transformer 

This adjustment is applied to transformer impedance. The net effect of the transformer impedance 
adjustment in motor starting calculations is to increase the impedance by the specified percent tolerance 
value. For example, if the transformer impedance is 12% and the tolerance is 10%, the adjusted 
impedance used in the motor starting calculation will be 13.2%, resulting in higher losses. 


The Impedance Adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating page. Alternatively, a global Transformer Impedance 
Adjustment can be applied as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field. 


Reactor 

This adjustment is applied to the reactor impedance. The Motor Starting module increases the reactor 
impedance by the specified percent tolerance resulting in a larger impedance value and consequently a 
larger voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then 
the adjusted reactor impedance used in the Load Flow calculation is 0.105 Ohm. 


The Impedance Adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor editor Rating page. Alternatively, a global Reactor Impedance Adjustment can be 
applied as well by selecting and specifying a global tolerance other than 0% in the corresponding. 


Overload Heater 

This adjustment is applied to the Overload Heater (OH) resistance. The Motor Starting module increases 
the OH resistance by the specified percent tolerance resulting in a larger resistance and consequently a 
larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the 
adjusted OH resistance used in the motor starting calculation is 0.105 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating page. Alternatively, a global Overload Heater 
Resistance Adjustment can be applied as well by selecting and specifying a global tolerance other than 
0% in the corresponding field. 


Length Tolerance 


You can specify length tolerance values for cables and transmission lines in this group. If Ohms is 
selected as the unit for a cable in the Impedance page of Cable Editor, the length tolerance will not be 
applied to the cable. Likewise, if Ohms is selected as the unit for a transmission line in the Impedance 
page of Transmission Editor, the length tolerance will not be applied to the transmission line. 


Cable 

This adjustment is applied to the cable length. The Motor Starting Module increases the cable length by 
the specified percent tolerance resulting in larger impedance and consequently a larger voltage drop. For 
example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in 
the motor starting calculation is 210 ft. 


The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 


in the Cable Editor Info page. Alternatively, a global Cable Length Adjustment can be applied as well by 
selecting and specifying a global tolerance other than 0% in the corresponding. 
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Transmission Line 

This adjustment is applied to the transmission line length. The Motor Starting Module increases the 
transmission line length by the specified percent tolerance resulting in larger impedance and consequently 
a larger voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 
2.5%, then the adjusted transmission line length used in the motor starting calculation is 2.05 miles. 


The Length Adjustment can be applied to individual lines by using the tolerance percent value specified 
in the Transmission Line Editor Info page. Alternatively, a global Transmission Line Length Adjustment 
can be applied as well by selecting and specifying a global tolerance other than 0% in the corresponding 
field. 


Resistance Temperature Correction 


This group allows the User to consider resistance correction based on the maximum operating 
temperature for cable and transmission line conductors. Each temperature resistance correction can be 
applied based on the individual cable/line maximum temperature setting or based on a globally specified 
value. 


Cable 

This adjustment is applied to the cable conductor resistance. The Motor Starting Module adjusts the 
conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables by using the maximum operating 
temperature value specified in the Cable Editor Impedance page. A global temperature correction can be 
specified as well by selecting and specifying a global maximum temperature value in the corresponding 
field. For more information, see the Cable Editor Impedance Page section in Chapter 11, AC-Editors. 


Transmission Line 

This adjustment is applied to the transmission line conductor resistance. The Motor Starting Module 
adjusts the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by using the maximum operating 
temperature value specified in the Transmission Line Editor Impedance page. A global temperature 
correction can be specified as well by selecting and specifying a global maximum temperature value in 
the corresponding. For more information, see the Transmission Line Editor Impedance Page section in 
Chapter 11, AC-Editors. 
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21.2.5 Alert Page 


You can specify the limits for ETAP to raise critical and marginal alerts for a Motor Starting simulation 
from the Alert page. The alerts consist of three categories: alerts on starting motor and MOV, alerts on 
generator operating conditions, and alerts on bus voltage. Each category also consists of several types. 
Select an alert type to have ETAP perform an alert check for that type. If an alert type is not selected, 
ETAP will skip the alert check for that alert type. 


Global Setting 

Global setting allows you to set the critical and marginal limits for starting motor, bus, generator and 
MOV through the Alerts page of the Study Case Editor. These limits will be globally applied to all the 
elements within the project. 


Motor Starting Study Case 


Info Event Model Adjustment Alert 
Alert Based On 
@ Global Setting 
Starting Motor 
Terminal Voltage 
[_] Start Time Limit 
Slip (Fail To Start) >= 


Starting Motor Bus 
Generator/Grid Bus 
kV >= 10 
kV Between 
kV <= 


Generator Rating 
Engine Rating 
Engine Peak Rating 
Exciter Peak Rating 


Starting MOV 


Rated kV 
Terminal Voltage © 


© MOV VLimit 


[x] [us.yn ¥) Bl Copy New Delete | Help OK || Cancel 
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Critical and Marginal 

There are two levels of alerts for a Motor Starting Study: Critical Alert and Marginal Alert. The alert limit 
values are set in the Critical and Marginal columns. The difference between Marginal and Critical Alerts 
is their use of different percent value conditions to determine if an alert should be generated. If a 
condition for a Critical Alert is met, an alert will be generated in the Critical Alert group of the Alert 
View window. The same is true for Marginal Alerts. Also, the Marginal Alerts option must be selected to 
display the Marginal Alerts. If a device alert qualifies it for both Critical and Marginal Alerts, only 
Critical Alerts are displayed. 


Note: For ETAP to generate alerts for an element type, both the element rating and the percent value 
entered in this page must be non-zero. The element ratings for alert checking are given in the following 
sections. 


Starting Motor/MOV 


ETAP checks alert for motor terminal voltage and fail to start for starting motors and MOVs. 


MOV Terminal Voltage 
ETAP checks the terminal voltage of a starting MOV against the limit you set in the Study Case. The alert 
limit is a percentage based on MOV rated voltage. 


Motor Terminal Voltage 
ETAP checks the terminal voltage of a starting motor against the limit you set in the Study Case. The alert 
limit is a percentage based on motor rated voltage. 


Motor Slip (Fail To Start) >= 

Motor slip alert is for identifying fail to start condition for a starting motor. It is applicable only for 
Dynamical Motor Acceleration calculations. The alert limit is motor slip in percent. If after a motor is 
switched on, its slip is always higher than this limit until the end of simulation, an alert will be generated 
by ETAP. 


Generator 


In this group, you can specify alert limits for operating values of a generator, generator engine and 
generator exciter. 


You can specify a minimum time of violation for generating an alert for each type of alert in this group. 
When a non-zero value is entered in this field, ETAP will generate an alert only when a continuous 
violation lasts longer than the minimum time of violation. 


Generator Rating 
A generator rating alert is generated when the output power (MVA) from a generator is larger than the 
alert limit. The alert limit is in percent based on generator rated MVA. 


PrimeMover Continuous Rating 

As the Prime Mover rating of a generator may not be the same as the generator itself, a separate alert for 
Prime Mover rating is needed. A Prime Mover continuous rating alert is generated when the output real 
power (MW) from a generator is larger than the alert limit. The alert limit is in percent, based on 
generator Prime Mover continuous rating, entered in the Prime Mover Rating group of the Rating page in 
the Synchronous Generator Editor. 
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PrimeMover Peak Rating 

A Prime Mover peak rating alert is generated when the output real power (MW) from a generator is larger 
than the alert limit. The alert limit is in percent, based on generator Prime Mover peak rating, entered in 
the PrimeMover Rating group of the Rating page in the Synchronous Generator Editor. 


Mvar Peak Rating 

ETAP provides an alert on the maximum var peak rating for generators. A var peak rating alert is 
generated when the output reactive power from a generator is larger than the alert limit. The alert limit is 
in percent, based on generator peak var, entered in the Mvar Limits group of the Rating page in the 
Synchronous Generator Editor. 


Bus Voltage 


Due to large and heavily reactive currents drawn from starting motors, system under-voltage is always of 
great concern in maintaining normal operations during motor starting. To quickly identify any potential 
under-voltage problems, ETAP provides different levels of alerts for starting motor terminal buses, 
generator and power grid terminal buses, and other buses with different voltage levels. 


You can specify a minimum time of violation for generating an alert for each type of alert in this group. 
When a non-zero value is entered in this field, ETAP will generate an alert only when a continuous 
violation lasts longer than the minimum time of violation. 


Starting Motor Term. Voltage 

An under-voltage alert for starting motor terminal voltage is generated when the motor terminal voltage is 
less than the alert limit. The alert limit is in percent based on motor rated voltage. This alert helps 
identify possible fail to start conditions, especially for Static Motor Starting studies which do not simulate 
the motor acceleration process. The alert limit can be set based on the manufacturer provided minimum 
voltage requirement for a motor to start. 


Generator/Grid Term. Voltage 

As a power source delivers heavy starting current, its terminal voltage can also suffer serious drop. It is of 
great importance to monitor and maintain acceptable voltage level for a generator or power grid during 
motor starting because it can affect a far larger area of loads than voltage drop on a starting motor 
terminal bus. An under-voltage alert for generator or power grid terminal voltage is generated when the 
source terminal voltage is less than the alert limit. The alert limit is in percent based on the generator or 
power grid rated voltage. 


HV Bus, kV >= 

An under-voltage alert for a high voltage bus is generated when the bus voltage is less than the alert limit. 
The alert limit is in percent based on the bus nominal voltage. A bus is considered a high voltage bus if 
its nominal kV is larger than or equal to the value entered in the field on the same line. 


MV Bus, kV Between 

An under-voltage alert for a medium voltage bus is generated when the bus voltage is less than the alert 
limit. The alert limit is in percent based on the bus nominal voltage. A bus is considered as a medium 
voltage bus if its nominal kV is between the voltages limits set for high and low voltage buses. 


LV Bus, kV <= 

An under-voltage alert for a low voltage bus is generated when the bus voltage is less than the alert limit. 
The alert limit is in percent based on the bus nominal voltage. A bus is considered as a low voltage bus if 
it’s nominal kV is less than or equal to the value entered in the field on the same line. 
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Auto Display 

After the motor starting calculation is completed, ETAP checks for any abnormal operating conditions 
according to alert limits you set in the Alert page of Motor Starting Study Case. If any abnormal 
conditions have been determined, alerts will be generated and reported in Alert View as well as in the 
Crystal Reports format report. If you select the Auto Display option and alerts are generated by the 
calculation, the Alert View will open automatically. For information about the Alert View window, see 
section 21.8, Alert View. 


Marginal 


Select the Marginal option if you want the Alert View to display Marginal Alerts. 


Individual Element 


This option allows you to set individual alert limits for starting motor and bus voltage within their specific 
editors. However, the alert functions remain the same like during global setting. 


- 
Motor Starting Study Case ==) 
[Info _| Event | Model | Adjustment | | 
Alert Based On 
©) Global Setting @ Individual Bement 

eon eae Critical Marginal 
(¥] Terminal Voltage % % 
(-] Start Time Limit Sec. 
(¥] Slip (Fail To Start) >= 5 % 

Bus Voltage 
(¥] Starting Motor Bus z x Sec. 
(¥] Generator/Grid Bus 4 % Sec. 
(MJ kV >= 10 % % Sec. 
(¥] kV Between % % Sec. 
kv <- 1 % % Sec. 

Generator 
(¥] Generator Rating 100% 95 % 0. Sec 
(¥] Engine Rating 100 % 5 |% 0 Sec 
(¥| Engine Peak Rating 100% 95% 0. Sec 
(¥] Exciter Peak Rating 100 % 95 * 0 Sec 

Starting MOV 

(¥] Terminal Volt 80 % 9 % —" 
emminal Voltage % MOV VL 
| (us Banc =) By Lon] 
Le —— I 
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Starting Motor/Terminal Voltage 
For Individual Limit option, the starting motor terminal voltage alert limit can be specified within the 
individual motor (induction and synchronous) editor field shown below. 


r 
Induction Machine Editor-Mt2 =} 


1 OHP OkV Cable Info not available 


Info 


Voltage Limit (Motor Starting Only) 
Min. Transient 80 


iS) (2 (2) [0x3] {corea | 
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Motor Slip (Fail To Start) >= 
For Individual Limit option , the motor fail to start time can be specified within the individual motor 
(induction and synchronous) editor field shown below. 


fe | 4 
Induction Machine Editor - Mtr2 | es 


Cable/Vd Cable Amp 
Info Nameplate Imp 


1 OHP OkV Cable Info not available 


Load Torque 


Load Model Lib... | 


Acceleration Time (Static Starting) 


wine 2 [eae 


al) [Sime > we 
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Bus Voltage 
For Individual Limit option , the alert limits for bus voltage and the minimum time of violation in cycles 
or seconds can be specified within the bus editor as shown below. 


Info 


a i |S) aa) (2) 


1D (a 


| 0.48 kV 0 Amps Symmetrical 0 kA 


Ce —) 


@ 3 Phase 
1 Phase 2W 


-— 


1 Phase 3W 


Load Diversity Factor 
Min. 


80 125 % 


Voltage Limit (Motor Starting Only) 
Min. 90 % 


Duration 0 [Cycle | 


Note: Individual limit option does not apply to Generator and Starting MOV. 


ETAP 


21-30 
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21.3 Display Options 


The Motor Starting Analysis Display Options consist of a Results page and three pages for AC, AC-DC, 
and color information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


21.3.1 Results Page 


Select the result information to be displayed on the one-line diagram. 


Display Options - Motor Starting |p| 


AC | AC-DC_| Colors | 


Voltage Magnitude 


(¥] Bus Magnitude 


[| Load Term. Magnitude 


Load Term. Base kV 
@) Load Rated kV 
~) Bus Nom. kV 


Power Flows 


© kW +j kvar 
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Voltage Magnitude 


From the drop-down list, select a unit for bus voltage display. It can be in percent or kV. 


Bus Magnitude 
Select this option to display bus voltage magnitude in the selected unit. When the option is cleared, a bus 
voltage will not be displayed on one-line diagram. 


Load Term. Magnitude 
Select this option to display the load terminal voltage magnitude in the selected unit. When the option is 
cleared, a load terminal voltage will not be displayed on one-line diagram. 


Load Term. Base kV 


This group allows you to select base kV for the load terminal voltage when voltage magnitude is to be 
displayed as a percentage. If the voltage is to be displayed in kV, this group is disabled. 


Load Rated kV 
Select this option to use the load rated kV as the base voltage. 


Bus Nom. kV 
Select this option to use the load terminal bus nominal kV as the base voltage. 


Power Flows 


Select a unit of measure for power flow from the drop-down list to be displayed on the one-line diagram. 
This can be in kVA or MVA. The display unit options listed below change depending on this selection. 


kW + j kvar or MW + jMvar 
Select the kW + j kvar option (for kVA units) to display power flow in kW and kvar or MW + jMvar (for 
MVA units). 


KVA or MVA 
Click the kVA button to display power flow in kVA or the MVA button to display power flow in MVA. 


Amp 
Click the Amp button to display the current flow in amperes. 


%PF 
Select the %PF option to display the power factor in percent. 


Show Units 


Select this option to show units for voltage and power flow annotations. 
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21.3.2 AC Page 


This page includes options for displaying info annotations for AC elements. 


Display Options - Motor Starting |S 
AC AC-DC | Colors 


ID Rating kV A DY Z 


ID 


Select the options under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 


Select the options under this heading to display the ratings of the selected AC elements on the one-line 
diagram. 
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Device Type Rating 

Gen. (Generator) kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# of Phases - # of Wires) 
Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay Display Tag, entered in Info page of Relay Editor 
PT & CT Transformer Rated Turn Ratio 


kV 
Select the options under this heading to display the rated or nominal voltages of the selected elements on 
the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 


Select the options under this heading to display the ampere ratings (continuous or full-load ampere) of the 
selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the options under this heading to display the rated impedance of the selected AC elements on the 
one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
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D-Y 

Select the options under this heading to display the connection types of the selected elements on the one- 
line diagram. For transformers, the operating tap setting for primary, secondary, and tertiary windings is 
also displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Motor 
Select this option to display the AC composite motor IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. The checkboxes on this page will be grayed out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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21.3.3 AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


Display Options - Motor Starting |p| 


ID 
Select the options under this heading to display the IDs of the selected AC-DC elements on the one-line 
diagram. 


Rating 


Select the options under this heading to display the ratings of the selected AC-DC elements on the one- 
line diagram. 
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Device Type Rating 

Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 


kV 
Click the options under this heading to display the rated or nominal voltages of the selected elements on 
the one-line diagram. 


A 


Click the options under this heading to display the ampere ratings of the selected elements on the one-line 
diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 
Select this option to display the composite network IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. 
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21.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - Motor Starting |p 


|Resuts | AC | AC-DC | 


Theme 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 
4 
Theme Editor 
—— =] cor cate 
Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font 
Standard Bement Colors 
AC DC Composite 
Energized | mz 
De-energized 
Pins | | 
Selected |x Yc cll 
Faulted Bus | | 
Annotation 
a Hyperink | 
Warning (SENN) «Visited Hyperiink (a) 
No Tag Online Meter aay 
Acknowledged (MN) © Playback Meter (a) 
Bad Quality | 
Zoom Grid Faulted Bus 
Color (NN) = Color (__ ® Color 
Transparency 80 a Size 8 > Symbol 
Style ——— w 
Background [| 
[Help] [ SaveAs..] [Delete | [ SetGlobai ] {Apply | [_ OK | {Cancel 


Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the global color themes option has been previously 
selected. 
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21.4 Calculation Methods 


ETAP provides two methods for motor starting: Dynamic Motor Acceleration and Static Motor Starting. 


Both methods perform time-domain simulations and report results in both text report and plot formats. 


The purpose of performing a motor starting study is twofold: to investigate whether the starting motor can 
be successfully started under the operating conditions and to see if starting the motor will seriously 


impede the normal operation of other loads in the system. 


The Dynamic Motor Acceleration and Static Motor Starting differ in the way the starting motors are 


modeled. 
Loading Loading 
Ty 
If If 
I, Is 
le apa — 1 time t— | time 
-——tp—41 tg —4 
Motor Acceleration Motor Starting 
(dynamic model) (static model) 

I}; = Locked Rotor Current (%) t,,.,-= Acceleration Time (dynamically calculated) 

I, = Starting Load (%) t,, = Starting Time (fixed) 

I¢ = Final Load (%) t, = Beginning of Load Change after acceleration 


te = End time for motor Load Change 


21.4.1 Dynamic Motor Acceleration 


In Dynamic Motor Acceleration, a dynamic model throughout the whole simulation models the 
accelerating motor. For this study, you also need to specify a load torque model for the load that the 


motor is driving. 


From the Model page for induction motor, or the LR Model page for synchronous motor, you can specify 


motor dynamic model from one of the five different types: 


ETAP 


Single1 - Equivalent (Thevenin) circuit model with constant rotor resistance and reactance 
Single2 - Circuit model with deep-bar effect, rotor resistance and reactance change with speed 
DBL1 - Double cage circuit model, with integrated rotor cages 

DBL2 - Double cage circuit model, with independent rotor cages 

TSC - Torque slip characteristic curve model 
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While the Single1, Single2, DBL1, and DBL2 models are all based on an electrical circuit representation 
of the motor, the TSC model allows you to model a starting motor directly from the manufacturer’s 
performance curves. You can choose one of the existing library models or create your own motor model 
in the Motor Library. 


ETAP also allows you to model the load torque curve for each individual motor. You can choose one of 
the existing library models or create your own motor model in the Motor Load Library. 


Due to the difference in modeling of starting motors, you may perform the static motor starting study if 
you are more concerned with the effect of motor starting on other operating loads in the system or if 
information on dynamic model for the starting motor is not available. On the other hand, if you are 
concerned with the actual acceleration time or whether the starting motor can be successfully started, a 
dynamic motor acceleration study should be performed. 


21.4.2 Static Motor Starting 


In the Static Motor Starting method, it is assumed that the starting motor can always be started. You 
specify from the Motor Editor motor acceleration time at 0% and 100% of the load, and the module 
interpolates the acceleration time for the motor load based on these two values. 


During the acceleration period, the motor is represented by its locked-rotor impedance, which draws the 
maximum possible current from the system and has the most severe effect on other loads in the system. 
Once the acceleration period has passed, the starting motor is changed to a constant kVA load and ETAP 
simulates the load ramping process according to the starting and final loads specified in the Motor Editor. 
Refer to Motor Starting Category page in the Motor Editor for more information. 


21.4.3 Load Transition 


In an event, you can specify a load transition to transfer system operating load from one Loading 
Category to another. This allows you to globally adjust the system load during motor starting studies. You 
may apply a load transition to all operating loads or to a group of loads by setting an upper limit of 
capacity on loads to be involved in the load transition. Additionally, you can start motors through load 
transition if the load percent is changed from zero to a non-zero value. 


Due to the complexity involved in the interaction between normal motor starting actions and load 
transition, the following rules are implemented to resolve conflicts in motor starting action preparation. 


1. If, in an event, both action by Load or Starting Category and action by load transition call for change 
of status or loading of a load, the action by Load or Starting Category takes priority. 

2. Ifa load, whether a motor, an MOV, a static load, or a capacitor, is switched on/off through actions 
by load or starting category in one event, the load transition will not apply to this load from that point 
on. 

3. If, in a load transition, the load percent of a motor (or an MOV) is changed from zero percent to a 
non-zero value, this motor (or MOV) will be started at the new load percent (non-zero value). And 
from this point on, the load transition will not apply on this motor (or MOV) any more. 

4. Load transition does not apply on MOVs that have initial status as either Open or Closed. 

5. In calculating load for a load transition, it takes into consideration the options for load diversity 
factors entered in the Motor Study Case Editor for prestart load flow. 
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21.4.4 MOV Motor Starting 


MOVs are specially designed motors that have different operational characteristics from regular motors. 
Since these motors behave close to constant impedance load during operation, they are modeled as 
constant impedance load in motor starting calculations. 


The operation mode of an MOV may be opening or closing a valve, depending upon its initial status. To 
start an MOV motor, its status has to be either open or closed. If the initial status of an MOV is open, its 
operation mode will be closed and if the initial status is closed, its operation mode will be open. Both 
modes involve several stages of operation as defined in the Characteristic group of the Nameplate page in 
MOV Editor. For each stage, the impedance to represent the MOV is calculated based on the current and 
power factor for the stage and the rated voltage. 


Note: Once the MOV is configured to start from the study case, it is assumed that the MOV will not 
consume any power before the event is executed. 


For one motor starting simulations, a MOV is allowed to start only once due to infrequent operations of 
MOV. 


21.4.5 Starting Device 


A starting motor can have one of thirteen types of starting devices modeled in the Motor Starting Studies, 
including four general models for soft starter. You can specify starting device type and its control 
characteristics from the Start Dev page of Induction Motor Editor or Synchronous Motor Editor. 
Depending on the model type selected to represent a starting motor, certain types of starting device may 
not apply. The following table gives applicable starting devices for each type of motor models. 


Starting Device Modeled in Motor Starting Studies 


Motor Model 
Starting Device Static Motor 
Model Starting Dynamic Motor Starting 

LRZ Single1 Single2 Double1 Double 1 TSC 
Auto-XFMR Yes Yes Yes Yes Yes Yes 
Stator R Yes Yes Yes Yes Yes Yes 
Stator X Yes Yes Yes Yes Yes Yes 
Capacitor @ Bus Yes Yes Yes Yes Yes Yes 
Capacitor @ Term Yes Yes Yes Yes Yes Yes 
Rotor R Yes No Yes No No No 
Rotor X Yes No Yes No No No 
Y/D Yes Yes Yes Yes Yes Yes 
Partial Winding Yes Yes Yes Yes Yes No 
Current Limit Yes Yes Yes Yes Yes Yes 
Current Control Yes Yes Yes Yes Yes Yes 
Voltage Control Yes Yes Yes Yes Yes Yes 
Torque Control No Yes Yes Yes Yes Yes 
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21.4.6 Generation Category Change 


In power system operations, it happens sometimes that while a larger motor is in the process of starting 
up, a major source such as a power grid suddenly changes its operating values for the magnitude of 
voltage at the interface point between the power grid and your electrical system. To simulate this 
situation, ETAP allows you to change the Generation Category for generators and power grids. In any 
event, you can change generation category from the existing one to any category. The operating values for 
the ten generation categories are entered from the Rating page of Synchronous Generator Editor or Power 
Grid Editor. 


If a system contains multiple power sources (generators and power grids), change of generation for any 
power source will potentially alter operating conditions of other power sources. In motor starting 
calculation , whenever there is a change of Generation Category for a generator or a power grid, ETAP 
uses the prestart system loading to determine internal voltage magnitude and angle of all generators and 
power grids. These internal voltage magnitude and angle values stay constant until there is a new change 
of Generation Category. 


21.4.7 Motor Starting vs. Transient Stability Studies 


The motor starting calculation is intentionally directed to investigate the behavior of a starting motor and 
its effect on system operations, as facilitated by starting devices, etc. The transient stability calculation 
can also simulate the motor starting process, with emphasis on the dynamic behavior of the whole system 
under the impact of motor starting. The differences in objectives of the two types of calculation lead to 
different modeling of system elements, as shown in the table below. 


Comparison of System Element Models 


Dynamic Static 
Element Load Flow Transient Stability Motor Acceleration Motor Starting 
Generators Infinite Bus Dynamically Modeled Constant Voltage Constant Voltage 
Behind Xd’ Behind Xd’ 
Exciter/Governors Not Dynamically Modeled Not Modeled Not Modeled 
Applicable 
Utility Ties Infinite Bus Constant Voltage Constant Voltage Constant Voltage 
Behind X” Behind X” Behind X” 
Operating Motors Constant kVA Modeled Dynamically Constant kVA Constant kVA 
or Constant kVA 
Starting Motors Not Single1, Single2, Single1, Single2, Locked-Rotor Z and 
Applicable DBL1, & DBL2 DBL1, DBL2, & TSC Power Factor 
Models Models 
Starters Not Modeled Modeled Modeled 
Applicable 
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21.4.8 Other Features of Motor Starting Study 


Many features are included in the motor starting study to facilitate system design and analysis, including 
the following: 


e A Static load can be switched on and off repeatedly at any time during a simulation with user 
specified Loading Category. 

e A motor can be started and switched off repeatedly at any time during a simulation. 

e The motor switching can be specified by an individual Load or by Bus and Starting Category. 

e In static motor starting, after the acceleration period is passed, it will be modeled as a constant power 
load. The load level can vary at a rate specified by the user. Please see the Motor Starting Category 
page for a detailed description on the model for load changes. 

e An MOV can be started at any time during the simulation. 


21.4.9 Modeling of SVC 


In the initial load flow calculation, an SVC is modeled the same way as in a standard load flow 
calculation. It will adjust terminal bus voltage as specified in the SVC Editor and provide or absorb 
reactive power as needed. However, after the initial load flow, it will be represented as a constant 
impedance load with the value set based on the initial load flow. 


ETAP 21-44 ETAP 19.0 User Guide 


Motor Acceleration Calculation Methods 


21.4.10 Induction Motor with % Loading Equal to Zero 


Since the induction motor editor has been enhanced to allow to specify the motor input current at zero 
loading, in load flow calculations, a motor with %loading equal to zero may still draw power from the 
system due the losses in the motor. This means that in load flow calculation a motor with zero loading 
indicates that the motor has no output power, but the motor is still running. 


In motor acceleration calculations, the meaning of loading being zero is different from load flow 
calculation. If a motor has zero loading, it means that the motor is not connected and it draws zero current 
and power from the system, even if the no-load current entered in the motor editor is larger than zero. 
This applies to operating induction motors in both initial load flow and load transition. 


Note that if an operating motor has loading equal to 0.01%, its input power will be calculated based on 
the parameters from the Nameplate page of the Induction Motor Editor. So there may be a jump in input 
power for operating motors in motor acceleration when the load is changed from 0.01% to 0%. 


Induction Machine Editor - Mtr2 (que So 


Cable/Vd Cable Amp i Reliability | Remarks Comment _ | 
Info Nameplate | imp | inertia | Load | StatDev | StatCat | 
[1 2500HP 13.2kV 1-3/0 2 AWG/kcmil 15kV 
Ratings 
Design = Other 


FL 
100 % 


2500 kV 132. %PF 9253 
[ xwa | [2060 FLA 90.1 %ER 978 


% Slip 0.91 RPM 1784 
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21.4.11 Modeling of Induction Generator 


There is an option in the Info page of the Induction Machine Editor to set the Application Type as Motor 
or Generator. If an Induction Machine is set as Induction Generator, its modeling can be different 
depending on whether the machine is started in a Motor Stating simulation. For all operating induction 
generators, the ones that are not started in a simulation, they are modeled the same way as in load flow 
calculation. The induction generator provides real power to the system and draws reactive power from 
the system. This rule applies to initial load flow as well as load transitions. 


For induction generators that are started during a simulation, either through action by element, action by 
Starting Category, or action by load transition, it is modeled differently before and after the induction 
generator is started. In the initial load flow and during load transitions before the machine is started, it is 
modeled as in induction generator in the same way as in the load flow calculations. Once the machine is 
started, it will be modeled as an induction motor from that point on in the simulation. When modeled as 
an induction motor, its rated kVA will be the same value as displayed in the editor, but its output 
horsepower (or kW) will be recalculated based on the machine rated kVA, efficiency and power factor. 


21.4.12 Modeling of VFD 


VFD Connections 


ETAP allows for very flexible connections for a VFD. Its input can connect to a bus, a branch, or multiple 
transformers. Its output can be connected to a bus or a load (motor or a lump load). The following figure 
shows some typical connections of VFD in ETAP. From the view point of calculation handling, there are 
two types of VFD connections: VFD sub-network and load directly connected VFD. A load directly 
connected VFD is shown as VFD-1 below where a load (a motor or a lump load) is connected to a bus 
through a VFD. A VFD sub-network is a sub-system connected to the output of a VFD, consisting of 
buses, loads and branches, as shown in VFD-2, VFD-3 and VFD-4 below. In the current version of 
ETAP, it is required that a VFD sub-network be a radial system, contain only one energized motor, and 
not include 3-winding transformers or source elements. 


In Motor Acceleration Analysis, the sub-network powered by a VFD, i.e. the sub-system below VFD-4, is 
aggregated along with motor equipment cable as one equivalent impedance. ETAP does not report the 
voltages and flows on the buses and branches in the VFD sub-network. All adjustment options specified 
in the study case are still applicable to these elements. The fixes or manual operating taps of transformers 
in a VED sub-network are considered in the calculation, but transformer LTC is excluded. 
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Bus12 
13.8 kV 
Cable-1 
3 300 ft 
TA TA T2 | T4 1-3/C 250 
10/5/5 MVA 1MVA 1MVA 1MVA 1MVA eciea 
VFD-1 
[X] 500 Hp peters pater patent peaseeted 500 HP 
VFD-3 
VFD-2 
QO 1500 HP 3500 HP cl TAI 
Mtr-1 oop 1.5 MVA 
500 HP 
ime 
mi 
1500 HP 1-3IC 250 
wat, T-A2 
4500 HP “yO 1.5 MVA 
Mtr4 
1000 HP 


Typical VFD Connections 


Modeling of VFD for Operating Loads 


For an operating load (a motor or a lump load) powered by a VFD, either in the initial load flow or during 
load transition, the VFD is modeled the same way as _ the regular load flow calculations. The VFD is 
represented as a constant voltage source with the output voltage and frequency determined by the V/Hz 
and operating frequency of the applicable generation category. On the input side, the VFD is modeled as a 
constant power load with the input power equal to the output real power divided by its efficiency. The 
input reactive power is dependent on the operating input PF option selected from the Loading page of the 
VFD editor. When there are multiple input transformer connections, the input power is equally shared 
among all connections. 


Note that for a load that is directly connected to a VFD,( i.e. VFD-1 shown above) the equipment cable 
loss is calculated based on the VFD operating voltage. For a VFD sub-network, i.e. VFD-4 shown above, 
the losses associated with the subOnetwork is calculated based on the aggregated equivalent impedance. 


Modeling of VFD for Starting Motors 


For a starting motor powered by a VFD, the VFD output voltage and frequency follow the control scheme 
specified in the Start Device page if the Frequency Control type is selected. If the option “None” is 
selected, the modeling of VFD will be different depending on if the motor is directly connected to the 
VFD or there is a bus in between (case for VFD sub-network). Additionally, the starting motor may have 
its own starting device entered in the motor editor and this motor starting device may take effect in some 
cases. The specific rules for handling all these cases are listed the section below. 
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Basic Rules for Starting Motors with VFD 


a. If astarting motor is directly connected to a VFD (i.e. Mtr1 below) and the VFD Starting Device 
type is set as None, the VFD is ignored in motor acceleration. This is similar to the bypass switch 
being closed. The motor starting device takes effect if it is specified. 

b. Ifa starting motor is directly connected to a VFD (i.e. Mtr5 below), but the VFD Starting Device 
type is set as Frequency Control, the VFD will be modeled according to the specified Control 
Scheme. The starting device of the motor is ignored. 

c. Ifthe VFD output is connected to a bus (i.e. VFD3 below), the VFD will be modeled according to 
the specified Control Scheme. The starting device of the motor is ignored. 

d. If the bypass switch of a VFD is closed, the VFD is simulated as a closed switch. The motor 
starting device takes effect if it is specified. 


Calculation Methods 


VED and Motor Modeling for Starting Motors 


Starting Device 
Cases Sa Motor Motor Starting Controlled by 
Connection VED Motor 
VFD1&Mtr1 | Direct Connection None Yes Motor starting device 
VFD2 & Mtr 2 | Direct Connection None None Start as across line 
VFD3 & Mir 3 ase eeen None Yes VED starting device, output maintained 
at rated voltage and frequency 
VED4 & Mir 4 Ben eneen Wave Nene VFD starting device, output maintained 
at rated voltage and frequency 
VED5 & Mtr5 | Direct Connection | FTeUUEPCY | yes ‘| VED starting Device 
Control 
VFD6 & Mtr6 | Bus in Between pure Yes | VED starting Device 


If a VFD has the Frequency Control type selected for motor acceleration and the starting motor has the 
characteristic model selected, ETAP does not support Dynamic Motor Starting simulation for the motor, 
since the characteristic model is only for rated frequency and it does not represent motor behavior under 
different frequency. For the same reason, if a starting motor is powered by a VFD, it is not supported to 
start this motor in the Static Motor Starting simulations, except that the motor is directly connected to the 
VFD. This exception is primarily for compatibility to the older versions of ETAP. 


ETAP 
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Motor Plots for VFD Controlled Starting Motors 


Due to the variable frequency applied on a starting motor, several new types of plots are added to starting 
motors. The following table gives definitions for different plots. Note that the rated frequency for a 
motor is the ETAP project frequency. If a VFD is connected to the starting motor through a sub-network, 
the sub-network is modeled as an equivalent impedance for the motor. The table shows that when a 
starting motor is controlled by a VFD, plots for the motor line current and input power are actually the 


values at VFD input. 


Plots for Starting Motors 


Plot Type Definition 
Slip Motor slip with respect to applied frequency. For a VFD controlled starting motor, 
this plot does not indicate motor speed if the applied frequency is not the rated value. 
Speed Motor speed in percent of the synchronous speed for motor rated frequency. 


Current (Line) 


VFD input current in percent of motor FLA. 


Current (Terminal) 


Motor terminal current in percent of motor FLA. 


Vt (Motor Base) 


Motor terminal voltage in percent of motor rated kV. 


Vt (Bus Base) 


Motor terminal voltage in percent of VFD input terminal bus nominal kV. 


V bus 


VFD input terminal bus voltage in percent of bus nominal kV. 


Accel. Torque 


Motor acceleration torque in percent of motor rated torque. 


Motor Torque Motor acceleration torque in percent of motor rated torque. 
Load Torque Load torque in percent of motor rated torque. 
kW (Electrical) VED input real power in kW. 
Kvar VFD input reactive power in kvar. 
kW (Mechanical) | Motor output power in kW. 
Frequency VFD output frequency applied on motor 
Voltage/Hz Motor terminal Volt/Hz in percent on motor rated voltage and freuqnecy. 


ETAP 
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21.5 Required Data 


Bus Data 
Required data for motor starting calculations for buses includes: 


Bus ID 

Nominal kV 

%V and Angle (when Initial Condition is set to use Bus Voltages) 

Load Diversity Factor (if the Loading option is set to use the Maximum or Minimum load) 


Branch Data 


Branch data is entered into the Branch Editors, including the 3-Winding Transformer Editor, 2-Winding 
Transformer Editor, Transmission Line Editor, Cable Editor, Reactor Editor, and Impedance Editor. 
Required data for motor starting calculations for branches includes the following: 


Branch ID 

Branch Z, R, X, or X/R values and units, tolerance, and temperatures, if applicable 
Cable and transmission line length and unit 

Transformer rated kV and kVA/MVA, tap and LTC settings 

Impedance base kV and base kVA/MVA 


Power Grid Data 
Required data for motor starting calculations for power grids include: 


Utility ID 

Mode (Swing, Voltage Control or Mvar Control) 
Rated kV, and short-circuit MVA and impedance 
Generation category data (%V and Vangle) 


Synchronous Generator Data 


Required data for motor starting calculations for synchronous generators include: 


Synchronous Generator ID 

Mode (Swing, Voltage Control or Mvar Control) 
Rated kW, kV, and power factor 

Xd’ and X/R ratio 

Generation category data, ( V%, MW and Mvar) 


Synchronous Motor Data 


Required data for motor starting calculations for synchronous motors include: 


Synchronous Motor ID 

Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loading for operating motors 
Loading Category IDs and % Loading for operating motors 

Equipment cable data 
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Induction Motor Data 
Required data for motor starting calculations for induction motors include: 


Induction Motor ID 

Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loading 
Loading Category ID and % Loading 

Equipment cable data 


Static Load Data 


Required data for motor starting calculation for static loads include: 


Static Load ID 

Rated kVA/MVA and kV 

Power factors at 100%, 75%, and 50% loading 
Loading Category ID and % Loading 
Equipment cable data 


MOV Data 


Required data for motor starting calculation for MOV includes: 


MOV ID 

Rated kW/hp and kV 

Current, PF, and time for each operation stage 
Equipment cable data 


Capacitor Data 


Required data for motor starting calculation for capacitor includes: 


Capacitor ID 

Rated kV, kvar/bank and number of banks 
Loading category ID and % Loading 
Equipment cable data 


Lumped Load Data 


Required data for motor starting calculation for lumped load includes: 


e Load ID 
e Rated kV, MVA, power factor, and % for motor load 
e Loading category ID and % Loading 


Variable Frequency Drive (VED) Data 


Required data for motor starting calculation for VFD includes: 


VFD ID 

Rated input/output kV, kVA, frequency, efficiency, and input power factor 
Operating input power factor, frequency, and V/Hz ratio 

Starting control type, control parameters, and current limit 
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Additional Data for Starting Motors 


For Static Motor Starting studies, the additional data includes: 


Motor locked-rotor impedance and power factor 

Motor acceleration time at no load and full load 

Start and final percent loading and begin and end of load change time 
Starting device data when needed 

No load and full load accelerated time (for static motor starting) 


For Dynamic Motor Acceleration Studies, the additional data includes: 


Dynamic motor model for induction motors 
LR model for synchronous motors 

Load torque model 

Motor inertia 


Study Case Data 


There are some Study Case-related data, which must also be provided. This data includes: 


Study Case ID 

Maximum number of iteration 

Precision of solution 

Total simulation time, simulation time step, and plot time step 
Prestart loading (Loading Category) 

Initial condition 

Transformer LTC data 

Equipment adjustment options 

Alert options 

Report (Report Format) 


The Study Case related data is entered into the Motor Starting Study Case Editor. 


ETAP 21-52 ETAP 19.0 User Guide 


Motor Acceleration Output Reports 


21.6 Output Reports 


The motor starting calculation results are reported in four different formats: Crystal Reports, a one-line 
view display, and plots. You can use the Display Options Editor to specify the content to be displayed. 


The Crystal Reports format provides you with detailed information for a Motor Acceleration Analysis. 
You can utilize the Report Manager to help you view the output report. 


The Output Report consists of several sections, as summarized in the following Section. 
21.6.1 Output Report Sections 


System Input Data 

The beginning of the Output Report prints the system input data that is used in the Motor Starting Study, 
including bus input data with the operating load connected to each bus, system branch data, branch 
connection summary, and generator and utility machine data. 


Initial Load Flow Report 

An initial Load Flow Study is performed with the specified prestarting load. This load flow calculation is 
carried out using the Newton-Raphson Method. The load flow result is printed for you to inspect system 
operating conditions. 


Switching Motor and Static Load Data 
The switching motor and static load data printed include the motor nameplate data, equivalent cable data, 
and the switching static load data. 


For dynamic acceleration studies, the motor dynamic model and load model data are also printed in this 
section. 


Switching Event Data 

This section of the Output Report lists every load-switching action, Generation Category change, and bus 
loading change from load transitions in the sequence of time events. It provides you with a summary of 
all the actions that are to be simulated in the study. 


Event Load Flow Report 

For each specified time event, whether there are switching actions or not, the module will run a load flow 
calculation and report the result in this section. This feature provides you with a way to inspect system 
operating conditions at any time during motor starting simulation. The module also runs a load flow at the 
end of the total simulation time and prints the results in this section. 


Tabulated Simulation Results 

This section tabulates, the simulation results, for each switching motor, as functions of time at the 
specified plot time step. The tabulated results include motor slip, motor terminal voltage, bus voltage, 
motor current, and motor real power input. 


ETAP 21-53 ETAP 19.0 User Guide 


Motor Acceleration Output Reports 


21.6.2 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click the View Output Report button, ETAP 
automatically opens the Output Report, which is listed in the Study Case toolbar with the selected format. 
In the picture shown below, the Output Report name is MS-Stat and the selected format is Complete. 


ETAP 
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Equipment Cable 
Events 

Impedance 

Inverter 

Line Compensation 
Load Flow Report 
Load Torque Model 


Switched Capacitor 
Switched Capacitor Switching Summary 
Switching Loads 


Voltage Regulator 
Voltage Regulator Summa’ 
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21.6.3 Motor Starting Report Manager 


To open the Report Manager, click the View Report Manager button on the Motor Acceleration toolbar. 
The editor includes four pages (Complete, Input, Result, and Summary) representing different sections of 
the Output Report. The Report Manager allows you to select formats available for different portions of 
the report and view it via Crystal Reports. There are several fields and buttons common to every page, as 
described below. 


Output Report Name 
This field displays the name of the Output Report you want to view. 


Path 
This field displays the path of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click this button to access Help. 


OK/Cancel 

Click the OK button to dismiss the editor and bring up the Crystal Reports view to show the selected 
portion of the Output Report. If no selection is made, it will dismiss the editor. Click the Cancel button to 
dismiss the editor without viewing the report. 
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21.6.4 Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type. They 


include: 


ETAP 


Acceleration Report Events 
Adjustments Impedance 
Alert Complete Inverter 
Alert Critical Load Flow Report 
Alert Marginal Load Torque Model 
Branch Machines 
Bus Reactor 
Cable SVC 
Complete Switching Loads 
Cover Torque Slip Curve 
Equipment Cable Transformer 

f Motor Starting Report Manager ==) 


Path 
C:\ETAP\Example-ANS! 
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Project: Example ETAP Page: 6 
Location: Irvine, California Date: 08-18-2004 
Contract: OTI- 12345678 SN: 850TI30125 
Engineer: Operation Techno bgy, ne. Sradyt ace: MS Dyn Revision: Base 
Filmame: EXAMPLE Comfig.: Nomal 
This info is printed on every output report, lst remark le. (120 characters) 
Second lme of rematks for "MS Dyn" study case. 
Branch Connections 
CKT/Branch Connected Bus ID % Impedance, Pos. Seq., 100 Mi V Ab 
pin) Type From Bo To By zk x Zz Y¥ 
2 2W XFME Main Bo fubl2é 295 792 738 
3 2W XFME Subs Swear LVBu #253 TSH Fee eT 
it 2W XFME fub3 Bul 5346 37959 383 33 
u 2W XFME fub23 Burl3h 12722 Tt 59 HI50 
122 2W XFME Bul 2ub22 10.87 1295¢ 130.90 
123 2W XFME But 2ub23 10.47 12956 130.00 
XFME.3 2W XFME fabs Swe ueel 25 pt W155 W200 
n 3W Xfmr Main Bo 2ub2B 118 +7 SS +79 
3W Xfmr Main Bo 2ub3 117 +3.66 43.63 
3W Ximr fub2B fub3 32412 3383 37 339886 
Cabk2 Cabk fub3 fabs fw 28 +7 548 
Cabklt Cabk Bul Bu2 119.39 8225 14531 
Cabk22 Cabk fubl A Bu? Om 038 113 
Cabk23 Cabk fub2B But Om 078 113 
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21.6.5 Result Page 


This page allows you to select formats to view the result portion of the Output Report. 


our Suing teporowaet 


@ Viewer 

© PDF 

© MS Word 

© Rich Text Format 
© MS Excel 

Set As Default 


Path 
C:\ETAP\Example-ANS| 


Lo _] 


Motor Acceleration 


Inductivn KMfotor ID: Pump 1 


% Temminal Vo lag Tory m (% FLI) % Temminal Vo lage 


Torym (% FLI) 


Time flip Cunment % Bus Time flip Cunent % Bus 

Ger) (%) (% FLA} 2VbLoad AVbEBu Volage Motor Load Gee) (%) (% FLA} 3VbLoad JVbBw Volage Motor Load 
0.000 100.00 6.00 000 000 DR 0.00 000 0010 100.00 0.00 000 000 DM 000 000 
0.020 100.00 0.00 0.00 000 DR 00 0.00 0.030 100.00 0.00 000 000 DM 0.00 000 
Ond0 100.00 6.00 0.00 000 Dm 0.00 0.00 0.050 100.00 6.00 000 000 DR 0.00 0.00 
0.060 100.00 0.00 0.00 000 DR 0.00 0.00 0070 100.00 0.00 000 000 Dm 000 000 
0.0 100,00 0.00 000 O00 Dm O00 000 0.090 100.90 0.00 O00 O00 DR 000 000 
0.100 100 90 53105 10126 973t 95 3427 328 0.100 WIS 5310+ 1012¢ 973t 9795 3429 326 
0110 9939 530 1012¢ 973t S795 3443 305 0.120 Bak 530 1 1012¢ 973t 9795 34.43 285 
0130 9326 530.69 10126 9736 FI 4S 2.66 0140 S49 530 57 10126 S3t 95 3508 243 
0.150 9711 53045 10126 9737 ST 3529 231 0.160 96 52 53032 10126 S37 oT 3551 215 
o1n HB 53019 1012¢ 9737 ST 35.33 201 0.160 9532 53007 10126 9737 Tot 3595 187 
0.190 MH T2 5294 1012¢ 9737 979 3618 175 0.200 410 529 10126 9737 oT 3642 1. 
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21.6.6 Summary Page 


This page allows you to select formats to view summary reports of the Output Report, including various 
alerts, sequence of events, and switching motors and static loads. 


wor Seng teen one 


Output Report Name 
MS-Dyn 


Path 
-C:\ETAP\Example-ANS! 


Seq uence of Events 


Load Change 
Time Event Switching Load % Loadimg Time Motor Load Static Load 
Name Tims pan] Type Action Cate gory Stat Final EBegm Eni nw Mvar uw Mvar 
Ewntl 9100 gyn Syn Motor Start Dorin 270 stp 030 100 
Pump 1 Ind. Motor Start Dor ign Rp Ere] 0.00 000 
Event? 00 Leadl Static Load SwithOn Derim 0249 0127 
Gel Gommpr Cat. Changs Normal 
Event} +000 Syn? Syn Motor Start Dor ign 200 S70 050 100 
Buli Bu Lead “0911 0.005 6.000 6.000 
Change 
LVBu Bu Lead “0.031 0017 001+ 0.008 
Change 
Heel Bu Load “0 DKS -0.031 -0.100 o.000 
Change 
fubl A Bu Load 0195 “0009 0.000 0.00 
Change 
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21.6.7 Complete Page 


In this page there is only one format available, Complete, which brings up the Complete Report for a 
Motor Acceleration Study. The Complete Report includes Input Data, Results, and Summary Reports. 


worsens ep hinet 


Output Report Name 
MS-Dyn 


Path 
-C:\ETAP\Example-ANSI 


(uta 
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Number of Buses: 1 


Number of Branches: 7 


Number of Machires: 1 


Method of Sohstion: 
Max. No. of Ierations: 5 


Precision of Sobation: 


System Frequency: 60 Hz 

Unit System : English 

Project Filename: EXAMPLE 
ETAP 


Motor Starting Analysis 


Dynamic Acceleration 
Prestart Loadmg Category (1): Design 
Prestart Generation C ate gory (1): Design 
Load Diversity Factor: Nore 
¥-Comtrol Load Total 
1 12 14 
XFMR3 Reactor Lime/Cable Impedarce Tie PD 
1 0 4 0 0 


Power Synchronous Induction 
Grid Motor Machines Total 
1 2 1 5 


Newton- Raphson 


0.00100 MW and Moar 
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21.7 One-Line Diagram Displayed Results 


In addition to the report in Crystal Reports format, ETAP displays the calculation results on the one-line 
diagram. Once a Motor Starting Study is finished, ETAP will display a Motor Starting Time-Slider in the 
toolbar, as shown below. The ruler ranges from zero seconds to the final simulation time. Initially, the 
reference pointer is at the far left, corresponding to t = 0 second. You may click either end of the ruler to 
move the pointer one grid at a time, or hold the mouse button down to move the pointer continuously. 
You may also click the pointer, hold the mouse button down, and then drag the pointer to the desired 
position. The time corresponding to the pointer position is also displayed next to the ruler in seconds. 


Motor Starting Time-Slider ea] 


Time cs 0.38 


The one-line diagram displays the bus voltages and the current (or kW + jkvar or kVA) of the starting 
motors for the simulation time specified on the ruler. As you move the pointer along the ruler, the 
displayed results change accordingly, providing you with a quick way to examine the calculation results. 


In the example one-line diagram shown below, the starting motor’s Pump 1 is drawing 644 kW and 2266 
kvar, while the voltage of bus Sub3 Swer is 97.58%. 


MB Study View=>Sub3 Net Ml Study View->...->MCC 3A SE 


at 
L¥Bus } ag 4 


Sub3 Sugr 0.48 kV [ecm Meow | 


694kvar |“lLOZkvar } } 


[1] 2266kvar O si Eas 
gy 99 2% 


noaet LUMP1 Hov.l 
280 UA 20 1A 15 HP 
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21.8 Alert View 


After the motor starting calculation is completed, ETAP checks any abnormal operating conditions 
according to alert limits you set in the Alert page of Motor Starting Study Case. If any abnormal 
conditions have been determined, alerts will be generated and reported in Alert View as well as in the 
Crystal Reports format report. The Alert View can be brought up by clicking the Alert View button in the 
Motor Starting toolbar. If you have selected the Auto Display option in the Alert page of Motor Starting 
Study Case, the Alert View will open automatically when alerts are generated. The following is a sample 
Alert View, which displays alerts for various bus Under Voltage and Motor Fail To Start alerts. 


Study Case: MS-Dynamic Data Revision. Base 
Configuration: = Normal Date: O?-27-2015 


Zone Filter Area Filter Region Filter 


Critical 


Device ID Type Alert Condition = Rating/Limit Unit Operating % Operating TBegin Duration 
Syn Motor Motor Start Failed to ... 5 % 51.23 1024.6 0.86 2.12 


Marginal 


Device ID Type Alert Condition = Rating/Limit Unit Operating % Operating TBegin Duration 


Sub24, H¥ Bus Bus Yoltage Under Vol... 13.8 kV 12.975 94 0.8 2.18 
Sub22 MY Bus Bus Voltage Under Vol... 3.45 kV 3.141 31 0.8 2.18 
LVBus LV Bus Bus Yoltage Under Vol... 0.48 kV 0.45 0.1 1.96 
Bus? H¥Bus Bus Yoltage Under Vol... 13.8 k¥ 12.969 94 0.8 2.18 
Bus5 LV Bus Bus Yoltage Under Vol... 0.48 kV 0.45 0.1 1.96 
Bus2 LV Bus Bus Voltage Under Vol... 0.48 kV 0.45 0 2.98 
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21.9 Plots 


ETAP also provides simulation plots for you to examine calculation results graphically. To view the 
simulation plots, click the Motor Acceleration Plots button in the Motor Starting toolbar. It will bring up a 
Motor Starting Plot Selection dialog box, where you can specify devices and types of plots to view. 

Motor Starting Plot Selection [=e som 


Device Type Plot Type 


Gen / Grid |V) Slip 
Motor = 
Mov \¥) Speed 
ete / Capacitor [7] Curent (Line) 


(¥) Current (Terminal) 
[¥| ¥t (Motor Base] 
(¥| ¥t (Bus Base] 

(¥] ¥ Bus 

|| Combine Plots \¥| Accel. Torque 


(¥| Motor Torque 
(¥| Load Torque 

| kW [Electrical] 
(¥) kvar 


[¥| kW [Mechanical] 


| Check All | | Uncheck All 


Close All Plots 


Device Type 


There are five types of devices for which you can plot: generators and power grids, starting motors, 
starting MOVs, static loads and capacitors, and buses. 


Device ID 


This list contains IDs of all devices for the selected device type. Click a device ID to view its plots. 
Clicking again will deselect it. Plots for up to 16 devices can be displayed on one plot view. If more than 
16 devices have been selected, plots for the first 16 devices will be displayed. 


Plot Type 


The Plot Type group provides a selection of plots for the selected device type. The following table lists 
available plots for the five device types. Plots for slip and starting motor torques are generated only by 
dynamic motor starting calculations. The motor torque is in percent, based on motor rated torque. 
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Available Plot Types for Motor Starting Studies 


Generator Power Starting Motor Starting MOV Static Load Bus 
Grid Capacitor 
Current Slip Current Current Voltage 
Vt (Machine Base) Current Vt (MOV Base) Vt (Load Base) 
MW Vt (Motor Base) Vt (Bus Base) Vt (Bus Base) 
Mvar Vt (Bus Base) Vbus Vbus 
MVA Vbus kW kW 
PF Accel. Torque kVar kVar 
Motor Torque kVA 
Load Torque 
kW, Electrical 
kvar 


kW, Mechanical 


The Check All button allows you to check all available plot types for the selected plot type. Clicking the 
Uncheck All button will clear all available plot types for the selected plot type. 


Combine Plots 


Select this option to plot curves for the selected plot types on one graph. This feature allows you to 
compare different types of plots (for example, voltage, slip, and starting motor torque) on the same graph. 


Close All Plots 
Clicking the Close All Plots button will close all existing open plots. 


When you click the OK button, ETAP will open plot views for all the selected plot types. ETAP opens 
one plot view for each selected plot type to display the type of plots for the selected motors. 


For information about viewing plots, see section 7.7, Plots. 
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Motor Terminal Voltage (Motor Base) 


Modifying Plot Parameters 


Plot parameters such as plot line type, axis, legend, and text can be modified directly from the plot view. 
For example, to modify plot line type, double-click the plot line and change the line type from the Plot 
Parameters Editor. For more information about modifying plot parameters, see section 7.7.1, Modify Plot 
Parameters. 
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Transient Stability Analysis 


The ETAP Transient Stability Analysis Program is designed to investigate the system dynamic responses 
and stability limits of a power system before, during, and after system changes or disturbances. The 
program models dynamic characteristics of a power system, implements the user-defined events and 
actions, solves the system network equation and machine differential equations interactively to find out 
system and machine responses in time domain. You can use these responses to determine the system 
transient behavior, make stability assessment, set protective device settings, and apply the necessary 
remedy or enhancement to improve the system stability. 


This chapter describes different tools to assist you in running Transient Stability Studies. An overview on 
the basics of Transient Stability Study is also provided. 


This chapter is organized into 9 sections: 


1. The Transient Stability Toolbar section explains how you can launch a transient stability calculation, 
open and view an Output Report, select display options, view plots, view actions that are taken in the 
study and perform Sequence of Operation playback. 


2. The Study Case Editor section explains how to create a new Study Case, to define parameters for a 
Study Case, to create a sequence of switching events and disturbances, to globally define machine 
dynamical modeling method, to select plot/tabulation devices, and to set device tolerance adjustments, 
etc. 


3. The Display Options section explains what options are available for displaying some key system 
parameters and the output results on the one-line diagram, and how to set them. 


4. The Calculation Methods section provides some theoretical backgrounds and quick reference for the 
fundamentals on Transient Stability Study, which are very helpful for users who do not have extensive 
experience on running Transient Stability Studies. 


5. The Required Data section is a very good reference for you to check if you have prepared all necessary 
data for transient stability calculations. These data range from the system side, such as bus and branch 
information, to the machine side, such as machine model and parameters, exciter model and parameters, 
and governor model and parameters. 


6. The Output Reports section explains and demonstrates the format and organization of the Transient 
Stability Text Reports. 


7. The One-Line Diagram Displayed Results section explains the available one-line displaying results and 
provides one example. 
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8. The Plots section explains what plots for transient stability are available and how to select and view 
them. 


9. The Action List section explains how to view the actions that are implemented in the study, and how to 
observe the system sequence of operation by moving the time-slider. 
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22.1 Transient Stability Toolbar 


The Transient Stability toolbar will appear on the screen when you are in the Transient Stability Study 
Mode. 


Run Transient Stability 

Display Options 

Alert View (Available in a future release) 
Report Manager 

Action List 

Transient Stability Plots 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run Transient Stabilit 

Select a Study Case from the Study Case toolbar. Then click on the Run Transient Stability button to 
perform a Transient Stability Study. A dialog box will appear to ask you to specify the Output Report 
name if the output file name is set to Prompt. When the calculation completes, the Transient Stability 
Study results will appear on the one-line diagram and are stored in the Output Report, as well as in the 
plot file. 


Display Options 


Click the Display Options button to customize the one-line diagram annotation options under the 
Transient Stability Study Mode and to edit the one-line diagram display for transient stability calculation 
results. See Display Options for more information. 


Alert View 
This button is disabled for ETAP. This feature will be available in a future release of ETAP. 


Report Manager 

Click on the Report Manager icon to select a format and view transient stability output reports. 
Transient stability analysis reports are provided in Crystal Report Viewer, PDF, MS Word, Rich Text, 
MS Excel formats. A number of predefined reports are found from here in Complete, Input, Results and 
Summary pages respectively. 
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Transient Stability Report Manager 


Complete | input _| Result | Summary | 


Complete (@ Viewer 
PDF 
© MS Word 
© Rich Text Format 
») MS Excel 
(Set As Default 


Output Report Name 
TS 


Path 


C:\ETAP 1100\Example-ANS! 


You can also select output files in Crystal Report Viewer format from the Output Report list box on the 
Study Case toolbar. 


The Output Report database for Transient Stability Studies has a .TS1S extension. 


Action List 


Click on the Action List button to view actions in the Study Case. The action list is updated every time 
when a new Study Case is done. The information in the Action List will be also available in Action 
Summary Report. The action list contains a complete list of actions including those defined in the 
Transient Stability Study Case and those from relay operations. The invalid actions due to system 
constraints are also reported in this list. Use the time-slider to observe the system Sequence-of-Operation. 
Left and right arrow keys will advance the time-slider to the previous/next action or the previous/next plot 
point. 
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| Transient Stability Action List x 
Time 0 (5.000 Seconds 5.000 
Hd) | >) im) la 
Time [sec] Event Device ID Action Action By 
0.500 Event 1 Sub 3 3 Phase Fault Study Case 
0.700 Event 2 Sub 3 Clear Fault Study Case 


Transient Stability Plots 


Click on the Transient Stability Plots button to select and plot the curves of the last plot file. The 
transient stability plot files have the following extension: .tsp. For more information see Plots section. 


Halt Current Calculation 


This button is normally disabled. When a transient stability study, this button becomes enabled and shows 
a red stop sign. Clicking on this button will terminate the current calculation. The one-line diagram 
displays and plots will not be available if you terminate the calculation before it completes, and the output 
report will be incomplete. 


Get On-Line Data 


This button is active when ETAP Real-Time Advanced Monitoring is enabled in your ETAP. Press this 
button to use Real-Time values such as loading, bus voltages, etc as your initial conditions for Transient 
Stability. 


Note: Operators can use this module to predict system response before taking an action in the real 
system. 


Get Archived Data 


This button is active when ETAP Real-Time Event Playback is enabled in your ETAP. Press this button 
to use Archived values such as loading, bus voltages, etc as your initial conditions for OPF. 


Note: Using archived values gives you the opportunity to study previous operating conditions from any 
of ETAP modules and define alternate solutions. 
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22.2 Study Case Editor 


The Transient Stability Study Case Editor contains solution control variables, loading conditions, event 
and action specifications, machine modeling selections and a variety of options for output reports and 
plots. ETAP allows you to create and save an unlimited number of Study Cases. Transient stability 
calculations are conducted and reported in accordance to the settings of the Study Case selected in the 
Study Case toolbar. You can easily switch between Study Cases without the trouble of resetting the 
Study Case options each time. This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any 
combination of the three major system toolbar components, i.e. for any configuration status, one-line 
diagram presentation, and Base/Revision Data. 


When you are in the Transient Stability Analysis mode, you can access the Transient Stability Study Case 
Editor by clicking on the Study Case button on the Transient Stability Study Case toolbar. You can also 
access this editor from the System Manager by clicking on the Transient Stability subfolder under the 
Study Cases folder. 


There are two ways to create a new Study Case. You can click on the “New Study Case” button on the 
Transient Stability Study Case editor to copy an existing Study Case to the new Study Case. 


Info Events Plot Dyn Model Adjustment 


Study Case ID Initial Load How 
@ Adaptive Newton-Raphson Max Iteration 99 
TS ©) Newton-Raphson Solution cate 
Precision : 
Apply XFMR Phase-Shift 
Loading Category Generation Category Charger Loading 
@ i 
= S Design F @ Loading Category 
O Operating Load 
Operating P,Q Operating P,Q. V 
Load Diversity Factor Initial Voltage Condition 
@ None © Bus Initial Voltages 
CO Bus Maimun @ User-Defined Fixed Value 
Vma 100 | Vang} 0 
© Bus Minimum a 1 a dE 
a Report 
Global 
laa [A Skip Tabulated Plots 
Study Remarks 


Second line of remarks for "TS" study case. 


ic TS v Bl Copy [new | Delete | Help OK Cancel 
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Duplicate Study Case 


Copy: TS 


To 
Co) | cae 


Or you can go to the System Manager, select the “Multi-dimensional Database” section, select the study 
case drop-down list, right-click on the Transient Stability Study Case folder, and select Create New. The 
program will then create a new Study Case, which is a copy of the default Study Case, and adds it to the 
Transient Stability Study Case folder. 
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=) Example-ANSI - C:\Pecan64Rel\Example-ANSI\ 


T)-+-fF]---- FE] 


~(y Configurations 
(5 Presentations 
<q Study Cases 


-( Arc Flash -7 

-(@ Battery Sizing - 2 

-( Cable Derating -1 

-(y Contingency Analysis - 1 

~( OC Arc Flash - 3 

-(y DC CSD Analysis - 1 

-( DC Load Flow -1 

~@ OC Short Circuit - 1 

-( Distribution Load Flow 

-(@ Distribution Short Circuit 

Failure Mode Analysis - 1 

-( Fault Management and Service Restoration 
-( Harmonic Analysis - 1 

-( Intelligent Load Shedding - 1 

-( Load Flow -5 

-( Motor Starting - 2 

-( Optimal Capacitor Placement - 1 
-(y Optimal Power Flow -1 

-(@ Railway Traction - 1 

-( Reliability Analysis - 1 

~( Short Circuit - 7 

~(@ Star Analysis - 2 

-@@ StarZ-1 

-(y Supervisory Control - 1 

-(@ Switching Optimization - 1 

-(Q Switching Sequence Management - 1 
-( Time Domain 3-Phase Load Flow -1 
Sen'] !ransient Stability - 2 


-(aa Unbalanced 3-Phase Load Flow - 1 
~-(§y Unbalanced 3-Phase Short Circuit - 1 
(4) Voltage Stability - 1 


The Transient Stability Study Case Editor consists of five pages: Info Page, Events Page, Plot Page, Dyn 


Model Page and Adjustment Page. 


ETAP 
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22.2.1 Info Page 


This page is provided for you to specify some general solution parameters and Study Case information. 


info | Events | Plot__| Dyn Model | Adjustment | 
Study Case ID Initial Load Flow 
(@) Adaptive Newton-Raphson 
TS (© Newton-Raphson 


[| Apply XFMR Phase-Shift 


Loading Category Generation Category Charger Loading 
: : @ Loading Category 
© Operating Load 
|] Operating P,Q |] Operating P,Q. V 

Load Diversity Factor Initial Voltage Condition 
© Bus Initial Voltages 
@ User-Defined Fixed Value 

Vmag 100 Vang 


o- Skip Tabulated Plots 


Study Remarks 
Second line of remarks for "TS" study case. 


Study Case ID 

The Study Case ID is shown in this entry field. You can rename a Study Case by simply deleting the old 
ID and entering a new ID. The Study Case ID can be up to 12 alphanumeric characters. Use the 
Navigator button at the bottom of the editor to go from one Study Case to another. 
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Initial Load Flow 


In this section you can specify the solution parameters for initial load flow calculation in transient 
stability analysis. 


Adaptive Newton-Raphson 
Choose Adaptive Newton-Raphson Method for initial load flow calculation. 


Newton-Raphson 
Choose Newton-Raphson Method for initial load flow calculation. 


Max Iteration 
Enter the maximum number of iterations. If the solution has not converged at the specified number of 
iterations, the program will stop and inform the user. The recommended and default value is 2000. 


Solution Precision 
Enter the value for the solution precision that is used to check for convergence. This value determines 
how precise you want the final solution to be. The default (and recommended) value is 0.0000000001. 


Apply XFMR Phase-Shift 

Select this option to include the transformer phase-shift specified in the Transformer Editors in both the 
transient stability initial load flow calculation and the time simulation calculation. Otherwise, transformer 
phase-shift will be ignored (i.e., 0 degree phase-shift regardless of the transformer winding connections). 


Loading Category 


In the Loading Category block, you can specify the system initial operating loads by selecting a loading. 
The initial loading conditions will establish an initial normal operation condition for the transient stability 
studies. 


Loading Category 
Select one of the ten loading categories for this Study Case. With the selection of any category, ETAP 
uses the percent loading of individual motors and other loads as specified for the selected category. 


Note: You can assign loading to each one of the ten categories in the Nameplate page, Loading page, or 
Rating page for most load components. Harmonic Filter loading is calculated from its parameters. SVC 
loading is computed from the initial load flow. 


Operating P,Q 

This option is available if your ETAP key has ETAP Real Time. Check this option to use operating P and 
Q as specified in the editors for load component. Operating P and Q for loads are from ETAP on-line 
data. 


Generation Category 


Select one of the ten generation categories for the current transient stability study. With the selection of 
any category, ETAP uses the generator controls for the selected category, as specified in the Rating page 
of the Generator and Power Grid Editors. The generator controls will be different depending on the 
Operating Mode that the generator and the power grid are operating under. The Operating Mode of a 
generator and a power grid is selected on the Info page of the Generator and Power Grid Editors. 


The table below shows the generation controls with respect to the Operating Mode. 
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Operating Mode | Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Operating P, Q, V 

This option is available if your ETAP key has ETAP Real Time. When this box is checked, the generator 
operating values update from the online data or a previous load flow study will be utilized in the Load 
Flow Study. 


Load Diversity Factor 


Apply appropriate load diversity factor(s) for transient stability initial load flow calculation. The choices 
are: 


None 
Select ‘None’ to use the percent loading of each load as entered for the selected Loading Category, i.e., no 
diversity factor is considered. 


Bus Maximum 

When the Bus Maximum option is selected, the loading of all motors and other loads will be multiplied 
by the maximum diversity factor of the bus, which they are directly connected to. Using this option, you 
can define the initial loading for Transient Stability Studies with each bus having a different maximum 
diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered. 


Bus Minimum 

When the Bus Minimum option is selected, the loading of all motors and other loads will be multiplied by 
the bus minimum diversity factor of the bus that they are directly connected to. Using this option, you can 
define the initial loading for Transient Stability Studies with each bus having a different minimum 
diversity factor. 


This study option may be useful in some cases where the effect of light loading condition needs to be 
investigated. 


Global 

Enter the diversity factors for all Constant kVA, Constant Z, Generic, and Constant I loads. When you 
select this option, ETAP will globally multiply all motors, static loads, constant current loads, and generic 
loads of the selected Loading Category with the entered values for the respective load diversity factors. 


Constant kVA 
Constant kVA loads include induction motors, synchronous motors, conventional and unbalanced lumped 
loads with % motor load, UPS’s, and chargers. 


Constant Z 


Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional and 
unbalanced lumped loads with % static load. 
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Constant I 
Constant current loads include unbalanced lumped loads with % constant current load. 


Generic 
Generic loads include lumped loads modeled using either the exponential, polynomial, or comprehensive 
model. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Charger Loading 


Loading Category 
Select this option to use the P and Q specified in the Loading Category section of the loading page of the 
charger editor. 


Operating Load 

Select this option to use P and Q specified in the Operating Load section of the Loading page of the 
Charger Editor. If this option is selected, a DC load flow calculation is required to run first in order to 
estimate the charger load. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this section for load flow calculation 
purposes. 


Bus Initial Voltage 
Select this option to use bus voltages and angles as entered in the Info page of the Bus Editor. Using this 
option, you can set load flow initial conditions to use bus voltages. 


User-Defined Fixed Value 

This option allows you to set initial load flow conditions using a fixed bus voltage magnitude and phase 
angle for all buses. When you select the fixed initial condition option, you must enter the initial voltage 
value as the percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude 
and zero degree for bus voltage angle. 


Study Remarks 


You can enter up to 120 alphanumeric characters in the Remarks box. Information entered in this 
location will be printed on the second line of the header information in every page of the output report. 
These remarks can provide specific information and conditions for each Study Case. 

Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Information Editor. 
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22.2.2 Events Page 


This page is provided for you to design and store transient stability study scenarios and events, as well as 
some solution parameters. 


Transient Stability Study Case |p Soom 


For Event Event 1 Active 


Device Ty... Device ID Action Setti... Seti... 


Sub 3 3 Phase Fat 


Add... | { Edit... | { Delete | Add... Edit... Delete 
Solution Parameters 
Total Simulation Time 5 Second 


Simulation Time Step 0.001 Plot Time Step 1 x dt 


Events 


In this list, all user-defined events are displayed in their time order to give you a clear picture of the 
sequence of events in this study. The active events are marked by '*' and are listed first, followed by 
those which are inactive. 


Event ID 
The Event ID is a unique name with a maximum length of 12 alphanumeric characters. 
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Time 
This is the time when the associated event occurs. The unit is in second. To enter the time for an 8 Cycle 
breaker opening on a 60Hz system, simply enter time as 0.133 seconds. 


Add (Event) 
A new event can be added by clicking on the Add (Event) button and opening the Event Editor. 
Event Editor 
Active Event ID 
Vv Event 1 0.5 
Help | | Cancel | 
Active 


Select this option to make an event active. Clicking on the box again will make the event inactive. Only 
active events will be included in the study. Use the active option to temporarily disable certain actions 
without deleting them from the Study Case. 


Edit (Event) 
Click on the Edit (Event) button to open the Event Editor and edit an existing event. You can also 
double-click on an event in the Event list to activate the Event Editor. 


Delete (Event) 
Delete an existing event from the list. 


Actions 


Each event can encapsulate a number of actions (system changes or disturbances). When you select an 
event by highlighting that event in the Events list, the actions associated with that event will be displayed 
in the Actions list. 
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Actions 

For Event NewEventName Active 
Device T... Device lD Action Se... Set 
< a 


Add... 


Each action is composed of the information of the Device Type, the Device ID, an Action, Setting 1 and 
Setting 2. 


Note: The event ID is displayed on top of the Actions list for your reference. 


Actions 
For Event NewEventName Active 
Device Type C=... Action Setting 1 Setting 2 
Induction Motor Mtl = LoadRamp 30% 5 Sec. 


Device Type 
This shows the type of device that is going to take an action. 


Device ID / Bus Zone # 
This shows the ID of the device or bus zone number (for Wind Turbine (Zone)) that is going to take an 
action. 


Action 


This option defines the action to be taken by the specified device and the device type. The following 
table shows the device types and their associated actions: 
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Device Type 
Bus 
Cable 
Line 
Impedance 


Circuit Breaker 
SPST Switch 
Fuse 

Contactor 
Generator 


Utility 


Syn. Motor 


Ind. Motor 


Lumped Load 


MOV 
Wind Turbine 


Wind Turbine 
(Zone) 


Actions 
3 Phase Fault / Clear 
Fault/ 
LG Fault? 
LL Fault 
LLG Fault 
Fault / Clear Fault 
Fault / Clear Fault 
Fault / Clear Fault 
Open / Close 
Open / Close 
Trip 
Open / Close 
Ref. Machine 
Droop 
Isoch 
Start 
Loss Excitation 
Generation Impact 
Generation Ramp 
Voltage Impact 
Voltage Ramp 
Delete 
Ref. Machine 
Voltage Impact 
Voltage Ramp 
Delete 
Accel 
Load Impact 
Load Ramp 
Delete 
Accel 
Load Impact 
Load Ramp 
Delete 
Load Impact 
Load Ramp 
Delete 
Start 
U-D Wind Disturbance 
Wind Gust 
Wind Ramp 
U-D Wind Disturbance 


Wind Gust 
Wind Ramp 


1 All unbalanced faults can be modeled only with the non-frequency dependent model 


ETAP 


Setting 1 


% of total length 
% of total length 
% of total length 


% change in electrical power 
% change in electrical power 
% change in reference voltage 
% change in reference voltage 


% change in reference voltage 
% change in reference voltage 


% change in loading 
% change in loading 


% change in loading 
% change in loading 
% change in loading 
% change in loading 


22-16 


Setting 2 


Time (sec) for % change 


Time (sec) for % change 
Time (sec) % change 
Time (sec) : % change 
Time (sec) : % change 
Time (sec) for % change 
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VFD Freq Change % change in frequency setting 
None Load Flow (no action, - - 
print load flow at the 


event time) 


Setting1 and Setting 2 

These columns display settings are for the action being performed. For example, for an induction motor, 
you can define and load increase using the load ramp function. Setting 1 would be the percentage by 
which the load needs to be ramped and Setting 2 would be the time it takes to ramp the load. Together, 
Setting 1 and Setting 2 define the slope of the load ramp. 


Add (Action) 

A new action can be added by clicking on the Add (Action) button and opening the Action Editor. Select 
a device type from the Device Type drop-down list. Select the device ID from the Device ID drop-down 
list. Select an action from the Action drop-down list. 


Action Editor 
Event ID Event 1 Active 
Action 
Device Type Device ID Action 
Bus | |Sub3 ~| |3PhaseFaut | 


nce acon 


Edit (Action) 
Click on the Edit (Action) button to edit an existing action. You can also double-click on a listed action 
to bring up the Action Editor. 


Delete (Action) 
Delete an existing action. 


Solution Parameters 


Total Simulation Time 
The total simulation time for a Transient Stability Study. The unit is in seconds. The maximum value for 
this field is 9999. 


Simulation Time Step 

This is the integration time step in seconds in transient stability simulation. You should set this number 
smaller than the smallest time constant in the system so you can see all the exciter and governor 
responses. 


Note: The smaller this number is, the more calculations are required, so the calculation time increases. 


The recommended value is 0.001 seconds. If you feel you need higher resolution, decrease this number. 
However, if the integration time step is too small, accumulated round up errors may increase. 
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Plot Time Step 

This value determines how often ETAP should record the results of the simulation for plotting. For 
instance, if you specify 20 steps, ETAP will plot points at every 20 simulation time step, ie., for a 
simulation time step of 0.001, the plot time step will be .02 seconds. The smaller this number is, the 
smoother your plots will look, but also remember that the plot files on your hard disk may grow quite 
large. Keep in mind that ETAP records plot information at this interval throughout the simulation. For 
example, if you specified a simulation time step of 0.001 seconds, plot time step of 10, and a total time of 
20 seconds, ETAP will write 20/(0.001*10)= 2000 points to disk, which may be a very large plot file, 
depending on the number of machines and buses being plotted. The maximum value for this field is 
1000. 


Notes on Transient Stability Actions: 


1. Opening and closing of a protective device (CB, Switch, or Fuse) that connects a 
composite motor to a bus is not allowed. 


If such a device is in the Transient Stability Study Case Action List (from the converted project from a 
version prior to ETAP 3.0), the device will be removed from the list and ignored by the program. 


The same rule applies to devices in the Voltage Relay or Frequency Relay Editor Interlock list. 


AY k) XEMR 3 


& 
Ps a} 


Composite Motor 


2. Static loads cannot be added or deleted by the Transient Stability Program. 


Static loads are not included in the Transient Stability Editor Action List. They must be added or deleted 
from the system through protective device actions. 


For projects converted from versions prior to ETAP 3.0 that include such actions, ETAP at the time of the 
transient stability study will purge them from the list and ignore them. 


Static Load 
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3. Single-Pole Double-Throw (SPDT) Switch action is not allowed in the Transient 
Stability Program. 


For projects converted from versions prior to ETAP 3.0 that include such actions, ETAP will purge them 
from the Transient Stability Study Case Editor Action List and ignored them. 


4. Operation of the protective devices connected to an outside pin of the old composite 
network is ignored. 


Composite Networks included in converted files from versions prior to ETAP 3.0 need to be replaced if 
the opening and closing actions of the protective devices connected to outside pins are desired. 


Note: ETAP does not convert Composite networks automatically. To replace the composite networks, a 
new composite network needs to be added. The content of the old composite network needs to be Cut 
and then Moved from Dumpster into the new composite network. 


Old Composite 


Hew Composite 


5. Addition of a source element (Synchronous Generator or Power Grid) to a system when 
directly connected to a protective device is not allowed. 


A source must be connected to a terminal bus in order to be added to the system during the Transient 
Stability Studies. 


Syni Syni1 


6. All actions to the devices in a completely de-energized subsystem are ignored. 


Device actions in a portion of a system that is de-energized during the Transient Stability Simulation are 
ignored. 
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7. Loads for a de-energized panel or a single-phase feeder are ignored. 


When for an initially de-energized panel or a single-phase feeder, its loads are not calculated by ETAP. 
Therefore, when such an element is switched on, it will not carry any loads. 


8. Switching device operations for devices connected to a SPDT switch are ignored 
When a SPST switch or breaker is connected to a SPDT switch without a bus in-between, the switching 


action for the SPST switch or breaker is ignored. Therefore, a bus must be inserted to consider these 
actions. 


Bus4 

Bus4 13.8 kV 
13.8 kV 

CBZ0 
CBz0 Bus3 
13.8 kV 
Bus5S Buss Buss Buss 
13.8 kV 13.8 kV 13.8 k¥ 13.8 k¥ 


9. Induction Motor will not be modeled dynamically under the following conditions: 


a. Motor is defined as “None” in the Induction Machine Model page 
. Motor is defined as “Torque Slip Curve” model in the Induction Machine Model page 
c. Motor is less than the HP/kW for its kV class defined in the Dyn Model page of the Study 
Case 
d. Motor is connected to a bus through a VFD 


10. Synchronous Motor will not be modeled dynamically under the following conditions: 


a. Motor is defined as “None” in the LR Model page of the synchronous motor editor 

b. Motor is less than the HP/kW for its kV class defined in the Dyn Model page of the Study 
Case 

c. Motor is connected to a bus through a VFD 
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22.2.3 Plot Page 


The Plot page is used to plot/tabulate those devices whose results need to be displayed on the one-line 
diagram at the end of the simulation. 


Transient Stability Study Case |p| 


Plot Options 


Device ID Plot/Tabulate 


¥} Plot & Tabulate 


Device Type 


Select a device type or category. 


Syn. Generators 
This machine group consist all synchronous generators. 


Syn. Motors, MV 


This machine group consists of all dynamically modeled synchronous motors, which are rated above 1.0 
kV. 
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Syn. Motors, LV 
The machine group consisting of all dynamically modeled synchronous motors which are rated equal to 
or less than 1.0 kV. 


Ind. Machines, MV 
The machine group consisting of all dynamically modeled induction machines, which are rated above 1.0 
kV. 


Ind. Machines, LV 
The machine group consisting of all dynamically modeled induction machines which are rated equal to or 
less than 1.0 kV. 


Buses 
This device group consists of all buses. 


MOVs 
This device group consists of all MOVs with initially open or closed status. 


Branches 
The device groups, consisting of all different types of branches, with the exception of tie circuit breakers 
(protective devices). 


Lumped Loads 
This device group consists of all lumped loads. 


Note: The lumped load plot is available even if it is not dynamically modeled. 


Wind Turbine 
This device group consists of all wind turbines. 


Plot Options 


Once a machine or device group is selected, all devices in that group will be displayed in the Plot Options 
list for you to select. 


Device ID 
Device IDs for the selected machine or device group, excluding the non-dynamically modeled machines. 


Plot/Tabulation (column) 

You can click on this column to select or deselect the plot/tabulation option for a particular device. Once 
this option is set, an X will show in this column next to the selected device. By selecting this option, 
information for the selected device will be tabulated at the end of the transient stability output report and 
stored in the plot file to be plotted. 


Plot/Tabulation (checkbox) 
This provides another way to set the plot/tabulation option for the highlight device. 


ETAP 22-22 ETAP 19.0 User Guide 


Transient Stability Analysis Study Case Editor 


22.2.4 Dyn Model Page 


This page is provided to globally assign dynamic modeling of synchronous and induction machines, and 
lumped loads in the system. Motors are subdivided into medium voltage (above 1.0 kV) and low voltage 
(less than or equal to 1.0kV) synchronous motor and induction machine groups. 


cc 


Transient Stability Study Case ES 
| Info | Events | Plot | Dyn Model | Adjustment 
Dynamic Modeling 
Syn. Motors, MV a 7 . 
Syn. Motors, LV a © Do Not Model Dynamically 
Pe Megunes: MY _ | @ Model Machines Larger or Equal to 0 HPAW 
Dynamic Modeling During Simulation (Time > 0) Starting Load for Accelerating Motors 
¥| Include LTC Action © Based on Motor Electrical Rating 
¥| Include Starting Device (@) Based on Motor Mechanical Load 
Constant Power Load 
Threshold Voltage (VLC Limit) 80 % 
Delta V 5 z 
Reference Machine Synchronous Machine Damping 
Auto Assign A Reference Machine Use Norminal System Frequency 


for each Sub-system @ Use Weighted Machine Frequency 


Frequency Dependent Model 
[] Use Dependent Models for Machines and Network 


Synchronization Check to Close Tie CBs Synchronous Machine Saturation 
(@) Auto-Sync. Phase Angle @ Nondinear Mutual Inductance 
(©) Phase Angle Deviation < © Fixed Mutual Inductance 
Frequency Deviation < 

Bus Voltage Deviation < 


A machine or a lumped load will be dynamically modeled if you have specified a dynamic model in its 
editor and you select to globally model that motor group from this page. 


Note: All synchronous generators and wind turbines are dynamically modeled. 
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Dynamic Modeling 


Syn. Motors, MV 
The machine group consisting of all synchronous motors, which are medium voltage (rated above 1.0 
kV). 


Syn. Motors, LV 
This machine group consists of all synchronous motors that are low voltage (rated less than or equal to 
1.0 kV). 


Ind. Machines, MV 
This machine group consists of all induction machines that are medium voltage (above 1.0 kV). 


Ind. Machines, LV 
This machine group consists of all induction machines that are low voltage (rated less than or equal to 1.0 
kV). 


Lumped Loads 
This group consists of all lumped loads that are connected in the system. 


Do Not Model Dynamically 
If selected, the corresponding machine group will not be dynamically modeled in the transient stability 
study for this Study Case, regardless of dynamic models specified for individual machines. 


Model Machines Larger or Equal To 

If selected, machines that are in the corresponding machine group and rated larger than the size specified 
in the HP/kW field will be dynamically modeled, and machines in the same group that are rated less than 
the size specified will not be dynamically modeled. 


Note: For the machine to be dynamically modeled, it should also have a dynamic model specified for it 
from its editor. 


HP/kW (for Machines) or MVA (for Lumped Loads) 
Specify the size of machines (HP or kW) or lumped loads (rated MVA) for the selected group to be 
dynamically modeled. 


Dynamic Modeling During Simulation (Time>0) 


Include LTC Action 

Check this option if you want to globally include or exclude LTC operation for time > 0 seconds. When 
checked, ETAP will consider the individual LTC initial time delay and operating time specified for 
transformers with LTC option (Tap page). 


Include Starting Device 


Check this option if you want to globally include or exclude starting device for accelerating motors. 
When checked, ETAP will consider starting device control scheme for accelerating motors. 
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Starting Load of Accelerating Motors 


In the motor acceleration calculations, the difference between the motor torque and the load torque is the 
motor acceleration torque. In ETAP, the load torque model is specified as torque in percent as a function 
of normalized motor speed. This load torque may be based on motor electrical rating or on mechanical 
load. In this group, you indicate to the Transient Stability Module which base you want to use. 


Based on Motor Electrical Rating 

When this option is selected, it is assumed that the load torque model you selected in the Motor Editor 
only represents the shape of the load as a function of speed. The load torque values will be adjusted so 
that the synchronous speed of the torque is equal to 100%. This means that, with the modified load curve, 
the motor will consume the rated electrical power at 100% starting load, under the rated voltage and at the 
rated speed. When this option is selected, the torque base used to construct the load torque model has no 
effect on the calculation results. 


Based on Motor Mechanical Load 

When this option is selected, it is assumed that the load torque model you selected in the Motor Editor 
represents the actual load based on the rated output torque. The load curve will be applied as it is without 
any adjustments. 


To illustrate the implication of this selection, consider a motor that has a start load of 50% and rated 
output torque T,. On the Load page of the motor, the load torque curve is Model 1 given below, which has 


a load torque of 80% at operating speed and the curve is based on T;. 


Motor Load Model Curves 


% Torque = 40+ 41 w+A2 ve +43 vw % Torque =40+A41 w+A2 uF +A3 we 
BE pocareesnepernsera 100 p-----> 


Model 1: Load @ Rated Speed < 100% Model 2: Load @ Rated Speed = 100% 


Case 1: Load Model Based on Motor Electrical Loading 


In this case, the load torque curve will be shifted so that the torque at rated speed is 100% of the motor 
rated torque. This means that the torque at each point on the load curve will be multiplied by a factor of 
1.25 (equal to 1/0.8). This modified curve will be used as the load torque curve for the study. Note that 
the modified curve is given as Model 2 above. 


Since the starting load is 50%, the actual load will be 50% of the load based on the modified curve 
(Model 2) as described above. The starting load torque is equal to 0.5 T.. 
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Case 2: Load Model Based on Motor Mechanical Load 


In this case, the load torque curve will not be shifted because it is assumed to represent the actual load. 
However, since the starting load is 50%, the load torque curve will be adjusted so that the torque at each 
point of the curve is multiplied by 0.5. The starting load torque is equal to 0.5*0.8 T;, = 0.4 T.. 


Note: If the motor has a load model as given in Model 2 above, there is no difference in calculation 
results between the two options. 


Constant Power Load 


Threshold Voltage (VLC Limit) 

This field is used to control the automatic conversion of a constant kVA load to a constant Z load for 
Transient Stability calculations. If the connected bus voltage is below this value, a load type conversion 
will occur for all applicable loads (constant kVA and constant Z). VLC Limit is specified in percent. Its 
typical value is 80%. The allowable range is 0 to 200%. 


Delta V 

To avoid a sudden jump during the load type conversion, a 5% of voltage margin may be added to make 
an undetermined region of VLCLimit +/- 5%, which means if the connected bus voltage drops below 
VLCLimit — 5%, a constant kVA load is to be converted to constant Z load. On the other hand, if the 
connected bus voltage recovers about VLCLimit + 5%, the load is to be converted back to constant kVA 
load. 


Reference Machine 
Auto Assign A Reference Machine for each Sub-system 
By default this option is checked and disabled. 


Synchronous Machine Damping 


To activate selections in this section, set UseWeightedFrequency=1 in [ETAP PowerStation] section in 
ETAPS. ini file. 


Use Nominal System Frequency 

System nominal frequency will be used in the swing equation to calculate the machine damping power. 
This option assumes the actual network frequency remains constant during the transient, which is usually 
the case when the system has a power grid. 


Use Weighted Machine Frequency 

An equivalent network frequency will be calculated by taking the weighted average of the speed of the 
synchronous generators that are in the same subsystem. This equivalent frequency is then used in the 
swing equation to calculate machine-damping power. This option is more accurate for the system that 
does not have a power grid and thus the network frequency is not guaranteed to remain constant during 
the transient. 


Frequency Dependent Model 


Use Dependent Models for Machines and Network 
Use frequency-dependent models for subtransient synchronous machines, induction machines and 
networks. Transient Stability utilizes the change in impedance based on the operating frequency for the 
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subtransient synchronous machines, induction machines and network if this option is selected. This option 
has to be checked in order to perform the generator start-up study. 


Synchronization Check to Close Tie CBs 


Auto-Sync. Phase Angle 

If selected, when merging sub-electrical systems by Transient Stability Study Case actions or relay 
operations, voltage phase angles as well as machine internal angles in the merged systems will be 
synchronized. By default this option is selected. 


Phase Angle Deviation < 

If selected, when merging sub-electrical systems by Transient Stability Study Case actions or relay 
operations, voltage phase angles as well as machine internal angles in the merged systems will be 
synchronized if the voltage phase angle difference across the closing CB (or any other valid protective 
devices) is less than the specified value; otherwise, the action will be invalid. 


Frequency Deviation < 
If selected, additional validation for merging action is required by checking the frequency difference in 
the percentage of the system frequency across the closing CB (or any other valid protective devices). 


Bus Voltage Deviation < 

If selected, additional validation for merging action is required by checking the voltage magnitude 
difference in percentage of the bus nominal voltage across the closing CB (or any other valid protective 
devices). 


Synchronous Machine Saturation 


Non-Linear Mutual Inductance 

Use unsaturated reactances, open-circuit saturation curves and air-gap voltage to determine saturated 
reactances. In ETAP 18.0.0, the calculation of the field current and voltage required are determined based 
on methodology presented in IEEE Std 115-2009. Both direct-axis saturated reactance Xq and 
quadrature-axis saturated reactance Xqu are used to determine the generator saturation at the air-gap 
voltage using the provided saturation information. Note that ETAP versions 16.2.0 and lower used Xq and 
Xq instead to determine the no-load generator air-gap voltage saturation. This new method is more 
accurate and it is the new default method used to determine synchronous machine saturation. 


This enhancement may cause significant differences in the generator field current and voltage. The 
difference is proportional to the difference between Xau, Xqu,and Xu Xqu. The larger the difference between 
saturated and unsaturated reactances, the bigger the difference is on the field current and voltage when 
comparing the ETAP 18.0.0 results against those of ETAP 16.2.0 and prior versions. It is recommended 
to revise the values of Xqu and Xqu used in ETAP 16.2.0 to make sure their values were entered correctly 
into the software since these values were not used before. 


Fixed Mutual Inductance 

Use fixed saturated reactances. This method is similar to the method implemented in ETAP 16.2.0. This 
method is a simplified approach valid for operational synchronous machine voltage of + 10% from rated 
machine voltage. It is recommended to use the “Non-Linear Mutual Inductance” method for more 
accurate results. 
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22.2.5 Adjustments Page 
This page allows the user to specify tolerance adjustments to length, equipment resistance, and 
impedance. Each tolerance adjustment can be applied based on the individual equipment percent tolerance 
setting or based on a globally specified percent value. 
Transient Stability Study Case |oveSom) 
| info. | Events | Plot | Dyn Model | Adjustment 


Impedance Tolerance Lenath Tolerance 


|¥] Transformer (| Cable 
(@) Individual 
») Global 


(¥] Reactor 
®) Individual 
~) Global 


[| Overload Heater 


Resistance Temperature Corection 
|¥] Cable |] Transmission Line 
(@ Individual Max. Temperature ® Individual Max. Temperature 
~) Global ~) Global 


ae 7} 


Impedance Tolerance 


This group allows the user to consider tolerance adjustments to impedance values for transformer, reactor, 
and overload heater. 


Transformer Impedance Adjustment 

This adjustment is applied to transformer impedance. The net effect of the transformer impedance 
adjustment in transient stability calculations is to increase the impedance by the specified percent 
tolerance value. For example, if the transformer impedance is 12% and the tolerance is 10%, the adjusted 
impedance used in the transient stability calculation will be 13.2%, resulting in higher losses. 
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The Impedance Adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating page. A global Transformer Impedance Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of Transient Stability Study Case Editor Adjustment page. The global Impedance Adjustment overrides 
any individual transformer tolerance value. 


Reactor Impedance Adjustment 

This adjustment is applied to the reactor impedance. The Transient Stability Module increases the reactor 
impedance by the specified percent tolerance resulting in larger impedance and consequently a larger 
voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the 
adjusted reactor impedance used in the transient stability calculation is 0.105 Ohm. 


The Impedance Adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor Editor Rating page. A global Reactor Impedance Adjustment can be specified as 
well by selecting and specifying a global tolerance other than 0% in the corresponding field of the 
Transient stability Study Case Editor Adjustment page. The global Impedance Adjustment overrides any 
individual reactor tolerance value. 


Overload Heater Resistance 

This adjustment is applied to the Overload Heater (OH) resistance. The Transient Stability Module 
increases the OH resistance by the specified percent tolerance resulting in a larger resistance and 
consequently a larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance 
is 5%, then the adjusted OH resistance used in the transient stability calculation is 0.105 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating page. A global Overload Heater Resistance 
Adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field of Transient Stability Study Case Editor Adjustment page. The global Resistance 
Adjustment overrides any individual overload heater tolerance value. 


Length Tolerance 


This section allows the user to consider tolerance adjustments to cable and transmission line lengths. 


Cable Length Adjustment 

This adjustment is applied to the cable length. The Transient Stability Module increases the cable length 
by the specified percent tolerance resulting in larger impedance and consequently a larger voltage drop. 
For example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length 
used in the transient stability calculation is 210 ft. 


The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 
in the Cable Editor Info page. A global Cable Length Adjustment can be specified as well by selecting 
and specifying a global tolerance other than 0% in the corresponding field of the Transient Stability Study 
Case Editor Adjustment page. The global Length Adjustment overrides any individual cable tolerance 
value. 


Transmission Line Length Adjustment 

This adjustment is applied to the transmission line length. The Transient Stability Module increases the 
transmission line length by the specified percent tolerance resulting in larger impedance and consequently 
a larger voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 
2.5%, then the adjusted transmission line length used in the load flow calculation is 2.05 miles. 
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The Length Adjustment can be applied to individual lines by using the tolerance percent value specified 
in the Transmission Line Editor Info page. A global Transmission Line Length Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field 
of the Transient Stability Study Case Editor Adjustment page. The global Length Adjustment overrides 
any individual transmission line tolerance value. 


Resistance Temperature Correction 


This group allows the user to consider resistance correction based on the maximum operating temperature 
for cable and transmission line conductors. Each temperature resistance correction can be applied based 
on the individual cable/line maximum temperature setting or based on a globally specified value. 


Temperature Correction for Cable Resistance 

This adjustment is applied to the cable conductor resistance. The Transient Stability Module adjusts the 
conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables by using the maximum operating 
temperature value specified in the Cable Editor Impedance Page. A global temperature correction can be 
specified as well by selecting and specifying a global maximum temperature value in the corresponding 
field of the Transient Stability Study Case Editor Adjustment Page. The global temperature correction 
value overrides any individual Cable Impedance Page maximum temperature. Please refer to the Cable 
Editor Impedance Page section in Chapter 12 (AC-Editors). 


Temperature Correction for Transmission Line Resistance 

This adjustment is applied to the transmission line conductor resistance. The Transient Stability Module 
adjusts the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by using the maximum operating 
temperature value specified in the Transmission Line Editor Impedance page. A global temperature 
correction can be specified as well by selecting and specifying a global maximum temperature value in 
the corresponding field of the Transient Stability Study Case Editor Adjustment page. The global 
temperature correction value overrides any individual Transmission Line Impedance page maximum 
temperature. Please refer to the Transmission Line Editor Impedance Page section in Chapter 12 (AC- 
Editors). 
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22.3 Display Options 
The Transient Stability Analysis Display Options consist of a Results page and three pages for AC, AC- 
DC, and Colors information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


Results Page 


The Results page allows you to define options for one-line diagram calculation results display. These 
results can be displayed for each plot time step as selected from the time-slider at the Action List. The 
results include bus voltage and frequency, synchronous machine power angle and speed, induction 
machine speed, and power flows for the selected plot devices. The bus, machine and branch data that are 
displayed on the one-line diagram are the same data as those are stored in the plot file, i.e., to show 
calculation results for a device on the one-line diagram, you need to plot/tabulate that device from the 
Transient Stability Study Case Editor — Plot page. 


Display Options - Transient Stability |p Som 


Resuts | AC |_AC-DC_| Colors | 


Bus 
Voltage |kV ¥ 
Frequency | Hz ¥ 
Syn. Machine 


Power Angle | Deg a 


Speed RPM v 


Ind. Machine 
Speed | RPM bd 


Power Flows 


kVA 7| || Show Units 
@ kW +j kvar 

kVA 

Amp 
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Bus 
Display the calculated voltage and frequency of buses selected for plotting. 


Voltage 
Bus and machine terminal voltages in kV or in percent of the bus nominal kV. 


Frequency 
Bus frequency in hertz or in percent of system frequency. 


Syn. Machine 


Display the calculated power angle and frequency of synchronous generators and motors, which are 
selected for plotting from the Study Case. 


Power Angle 
Machine power (rotor) angle in degrees or radians. 


Speed 


Display speed of synchronous machine as RPM or % speed 
Ind. Machine 


Speed 
Display speed of induction machines (RPM or % Slip), which are selected for plotting from the Study 
Case. 
% Slip =100 x 2S °™ 
Os 


Power Flows 


Specify how the flows will be displayed in (kW+jkvar or MW+jMvar), or (kVA or MVA) with or without 
PF, or Amp with or without PF. 


Show Units 
Select the checkboxes under this heading to show units for the displayed results. 


ETAP 22-32 ETAP 19.0 User Guide 


Transient Stability Analysis Display Options 


7) S08) View (Transient Stabéity Anatyss} faTraTs | 


T 
syni 
ae = + Bust 
Ps wb 128 HP Sub3 Net 0.48 kV 
Load Model = Centr. Comp ) 
Inertia ~ 0.799 MW-SeeMVA | 
{8} 
DC System 


Transient Stability Study Results Displayed on the One-Line Diagram at Time 0.701 Seconds 
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AC Page 


This page includes options for displaying info annotations for AC elements. 


ID 


Cable / Bus Duct | 


Composite Motor |i 
Composite Net | 


JsG000 @ 


[[] Use Default Options [7] Show Equipment Cable 


(i (cee 


Select the checkboxes under this heading to display the ID of the AC elements on the one-line diagram. 


ETAP 
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Rating 
Select the checkboxes under this heading to display the ratings of the AC elements on the one-line 
diagram. 


Device Type Rating 

Gen. (Generator) kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# of Phases - # of Wires) 
Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay Automatic for Voltage, Reverse Power, Frequency 


Relay. For Multifunction relay or UR, use the Display 
Tag field in the Info Page to display the appropriate 
designations 

PT & CT Transformer Rated Turn Ratio 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance in % 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
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D-Y 

Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. For transformers, the operating tap setting for primary, secondary, and tertiary 
windings are also displayed. The operating tap setting consists of the fixed taps plus the tap position of 
the LTC. 


Composite Motor 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be 
grayed out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


SHE SE S88 


SJ 


¥) 
¥] 
lv] 
\¥] 


Hoag ase 


| ON ff ag 


[] Use Default Options 


ID 


Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 

Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 


Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 
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Annotations 


This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 


Theme 

This option allows the global color theme selected in the color Theme list for element annotations to be 
applied globally throughout all diagrams. When the option is selected, the name assigned to the applied 
color theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


Theme Editor ese] 


Theme {Example Default x| Color Code | Phase +) 


Layer | Phase | 1-Phase | Formats | Voltage | Feeder | Area | Groundina/Earthing | Font 


Standard Element Colors 


AC Dc Composite 
Enersized | mz | 6) 
De-energized | 
Firs | Sama _| 
Selected | i) 
Faulted Bus | —— 
Annotation 
a Hyperlink = 
Warning (GRIMM) Visited Hyperlink = () 
NoTag |) Online Meter — 
Acknowledged (MINIM) © Playback Meter = () 
Bad Quality [i 
Zoom Grid Faulted Bus 
Color | Color (5) @® Color 
Transparency 80 n Size 8 Symbol 
Style ——— w 
Background 
Help] [SaveAs...] [| Delete] [[Set Global [Cancel 


Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the global color themes option has been previously 
selected. 
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22.4 Calculation Methods 


Performing the power system transient stability study is a comprehensive task. It requires knowledge of 
machine dynamic models, machine control system models (such as excitation system and automatic 
voltage regulators, governor and turbine/engine systems, and power system stabilizers), electric network 
modeling, numerical computations, and power system electromechanical equilibrium theory. The full 
discussion on this topic is far beyond the scope of this manual. In this section, we will brief you with 
some fundamentals and underlying principles on the power system transient stability study, with the focus 
on applications with ETAP. 


Standard Compliance 


ETAP Transient Stability Analysis Module fully complies with the latest version of the following standards: 


Q JEEE Standard 1110™-2002, IEEE Guide for Synchronous Generator Modeling Practices and 
Applications in Power System Stability Analyses 


Q IEEE Std 421.5-2002, IEEE Recommended Practice for Excitation System Models for Power System 
Stability Studies 


Q JEEE Std 115-2009, Guide for Test Procedures for Synchronous Machines (for saturation model) 


Purpose for Performing Transient Stability Study 


Dynamic performance of a power system is significant in the design and operation of the system. The 
transient stability study determines the machine power angles and speed deviations, system electrical 
frequency, real and reactive power flows of the machines, power flows of lines and transformers, as well 
as the voltage levels of the buses in the system. These system conditions provide indications for system 
stability assessments. The results are displayed on the one-line diagram, and also can be printed or 
plotted. For Transient Stability Studies, you should model particular groups of machines in the system, 
which are known to have important influences on the system operation. The total simulation time for 
each Study Case should be sufficiently long to obtain a definite stability conclusion. 


Power System Stability Definition 


Power system stability is the property of a power system that insures the system remains in 
electromechanical equilibrium throughout any normal and abnormal operating conditions. 


Because the power system stability is an electromechanical phenomenon, it is thus defined as the ability 
of designated synchronous machines in the system to remain in synchronism with one another following 
disturbance such as fault and fault removal at various locations in the system. It also indicates the ability 
of induction motors in the system to maintain torque to carry load following these disturbances. 


Synchronous Machine Power Angles 

Synchronous machines play a decisive role in the power system stability because during and after 
disturbances their power angles (also referred as rotor angles) will oscillate to cause power flow 
oscillations in the system. Depending on the level of these oscillations, the electromechanical equilibrium 
in the system could be destroyed and the instability could occur. Therefore, power system stability is 
sometimes also referred to as synchronous machine power angle stability. 


The following two equations are often referenced in power system Transient Stability Studies: 
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Torque Equation (Generator Case) 


2 
T= ae Qe. sin § 
g air r 
where 
T = mechanical shaft torque 
P = number of poles 
guir = —_—_aiir-gap flux 
F, = rotor field MMF 
Oo = power (rotor) angle 


The torque equation defines the relationship between the mechanical shaft torque, the stator voltage, the 
excitation system, and the power angle. Changes in any one of them will cause the power angle to 
readjust itself to a new position. 


Swing Equation (Generator Case) 


d°5 dé 
M— +D—= =P 
42 dt mech elec 
where 
M = inertia constant 
D = damping constant 
Pmech = input mechanical power 
Pec = output electrical power 


The swing equation shows that the solution of the power angle is a function of balance between the 
mechanical power and the electrical power. Any change in the system that breaks this balance will cause 
the power angle to undergo a transient and reach a new position in an oscillatory manner. This oscillation 
is usually called the power angle swing. 


Stability Limits 


There are two types of stability limit for a power system, namely steady-state stability limit and transient 
stability limit. 


Steady-State Stability Limit 

The steady-state stability is defined as the stability of a system under conditions of gradual or small 
changes in the system. This stability can be either found by the load flow calculation for a steady-state 
operation, or determined by a transient stability study if there are system changes or disturbances 
involved. The system is said to be steady-state stable if, following any small and/or gradual disturbances, 
all synchronous machines reach their steady-state operating condition identical or close to the pre- 
disturbance operating conditions. The steady-state stability limit for any synchronous machine is when its 
power angle is less than 90 degrees. 


Transient Stability Limit 

Transient or dynamic stability is defined as the stability of a system during and after sudden changes or 
disturbances in the system, such as short-circuits, loss of generators, sudden changes in load, line tripping, 
or any other similar impact. The system is said to be transient stable if following a severe disturbance, all 
synchronous machines reach their steady-state operating condition without prolonged loss of synchronism 
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or going out of step with other machines. The transient stability limit for any synchronous machine is its 
power angle is less than 180 degrees. 


Causes of Instability Problems 


The major causes to industrial power system instability problems include, but are not limited to: 


Short-circuits 

Loss of a tie connection to a utility system 

Loss of a portion of in-plant co-generation (generator rejection) 
Starting a motor that is large relative to the system generating capacity 
Switching operations of lines, capacitors, etc. 

Impact loading (motors and static loads) 

A sudden large step change of load or generation 


Consequences of Instability Problems 

The consequences of power system instability problems usually are very severe and can range from 
permanent damage on equipment and shutting down processes, all the way to causing a whole area power 
outage. Some typical consequences are listed below: 


Area-wide blackout 

Interruption of loads 

Low-voltage conditions 

Damage to equipment 

e Relay and protective device malfunctions 


Power System Transient Stability Enhancement 


Depending on the causes of instability problems in a particular system, a number of enhancements can be 
made to improve the system stability. Typical enhancements include: 


e Improve configuration and system design. 

e Increase synchronizing power 

e Design and selection of rotating equipment — use induction motors, increase moment of inertia, 
reduce transient reactance, improve voltage regulator and exciter characteristics 

e Application of Power System Stabilizers (PSS) 

e Add system protection — fast fault clearance, system separation, etc. 

e Add load shedding scheme 


However, note that each of the above remedies requires careful consideration and we recommend that you 
re-run all system studies again, because changes brought by those remedies very likely will impact system 
load flow, short-circuit, and motor starting results. 


Simulation of Time Events and Actions 


Transient Stability Study is essentially an action driven time-domain simulation. Actions should be 
specified at different time instants (events). There are two ways to specify events and actions. One way 
is to use the Event Editor and Action Editor in the Transient Stability Study Case Editor. Another is to 
use relay-controlled dynamic actions. 
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When using actions specified in the Transient Stability Study Case Editor, Action List, the exact time 
instant for the action to take place needs to be given. Type of actions in this category includes all the pre- 
scheduled operations such as generator start-up and shutdown, generator control mode change, load 
addition and rejection, motor acceleration, MOV start and others. When to simulate the system response 
for existing events, such as a recorded fault in the system, user also can use this type of action, because 
the recorded fault occurring time and duration are known. To specify this type of action, you would first 
create a new event and the event occurring time in the Event Editor of the Transient Stability Study Case 


Editor, Event page, as shown below. 


Transient Stability Study Case 


[info | Everts | Plot | Dyn Model | Adjustment 


Events 


Event Editor 


Active Event ID 


Solution Parameters 
Total Simulation Time 5 


Second 


Simulation Time Step 


0.001 Plot Time Step 1 


x dt 


Secondly, you can use the Action Editor in the same page to add as many actions as desired for this event. 
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Transient Stability Study Case 


Solution Parameters a 
Total Simulation Time 5 Second 


Simulation Time Step 0.001 Plot Time Step 1 x dt 


Action Editor [=e Sam 


Event ID Event 2 Active 


Action 


Device Type Device ID Action 


Gente) (SG) Oot) (| 
a 
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Open Switching Devices not Directly Specified in Events Page 


The transient stability engine is capable of switching in and out de-energized portions of the power 
system network by the closing or opening of switching elements (such as protective devices, switches, 
etc.). The program performs data collection and also error checking on de-energized portions of the 
network in preparation for potential switching actions which could connect such elements to an energized 
network. It is possible that no switching action takes place and that a de-energized portion (which could 
have partial data-entry) is never energized into the system, but the program still proceeds to flag potential 
error messages (about missing data or other potential issues) caused by the de-energized elements. 


To get around this behavior the use of the out-of-service feature is required. The setting of out-of-service 
for the switching elements which are never supposed to close to energize their downstream components 
could be time consuming and/or cumbersome. To get around this condition, anew ETAP’s INI entry was 
added to ETAP 18.0.0 to help deal with this situation. The entry is: 


SkipTSOpenPds=1 

When this entry is not present or when it is present and its value is “1”, ETAP will skip the data collection 
on de-energized portions of the system for which it does not find a switching protective device action 
specified in the events page of the TS study case. If this entry is present and its value is equal to “O”, then 
ETAP TS behavior is similar to that of ETAP 16.2.0 (and prior). 


This INI entry should be placed under the [ETAP PowerStation] header in the ETAPS.ini file prior to 
opening ETAP. It is not available through the ETAPS\Preferences/Options editor. 


Dynamic Modeling 

For rotating machines and controlled devices, if selected to by dynamically modeled, they are then will be 
modeled according the specifications given below. For more detailed information, please refer to chapter 
24, Dynamic Models and descriptions for each individual element editor. 


Synchronous Generator 
A synchronous generator is modeled by its dynamic model and associated controls, including exciter, 
governor and PSS. 


Power Grid (Utility) 
A power grids is modeled as constant voltage source behind an impedance determined by its short-circuit 
rating. 


Synchronous Motor 
A synchronous motor is modeled by its dynamic model and exciter control, and connected load. 


Induction Machine 
An induction machine is modeled by its CKT model and connected load. 


Wind Turbine Generator 
A wind turbine generator is modeled either by a build-in dynamic model and various associated controls, 
or by an UDM model which will generate output P and Q feeding to the network. 


Inverter (PV Array Inverter) 


In previous versions of ETAP, an inverter was modeled by a constant voltage source behind an 
impedance determined by its AC short-circuit contribution parameter(s). In ETAP 18.0.0, the model of an 
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inverter was enhanced to account for a current-limiting model with reactive power support. The new 
inverter model also provides voltage regulation (for swing and v-control modes) as long as its output 
current does not exceed the maximum rated current. Current-limiting action is also available with the 
Mvar and PF control modes. 


The existing (ETAP 16.2.0 and prior) inverter model is still accessible as long as the Imax % (rating page) 
current is higher or equal to the Imax_sc % (SC model page). The new current-limiting model is engaged 
whenever the value of Imax_sc% is higher than Imax_%. It is recommended to use the new current-limiting 
model for simulations in ETAP 18.0.0 and higher. The images below show how the new current-limiting 
method is engaged: 


« = = 


Inverter Editor - Invl 


[info _| Rating | Loading | SC Model | FRT | Generation | Duty Cycle | Harmonic | Time Domain | Reliability | + | > 


| DC 25kW 250V AC 0.12kV 26.47kVA 
DC Rating 
25 Vv 250 Vmax 110 % Vmin 90 
FLA 100 
Efficiency Imax 
‘%Load 100 75 50 25 
125 
Eff. 90 90 90 
AC Rating 
kV FLA 


Inverter Editor - Invl x 


[ae 


Info | Rating | Loading | SC Model ||FRm:| Generation Duty Cycle | Harmonic | Time Domain | Reliability ‘| * 


DC 25kW 250V AC 0.12kV 26.47kVA 


Short-Circuit Current 
ANSI Short-Circuit IEC Short-Circuit 


Voltage 
IskPF 


I(1)sk 1PF 
I(1)sk2PF 


Vop.min 


Vop.max 110 


IkPFmax 
(@ Reactive Current Priority 


S.C.PF © Real Power Prionty 
© User-Defined PF 


IkPFmin 


All load-flow based simulations use this current-limiting method. 

Note: The load-flow simulation method is not to be confused with the short-circuit (SC) model described 
in chapter 15. The SC model page options do not apply to transient stability, motor starting, harmonic 
load flow, etc. Only the Imax_SC% field is used. 


The current limiting model uses the following curve to limit its current output: 
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Voltage 


Vreg 


FLA Imax isc Current 


Between 0 Amp and Imax Amp, there is voltage regulation. When the required output current is beyond 
Imax, the program applies current limiting based on the curve shown above. The slope of the curve 
between Imax and I;- determines the voltage drop at the inverter terminals. 


Note that the amount of current support also depends on the available generation for the inverter. This 
means that the inverter active current component is limited by the amount of generation available given 
the selected generation category. The following image shows an example of the inverter current-limiting 
operation. Note that the simulation consists of a 50% voltage drop at the source power grid voltage. The 
inverter is rated for 2.2 MW at 0.480 VAC, but only has available 200 kW of generation: 
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v1l 
100000 MVAsc 


Bus15 99 * 
0.48 kv 
v0.78 MW 
-0.094 Mvar 
60 He 
Z-INV4 


go.97 * 


ge.97 © 


0.2 MW 
40.097 Mvar 


60 He 


0.48 kv 
Bus2-16 


Bus Voltage 


— Bus2-16 


% of Bus Nominal kV 


Time (Sec.) 


Note the inverter output at t = 0.5+ sec. The inverter P,Q output is limited by both generation and current 
limit. 
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The inverter generation, rating and SC model page are shown below: 


ETAP 


Inverter Editor - Inv12 


ull 
100000 MVAsc 


Bus15 49-2 * 
0.48 kv 
v0O.046 MW 
-0.097 Mvar 
60 H> 


Z-INV4 
49-59 * 


60 H> 


49-39 © 


0.2 MW 
40.097 Mvar 


0.48 kv 
Bus2-16 


Inv12 J 


dcBus12 


Batteryl12 


Ea 


Duty Cycle | Harmonic | Time Domain | Reliability _* |» 


Info__| Rating | Loading | SC Model | FRT 


Generation 
AC 048kV 2353kVA 


DC 2222.3kW 480V 
Inverter Generation for AC Load Flow Calculation 
| 2 : kW 
%PF Qmax | Qmin | kW de Loss 


kW ac | kvar 
| 20 | |__| 9686 | 96.36 | 5556 | 3556 | 
2000 | 968.6 | -968.6 22222 | 2222 
7a, Toi = | = I = | = 
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Info _| Rating | Loading | SC Model | FRT | Generation | Duty Cycle | Harmonic | Time Domain | Reliability | «| > 
DC 22223kW 480V AC O48kV 2353kVA 
DC Rating 
[kw } 22223 Vv 480 Vmax 110% = Vmn’ Oo |% 
FLA 4630 

Efficiency Imax 

Load 100 5 50 25 — 

15% 

“EF. 90 90 90 90 

AC Rating 


Info | Rating | Loading) SC Model | FRT | Generation | Duty Cycle | Harmonic | Time Domain | Reliability |‘ |” 
DC 22223kW 480V AC 048kV 2353kVA 
Short-Circuit Current 

ANSI Short-Circuit IEC Short-Circuit 
Voltage S.C. Curent sates 
0 Imax 160 % 4528 A — : 
—s 150 
Vopmin. 90  %  Imin 100 Ta 2D ACOCSKCIP 
1 
op mn: | = I(1)sk2PF 50 
IkPFmax 125 
© Reactive Current Priority — 
S.C. PF © Real Power Priorty IkPFmin 100 


If the Imax and Isc current are set the same at 160% to engage the ETAP 16.2.0 method, then the program 
provides unrestricted generation and current output (only limited by its voltage behind impedance model). 
The images below shows the corresponding ETAP 16.2.0 and prior version behavior for the same voltage 
drop disturbance including the setting change on the rating page. 


Info Rating | Loading | SC Model | FRT Generation | Duty Cycle | Harmonic | Time Domain | Reliability | «| > 
DC 22223kW 480V AC 048kV 2353kVA 


ETAP 16.2.0 prior to the disturbance at t = 0.0+ sec: 
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-48 kV 
Bus2-16 


Invi2 j-) 


dcBus12 


Battery12 


ETAP 16.2.0 after the disturbance at t — 0.5+ sec: 


0.774 MW” 
40.038 Mvar 


49-62 * 


1.02 MW 


0.48 kv 40.038 Mvar 


Bus2-16 


As can be observed there is no limitation on the amount of generation. It is recommended to use the new 
current-limiting method available in ETAP 18.0.0. 


UPS 
An UPS is modeled by a constant voltage source behind an impedance determined by its AC short-circuit 
contribution parameter(s). 


It is assumed an UPS has always powered up by a DC source, i.e., when its AC input side is disconnected, 
its AC output side can continue to supply power to its connected network. 


ETAP 22-52 ETAP 19.0 User Guide 


Transient Stability Analysis Calculation Methods 


VFD 

A VFD is modeled by its rated input and output AC ratings (voltage, frequency, power factor and 
efficient), loading parameters (operating input PF, output V/Hz, and % Output Frequency), starting device 
for starting study (control type, control scheme parameters), and PI controller for non-starting study. 


Elements below a VFD are accounted for studies, but they are not displayed or plotted for calculation 
results. In the current version, only induction motor is dynamically modeled and can be started with a 
VED drive. 


SVC 
A SVC is modeled by its control model. 


HVDC 
A HVDC is modeled by its various control models. 


Lumped Load 

Lumped loads have built-in or UDM dynamic models. Lumped Load Built-in dynamic models are 
described in chapter 11 (AC Elements). Note that built-in dynamic models only apply when the lumped 
load is of type “Conventional” or “Unbalanced”. UDM dynamic models apply as long as a UDM model is 
selected and the lumped load is modeled dynamically (specified from the dynamic model page of the TS 
study case). 


Relay Operation 


In power systems, many actions occur without any pre-acknowledgment, instead, they are controlled by 
sensors and relays. For instance, a current relay will trip off circuit breakers once the measured current by 
relay exceeds a pre-set value. In another case, a voltage relay can be used to open or close circuit 
breakers based on its monitored voltage and comparison with an upper and lower setting. These types of 
action do not have a definite time of happening and are solely depending on the system dynamic 
responses and relay settings. They, therefore, have to be implemented using the second method, i.e., relay 
controlled actions. To use relay-controlled actions, user needs to add a relay and connect it to the one- 
line diagram via a PT or CT, depending on type of the relay. Next in the Relay Editor, user specifies 
relay-controlled circuit breaker ID, control settings, time delay, and other data related to relay operations. 
During the transient stability simulation in time-domain, if a relay setting is met, then its controlled circuit 
breaker will take an automatic action. This method avoids requesting to give a pre-defined action time 
and is a true resemblance to real power system operating conditions. 


The following one-line diagram and Voltage Relay setting give an example of how you can use relay- 
controlled actions. In the first picture, it is assumed that CB2 and/or CB11 are tripped off due to a fault in 
transformer T2, causing substation Sub2A-N to lose power. To make a bus transfer for Sub2A-N to the 
adjacent bus Sub2B, you can place a voltage relay (27) on bus Sub2A to monitor the bus voltage 
magnitude and close a normally opened tie circuit breaker Tie CB when it is necessary. 
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Utility 


Main Bus 


To do this, you can set the voltage relay to pick up under-voltage at 90% and close Tie CB after 0.1 relay 
delaying time and whatever the closing cycle by Tie CB itself. The settings for the voltage relay are 
shown in the second figure down below. 


Voltage Relay Editor - VR1 |_| 


Setting | Remarks | Comment | 


oo S—wan9aqToaaovmm 


OverVoltage (59) Control Interlock 


Setting Unit CB ID 


UnderVoltage (27) Control Interlock 


Setting Unit CB ID 
65 Vu CB1 


Se50 te Dae C[ex| 
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Other relays like Reverse Power Relay, Frequency Relay, MV Solid State Trip Relay, Overcurrent Relay 
and Motor Relay follow certain connection logic in the program for correct operation. 


Operation of Reverse Power Relay (Device 32) 
Device 32 uses a predefined reference direction for sensing the current flow in the one-line diagram. 


Relay Connection 
32-1 Generator 
32-2 Branch 

32-3 Branch 
32-4 Load 


32-5 & 32-6 Tie-CB 


Normal Flow 

From the Generator to the Bus 

From Bus to the Branch 

From Bus to the Branch 

From Bus to the Load 

If CB-From Bus = CT-From Bus => CB-From Bus 
To CB-To Bus, otherwise the flow direction is reverse 


The diagram below shows the reference current direction for relays connected to sources, branches, loads 


and tie circuit breakers. 


Generator 


Branch Load 


Consider the following setting for Relay 32-2 


ETAP 
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_—— 


Setting 


Real P 
Oeaheroe — IMM 


© Reactive Power 


Over Power 


Pickup 100 


we 


Time Delay 0.2 Seconds 


Under Power 
Pickup 10 


od 


Time Delay 0.2 Seconds 


[K]| Retay32-2 - DI A 


Normal Flow 


MW or Mvar 
% Pickup %Pickup 
Under Power Over Power 
-10% 100% 
(-IMW) (lOMW) 


Therefore, the relay will not operate between the region of LOMW and -1 MW. It will operate outside this 
region. 


Operation of Directional Relay (Device 67) 
Device 67 like Device 32 uses a predefined reference direction for sensing the current flow in the one-line 
diagram along with the polarity of the CT (dot). Consider a UR element with Device 67 enabled. 


Irrespective of where the Device 67 is connected, it will follow the polarity of the CT. The reference 


direction is always from the CT polarity (dot) to the other end for forward and into the CT polarity (dot) 
for reverse direction. 
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67 (UR) 


—> Forward 
€— Reverse 


Therefore, if the relay were set in the forward direction, its operation region would be as shown below 
based on the instantaneous setting. 


Forward 
Direction 


Instantaneous 
Setting 


Operation of Multifunction Relays (Device 49/50/51) 

For transient stability trip signals are send based on Any, Phase and 49/50 elements only. Multifunction 
relays such as UR use the following logic for sensing tripping current. Note: Multifunction relays only 
trip based on instantaneous settings. Overcurrent settings are ignored by transient stability. OCR(x) 
denotes Overcurrent Level being used. For example OCR(1) means OCR with OCI setting. 


Relay Element Level/Zone Trip (if instantaneous selected) 
Any Any Trip OCR(1) & OLR 
Phase Any Trip OCR(1) 
Any or Phase OCR(1) Trip OCR(1) 
49/50 Any Trip OLR 
49/50 OCR(1) None 
Any, Phase or 49/50 _| OCR(2) None 
No Library Selected 
Any or Phase Any or OCR(x)_| Trip OCR(1) 
49/50 Any or OCR(x) | Trip OLR 


If library data is not selected then OC levels are not considered. The trip signal is sent based on only 
Phase or 49/50 settings. 
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Interlock 


Device ID Action 
H¥CB CB3 
CB1 Open 
CB2 Open 


If library data has been selected then ETAP considers only two Level/Zone - Any or OC1 


If library data has been selected and the relay is not active, the trip signal is not sent. For example, if 
output is 49/50, Level = (Any) and 49/50 is not active then no trip signal is sent. 


If output is Any, Level = (Any orOC1) and Instantaneous (Phase and 49/50) is not active then no trip 
signal is sent. 


Please note that in the current version, relays and interlock CBs that are directly connected to UPS, 
Inverter and PV are not taken into calculation consideration. 
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Starting Devices for Synchronous and Induction Motors 


The starting devices were enhanced with new behavior in ETAP 18.0.0. The new behavior of the starting 
devices in transient stability make them behave more like their counterparts in the dynamic acceleration 
module. 


In previous versions of ETAP, soft starters such as voltage control, current control, voltage and current 
limiter, torque control, etc. were modeled to reflect a constant input power derived based on the output 
voltage requirement of the units. This meant that the input line current and the output terminal current 
were not the same. 


In ETAP 18.0.0, all soft-starters in transient stability follow a six back to back diode or SCR 
configuration as shown in the image below in which the input line side current is equal to the terminal 
side current. 


Line Current » | / 
— Terminal Current 


| 74 Motor 


The starting device applies its selected control scheme on the output voltage by changing the firing time 
of the SCRs to achieve a control voltage at the motor terminals. An actual sample of the instantaneous 
waveform of the voltage and current at the output of the starting devices is shown in the figure below: 


Voltage and Current Output 
Current 


Voltage time (sec.) 
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Except for the following starting devices, Y-Delta, Capacitor Bank and Auto-Transformers, all starting 
device units follow the following condition during the time the starting device is operational: 


I Line-side (input to starting device) = I Terminal (output of the starting device) 


The behavior of ETAP 16.2.0 and prior versions has been abandoned in ETAP 18.0.0 with this 
enhancement. 
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22.5 Required Data 


To run a Transient Stability Study, you need to provide all the data required for load flow calculation. In 
addition to that, you need to provide machine dynamic model data, load model data, and any control 
units, such as exciter and governor data. Required data for transient stability calculations include: 


Bus Data 


Bus ID 

Nominal kV 

Condition 

Load Diversity Factor (when Load Diversity Factor option is set to Maximum or Minimum diversity 
factor) 


Branch Data 


2-Winding and 3-Winding Transformers 


Transform ID 

Bus connections 

Rated kV and MVA 

Condition 

Positive sequence impedance and X/R ration 

Z Variation 

Z Tolerance 

Fixed Tap and LTC settings 

Phase Shift as in Standard Positive or Negative Sequence connections, or User-Defined 
configurations 


Cable 


Cable ID 

Bus connections 

Condition 

Length, unit and tolerance 

# conductors per phase 

Cable type, rated kV and size if library data is used 

Cable's positive sequence resistance, reactance, and susceptance values if based on user entered data 
Impedance unit 

Base temperature and Minimum temperature 


Transmission Line 


Transmission Line ID 

Bus connections 

Condition 

Length, unit and tolerance 

Phase conductor, ground wire and configuration parameters (from library or user enter) if the 
calculated value is used 
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e Line’s positive sequence resistance, reactance, and susceptance values if a user-defined value is used 
e Impedance unit 
e Base temperature and Minimum temperature 


Impedance 


Impedance ID 

Bus connections 

Condition 

Positive sequence resistance, reactance, and susceptance values 
Units and associated parameters 


Reactor 


Reactor ID 

Bus connections 

Condition 

Positive sequence impedance, X/R ratio 
Tolerance 


Protective Device Data 


e Protective Device ID 

e Condition 

e Bus and branch connections 

e §=6Status 

CT/PT Data 

e CT/PT ID 

e Bus or branch or source or load connections 

e Condition 

e Primary and secondary ratings 

Relay Data 

e Relay ID 

e CT/PT connections 

e Condition 

e Setting, Unit, CB ID, Action, Delay for Voltage Relay (27) and Frequency Relay (81) 

e Device, ID, Action, Setting, Pickup, Time Delay for Reverse Power Relay (32) 

e Trip Element, Device, ID, Action, Instantaneous Pickup for MV Solid State Trip Relay (SST) 
e Relay Element, Level/Zone, Device, ID, Action, Instantaneous Trip Range, Trip, Time Delay for 


Motor Relay (MR) and Overcurrent Relay (OCR) 
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Power Grid Data 


Power Grid ID 

Bus connection 

Operating mode (Swing, Voltage Control, Mvar Control or PF Control) 

Rated kV 

Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 

MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 
MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 
3-Phase MV Asc and X/R values 


Synchronous Generator Data 


Synchronous generator ID 

Bus connection 

Condition 

Operating mode (Swing, Voltage Control, Mvar Control or PF Control) 

Rated MW 

Rated kV 

Rated %PF 

Rated MVA 

Rated %Eff 

Number of poles 

Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 
MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 
MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 
Dynamic model type (None, Equivalent, Transient, or Subtransient) 

Rotor type (Round-Rotor or Salient-Pole) 


Equivalent model 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xq, Xdu, Xqu, Xd’, XL, Tdo’ 


Transient model Round-Rotor machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, XO0/RO, RO, Xd, Xd’, Xq’, Xq, XL, Xdu, Xqu, Tdo’, Tqo’ 


Subtransient model Round-Rotor machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xd’, Xq”, Xq’, Xq, XL, Xdu, Xqu, Tdo”, Tdo’, 
Tqo”, Tqo’ 


Transient model Salient-Pole machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xd’, Xq’, Xq, XL, Xdu, Xqu, Tdo’ 
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Subtransient model Salient-Pole machine type 

e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, XO/RO, RO, Xd, Xd’, Xq”, Xq’, Xq, XL, Xdu, Xqu, Tdo”, Tdo’, 
Tqo” 

Sbreak, S100, S120, and Damping 

Prime Mover RPM, WR? or H 

Coupling RPM, WR? or H 

Generator RPM, WR? or H 

Damping coefficients D1 and D2, Spring coefficients K1 and K2 for if include tensional effect 
Exciter selection (Built-in or UDM) 


Built-in 
e Fixed excitation, or exciter type and all associated parameters 


UDM 

e UDM model file name (ID) 

e Control Bus ID 

e Goveror selection (Built-in or UDM) 


Built-in 
e None (no governor), or governor type and all associated parameters 


UDM 
e UDM model file name (ID) 
e PSS selection (Build-in or UDM) 


Built-in 
e None (no PSS), or PSS type and all associated parameters 


UDM 
e UDM model file name (ID) 


Synchronous Motor Data 


Synchronous motor ID 

Bus connection 

Condition 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated power factor and power factors at 100%, 75%, and 50% loadings 
Rated efficient and efficient factors at 100%, 75%, and 50% loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 

Dynamic model type (None, Equivalent, Transient or Subtransient) 
Rotor type (Round-Rotor or Salient-Pole) 


Equivalent model 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, XO/RO, RO, Xd, Xq, Xdu, Xqu, Xd’, XL, Tdo’ 
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Transient model Round-Rotor machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xd’, Xq’, Xq, XL, Xdu, Xqu, Tdo’, Tqo’ 


Subtransient model Round-Rotor machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xd’, Xq”, Xq’, Xq, XL, Xdu, Xqu, Tdo”, Tdo’, 
Tqo”, Tqo’ 


Transient model Salient-Pole machine type 
e Xd”, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, X0/RO, RO, Xd, Xd’, Xq’, Xq, XL, Xdu, Xqu, Tdo’ 


Subtransient model Salient-Pole machine type 

e Xd’, Xd’’/Ra, Ra, X2, X2/R2, R2, Xo, XO/RO, RO, Xd, Xd’, Xq”, Xq’, Xq, XL, Xdu, Xqu, Tdo”, Tdo’, 
Tqo” 

Sbreak, S100, S120, and Damping 

Motor RPM, WR* or H 

Coupling RPM, WR?’ or H 

Load RPM, WR’ or H 

Damping coefficients D1 and D2, Spring coefficients K1 and K2 for if include tensional effect 
Fixed excitation, or exciter type and all associated parameters, or UDM exciter model ID 
Load Torque type (None, Polynomial, or Curve) 

Load model from library if select Polynomial or Curve load torque type 

Starting Category ID and Start % Loading for each category 

Starting device type and associated parameters 


Induction Machine Data 


Induction machine ID 

Bus connection 

Condition 

Application type (Motor or Generator) 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated % Slip or RPM 

Number of poles 

Rated power factor and power factors at 100%, 75%, and 50% loadings 
Rated efficient and efficient factors at 100%, 75%, and 50% loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 

Model type (None or CKT) 


Singlel CKT model 
e Xlr, Xoc, X/R, and Tdo’ 


Single2 CKT model 
e Rs, Xs, Xm, Rr,fl, Rrlr, Xr,fl, and Xr,lr 
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DBL1 and DBL2 CKT models 


e Rs, Xs, Xm, Rr, Rr2, Xri, and Xr2 

e Motor RPM, WR’ or H 

e Coupling RPM, WR? or H 

e Load RPM, WR* or H 

e Damping coefficients D1 and D2, Spring coefficients K1 and K2 for if include tensional effect 
e Load Torque type (None, Polynomial, or Curve) 

e Load model from library if select Polynomial or Curve load torque type 
e Starting Category ID and Start % Loading for each category 
e Starting device type and associated parameters 

HV DC Link Data 

e Element ID 

e Bus connections 

e Condition 

e All data on the Rating page 

e All data in Rectifier Control page 

e All data in Inverter Control page 

e All data in AC Control page 

e All data in Shut-Restart Control page 

SVC Data 

e Element ID 

e Bus connection 

e Condition 

e Rated kV 

e Inductive Rating (Either Qr, I:, or Br) 

e Capacitive Rating (Either Qc, Ic, or Bc) 

e Max Inductive Rating (Either Qrmax, or IL~max) 

e Max Capacitive Rating (Either Qccminy, or Icqminy) 

e All data in Model page 


Wind Turbine Generator Data 


e Wind Turbine Generator ID 

e Bus connection 

e Condition 

e Quantity 

e WITG Type (Typel, 2, 3, 4) 

e WTG Control Type (WECC, Generic, UDM) 

e Rated kW/MW , kV, %PF, %Eff, and Number of poles 
Type 1 WECC 


e % Generation, Qmax and Qmin for each category 
e Model (None or CKT) 
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Data in Turbine page 

Data in Wind page 

Data in Pitch Control page 
Inertia 


Type 2 WECC 


% Generation, Qmax and Qmin for each category 
Model (None or CKT) 

Data in Turbine page 

Data in Wind page 

Data in Controls page 

Data in Pitch Control page 

Inertia 


Type 3 WECC 


% Generation, % V, Qmax and Qmin for each category 
Data in Imp/Model page, Model section 

Data in Turbine page 

Data in Wind page 

Data in Controls page 

Data in Pitch Control page 

Inertia 


Type 4 WECC 


Ty 


Ty 


% Generation, % V, Qmax and Qmin for each category 
Data in Imp/Model page, Model section 

Data in Turbine page 

Data in Wind page 

Data in Controls page 

Inertia 


pe 3 Generic 
% Wind Speed, Mvar, Qmax and Qmin for each category 
Model type (None or CKT) 
e Note: If ‘None’ is selected, then it is modeled as constant Power Generator 
Rs, Xs, Xm, Rr,fl, RrJr, Xr,fl, and Xr,lr for Single2 CKT model 
Turbine Aerodynamics and Power Coefficient Cp 
Wind Disturbance and Avg. Base Speed 
Converter and Pitch control 
Motor RPM, WR? or H 
Coupling RPM, WR?’ or H 
Load RPM, WR’ or H 


pe 1, 2, 3,4 UDM 
UDM Model file name (ID) 
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MOV Data 


MOV ID 

Bus connection 

Condition 

Initial Status & associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated Power Factor 

Rated Efficiency 

Rated Torque 

Hammer Blow & Micro Switch Flags 

Locked Rotor (LR), No Load (NL), Normal, & Rated Torque (Rated T) % Current, %PF and Time 
Duration 

e Loading Category ID & % Loading for each category 

e Equipment cable data 

e % Voltage Limits for Start, Seating/Unseating and Travel 


Static Load Data 


Static Load ID 

Bus connection 

Condition 

Quantity 

Status & associated Demand Factors 

Rated kV 

Rated kVA/MVA 

Rated Power Factor 

Loading Category ID & % Loading for each category 
Equipment cable data 


Lumped Load Data 


Lumped Load ID 

Bus connection 

Condition 

Status & associated Demand Factors 

Rated kV 

Model type (Conventional, Unbalanced, Exponential, Polynomial or Comprehensive) 


Conventional 

e Rated kV, kKVA/MVA, kW/Mw, kvar/Mvar, and power factor, and % Constant kVA load and % 
Constant Z load 

e % Loading for desired Loading Category 
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Unbalanced 

e Rated kV, kVA/MVA per phase, kW/MW, kvar/Mvar, and power factor per phase, % Constant MVA 
load, % Constant Z load and % Constant I load 

e % Loading for desired Loading Category 


Exponential 
e Rated kV, PO, QO, a, b, Kpf and Kaf 
e % Loading for desired Loading Category 


Polynomial 
e Rated kV, PO, QO, pl, p2, p3, Kpf, , q1, q2, q3, and Kqf 
e % Loading for desired Loading Category 


Comprehensive 

e Rated kV, PO, QO, al, a2, Kpf1, Kpf2, b1, b2, Kqf1, Kqf2, p1, p2, p3, p4, p5, ql, q2, q3, q4, Q5 
e % Loading for desired Loading Category 

e Dynamic model type 


Build-in 
e parameters Ta and y 


UDM 
e UDM Model file name (ID) 


Capacitor Data 


Capacitor ID 

Bus connection 

Condition 

Status & associated Demand Factors 

Rated kV 

Mvar/Bank and # of Banks 

Loading Category ID & % Loading for each category 
Equipment cable data 


Panel Schedule 


Panel Schedule ID 

Phase connection 

Condition 

Rating per phase (circuit) for internal link (load) 

Connection and loads for each external link (load) 

Loading Category ID and % Loading for each loading category for each phase (circuit) 


Harmonic Filter 


e Harmonic Filter ID 
e Bus connection 
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Condition 

Filter Type 

Rated kV & 1-Phase kvar for capacitors 
X1 & Q factor for reactors 

R, if applicable 

Grounding connection 


UPS Data 


UPS ID 

Bus connections 

Condition 

Status & associated Demand Factors 

AC Rating data 

Imax 

Bypass Switch Status 

UPS load selection (based on Loading Category or Connected Load) 
Operating Input PF (Rated or User-Defined) 

% Loading for each Loading Category for UPS Load 
SC Contribution to AC System (Kac and Isc) 


VED Data 


VFD ID 

Bus and load connections 

Condition 

Bypass Switch Status 

Rated input/output kV, kVA, frequency, efficiency, and input power factor 
Operating input power factor, frequency, and V/Hz ratio 

Starting control type, control parameters, and current limit 


Charger Data 


Charger ID 

Bus connections 

Condition 

Status & associated Demand Factors 
AC Rating data 

% Loading for each category 


Inverter Data 


Inverter ID 

Bus connections 

Condition 

AC Operation Mode (Swing, Voltage Control, Mvar Control, or PF Control) 
AC Rating data 

SC Contribution to AC System data 
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e Data in Generation page for each Gen Category 


Study Case Parameters 


Study Case ID 

Max. number of iterations 

Solution Precision 

Acceleration Factor 

Apply transformer phase-shift flag 

Initial Loading Category 

Initial Loading Condition (Operating P, Q flag) 

Initial Generation Category 

Initial Generation Condition (Operating P, Q, V flag) 

Load Diversity Factor (None, Bus Maximum, Bus Minimum, or Global) 
Const. kVA, Const Z, Const. I and Generic load for Global Load Diversity Factor 
Charger Loading Condition (from Loading Category or from Operating Load) 
Initial Voltage Condition (use Bus Initial Voltage or use User-Defined Fixed Value) 
Voltage magnitude and phase angle if use User-Defined Fixed Value 

Report Skip Tabulated Plots check box 

Study Remarks 

Events & Actions 

Total Simulation Time 

Simulation Time Step 

Plot Time Step 

Devices/elements to be plotted 

Dynamic Modeling Information 

Dynamic Modeling During Simulation (for transformer LTC and starting device) information 
Starting Load for Accelerating Motor information 

Constant Power Load conversion information 

Reference Machine selection flag 

Synchronous Machine Damping modeling information 

Frequency Dependent Models flag 

Synchronization Check to Close Tie CBs specifications 

Synchronous Machine Saturation 

Adjustments information 


Study Case parameters are entered into the Transient Stability Study Case Editor. 
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22.6 Output Reports 


ETAP provides Transient Stability Study results at all different levels of detail, depending on your 
requirements. The results are represented in three different ways: a Crystal Report™ output, a one-line 
view display, and plots. Crystal Reports™ can be exported into a number of formats using the Crystal 
Report™ export function. 


22.6.1 Transient Stability Report Manager 


Click on the Report Manager button on the Transient Stability toolbar to open the Transient Stability 
Report Manager. The Transient Stability Report Manager provides five formats for report text. They are 
Crystal Reports™ format Viewer, PDF format, MS Word format, Rich Text format and MS Excel 
formats. The Transient Stability Report Manager consists of four pages. 


Complete Page 


From this page you can select the report that gives you the complete output report. 


Transient Stability Report Manager esl 
‘Cri [nea [eu Somer 
Complete ®) Viewer 
PDF 
MS Word 
Rich Text Format 
MS Excel 
Set As Default 
Output Report Name 
TS 
Path 
CAETAP1100\Example-ANSI 
co conc | 


Complete Report 

The Complete Report gives the complete information for the system and the Study Case. It includes the 
system summary, buses, branches, and machine input data, initial load flow and intermittent load flow 
results, tabulated transient responses of the selected plot components and a list of actions. Below is the 
first page from the Complete Report. 
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ETAP 


Ekcitrical Transient er Pro 
Transient Stab ility Analysis 
InitialLoadmg Category{1): Design 


Initial Generation Cate gory (1): Design 


Load Dimersity Factor: Nore 
Swing ¥-Comtrol Load Total 

Number of Buses: 2 2 3 7 

XFMR2 KFMR3 Reactor Lime/Cable Impedance Tie PD 
Number of Branches: 8 1 0 4 0 2 

Synchronous Power Synchronous Induction Lumped 

Generator Grid Motor Machines Load Total 
Number of Machines: 3 1 1 3 3 ll 
Maximum Number of kertion: 2000 
Sohation Precision for the Initial LF: 0.0000010000 
Acceleration Factor for the Initial LF: 145 
Tim ¢ Increment for Integration Steps (At): 0.0010 
Tim ¢ Incremert for Plots: 20 times At 
System Frequency: 60 Hz 
Unit System : English 
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SPDT Total 
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Input Page 


From this page you can select the report format that gives you the input data Output Report. There are 
twenty-one reports available under the Input Report page. 


Transient Stability Report Manager |peereSomm| 


®@ Viewer 

+) PDF 
MS Word 

») Rich Text Format 
MS Excel 


High Voltage DC Link (©) Set As Default 
Imnedanre 


Output Report Name 


TS 
Path 


| C:ETAP1100\Example-ANS! 


sits) | ai) (uct 


Adjustments Report 
The adjustments Report gives the tolerance settings used during the study. 


Branch Report 
The Branch Report gives all branch impedance in per unit and the branch connections. 


Branch Zero Sequence Z Report 
This report gives the zero sequence impedance values for all branches. 


Bus Report 
The Bus Report gives all buses input data, including ID, voltage rating, generation, and loading. 


Cable Report 
The Cable Report gives all cable input data, including ID, length, impedance, and susceptance. 


Cover Report 
The Cover Report gives the system and the study overall information. 


Exciter Report 
The Exciter Report gives the excitation and AVR systems input data. 


Governor Report 
The Governor Report gives the engine/turbine and speed governor systems input data. 
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High Voltage DC Link Report 
The HVDC link Reports gives the HVDC input data related to rating as well as dynamic model data. 


Impedance Report 
The Impedance Report gives all impedance branches input data. 


Induction Machines Report 
The Induction Machines Report gives all induction machine input data, including their rated, machine 
model and load model parameters. 


Line Compensation Report 
The Line Compensation Report gives transmission line compensation input data. 


Lumped Load Report 
The Lumped Load Report gives all lumped load input data including lumped load dynamic model data. 


PSS Report 
The PSS Report gives all PSS systems input data. 


Reactor Report 
The Reactor Report gives all reactor branches input data. 


Relay Report 
The Relay Report gives all relays input data, including their controlled protective device information. 


Starting MOVs Report 
The Starting MOVs Report gives input data for all MOVs to be started. 


SVC Report 
The SVC Report gives input data for all Static Var Compensators. 


Switched Capacitor Report 
The Switched Capacitor Report gives input data for switch capacitor. 


Synchronous Machines Report 
The Synchronous Machines Report gives all synchronous machine input data, including their rated, 
machine model, exciter and governor or load model parameters. 


Transformer Report 
The Transformer Report gives input data for all 2-winding and 3-winding transformers. 


TSStartVFD Report 
The TSStartVFD Report gives input data for all VFDs that are used in motor starting simulation study. 


UPS Report 
The UPS Report gives input data for all UPSs. 


VED Report 
The VFD Report gives input data for all VFDs rating information. 
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Voltage Regulator 
The Voltage Regulator Report gives input data for voltage regulator. 


Wind Turbine Generator Report 
The Wind Turbine Generator Report gives input data for all WTGs that are used in dynamic simulation 
study. 


A sample report from the Synchronous Machines Report is displayed below. 


Sync hronous Machine Parameters 


Madume Rating Positive Sequence Impedance (%0) Zero Sey. E (%) 

Dm Type Model NVA iv Ba xa" xa xa Xq" Xq Xq x1 x ko xO 
Utility Power Gri WA 1200 900 34 500 222 BS 132 59.50 
Gen? Gommhr Subtrmiont, Ro md-o tr 11365 130 025 12.00 2300 110.90 12.0 1500 «108000 1100 480 025 1290 
Gen Gomrmmr Subtrm ion, ho mdi-Ro wr 3529 +100 025 1200 «2300 = 110.90 12.90 1500 108000 11D0 480 625 1200 
Gel Gemmbr Subtrm ion, Ro md-ho tr Sait 13.00 025 1290 «2300 = 110.0 12.0 1500 «108000 11D0 tN 625 1200 
Synl Mo tor Subtrars iont, Ro mi-Fo hr 110 13200 ose 1538 2300 «11000 12.90 2300 «10800 1190 

Generator 
Maduine Connected Bus Time Constants (Sec.) H(Sec.), DOLWpu/Hz) & Saturation or Loading Gromding 

wD wD Ido" Tdo" Iqo" Iqo' EH *D 2100 2120 Stn =MW Mvar Com. Type Amp 
Genl Bul 6.002 5.600 6.002 3.700 05 500 1070 11% om 0.000 0000 Wye Oyen 
Gend Bul2 0.002 5.600 0.002 3.700 1 500 107% 119 = 0@0 3529 0000 Wye Oyen 
Genl fub2B 0002 5.00 0.002 3.700 09 5n0 197 11 om £300 0000 Wye Sohd 
Synl fub2B 0.002 5.600 0.002 3.700 079 200 1070 114 095 -0017 Wy Oyen 

Madiume Generator/M oter Couplmg Pume Mover/Load Equivalent Total 

Dm Type EPH WE z RPM WE x EPH WE z EPH WE x 
Gent Gen 10 0 0 100 0 0 10 FSto 05 10 Tsto 05 
Gow Gen 190 0 i] 1a0 0 i] 1a0 4715 1 1a0 +715 1 
Genl Gen 10 10610 09 1900 0 0 190 0 0 10 lone 09 
Syzl yn Mt 1a0 10 039 1a0 +0 Onze 190 00 03% 190 1250 079 
WES: Ih-£f EH: MW- Sac MIVA 

Madume Nameplate Load Torque(= A0+ Al Q@+ A2@?+A3 OF 

wm Quntit HPAW EPH FLA PF YEE ModslID Ao Al 42 $3 

fynl 1 1250.00 190 jig “85.00 82 COMPCENTI 100 “AN 3219 -1470 
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Result Page 


From this page you can select the report format that gives you the study result Output Report. There are 
two reports available under the Result Report page. 


Dynamic Stability Report 
The Dynamic Stability Report lists dynamic responses of the selected components during the time 
simulation. 


Load Flow Report 

The Load Flow Report gives the initial and intermittent load flow results. ETAP Transient Stability load 
flow report reports dynamically modeled machine internal voltage source magnitude, voltage angle and 
power flows from or to the internal voltage source. These values are in general different than the machine 
terminal load flow values. 


A sample report from the Dynamic Stability Report is presented below. 


Dynamic Stab ility 

Deke D: Genl 

Device Type: fyn Gon 

Time Angle Freq. Mech. Elec. a os Time Angle Frey. Mech. Elec. —Fida (rw) _ 

(fuc.) (Dez) (Hs) ow MW Amp Efd Hd %Z (8c.) (Dez) (Hs) MW MW Amp Efd Hd 3 %% 
0.000 39.8 60.00 e311 6303 2040 131 131 13982 0.920 3986 60.00 £309 6302 209 131 131 1394 
0040 39.56 60.00 6307 £300 2639 131 131 139489 0.060 3985 60.00 6306 6297 207 131 131 13996 
ODEO 3985 60.00 6305 62955 234 131 131 140.04 0100 39 60.00 6305 620 2034 131 131 14012 
0.120 394 60.00 6305 62383 2634 131 131 14015 0140 39 60.00 6305 6239 2034 131 131 14014 
0160 394 60.00 6305 6291 2635 131 131 140.10 0160 3985 60.00 6305 624 2654 131 131 140.03 
0200 3985 60.00 e306 6297 2637 131 131 1399¢ 0220 3985 60.00 e306 6299 2638 131 131 13991 
0240 3985 60.00 e306 6299 2638 131 131 1390 0260 3985 60.00 6307 6298 2068 131 131 13992 
0260 3985 60.00 6307 6297 2037 131 131 1399 0300 39.85 60.00 6308 624 2036 131 131 14091 
0320 3985 60.00 6308 629 263.6 131 131 140.03 0340 3985 60.00 6308 629 2636 131 131 1400+ 
0360 3985 60.00 6308 624 2034 131 131 140.01 0360 3985 60.00 309 6297 2037 131 131 1399t 
0.400 39.85 60.90 6309 6299 2638 131 131 13991 0.420 398 60.00 6309 £300 269 131 131 13987 
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0821 3755 o.10 6325 CO 2itst 185 142 144.65 OBd1 3826 O09 6333 C436 2783 1m 145 13318 
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Summary Page 


From this page you can select the report format that gives you the summary Output Report. There are 
two reports available under the Summary Report page. 


Action Summary Report 
The Action Summary Report gives the summary of all actions taken during the study. 


Below is a sample report from the Action Summary report. 


Action Summary 
Event ID Time (Sec.) Device Type Device ID Action 
GenBus Fault 0.000 Bus Busl0 Fault 
Clear 0.100 Bus Busl0 Clear Fault 
Dir. Pwr Relay 1.281 Protective Device CB 28 Open 


System Islanding Index Report 
The System Islanding Index Report contains information about the zones considered for each subsystem. 
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22.7 One-Line Diagram Displayed Results 


In addition to the text report, ETAP displays the transient stability calculation results on the one-line 
diagram. 


Transient Stability Time-Slider 

Once a transient stability study is completed, a Transient Stability Time-Slider, as shown below, will 
appear. The slider ranges from zero to the total simulation time. Initially, the reference pointer is at the 
far left, corresponding to t = 0 seconds. You may click on Forward/Backward arrow buttons to move the 
pointer one grid at a time, or click on Next/Previous TS Action arrow buttons to move the pointer to the 
next/previous action. You may also click on the pointer, hold the mouse button down, and then drag the 
pointer to the desired position. The time corresponding to the pointer position is also displayed one the 
top of the ruler in units of seconds. As you move the pointer along the slider, the displayed results on the 
one-line diagram change accordingly, providing you with a quick way to examine the calculation results. 


i Transient Stability Time-Slider =i 


Time (0.000 Seconds | aia 


i i 0 >) bi Ww 


The one-line diagram displays are only available for those devices that are selected for plot options. 
Depending on the device type, different calculation results are displayed as defined below: 


Buses 


e Voltage — bus voltage magnitude in kV or percent 
e Frequency — bus frequency in Hz or percent 


Syn. Generators 


Relative Power Angle — synchronous generator power (rotor) angle in degree or radian 

Speed — synchronous generator speed in RPM 

Efd — synchronous generator field voltage in per unit 

Real and Reactive Power — synchronous generator electrical power generation in kW+jkvar or 
MW+jMvar 

e Apparent Power — synchronous generator electrical power generation in kVA or MVA 

e Current — synchronous generator terminal current in Amp 

e PF -—synchronous generator generation power factor when either apparent power or current display is 
selected 


Syn. Motors, MV 


e Relative Power Angle — synchronous motor power (rotor) angle in degree or radian 

e Speed — synchronous motor speed in RPM 

e Voltage — synchronous motor terminal voltage in kV or percent of bus nominal kV (displayed only 
when there exists an equipment cable) 

e Real and Reactive Power — synchronous motor electrical power loading in kW+jkvar or MW+jMvar 
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e Apparent Power — synchronous motor electrical power loading in kVA or MVA 
e Current — synchronous motor terminal current in Amp 
e PF -synchronous motor load power factor when either apparent power or current display selected 


Syn. Motors, LV 


e Relative Power Angle — synchronous motor power (rotor) angle in degree or radian 

e Speed — synchronous motor speed in RPM 

e Voltage — synchronous motor terminal voltage in kV or percent of bus nominal kV (displayed only 
when there exists an equipment cable) 

Real and Reactive Power — synchronous motor electrical power loading in kW+jkvar or MW+jMvar 
Apparent Power — synchronous motor electrical power loading in kVA or MVA 

Current — synchronous motor terminal current in Amp 

PF — synchronous motor load power factor when either apparent power or current display selected 


Ind. Machines, MV 


e Speed — induction machine speed in RPM or percent slip 

e Voltage — induction machine terminal voltage in kV or percent of bus nominal kV (displayed only 
when there exists an equipment cable) 

Real and Reactive Power — induction machine electrical power loading in kW+jkvar or MW+jMvar 
Apparent Power — induction machine electrical power loading in kVA or MVA 

Current — induction machine terminal current in Amp 

PF — synchronous motor load power factor when either apparent power or current display selected 


Ind. Machines, LV 


e Speed — induction machine speed in RPM or percent slip 

e Voltage — induction machine terminal voltage in kV or percent of bus nominal kV (displayed only 
when there exists an equipment cable) 

Real and Reactive Power — induction machine electrical power loading in kW+jkvar or MW+jMvar 
Apparent Power — induction machine electrical power loading in kVA or MVA 

Current — induction machine terminal current in Amp 

PF — synchronous motor load power factor when either apparent power or current display selected 


Ind. Machines connected VFD 


Speed — induction machine speed in RPM or percent slip 

Voltage — induction machine terminal voltage in kV or percent of machine rated kV 

Real and Reactive Power — induction machine electrical power loading in kW+jkvar or MW+jMvar 
Apparent Power — induction machine electrical power loading in kVA or MVA 

Current — induction machine terminal current in Amp 

PF — synchronous motor load power factor when either apparent power or current display selected 


MOV 


e Real and Reactive Power — MOV electrical power loading in kW+jkvar or MW+jMvar 
e Apparent Power — MOV electrical power loading in kVA or MVA 
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e Current — MOV terminal current in Amp 
e PF - MOV motor load power factor when either apparent power or current display selected 


Branches 


Real and Reactive Power — Branch flow in kW+jkvar or MW+jMvar 

Apparent Power — Branch flow in kVA or MVA 

Current — Branch flow current in Amp 

PF — Branch flow power factor when either apparent power or current display selected 


Lumped Load 


Real and Reactive Power — Lumped Load electrical power loading in kW+jkvar or MW+jMvar 
Apparent Power — Lumped Load electrical power loading in kVA or MVA 

Current — Lumped Load terminal current in Amp 

PF — Lumped Load power factor when either apparent power or current display selected 


Wind Turbine Generator 


e Speed — wind turbine generator speed in RPM or present slip 

e Voltage - wind turbine generator rated voltage 

e Real and Reactive Power — wind turbine generator electrical power generation in kW+jkvar or 
MW+jMvar 

e Apparent Power — wind turbine generator electrical power generation in kVA or MVA 

e Current — wind turbine generator terminal current in Amp 

e PF —- wind turbine generator generation power factor when either apparent power or current display is 
selected 


The units for the displayed results are defined in the Results Page of the Transient Stability Display 
Options. 


The following is a sample of a one-line diagram display from the Transient Stability Study. 
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22.8 Plots 


ETAP also provides simulation plots for you to examine transient stability calculation results in a graphic 
form. To view the plots, click on the Transient Stability Plots button on the Transient Stability toolbar. It 
will bring up a dialog box for the Transient Stability Plot Selection, as shown below, from which you can 
specify the devices and types of plots to view. 


Transient Stability Plot Selection 


Device Type Device ID Plot Type 


Syn. Generators Power Angle (Relative) 
Syn. Motors, MY 


Syn. Motors, LY Power Angle (Absolute) 
Ind. Machines, MY 
Ind. Machines, LY '| Speed 
Buses : 
MOVs MW mechanical 
Branches 
Lumped Load 
Wind Turbine 
MG Set 


Time Base 


(@ Seconds 


() Cycles 


Voltage Plots Machine 2 


Check All 
Uncheck All 


Plot the Difference between 2 Selected Devices 


Plot Time Segment 


Begin 0 Combine Plots 


Close All Plats 


Device Type 
Select a device type for plotting. 


Device ID 


From this list, select the devices (up to 16 devices at a time) to be plotted. This list contains the devices 
that have been selected for plots from the Study Case Editors. 


Plot Type 
Check Plot Type(s) for plot. Different device types have different plot types. 
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Syn. Generators 


Power Angle (Relative) — synchronous generator power (rotor) angle with respect to the reference 
machine in degree equals the generator’s absolute power (rotor) angle subtracting the reference 
machine’s absolute power (rotor) angle; the relative power (rotor) angle is the indicator of the 
generator stability 

Power Angle (Absolute) — synchronous generator absolute power (rotor) angle is solved from the 
generator swing equation in degree 

Speed — synchronous generator speed in RPM 

MW mechanical — synchronous generator shaft mechanical power generation in MW 

MW - synchronous generator electrical power generation in MW 

Mvar — synchronous generator reactive power in Mvar 

Current — synchronous generator terminal current in Amp 

Efd — synchronous generator field voltage in per unit 

Ifd — synchronous generator field current in per unit 

Machine Z — synchronous generator terminal impedance in % on machine base 


Syn. Motors, MV (medium voltage motors) 


Power Angle (Relative) — synchronous motor power (rotor) angle with respect to the reference 
machine in degree equals the motor’s absolute power (rotor) angle subtracting the reference 
machine’s absolute power (rotor) angle; the relative power (rotor) angle is the indicator of the motor 
stability 

Power Angle (Absolute) — synchronous motor absolute power (rotor) angle is solved from the motor 
swing equation in degree 

Speed — synchronous motor speed in RPM 

MW mechanical — synchronous motor mechanical power in MW 

MW - synchronous motor electrical power in MW 

Mvar — synchronous motor reactive power in Mvar 

Current (Line) — synchronous motor line current in Amp 

Current (Terminal) — synchronous motor terminal current in Amp 

Vbus — synchronous motor connected bus voltage in kV or % of the bus nominal kV 

Vterminal — synchronous motor terminal voltage in kV or % of bus nominal kV 

Machine Z — synchronous motor terminal impedance in % on machine base 


Syn. Motors, LV (low voltage motors) 


Power Angle (Relative) — synchronous motor power (rotor) angle with respect to the reference 
machine in degree equals the motor’s absolute power (rotor) angle subtracting the reference 
machine’s absolute power (rotor) angle; the relative power (rotor) angle is the indicator of the motor 
stability 

Power Angle (Absolute) — synchronous motor absolute power (rotor) angle is solved from the motor 
swing equation in degree 

Speed — synchronous motor speed in RPM 

MW mechanical — synchronous motor mechanical power in MW 

MW - synchronous motor electrical power in MW 

Mvar — synchronous motor reactive power in Mvar 

Current (Line) — synchronous motor line current in Amp 

Current (Terminal) — synchronous motor terminal current in Amp 

Vbus — synchronous motor connected bus voltage in kV or % of the bus nominal kV 
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Vterminal — synchronous motor terminal voltage in kV or % of bus nominal kV 
Machine Z — synchronous motor terminal impedance in % on machine base 


Ind. Machine, MV (medium voltage machines) 


Slip — induction machine slip in % 

Accel Torque — induction machine acceleration power in MW 

MWnm - induction machine mechanical power in MW 

MWe — induction machine electrical power in MW 

Mvar — induction machine reactive power in Mvar 

Current (Line) — induction machine line current in Amp 

Current (Terminal) — induction machine terminal current in Amp 

Vbus — induction machine connected bus voltage in kV or % of the bus nominal kV 

Vterminal —induction machine terminal voltage in kV or % of bus nominal kV 

Machine Z — induction machine terminal impedance in % on machine base (will not shown for VFD 
connected machines) 

V/Hz — induction machine terminal voltage per Hz, where voltage is based machine connected bus 
nominal voltage (except for VFD connected machines, which is based on machine rated voltage) and 
frequency is based system frequency (except for VFD connected machines, which is based on VFD 
AC output frequency) 


Ind. Machine, LV (low voltage machines) 


Slip — induction machine slip in % 

Accel Torque — induction machine acceleration power in MW 

MWnm - induction machine mechanical power in MW 

MWe — induction machine electrical power in MW 

Mvar — induction machine reactive power in Mvar 

Current (Line) — induction machine line current in Amp 

Current (Terminal) — induction machine terminal current in Amp 

Vbus — induction machine connected bus voltage in kV or % of the bus nominal kV 

Vterminal —induction machine terminal voltage in kV or % of bus nominal kV 

Machine Z — induction machine terminal impedance in % on machine base (will not shown for VFD 
connected machines) 

V/Hz — induction machine terminal voltage per Hz, where voltage is based machine connected bus 
nominal voltage (except for VFD connected machines, which is based on machine rated voltage) and 
frequency is based system frequency (except for VFD connected machines, which is based on VFD 
AC output frequency) 


Buses 


Voltage Angle — bus voltage angle in degree 

Frequency — bus frequency in % of system frequency 

MW - bus real power loading in MW 

Mvar — bus reactive power loading in Mvar 

Voltage/Hz — bus voltage per Hz in % of bus nominal volt/system frequency in Hz 
Voltage — bus voltage magnitude in kV or % of the bus nominal kV 
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MOVs 


kvar — MOV reactive power loading in kvar 

kW — MOV electrical power loading in kw 

Current — MOV current in Amp 

Vbus — MOV connected bus voltage in kV or % of the bus nominal kV 
Vterminal — MOV terminal voltage in % of machine (MOV) rated voltage 
VLimit — MOV voltage limit in percent of machine (MOV) rated voltage 


Branches 


MW (From) - Branch real power flow on From side in MW 

Mvar (From) - Branch reactive power flow on From side in Mvar 
I (From) - Branch current flow on From side in Amp 

MVA (From) - Branch apparent power flow on From side in MVA 
MW (To) - Branch real power flow on To side in MW 

Mvar (To) - Branch reactive power flow on To side in Mvar 

I (To) - Branch current flow on To side in Amp 

MVA (To) - Branch apparent power flow on To side in MVA 


Lumped Load 

e MW -Lumped load electrical power loading in MW 

e Mvar— Lumped load reactive power loading in Mvar 

e Current — Lumped load current in Amp 

e Voltage — Lumped load connected bus voltage in kV or % of bus nominal kV 


Wind Turbine 


MW - Wind Turbine machine electrical power in MW 

Mvar — Wind Turbine output reactive power in Mvar 

Current — Wind Turbine output current 

Vterminal — Wind Turbine Terminal Voltage 

Speed — Wind Turbine Speed in RPM 

Wind Speed — Wind speed in meters / Second 

MW Mechanical — Wind Turbine machine mechanical power in MW 
Pitch Angle — Rotor Blade Pitch Angle in degree 


* Note: Depending on type of wind turbine generators, some plots are not available for specific 
types. 


MG Set 


e Power Angle (Relative) — MG set power (rotor) angle with respect to the reference machine in 
degree equals the motor’s absolute power (rotor) angle subtracting the reference machine’s absolute 
power (rotor) angle; the relative power (rotor) angle is the indicator of the motor stability 

e Power Angle (Absolute) — MG set absolute power (rotor) angle is solved from the motor swing 
equation in degree 

e Speed — MG set speed in RPM 
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MW mechanical — MG set mechanical power in MW 

MW - MG set electrical power in MW 

Mvar — MG set reactive power in Mvar 

Current — MG set terminal current in Amp 

Vbus — MG set connected bus voltage in kV or % of the bus nominal kV 
Vterminal — MG set terminal voltage in kV or % of bus nominal kV 
Machine Z — MG set terminal impedance in % on machine base 


The following is a set of sample plots from the Transient Stability Study for synchronous motors: 


Time Base 
Select an option for the plot base in seconds or cycles. 


Voltage Plots 


Select an option for the voltage plot unit in kV or % of the bus nominal kV. 
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Plot the Difference between 2 Selected Devices 
This section will be activated only when there are two buses are selected. 


Transient Stability Plot Selection |p| 


Device Type Plot Type 


Syn. Generators Bus234 (¥] Voltage Angle 
Syn. Motors, MY LVBus 
Syn. Motors, LY Main Bus \V| Frequency 
Ind. Machines, MV MCC1 
Ind. Machines, L'¥ Sub24, | MW 
L Sub2B 
MOVs Sub 3 Mvar 
Branches Sub3 Swear 
Lumped Load Sub22 | Voltage/Hz 


Wind Turbine Sub23 Volt 
MG Set nee 


Time Base 


@) Seconds 


~) Cycles 


Voltage Plots 


Check All 
Uncheck All 


Plot the Difference between 2 Selected Devices 


Plot Time Segment 


B egin 0 GE om bine Plot $ 


Close All Plots 


Active Diff. 
Check this box to plot the difference for all potable curves between the selected two buses. 


Pressing this button will toggle positions of the two buses in calculating the difference. 


Plot Segment 


A segment of plots can be selected by defining T begin and T end. Combination of several plots is also 
available. 


T begin 
Enter the beginning of the time in second for a new plot. This value has to be greater or equal to 0. sec. 
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T end 


Enter the ending of the time in second for a new plot. This value has to be less or equal to the total 
simulation time. 


Combine Plots 
Curves for the selected item will be plotted on the same graph. Multiple scales will be used. 


Combining MOV V terminal and V Limit Plots 

These plots can be combined to graphically observe if there are any MOV terminal voltage violations. 
Selecting these plots as shown in the image below will provide a graph which allows the visual inspection 
of the violations. Note that it is suggested to plot only one MOV at a time to avoid confusions. 


Transient Stability Plot Selection ees] 
Device Type Device ID Plot Type 
Syn. Generators | HF-MOV-1/ kyvar 
Syn. Motors, MV HF-MOV-1/f°2 
Syn. Motors, LY HF-MOV-NoCF kw 
Ind. Machines, MV MOV1 
Ind. Machines, LV Current 
Buses MOW-1/6°2 
MOV-NoCF B 
Branches MOV2 : 
Lumped Load MOv3 ¥) terminal 
Wind Turbine MOV4 TI Vlimit 
MG Set MOVS _ 
_aen ann | MOVE 
Time Base MOV? 
@ Seconds MOVE 
Cycles 
Voltage Plots 
kV | Check All 
@% [ Uncheck All 
Plot the Difference between 2 Selected Devices 
Plot Time Segment 
Begin 0 End 20 Total 20 V! Combine Plots 
| Close All Plots | | Help | Cod) | Cancel 


An example of the graph showing the violation is shown below: 
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Note that during the start of the MOV it can be observed that between 6 and 8 seconds there is a period of 
time where the black solid line goes below the blue line (limit) and thus there is a violation. 


Tabulated MOV Graphical/Plot Undervoltage Alerts 

The violations can also be seen in tabulated format. To see the MOV voltage limit alerts in tabulated 
format the table named “AlertTS” can be opened. The image below shows the alert table containing some 
of these alerts. 


“FDA Test Cases To Be Adceah TAMOVAletsinTSIMOVLimit-Acil TS1S . ees a =" 
File 
+ Code ~ DeveeD » DevceTwe + Unt + _ Rated + Cacusted ~~ Deiston ~ Condon + AenType + Remarks a) + Tend 
| DBversion > wo wov Percent MOV rat... |75 7206 177608425 Undervotage _| Voltage ime Voltage below Lint | 550200033 8.001 
| i 2 JA movz Mov Percent MOV eat... 75 57 23906 17.7025 Undervatage | Valage it Voltage below Lint 5 1200033 8.001 
Hicus ei] 34 MOV-1472 Mov Percent MOVer 71 4958954 6559513 5 7ES15882 Undervaltage —-—Vekage ime Votinge below Lime 6 839 2.228 
ieable 4 MOv-14 mov Percent MOVes... 7554877 5.59976 357258 Undervotiage Votage bent Voltage below Lint 16.8 2.508001 
IConnect A HEMOVNCE _ MOV Percent MOV rat... | 80 73g? sev Urdervotage —VoRage Int Voltage betow Lint | 6.209 872 
| IConnectstetus 6 IA MOV-NoCF mov Percent MOVer 20 6559322 18 2067785 Undeevatiage Vokage lent Voltage helow Lime 6 65800047 8.857 
ae A Movs Mov Percent MOVat.. | 73.20699 42.5536443 21. S59057% Undervotage | Voage init Voltage below Lint 6 63300037 9.190001 
iFreqvoltageRelay A MOVE MOV Percent MOVine 78. 80699 42.3336449 31 S598575 Underveitage ——_Vekage lit Votage below Lin 6 63300037 9150001 
| |!Governor 3 A MOVv2 MOV Percere MOVem.. 79.92155 483264122 31.759083 Undervotiage VoRage imt Voktiage below Lime 6.616 9.152 
| HRYDCLinkL w iA mova Mov Percent MOVral.. 79.92155 483264122 31.79083 Urndervollage VoRage lerit Voltage below Lint 6.616 9.152 
| jtHvocLink2 1 IA MOv7 MoV Percent MOVet 80 430178 31 S782627 Undeevaitage Volinge bene Voltage below Line 6 5050005 9154 
Gatiiehice Move Mov Percert MOV est... 80 1 S782627 Undervoltage Vokage tt VoRage below Limt 6.6050005 9.154 
tLoadTorquecurve 13 /A HEMOVA mov Percent MOVset 85. 14628 w2s81982 Undexvatage Votage ier 37 9574 
tLumpload MA HF-MOV-14°2 MoV Percert MOV ert... 93.0246353 7410556 144570808 Undervottage Vokoge int Voltage below Let 6.12800026 10.696 
} iopns 


TE 


A description of each of the fields in this table is provided below: 


Code: Blanks 

DeviceID: MOV ID 

DeviceType: MOV 

Unit: percent machine (MOV) rated kV 

Rated: MOV Adjusted Voltage Limit in percent of machine rated kV 

Calculated: MOV terminal voltage value at the beginning of the violation in percent of 
machine rated kV 

Deviation: actual difference between the percent calculated and the percent deviation values. 
Condition: Reports the undervoltage condition 

Alert Type: voltage limit alert (in future releases there will be more alerts) 

Remarks: states a comment that the “Voltage below the limit” (in future versions more 
details may be provided using this field) 

e Tstart: Violation starting time (beginning time of the violation) in seconds 

e Tend: Violation ending time (ending time of the undervoltage condition) in seconds. Note the 
duration time of the undervoltage violation is simple Tend — Tstart. 


The table above can be opened from the report manager as shown in the image below and selecting to 
open the particular report of interest. 


OBR TS-NFD . [iive-| Movtimit-adit ’ Cable 


~\fye- List Output Reports 
List available report formats | 


“ 
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22.9 Action List 


Clicking on the Toggle Action List button Md on the Time-Slider will turn it into the Action List as 
shown below. 


| Transient Stability Action List ro 
Time 0 5.000 Seconds | 5.000 
i) |) O >) i) la) 
Time [sec] Event Device ID Action Action By 
0.500 Event 1 Sub 3 3 Phase Fault Study Case 
0.700 Event 2 Sub 3 Clear Fault Study Case 


This list shows all actions that are taken in the study, including those defined form the Study Case Editor, 
Events page and those initiated by relays actions. Invalid actions, for example, an operation to a de- 
energized device, are also listed in this list with a special action type of Invalid action. 


Using two pairs of arrow buttons on the list will guide you through the entire action list. Next and 
Previous Transient Stability Action arrow buttons moves the pointer to the time for the next or previous 
action. Forward and Backward arrow buttons advances the pointer one plot time step in the forward 
direction or the backward direction. The list will display all actions that are taken up to the time where 
the pointer is at. 


Note: The one-line diagram will also change the display of study results dynamically corresponding to the 
changes of the pointer, including the bus, machine and branch displays, as well as the protective device 
status and the system continuity check results. Thus a sequence of operation display is truly available for 
ETAP Transient Stability results from the Action List. 
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Generator Start-Up 


ETAP Generator Start-Up Analysis is a special feature of the ETAP Transient Stability Program. This 
type of analysis is particularly necessary for nuclear generation plants and for special conditions when the 
connection to a power grid is lost and recovery of the power supply to some critical loads is mandatory. 
In these cases, a cold stand-by generator is started up as an emergency condition and progresses through 
acceleration and load acceptance stages, before finally reaching steady state condition. 


Generator frequency and motor kW power results from the ETAP Generator Start-Up Program compared 
against field measurement data for an actual system are shown below. 
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The generator start-up analysis is a very distinctive study for several reasons. First, at the time the 
generator receives the emergency starting signal and is ready to start, it’s in a zero speed/zero voltage 
state. There is no voltage on the generator terminal to feed the excitation system, thus an alternative 
source has to be used. This alternative source usually stays online until the generator terminal voltage has 
built up to a high enough level to support the excitation system. At this point, the alternative source is 
withdrawn and the excitation source is switched to the generator terminal voltage. Second, the generator 
parameters are not constant during the starting process; rather, they change significantly with the 
generator speed. This fact must be considered and the generator parameters have to be re-calculated from 
the generator instantaneous speed. Furthermore, the saturation effect also needs to be accounted for in 
adjusting the generator parameters. Third, once the generator has reached the designated speed (or 
frequency) and/or terminal voltage, the emergency loads are switched on. A frequency and/or voltage 
controlled action is required to close the system circuit breakers. These actions are usually initiated by 
frequency relays and voltage relays. Fourth, when the emergency system is energized, motors in the 
emergency system are started at that point. 


Note: At this time, system frequency and voltage are still under their nominal values, which mean a 
special modeling technique must be developed to handle the motor starting at under frequency and under 
voltage conditions. Finally, all system impedances must be adjusted according to system instantaneous 
frequency. 


The generator start-up analysis can simulate the entire process of a synchronous generator during start-up, 
from the cold stand-by mode to the full operation mode. The synchronous generator and all of its 
associated controls, including turbine/engine and governor system, excitation/AVR system, and other 
associated controls, are modeled in a very detailed and extensive way, including both frequency 
dependency and saturation correction. The Event and Action editors in the Transient Stability Study Case 
Editor, along with Frequency and Voltage Relays, allow you to start the generator and operate circuit 
breakers exactly the same as in a real system. Induction motors are dynamically modeled with frequency 
dependent models to allow acceleration at under frequency and under voltage conditions. Other system 
components are also correctly and accurately modeled. 


Key features of the ETAP Generator Start-Up Analysis include: 


Accurate Synchronous Generator Model with Completely Frequency Dependent Parameters 
Synchronous Generator Parameter Correction Due to Saturation Effect 

Initial Field Flashing Circuit & Switching Time 

Sophisticated Turbine Model to Include Special Dynamics During the Generator Start-Up 
Detailed & User-Programmable Speed Governor System Control 

System Switching Actions Controlled by Relay Actions 

Variety of Relay Settings (Volt, Hz, V/Hz, dHz/dt) 

Frequency Dependent Network Impedance Model 

Frequency Dependent Induction Machine Model 

Induction Motor Starting at Under Voltage & Under Frequency Conditions 

Full Text Report of Study Results for Viewing and Printing 

One-Line Display of Study Results with Time Slider to Recapture the System Dynamic Responses 
Graphic Plots of Study Results for Viewing & Printing 
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23.1 Study Case Editor 


The Generator Start-Up Analysis is part of the ETAP Transient Stability Program. To run a generator 
start-up analysis, you need to be in Transient Stability Mode. 
Transient Stability toolbar and the Study Case toolbar remain the same just as if you were performing a 
Transient Stability Study. Here is a list of the additional settings that are required to run a generator start- 
up analysis. These settings are made within the Transient Stability Study Case Editor. 


Time Step 
Because of the complexity involved in a generator start-up analysis, many differential equations need to 
be solved. To ensure the accuracy of the solution, it is recommended that you use a smaller value for 
simulation time step, for example, 0.0003 second. Consequently, a relatively large value can be used for 
the plot time step, say 100. 


ETAP 


Info 
Study Case ID 


Loading Category 

Design v 
[_] Operating P,Q 

Load Diversity Factor 


@) None 
©) Bus Maximum 
© Bus Minimum 
© Global 


Study Remarks 


Events | Plot Dyn Model | Adjustment 


Initial Load Flow 
@) Adaptive Newton-Raphson 
() Newton-Raphson 


The functions of all buttons on the 


Transient Stability Study Case 


Max Iteration 99 


Solution 
; = 0.0001 
CO) Accelerated Gauss-Seidel —— 
Apply XFMR Phase-Shift 
Generation Category Charger Loading 
; " (@) Loading Category 
- (©) Operating Load 
|_| Operating P,Q, V 
Initial Voltage Condition 
©) Bus Initial Voltages 


@) User-Defined Fixed Value 


Second line of remarks for "TS" study case. 


Vmag | 100 Vang 0 
Report 
¥| Skip Tabulated Plots 
v Bl Help OK Cancel 
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Event & Action 


When performing a generator start-up analysis, it is very import to remember that starting the generator 
should be the first action to take place. The generator start action is specified in the Transient Stability 
Study Case Editor, as shown below. You need to create a time event and add one action with the Device 
Type specified as Generator and the Action type as Start. 


- 
Transient Stability Study Case 


* Generator 000 Generator Gen1 


Action Editor 
Event ID Generator Active 


Action 


Device Type Device ID Action 


Solution Parameters 
Total Simulation Time 


a Second 


Simulation Time Step (dt) 0.001 


de 35 
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Dynamic Model 

The generator start-up analysis requires that all system components be modeled with frequency 
dependency. You can ensure this by putting a check in the Frequency Dependent Models for Network, 
Motors, & Generators box in the Dyn Model page of the Transient Stability Study Case Editor. 


Transient Stability Study Case 
‘Info | Events | Plot | Dyn Model Adjustment 
Dynamic Modeling 
Syn Neto. LV | 00 Not Medel Dynamical 
ind. Machines [Vf @) Model Machines Larger or Equal to 0 HP/ACW 
Dynamic Modeling During Simulation (Time > 0) Starting Load for Accelerating Motors 
[¥] Include LTC Action @ Based on Motor Electrical Rating 
[¥] Include Starting Device © Based on Motor Mechanical Load 
Constant Power Load 


Threshold Voltage (VLC Limit) 80 % 
Delta V 5 % 
Reference Machine Synchronous Machine Damping 


Auto Assign A Reference Machine Use Nominal System Frequency 


v 
for each Sub-system ® Use Weighted Machine Frequency 


Frequency Dependent Model 

[_]Use Dependent Models for Machines and Network 

Synchronization Check to Close Tie CBs Salient-Pole Machine Modeling 
(@) Auto-Sync. Phase Angle @) Method 1 (Enhanced IEEE) 
©) Phase Angle Deviation < Method 2 (IEEE) 

[_] Frequency Deviation < Apply Saturation Factor Sbreak 
[_] Bus Voltage Deviation < [_]Non-Freg. Dependent Model 


ls ie) Help “Conca | 
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23.2 Calculation Methods 


The major difference between the regular Transient Stability Study and a generator start-up analysis is 
that in the latter case, the system frequency undergoes a drastic change from 0 Hz to an overshoot 
(normally 20 to 30 percent of the nominal frequency,) and finally settles down at the nominal value. This 
situation requires all power system components, especially rotating machines, be modeled correctly to 
account for the frequency changes. The impedance of other components should also be able to be 
adjusted to the true instantaneous system frequency. The ETAP Generator Start-Up Analysis can make 
all these adjustments spontaneously if the correct models are selected. This section describes what you 
need to do to select the right models for different components and how those components are being 
modeled. 


Starting Generator 


To perform a generator start-up analysis, the following synchronous generator model needs to be selected. 
This model is adapted from the latest IEEE Standard 1110 “IEEE Guide for Synchronous Generator 
Modeling Practices in Stability Analyses.” It has one damping winding on each of the direct and 
quadratic axis. 


Synchronous Generator Editor - Gen1 


Harmonic | Protection | Reliability | Fuel Cost | Time Domain | O&M) Remarks | Comment 
Info Rating | Capability | Imp/Model | Grounding | Inertia | Exciter | Govemor | PSS 


13.8kV 7.5MW Voltage Control 


Impedance Xd" Tolerance 
= = Ohm 
Xd" Xd"/Ra| 48 Ra| 0.25 | Ra| 0.053958 *l o le 
1 
x2 | 12 | xaR2/ 48 R2| 0.25 | R2) 0.053958 
Inertia 
Xo | 12 | XO/RO| 48 RO| 0.25 | RO| 0.053958 
H | 09 
Rdc | 0.25 | Rde | 0.053958 
Dynamic Model 
y 4 h Sec 
@ Subtransient Xd | 110 Xq| 108 | Tdo') 56 Sbreak| 0.8 
O Transient Xdu |116.93| Xqu |114.79| Tdo"| 0.002 $100! 1.07 
—— xi[ 23] xg! 15 | Too'| 37 $120| 1.18 


Typical Data X_/ 11 | Xa"! 12 | Tao"! 0.002 Damping} 5 


Type IEC 60909 S.C. 
! 
Exciter Ty Turbine 130% v 
Gen. | Steam Turbo we wes 
Compound Exc. 
Adjust KG based on PG PG | 75 |% 
Rotor | Round-Rotor 
GOST SC. 
Exciter Type | Thyristor Self-Excitation v 


(3) (C3) (55) [XI |cent DD) MLB) (0K ])| cance 
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The equivalent circuit for this model is illustrated below. 


Direct-Axis Equivalent Circuit 


Ra gn oe Li 
——()}— we 
i 
La 
Vo Laq : 
Ry 


Quadrature-Axis Equivalent Circuit 
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Turbine — Governor Models 


Any type of turbine-governor model that has the capability to simulate turbine starting dynamics can be 
used in the generator start-up study. For example, a hydro turbine and speed governor model is shown in 
the example below. It includes water tunnel and penstock dynamics and a very complex gate opening 


control scheme. 


Synchronous Generator Editor - Gen1 


Harmonic | Protection | Reliability | Fuel Cost | Time Domain O&M) Remarks | Comment 
Info | Rating | Capability | Imp/Model | Grounding | Inertia | Exciter | Govemor | PSS 


13.8kV 7.5MW _ Voltage Control 


@ Buitin © UDM 
Type 

HYDR - Sample Data 
vo vc1 vc2 GMAX1 GMAX2 GMIN 

0.06 0.048 0.016 1 05 0 

Q Gc RP RT TP 

1 1.02 0.02 0.7 0.04 

TG TR a ZP1 A 

1 50 15.5 33.17 0 

Fp Tt Tp1 Atl StartDamp RunDamp ' Tswitch i 

0 0.12 0.123 1 0.83 0 9999 

QNL Q2 RPM1 RPM2 RPM3 

0.17 0 52 52 122 

GBUFF Wref Href m B 

0.1 1 1.41 0.2573 55.83 
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Exciter/AVR Models 


The exciter/AVR system requires special controls in the Generator Start-Up Study. For example, 
exciter/AVR model ST1D is shown below and can be used for the Generator Start-Up Analysis. This 
model includes a special field flashing circuit to supply the initial DC excitation voltage to the generator 
field winding. A voltage per Hz relay is also included to switch the excitation source from the initial DC 
source to the normal source once the generator has built up enough voltage. 


Synchronous Generator Editor - Gen1 


Harmonic | Protection | Reliability | Fuel Cost | Time Domain O&M) Remarks | Comment 
Info Rating | Capability | Imp/Model | Grounding | Inertia Exciter | Govemor | PSS 


13.8kV 7.5 MW _ Voltage Control 


©) UDM 


@ Builtin 


ST1D 


VRmax 
3.66 


1.02 


Type 


VHZ 
0.76 


(23) (GB) |) [J com 


ETAP 


87.5 


Sample Data 


v 


Vde 


oF 


» |) (Bal 2} OK || Cancel 
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Induction Machine Model 


Induction machines, which are accelerated during the generator start-up process, should be modeled by 
their frequency dependent circuit models. ETAP automatically uses the frequency dependent circuit 
models that are selected from the Motor CKT Model Library Quick Pick Editor inside the Induction 
Machine Editor. All four types of induction machine circuit models, namely Single1, Single2, DBL1, and 
DBL2, can be used as the frequency dependent models for a Generator Start-Up Analysis. 


Library Quick Pick - Motor CKT Model (ne 


Model Type 
Single1 ® Single2 (©) DBL1 ~) DBL2 


Design Class Model ID 


HV-HS-HT LV100HP2P 
HV-HS-LT LV10HP2P 
HV-LS-HT LV150HP2P 


H¥-LS-LT L¥200HP2P 
LW2NHP2P 
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Synchronous Motor Models 


Accelerating synchronous motors in the system are modeled with their LR models just like induction 
machines with frequency dependent circuit models, since they behave like induction motors during start- 


up. 


Synchronous Motor Editor - Syni |r 


| Starting Mode | Cable/Vd__ | 
| Info | Nameplate | Model 


1 1250HP 13.2kV 
Locked Rotor 


LRC 4466 % 


LR Model (starting) 


Single2 - Single-cage with deep-bars 


HV-LS-HT 
MV1000HP2P 


Seis) dis ID) i 


Other Components 


Other system components such as transforms, lines, and cables are modeled identically to Transient 
Stability Studies except that the program will adjust their impedance according to the system 
instantaneous frequency. 
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23.3 Output Reports 


Three types of outputs are available for a Generator Start-Up Analysis. They include Crystal Reports™, 
one-line display, and plots. Please refer to the Transient Stability chapter for more information on how to 
access and manage the Output Reports. 


Crystal Report 


The Crystal Report for the generator start-up analysis is the same format as the Transient Stability 
Analysis. 


One-Line Display 


The one-line display for the generator start-up analysis is the same format as the Transient Stability 
Analysis. 


Plots 
The plots for the generator start-up analysis are the same format as the Transient Stability Analysis. 


Representative sample plots from a Generator Start-Up Analysis are shown here. 


i WModit1 - Generator Frequency | [OF Xx} 


Generator Frequency 


Tame (Sec.} 
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iS WModit1 - Generator Exciter Voltage | — [OO x} 


Generator Exciter Voltage 


—— XGEN 2 


0 10 20 30 40 50 


Time (Sec.) 


* 
g 
= 
i 
uv 
Ay 


iS WModi#t1 - Generator Mechanical Power | (OF x} 


Generator Mechanical Power 


Time (Sec. } 
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WHMod#t1 - Generator Electrical Power 


Generator Electrical Power 


Tame (Sec.) 
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Dynamic Models 


Motor dynamic models are required for dynamic motor starting, transient stability, and generator starting 
studies. Generator dynamic models and the associated control units (exciters, governors, and Power 
System Stabilizer [PSS]) are only needed for Transient Stability Studies. In addition, load torque 
characteristics for different types of models are required for both motor starting and Transient Stability 
Studies. Wind turbine generator dynamic models and the associated controls are required to do dynamic 
simulation studies involving the wind turbine generators. Lumped load dynamic models are needed if the 
dynamics for a lumped load in a study is desired. ETAP provides a variety of induction and synchronous 
machine models, wind turbine generator models, lumped load dynamic models, plus extensive libraries 
for exciters, governors, and PSS for you to select from to perform your studies. 


When performing dynamic Motor Acceleration Studies using the Motor Starting Module, only the motors 
that are accelerated must have a dynamic model, i.e., generators, exciters, and governors are not 
dynamically modeled. For transient stability studies, all generators, exciters, and governors are 
dynamically modeled. Motors, which have dynamic models and are designated to be dynamically 
modeled from the Study Case, will be dynamically modeled. For generator starting and frequency 
dependent Transient Stability Studies, all generators, exciters, governors, and motors have to use 
frequency dependent models. 


This chapter describes the different types of machine models, machine control unit models, load models, 
and explains their applications in motor starting and Transient Stability Studies. It also describes tools 
that assist you in selecting those models and specifying model parameters. 


The induction machine models section describes five different types of induction machine models and the 
frequency dependent forms of these models. These are Circuit Models (Singlel, Single2, DBL1, and 
DBL2) and Characteristic Curve Models, Descriptions of five different types of synchronous machine 
models and the frequency dependent forms of these models are provided in the synchronous machine 
models section. These consist of an Equivalent Model, Transient Model for round-rotor machines, 
Subtransient Model for round-rotor machines, Transient Model for salient-pole machines, and 
Subtransient Model for salient-pole machines. Motor starting and Transient Stability Studies also require 
the utility tie system to be modeled as an equivalent machine. A description of the modeling of power 
grid systems is found in the section Power Grid. Different types of exciter and automatic voltage regulator 
(AVR) models, including standard IEEE models and vendor special models, are defined in the Exciter 
and AVR Models section. Governor-turbine models that are also based on both IEEE standards and 
vendors’ product manuals are listed in the Governor-turbine Models section. PSS models that are also 
based on both IEEE Standards and vendors’ product manuals are listed in the PSS Models section. 
Finally, the types of load models are described in the Mechanical Load section. Dynamics of lumped load 
is described in the Dynamic Lumped Motor Load Model section. Please contact OTI for wind turbine 
generator models. 
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24.1 Induction Machine 


ETAP provides six different types of induction machine models, which cover all commonly, used 
induction machine designs. These models consist of: 


Singlel CKT Model 

Single2 CKT Model 

DBL1 CKT Model 

DBL2 CKT Model 
Characteristic Curve Model 
Frequency Dependent Model 


In general, Single1, Single2, DBL1, and DBL2 are referred to as CKT (circuit) models, because they all 
use equivalent circuits to represent an induction machine stator and rotor windings. These models can be 
used for both dynamic motor starting and transient stability studies. Characteristic models use machine 
performance curves specified at some discrete points to represent an induction machine. This model can 
be used for dynamic motor starting studies, but is not suitable for Transient Stability Studies. 


Note: The models described in this section are also employed by synchronous motors for Motor Starting 
Studies since, during starting, synchronous motors behave similar to induction motors. This modeling 
procedure is an accepted method according to current industry standards. 


Notations and Symbols 


The following notations are used in defining various parameters for induction machine models: 


R, = Stator resistance 

X; = Stator reactance 

Xm = Magnetizing reactance 

Rc = Core resistance (core loss) 

R, = Rotor resistance 

X, = Rotor reactance 

X, =  Locked-rotor reactance ( = Xs + XmX;/(Xm+ Xr) ) 

Xoc = Open-circuit reactance (= X; + Xm) 

Tao’ = Rotor open-circuit time constant ( = (Xm + X,)/(27fR;,) ) 


X/R = Machine X/R ratio 
These additional notations are used in the machine electrical and mechanical equations: 


Machine internal voltage 

= Machine terminal current 

= Machine synchronous speed 

= Machine mechanical speed 

= Machine slip ( = (@ - @n)/@) 

= Synchronous frequency 

= Machine shaft inertia 

= Damping factor (this value is negligible) 
= Mechanical output power 

= Electrical input power 


wepor7ses am 
| 
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24.1.1 Single1 Model 


This is the least complex model for a single-cage induction machine, with no deep-bars. It is essentially 
using a Thevenin equivalent circuit to represent the machine. The rotor circuit resistance and reactance 
are assumed constants; but the internal voltage will change depending on the machine speed. 


| Cable/Vd | Cable Amp | __ Protection | Reliability | Remarks | Comment 
[info | Nameplate | imp Model | Inertia | Load | Start Dev | Start Cat 


A x’ X = 19.36 
Xoc = 375.5 
Tdo’ = 0.805 
WR = 5.055 
| 
| Parameter Est. & Tuning | al 
Characteristic Model 


Generated 


Slip Torque | PF a 
100 33.75 500 25.02 
90 37.38 4992 25.63 

80 41.87 498.1 26.38 

70 4757 4966 27.35 

60 55.06 4947 28.62 

50 65.29 4917 3037 - 
«| m | > 


Bee Whe. =) ALR) (ox) [corcet| 


Parameters for this model are: 


e E Machine internal voltage 

e xX’ Transient reactance ( = XIr = X; + XmXr/(Xm + Xr)) 

e Xoc Open-circuit reactance (= X;+ Xm) 

e Tdo’ Rotor open-circuit time constant ( = (Xm + X,)/(27fR;) ) 
e X/R Machine X/R ratio ( = X’/R) 


Note: The X/R value is obtained from the library and is not the same X/R used for short-circuit 
calculations. 
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24.1.2 Single2 Model 


This is the standard model for induction machines, representing the magnetizing branch, stator, and rotor 
circuits, and accounts for the deep-bar effect. The rotor resistance and reactance linearly change with the 
machine speed. 


Cable/Vd | Cable Amp | __ Protection 
Info| Nameplate | Imp Model 


1 500HP 4kV 


CKT Model 
(tess none 
J MV500HP2P 


Ris Xs Kr 


t, 


3.83 10.29 


| Parameter Est. & Tuning | 


Characteristic Model 
Generated 


Slip Torque | PF a 
100 34.04 500.1 25.02 La 
90 37.68 4936 25.48 

80 4217 487 26.12 

70 4787 4802 2698 
60 
50 


55.33 473 28.19 
65.49 465.1 2994 - 
«| um lab 


(23 la) 5) [X)[Pme 


Parameters for this model are: 


e §6Rs Stator resistance 

e Xs Stator reactance 

e Xm Magnetizing reactance 

e = 6Rrfl Rotor resistance at full load 

e §=6Rrir Rotor resistance at locked-rotor 
e = Xrfl Rotor reactance at full load 

e §6Xrir Rotor reactance at locked-rotor 
e Rc Core resistance (core loss) 
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The actual rotor resistance and reactance are calculated based on the full load and locked-rotor values and 
machine operating slip. The relationships of rotor impedance with slip are shown below: 


x, 


Slip Slip 


The rotor resistance and reactance can also have a non-linear modeling effect. The previous graphs show 
a linear (deep-bar) dependency of the résistance and reactance based on the changing motor slip. 
However, in order to enhance the motor torque, current and power factor characteristics during starting 
conditions a set of 21 values of Rr and Xr were added to the dynamic model of single2 induction 
machines. 


The set of values can be entered into the library or can be estimated using the M-PET tool. The following 
image shows how the rotor resistance and reactance vary for a particular example: 


X, R, 
20 25 


Xr (slip) % Rr (slip) % 


05 


| Slip 1 08 06 04 02 S,0 
1 08 06 04 02 ‘So Slip (p.u.) 


Slip (p.u.) 


The curves above represent a non-linear variation in the rotor resistance and reactance. This non-linear 
rotor impedance variation allows the program to better match the characteristic curves provided by a 
manufacturer. Note that the resistance is reducing with reducing slip and that the reactance is increasing 
with reducing slip. This is the same trend which was shown in the linear deep-bar effect plots however 
with non-linear behavior added. 


The image below shows the data in the motor CKT library which is used to generate the previous non- 
linear set of plots: 
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a Motor CKT Model Library Editor {ss] 
Model Type Single2 Design Class HV-HS-HT 

ModeliD =| ps ¥| xs Y! xm ¥! re ¥| pea ¥| Retr ¥| xe FY] xn © near ¥| wen ¥ 
LVIOHP2P 437 4.32 295.7 0 2.35 257 29 9.46 l 
LV20HP2P 1.56 8.49 254.4 0 1.95 291 24.25 8.55 l - 
LVS0HP2P 68 848 228 0 17 267 14.86 542 
LV7SHP2P 331 11.49 3635 0 0.86 2.19 13.65 317 

LVIOOHP2P 2.78 10.91 2974 0 1.04 2.24 15.63 434 

LVI50HP2P 229 11.76 3913 0 0.87 2.09 14.18 3.18 F 

LV200HP2P 1.76 11.64 4805 0 1 2.07 14.16 3m 

LV250HP2P 21 1297 4136 0 0.85 1.48 16.49 215 

MVS00HP2P 3.83 10.29 3652 20000 152 123 11.67 93 

MVI000HP2P 178 11.13 3466 0 158 158 12.12 11.01 L 

MV4700HP4P 0.94 103 538 0 09 25 106 68 l 

* = 


Note that all motors which do not have the non-linear flag checked will not include this non-linear rotor 
impedance variation effect. 
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24.1.3 DBL1 Model 


This CKT model represents double-cage induction machines with integrated bars. The rotor resistance 
and reactance of each cage are constant for all machine speeds; however, the equivalent impedance of the 
two rotor circuits becomes a non-linear function of the machine speed. 


| ae = 


1 5O0HP 4kV 3-1/C 350 AWG/kcmil 5kV 


CKT Model 


sib 
Uber) my4o0HP4P 


SEH Whe D>) BAP) (ox) [cree | 


Parameters for this model are: 


e §6Rs Stator resistance 

e Xs Stator reactance 

e Xm Magnetizing reactance 

e 6 Rri Rotor resistance for the first rotor circuit 

e Rr2 Rotor resistance for the second rotor circuit 
e Xri Rotor reactance for the first rotor circuit 

e Xr2 Rotor reactance for the second rotor circuit 
e Rc Core resistance (core loss) 
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24.1.4 DBL2 Model 


This is another representation of double-cage induction machines with independent rotor bars. Just as in 
the DBL1 model, the rotor resistance and reactance of each cage are constant for all machine speeds, and 
the equivalent impedance of the two rotor circuits is a non-linear function of the machine speed. The 
DBL2 model has a different characteristic than the DBL1 model. 


— 
cick Viachine Editor - Purnn Ea 
Cable/Vd | Cable Amp | Protection | Reliability | Remarks Comment 
Info __| Nameplate | imp Model | inertia | Load | Stat Dev | Start Cat 
1 500HP 4kV 3-1/C 350 AWG/kcmil 5kV 

CKT Model 


—J MV400HP4P 


Slip Torque | PF 
100 1129 5473 30.17 La 
90 1186 5396 31.15 

80 1243 5305 32.17 

70 1297 5196 33.23 

60 1346 5066 343 

50 1386 4913 3535  - 
«| = Wo J > 


(22) (G2) 2) [Xj [Pome 1 =) MLR) (06) (cee 


Parameters for this model are: 


e §6Rs Stator resistance 

e Xs Stator reactance 

e Xm Magnetizing reactance 

e § 6Rri Rotor resistance for the first rotor circuit 

e Rr2 Rotor resistance for the second rotor circuit 
e 6 Xri Rotor reactance for the first rotor circuit 

e Xr2 Rotor reactance for the second rotor circuit 
e =Rc Core resistance (core loss) 
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24.1.5 Characteristic Curve Model 


This model provides the capability to model induction machines directly based on machine performance 
curves provided by the manufacturer. Although only a discrete set of points is required to specify each 
curve, ETAP uses advanced curve fitting techniques to generate continuous curves for calculation 
purposes. 


Reliability | Remarks Comment 
Model | Inertia | Load | StartDev | Start Cat 


1 500HP 4kV 31/C 350 AWGAccmil 5kV 


CKT Model 


| Parameter Est. & Tuning | TT 


Characteristic Model 


[een | sno 
J MV500HP2P 


Sa) Gri >) ala 


Curves specified in this model include: 


e Torque vs. Slip 
e Current (J) vs. Slip 
e Power Factor (PF) vs. Slip 


Note: This model is only used for Motor Starting Studies. For Transient Stability Studies you can use the 
Machine Parameter Estimation Program to convert this model into one of the CKT models. 
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24.1.6 Frequency Dependent Model 


The frequency dependent models of induction machines are used in Transient Stability Studies. ETAP 
provides the frequency dependent forms for the four types of circuit models (Single1, Single2, DBL1, and 
DBL2). In these models, the stator and rotor reactance and slip of machine are functions of system 
frequency. The following is the equivalent circuit for a double-cage induction machine model with 
independent rotor bars (DBL2). The diagram and parameters for this model are shown below: 


OsLr2 


Ryo/s 


e §6Rs Stator resistance 

e 6Ls Stator inductance 

e Lm Magnetizing inductance 

e §6Rc Core resistance (core loss) 

e =6Rr1 Rotor resistance for the first rotor circuit 

e Rr2 Rotor resistance for the second rotor circuit 
e Lr Rotor inductance for the first rotor circuit 

e Lr2 Rotor inductance for the second rotor circuit 
© Os System speed 

e os Motor slip 


The data interface and library for the frequency dependent forms of the four types of induction machine 
models (Single1, Single2, DBL1, and DBL2) are the same as the corresponding regular induction 
machine models. ETAP internally converts the reactance in machine interface to inductance. 


The model also can be expressed as the following equivalent circuit in terms of transient inductance and 
transient internal electromagnetic-force. 


Rs OL’ 
—_k——wwy 
SSE 
is 
OE” 
Vs 

The parameters in this circuit are: 
e 6L’s Transient inductance 
e = 6£E’ Transient internal electromagnetic-force 
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24.1.7 Shaft Torsion Model 


If the torsion effect is included for the multiple mass shaft of machine, a shaft torsion model is used in 
ETAP. The shaft model can be represented in a general form as follows: 


Coupling Gear Swing Equation: 


dc. 


“ dt = -D, (a, - @y )- K,(@, -6,)-D,(a, —0,)-K,(0, -,) 


2H 


Load Swing Equation: 


d 
2H = -T, - D,(@, - @,)- K,(0, - 9,) 


L 


Parameters for the induction machine shaft model are: 


° aM Motor speed 

© we Coupling gear speed 

° OH Load speed 

e GO Motor angle displacement 

« & Coupling gear angle displacement 

e @ Load angle displacement 

e He Inertia constant of coupling gear 

e Ay Inertia constant of load 

e D, Damping coefficient between motor and coupling gear 
e Do Damping coefficient between coupling gear and load 
e 6K Spring coefficient between motor and coupling gear 
e 6K2 Spring coefficient between coupling gear and load 

e Tr Load torque 
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24.2 Synchronous Machine 


ETAP provides five different types of synchronous machine models to choose from for Transient 
Stability Studies and frequency dependent models for generator starting and frequency dependent 
Transient Stability Studies. The complexity of these models ranges from the simple Equivalent Model to 
a model that includes the machine saliency, damper winding, and variable field voltage. These models 
are: 


Equivalent Model 

Transient Model for Round-Rotor Machine 
Transient Model for Salient-Pole Machine 
Subtransient Model for Round-Rotor Machine 
Subtransient Model for Salient-Pole Machine 
Frequency Dependent Model 


Synchronous generators and synchronous motors share the same models. In the following discussion, the 
generator case is taken as an example. 


Notations and Symbols 


The following notations are used for defining various parameters for synchronous machine models: 


Xd” = Direct-axis subtransient synchronous reactance 

Xd’ = Direct-axis transient synchronous reactance 

Xd = Direct-axis synchronous reactance 

Xq” = Quadrature-axis subtransient synchronous reactance 

Xq = Quadrature-axis synchronous reactance 

Xq’ = Quadrature-axis transient synchronous reactance 

xl = Armature leakage reactance 

Ra = Armature resistance 

X/R = Machine X/R ratio (= Xd”/Ra) 

Tdo” = Direct-axis subtransient open-circuit time constant 

Tdo’ = Direct-axis transient open-circuit time constant 

Tqo” = Quadrature -axis subtransient open-circuit time constant 

Tqo” = Quadrature -axis transient open-circuit time constant 

S100 = Saturation factor corresponding to 100 percent terminal voltage 
$120 = Saturation factor corresponding to 120 percent terminal voltage 
H = Total inertia of the shaft 

D = Shaft damping factor 
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General Concept of Modeling Synchronous Machines 
A synchronous machine is, in general, modeled by an equivalent internal voltage source and its equivalent 
resistance and reactance. The equivalent internal voltage source is connected to the machine internal bus 
behind the equivalent resistance and reactance, as shown in the diagram. 


Reg Keg 
Machine Terminal 
(internal) (external) 
Bus Bus 


Depending on the structure (round-rotor or salient-pole) and design (with or without damper windings), 
the equivalent internal voltage and equivalent impedance are calculated differently. These differences are 
reflected in differential equations describing different types of synchronous machine models. 


Park’s transformation is adopted and the following notations and symbols are employed in the differential 
equations for synchronous machine models: 


Efd = Term representing the field voltage acting along the quadrature-axis. It is 
calculated from the machine excitation system 

(9) = Function to account machine saturation effect 

Eq” = Quadrature-axis component of the voltage behind the equivalent machine 
subtransient reactance 

Ed” = Direct-axis component of the voltage behind the equivalent machine subtransient 
reactance 

Eq’ = Quadrature-axis component of the voltage behind the equivalent machine 
transient reactance 

Ed’ = Direct-axis component of the voltage behind the equivalent machine transient 
reactance 

Eq = Quadrature-axis component of the voltage behind the equivalent machine 
reactance 

Ed = Direct-axis component of the voltage behind the equivalent machine reactance 

Ei = Voltage proportional to field current 

It = Machine terminal current 

Id = Direct-axis component of machine terminal current 

Iq = Quadrature-axis component of machine terminal current 
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Saturation 


The synchronous machine saturation effect needs to be considered in the modeling. This effect is 
represented by two parameters S100 and $120, as defined in the following figure and equations: 


Air Gap Line 
1.2 Open Circuit 
Satur aton 
1.0 
Sbreak 
3 
faa 
bo 
= 
‘o 
> 
E 
§ 
Jy Igoo Jq20 
Field Cutt ent 
Sve F100 
1007 
f 
T1270 
naa 4 
where 
I; = Field current corresponding to 100% terminal voltage on the air gap line (no saturation) 
TIfio0 ~= = Field current corresponding to 100% terminal voltage on the open-circuit saturation 
curve 
TIfi20 == Field current corresponding to 120% terminal voltage on the open-circuit saturation 
curve 


For Generator Starting Studies, another factor, Spreak, is required to correct machine inductance as shown 
in the above generator saturation curve. The factor Spreax is defined as %V;at the saturation break point. 
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24.2.1 Equivalent Model 


The screen below shows the equivalent model, its parameters, and the typical data. 


Synchronous Generator Editor - Gen1 x 
Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability |mp/Model Grounding Inertia Exciter Govemor PSS 
13.8kV 75MW _ Voltage Control 

Impedance Xd" Tolerance 
he % Ohm 
Xd" | 19 | Xd"/Ra| 19 Ra} 1 Ra 0.215832 el oO | % 
x2 18 X2/R2| 9 R2} 2 R2 0.431664 
Inertia 
Xo 7 XO/RO| 7 RO; 1 RO 0.215832 
H 
Rdec | 0.25 | Rdc 0.053958 
amic Model 
ai % y 4 Sec 
© Subtransient Xd | 155 Xq | 155 Tdo"} 65 Sbreak} 0.8 
O Transient Xdu [165 | xqu| 165 $100| 1.07 
© Equivalent xd" | 28 $120[ 1.18 
Typical Data X, | 15 Damping} 0 
Type IEC 60909 S.C. 
Exciter Type Turbine 130% v 
Gen. | Steam Turbo v 
[_] Compound Exc. 
(_] Adjust KG based on PG PG] 75 |% 
Rotor |Round-Rotor ae 
GOST SC. 
Exciter Type | Thyristor Self-Excitation =“ 
23 @) 9) [Xj \cen Y\(D) BM LR) LOK | coneet 


This model uses an internal voltage source behind the armature resistance and quadrature-axis reactance 
to model a synchronous machine. The voltage source is proportional to the machine field flux linkages. 
The model includes the effect of variable field voltage and the effect of saliency in the case of salient-pole 


machines. 
For this model, Reg and Xeq are defined as: 


Req = 
Xeq = 


Ra 
Xq 
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24.2.2 Transient Model for Round-Rotor Machine 


The screen below shows the transient model for a round-rotor machine, its parameters, and the typical 
data. 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


[138kV 7.5MW Voltage Control 

Impedance Xd" Tolerance 
% % Ohm 

Xd" Xd"/Ra Ral 1 0.215832 *) o |e 

x2 xgr2{ 9 | R2| 2 0.431664 

Xo xO/RO Ro{ 1 0.215832 


Rde | 0.25 0.053958 | 


Inertia 


H [09 | 


Sec 


va [155] Tor 65] Steak( 08 | 


ras [75 s100 [107 
oS] Tw] — steel 78] 
pares 


IEC 60909 S.C. 

Exciter Type | Turbine 130% 

[_] Compound Exc. 

[_] Adjust KG based on PG PG % 
GOST SC. 

Exciter Type | Thyristor Self-Excitation 


- [DI (ea) (2) OK | Cancel 


This model uses an internal voltage source behind a fictitious impedance Rh + jXh. Rh and reactance Xh 
that are used to replace R., and X-, to achieve a faster calculation convergence. 
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24.2.3 Subtransient Model for Round-Rotor Machine 


The screen below shows the subtransient model for a round-rotor machine, its parameters, and the typical 
data. 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


[138kV 75MW VotageContol = = | 
impedance Xd" Tolerance 
var 97] xd"/Ra{ 19 | Ra *[ 0 |x 
x2 xr2{ 9 | R2 


xo [| 7 | xomo{ 7 | RO 


Inertia 


Tdo'[ 65 | Streak | 08 | 


rao" [0085] st00[ 407] 
Tao’ | 1.25 $120[ 1.18 | 
Tao"[ 0.035] Damping{ 0 | 


IEC 60909 S.C. 
Exciter Type | Turbine 130% 
[_] Compound Exc. 
] [] Adjust KG based on PG pG| 75 |% 
GOST S.C. 
Exciter Type “Thytistor Seff-Excitation Vv 


Seu SDB Lox ||| cox | 


This model is IEEE 2.2 model as defined in IEEE Std. 1110-2002, IEEE Guide for Synchronous 
Generator Modeling Practices and Applications in Power System Stability Analyses. 
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The model circuit diagrams are shown below: 
Wa 


Mo Rw 
ld 
‘d 
Va Xad fd 


Xia Xj 
R 
Ria 
Via 
D-Axis Equivalent Circuit for Subtransient Model 
Rs us X, 
=o 
— 
iq 
Xiq X24 
Rig Rog 


Q-Axis Equivalent Circuit for Subtransient Model 


Model circuit parameters are: 


Rs Stator resistance 

X Stator leakage reactance 

Xad Direct-axis stator to rotor mutual reactance 

Xag Quadrature-axis stator to rotor mutual reactance 

Xia Field to direct-axis rotor mutual reactance 

X14 Direct-axis rotor damper circuit equivalent leakage reactance 

Ria Direct-axis rotor damper circuit equivalent resistance 

X ofa Field leakage reactance 

Rya Field resistance 

Xiq Qaudrature-axis first rotor damper circuit equivalent leakage reactance 
Rig Qaudrature-axis first rotor damper circuit equivalent resistance 

X2q Qaudrature-axis second rotor damper circuit equivalent leakage reactance 
Roq Qaudrature-axis second rotor damper circuit equivalent resistance 

Via Field voltage 

Wa Direct-axis flux linkages 

Wa Quadrature-axis flux linkages 
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24.2.4 Transient Model for Salient-Pole Machine 


The screen below shows the transient model for a salient-pole machine, its parameters, and the typical 
data. 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability |mp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5 MW _ Voltage Control 


Impedance ee Xd" Tolerance 
% % 
Xd" xd"/Ra| 25 | Ral 1 Ra| 0.215832 +l 0 le 
x2 xyr2{ 9 | R2| 2 | R2{ 0.431664 
— Inertia 
Xo X0/RO RO| 1 | RO| 0.215832 
[7] x00 7] (oa) 


Rdc | 0.25 | Rde 0.053958 


—— % % Sec 
O Subtransient  xd/| 99 | Xq Tdo'| 5.25 | —Sbreak 
@Transiet —xdu [105 | xqu[ 70 | $100 
Obnivdert ef] $120 
X15 | Daming| 0 | 
Type IEC 60909 S.C. 
Gen. | Steam Turbo v i = = 
Rotor SESE + bei based on PG PG % 
Exciter Type | Thyristor Self-Excitation v 


(23) (68) [s9) [J em | ea ed 0% J) | come 


This model is IEEE 2.1 model as defined in IEEE Std. 1110-2002, IEEE Guide for Synchronous 
Generator Modeling Practices and Applications in Power System Stability Analyses, with the damper 
winding in the Q-Axis ignored. 
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The model circuit diagrams are shown below: 


Wi 

Ra ‘ x, Xa -Xea 

o—_] Wd 

<< 
id 
X1d 
Va Xad 

Ria 


D-Axis Equivalent Circuit for Transient Model 


Ra va Xi 
et} or 
<——_ 
Iq 


Xiq 
Va Xaq 


Rig 


Q-Axis Equivalent Circuit for Transient Model 


Model circuit parameters are: 


ETAP 


Stator resistance 

Stator leakage reactance 

Direct-axis stator to rotor mutual reactance 

Quadrature-axis stator to rotor mutual reactance 

Field to direct-axis rotor mutual reactance 

Direct-axis rotor damper circuit equivalent leakage reactance 
Direct-axis rotor damper circuit equivalent resistance 

Field leakage reactance 

Field resistance 

Qaudrature-axis rotor damper circuit equivalent leakage reactance 
Qaudrature-axis rotor damper circuit equivalent resistance 
Field voltage 

Direct-axis flux linkages 

Quadrature-axis flux linkages 
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24.2.5 Subtransient Model for Salient-Pole Machine 


The screen below shows the subtransient model for a salient-pole machine, its parameters, and the typical 
data. 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5 MW _ Voltage Control 


Impedance Xd" Tolerance 
% 


xe] ame Ral 1 | Coe ‘| o_|* 
Xo xoro[ 7 | RO | 0.215832 | 
Pa [59 


Inertia 


H [09 | 


Sec 


Xq[ 66 | Tdo'| 525]  — Sbreak| 08 | 


xqu[ 70 | Tdo"| 0.03 | $100| 1.07 | 
xa' |_66_| 1201.18 | 
xq" | 33 | Tgo"| 0.05 Damping! 0 | 


IEC 60909 S.C. 
Exciter Type | Salient Pole 160% 


[_] Compound Exc. 
[_] Adjust KG based on PG pg | 75 |% 


GOST S.C. 
Exciter Type | Thyristor Self-Excitation 


(3) (GB) (5) [XJ Gent SD) AB) (0K ||) cancer 


This model is IEEE 2.1 model as defined in IEEE Std. 1110-2002, IEEE Guide for Synchronous 
Generator Modeling Practices and Applications in Power System Stability Analyses. 
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The model circuit diagrams are shown below: 


VW 
Ra : Xi Xpid - Xad 
e—__] WWI wr 
<—. 
iq 
Xid Xja 
Xa 
Va g Rya 
Ria 
Via 


D-Axis Equivalent Circuit for Subtransient Model 


Q-Axis Equivalent Circuit for Subtransient Model 


Model circuit parameters are: 


e OR; Stator resistance 

e X) Stator leakage reactance 

@ = Xad Direct-axis stator to rotor mutual reactance 

© = Xaq Quadrature-axis stator to rotor mutual reactance 

© Xpa Field to direct-axis rotor mutual reactance 

© Xia Direct-axis rotor damper circuit equivalent leakage reactance 

© Ria Direct-axis rotor damper circuit equivalent resistance 

© Xr Field leakage reactance 

© Ry Field resistance 

© Xig Qaudrature-axis first rotor damper circuit equivalent leakage reactance 
© Rig Qaudrature-axis first rotor damper circuit equivalent resistance 
© (Vf Field voltage 

°. Ww Direct-axis flux linkages 

e wq Quadrature-axis flux linkages 


ETAP 24-22 ETAP 19.0 User Guide 


Dynamic Models Synchronous Machine 


24.2.6 Frequency Dependent Model 


A subtransient synchronous machine model with frequency dependency in ETAP is developed based on a 
standard IEEE 2.1 synchronous generator model. An equivalent circuit diagram of the model is shown 
here: 


Lia 
Daa 
Va g Re 


Ra + Os Wa Z L, 
——{ —www 


Rig 


Q-Axis Equivalent Circuit for Frequency Dependent Model 


Parameters in the circuits are: 


e )6R; Stator resistance 

e iL Stator leakage inductance 

e Lad Direct-axis stator to rotor mutual inductance 

© Lag Quadrature-axis stator to rotor mutual inductance 

e = Lpa Field to direct-axis rotor mutual inductance 

e) Lid Direct-axis rotor equivalent leakage inductance 

e Rig Direct-axis rotor equivalent resistance 

© Lia Field leakage inductance 

e Ra Field resistance 

© Lig Qaudrature-axis rotor equivalent leakage inductance 
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e Rig Qaudrature-axis rotor equivalent resistance 
© Via Field voltage 

° WwW Direct-axis flux linkages 

© WG Quadrature-axis flux linkages 

© Os System speed 


The data interface for the frequency dependent subtransient synchronous machine model is the same as 
the regular subtransient model with a salient-pole. ETAP internally calculates the required parameters for 
the frequency dependent model from the data in generator interface. 
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24.2.7 Shaft Torsion Model 


If the torsion effect is included for the multiple mass shaft of machine, a shaft torsion model is used in 
ETAP. The shaft model can be represented in a general form as follows: 


Synchronous Generator 


Synchronous Motor 
7) 


Dy D> 


a 
Ee 


Parameters for the machine shaft model are: 


z 


ETAP 


Generator speed 

Reference machine speed 

Motor speed 

Coupling gear speed 

Turbine speed 

Load speed 

Motor angle displacement 

Coupling gear angle displacement 

Load angle displacement 

Inertia constant of Generator 

Inertia constant of motor 

Inertia constant of coupling gear 

Inertia constant of load 

Damping coefficient of generator 

Damping coefficient between turbine (motor) and coupling gear 
Damping coefficient between coupling gear and generator (load) 
Spring coefficient between turbine (motor) and coupling gear 
Spring coefficient between coupling gear and generator (load) 
generator torque 

Motor torque 

Load torque 
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24.3 Power Grid 


A power grid (utility system) must be modeled with an equivalent machine for Motor Starting and 
Transient Stability Studies. This is due to the fact that a power grid is generally considered as an 
interfacing point to the power grid whose voltage and frequency is supported by a larger system and 
therefore unlikely to change. It is valid to assume this equivalent machine has a constant internal voltage 
source and an infinite inertia. Thus the power grid is modeled in ETAP with the following Thevenin 
equivalent: 


Reg Xeg 


Terminal 
(external) 
Bus 


where Ei is calculated from the initial terminal bus voltage and Req and Xeq are from positive sequence R 
and X of the Power Grid Editor, as shown below: 


Info _| Rating Short Creu SSS 
[ 345kVSwng  ——— 


Grounding 


SC Imp. (100 MVA base) 
%R %X 
Pos. 0.18514 8.33128 
Neg. 0.18514 8.33128 


Zero 0.55929 25.1681 


BSH Wu» J) GB) Code’) 
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24.4 Excitation System 


To accurately account for dynamics from exciter and AVR systems in power system transient responses, 
complete modeling of these systems is usually necessary. 


ETAP provides the following exciter and AVR models: 


e IEEE Type 1 e JEEE Type AC5A 

e IEEE Type 2 e Basler SR8F & SR125A 
e IEEE Type 3 e HPC 840 

e IEEE Type 1S e JEUMONT Industrie 

e IEEE Type DC1 e IEEE Type ST1D 

e JEEE Type DC2 e IEEE Type AC8B 

e IEEE Type DC3 e JEEE Type AC1A 

e JEEE Type ST1 e IEEE Type ST4B 

e IEEE Type ST2 e IEEE Type DC4B 

e IEEE Type ST3 e IEEE Type AC7B 

e IEEE Type AC1 e IEEE Type ST1A 

e JEEE Type AC2 e JEEE Type AC2A 

e JEEE Type AC3 e JEEE Type ST2A 

e IEEE Type AC4 e User-Defined Dynamic Model (UDM) 


For IEEE type exciter and AVR systems, the equivalent transfer functions and their parameter names are 
in accordance with the IEEE recommended types from the following references: 


e JEEE Committee Report, “Computer Representation of Excitation System”, IEEE Trans. on PAS, 
Vol. PAS-87, No. 6, June 1968, pp 1460-1464. 

e JEEE Committee Report, “Excitation System Models for Power System Stability Studies”, IEEE 
Trans. on PAS, Vol. PAS-100, No. 2, February 1981, pp 494-509. 

e JEEE Std. 412.5-1992, “IEEE Recommended Practice for Excitation System Models for Power 
System Stability Studies”, IEEE Power Engineering Society, 1992. 


Excitation System Saturation 


The following is a typical block diagram used for exciters: 


saturation 
Function 
Sz =f (Epa) 
AYR Output 
Fp Beg 


This diagram shows the output of the AVR is applied to the exciter after a saturation function SE is 
subtracted from it. The exciter parameter KE represents the setting of the shunt field rheostat when a self- 
excited shunt field is used. 
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It should be noted that there is a dependency between exciter ceiling Efdmax, AVR ceiling VRmax, 
exciter saturation SE and exciter constant KE. These parameters are related by the following equation (the 
sign of KE is negative for a self-excited shunt field): 


VR- ( Ket Se ) Era = O for Etamin < Eta < Etamax 
At excitation ceiling ( Era = Efamax ) the above equation becomes: 
Vrmax = (Ke +S Emax ) = Evamax 


Therefore, it is important that the exciter parameters entered satisfy the above equation, when applicable. 
ETAP will check this condition at run time and flag any violations. 


The exciter saturation function (SE) represents the increase in exciter excitation due to saturation. It is 
defined as: 
ee 


where the quantities A and B are defined as the exciter field currents which produce the exciter output 
voltage on the constant-resistance-load saturation curve and air gap line, respective, as shown in the 
exciter saturation curve below 


NoLoad 
Air Gap Line Saturation 


Constant Res. 
Load Saturation 


Exciter Voltage Byy 


<< 8 —_> 

—__— ¢ > 

$$ A > 
Exciter Field Current 


ETAP assumes that Sz is specified at the following exciter voltages: 


Saturation Factor Exciter Voltage 
SEmax Efamax 
SE.75max 0. 75E famax 
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24.4.1 IEEE Type 1 


IEEE Type 1 - Continuously Acting Regulator and Exciter (1) 


This type of exciter and AVR system represents a continuously acting regulator with a rotating exciter 
system. Some vendors' units represented by this model include: 


e Westinghouse Brushless Systems with TRA, Mag-A-Stat, Silverstat, or Rotoroal Regulator 


e Allis Chalmers Systems with Regulex Regulator 
e General Electric Systems with Amplidyne or GDA Regulator 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in this screen capture of the Exciter page: 


Harmonic | Protection Reliability | FuelCost Time Domain OandM = Remarks Comment 
Info | Rating | Capability | Imp/Model | Grounding | Inertia | Exciter § Govemor | PSS 


[13.8kV 7.5 MW Voltage Control 


@ Buittin (© UDM 


cote 
¥| | | 

VRmin  SEmax  SE.75— Efdmax 

155 | | 1.65 | 66 


[113 | [66 | 


KE 


KF 
[1] [006 | 


TE TF TR 
a5] 1) [om 


BES Wee (>) BE ox | 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
Rc Resistive component of load compensation p.u. 
Xc Reactive component of load compensation p.u. 


ETAP 
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24.4.2 IEEE Type 2 


(1+ 57, l+sT,) 


IEEE Type 2 - Rotating Rectifier System (2) 


This type of exciter and AVR system represents a rotating rectifier exciter with static regulator system. Its 
characteristics are similar to IEEE Type 1 exciter, except for the feedback-damping loop. This system is 
applicable to units where the main input to the damping loop is provided from the regulator output rather 
than the exciter output. To compensate for the exciter damping which is not included in the damping loop, 
the feedback transfer function contains one additional time-constant. 


An example of such a system is the Westinghouse Brushless System, which was in service up to 1966. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


[138kV 7.5MW Voltage Control 


@ Builtin OuDM 


SEmax SE .75 Efdmax 


(23) (68) (9) [) cent 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TE Exciter time constant sec. 
TF1 Regulator stabilizing circuit first time constant sec. 
TF2 Regulator stabilizing circuit second time constant sec. 
TR Regulator input filter time constant sec. 
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24.4.3 IEEE Type 3 


they 


(2) A=(0.78X0,/Vre) 
V,=0 ford>1 


IEEE Type 3 - Static System with Terminal Potential and Current Supplies (3) 


This type of exciter and AVR system represents static excitation systems with compound terminal voltage 
and current feedback. The regulator transfer function for this model is similar to IEEE Type 1. In this 


model, the regulator output is combined with a signal, which represents the self-excitation from the 
generator terminals. 


An example of such a system is the General Electric SCPT System. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


[138kV 7.5MW Voltage Control 


@ Builtin OuDM 


Sample Data 


KF KI KP XL 


[ 20] [ 1 | [oo }[ 1 ]L+ J Los | 


(23) (68) (9) [) cent 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


IEEE Type (3) 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
Vbmax Max. value of field voltage (saturated value) p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
KI Current circuit gain coefficient (on system base — 1OOMVA) p.u. 
KP Potential circuit gain coefficient p.u. 
XL Reactance associated with potential source p.u. 
TA Regulator amplifier time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit second time constant sec. 
TR Regulator input filter time constant sec. 
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IEEE Type (1S) 


24.4.4 IEEE Type 1S 


IEEE Type 1S - Controlled Rectifier System with Terminal Voltage (1S) 


In this type of exciter and AVR system, excitation is obtained through terminal voltage rectification. In 
this model, the maximum regulated voltage (VRmax) is proportional to terminal voltage Vt. 
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Dynamic Models Excitation System 
IEEE Type (1S) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmin Minimum value of the regulator output voltage p.u. 
Efdmax The value of excitation function at Efdmax p.u. 
KA Regulator gain p.u. 
KF Exciter constant for self-excited field p.u. 
KP Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TF Regulator stabilizing circuit second time constant sec. 
TR Regulator input filter time constant sec. 


ETAP 


24-40 


IEEE Type (1S) 


ETAP 19.0 User Guide 


Dynamic Models Excitation System 
IEEE Type (DC1) 


24.4.5 IEEE Type DC1 


Ve 


IEEE Type DC1 - DC Commutator Exciter with Continuous Voltage Regulation (DC1) 


This type of exciter and AVR system is used to model field-controlled DC-Commutator exciters with 
continuous voltage regulators. Examples of this model are: 


e Allis Chalmers Regulex regulator 


e General Electric Amplidyne and GDA regulator 
e Westinghouse Mag-A-Stat, Rototrol, Silverstat, and TRA regulators 
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Dynamic Models Excitation System 
IEEE Type (DC1) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TB Voltage regulator time constant sec. 
TC Voltage regulator time constant sec. 
TE Exciter time constant sec. 
TE Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
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Dynamic Models Excitation System 
IEEE Type (DC2) 


24.4.6 IEEE Type DC2 


Vt 


IEEE Type DC2 - DC Commutator Exciter with Continuous Voltage Regulation and Supplies from 
Terminal Voltage (DC2) 


This type of exciter and AVR system is used for field-controlled DC commutator exciters with continuous 
voltage regulators supplied from the generator or auxiliary’s bus voltage. Its only difference from IEEE 
Type DC1 is the regulator output limits, which are now proportional to terminal voltage Vt. 
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Dynamic Models Excitation System 
IEEE Type (DC2) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TB Voltage regulator time constant sec. 
TC Voltage regulator time constant sec. 
TE Exciter time constant sec. 
TE Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
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Dynamic Models Excitation System 
IEEE Type (DC3) 


24.4.7 IEEE Type DC3 
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IEEE Type DC3 - DC Commutator Exciter with Non-Continuous Voltage Regulation (DC3) 


This type of exciter and AVR system is used for the older DC commutator exciters with non-continuously 
acting regulators. 


Examples of this model are: 


e General Electric exciter with GFA4 regulator 
e Westinghouse exciter with BJ30 regulator 
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Dynamic Models Excitation System 


IEEE Type (DC3) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


ETAP 
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Dynamic Models Excitation System 
IEEE Type (DC3) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KE Exciter constant for self-excited field p.u. 
KV Fast raise/Lower contact setting p.u. 
TE Exciter time constant sec. 
TR Regulator input filter time constant sec. 
TRH Rheostat travel time sec. 
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IEEE Type (ST1) 


24.4.8 IEEE Type ST1 
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IEEE Type ST1 - Potential-Source Controlled-Rectifier Exciter (ST1) 


This type of exciter and AVR system is used to represent potential-source, controlled-rectifier excitation 
systems. This model applies to all systems supplied through a transformer from the generator terminals. 


Examples of this model include: 
e Canadian General Electric Silcomatic exciters 


e Westinghouse Canada Solid State Thyristor exciters 
e Westinghouse type PS static excitation systems with type WTA or WHS regulators 
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Dynamic Models Excitation System 
IEEE Type (ST1) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
Vimax Maximum internal signal within voltage regulator p.u. 
Vimin Minimum internal signal within voltage regulator p.u. 
KA Regulator gain p.u. 
KC Regulator gain p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TB Voltage Regulator amplifier time constant sec. 
TC Voltage Regulator amplifier time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
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Dynamic Models Excitation System 
IEEE Type (ST3) 


24.4.9 IEEE Type ST2 


IEEE Type ST2 - Static System with Term. Potential and Current Supplies (ST2) — based on IEEE 
1981 Transaction on Power Apparatus 


This type of exciter and AVR system is used for compound source rectifier excitation systems. These 
systems use both current and voltage sources. 


An example of this model is General Electric static exciter SCT-PPT or SCPT. 


The transfer function shown above for ST2 was published in the IEEE Transactions on Power Apparatus 
and Systems, Vol. PAS-100, No. 2-February 1981, “Excitation System Models for Power System 
Stability Studies”. It indicates a summer block as the output of the regulator as highlighted above. 


Review of an almost identical transfer function (ST2A) published in IEEE 421.5-1992, “IEEE 
Recommended Practice for Excitation System Models for Power System Stability Studies”, shows the 
regulator output implemented as a multiplier. ETAP has an option which allows the use of either transfer 
function. 
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IEEE Type ST2 — ST2 with Multiplier Regulator Output Modified based on IEEE 421.5-1992 
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Dynamic Models Excitation System 
IEEE Type (ST3) 


To access either version of ST2, the proper regulator output type must be selected in the exciter parameter 


page. 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Dynamic Models Excitation System 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


IEEE Type (ST3) 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KC Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
KI Current circuit gain coefficient (on system base — 1OOMVA) p.u. 
KP Potential circuit gain coefficient p.u. 
TA Regulator amplifier time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
Reg. Output | Regulator Output Type (Summer or multiplier) N/A 
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IEEE Type (ST3) 


24.4.10 IEEE Type ST3 
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IEEE Type ST3 - Compound Source-Controlled Rectifier Exciter (ST3) 


This type of exciter and AVR system represents compound-source rectifier excitation systems. These 
exciters utilize internal quantities within the generator as the source of power. 


Examples of this model are: 


e General Electric GENERREX exciter 
e Shunt-Thyristor exciter 
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Dynamic Models Excitation System 
IEEE Type (ST3) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 
IEEE Type (ST3) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
Efdmax Maximum exciter output voltage p.u. 
VGmax Maximum inner loop voltage feedback p.u. 
ViImax Maximum internal signal within voltage regulator p.u. 
Vimin Minimum internal signal within voltage regulator p.u. 
KA Regulator gain p.u. 
KC Rectifier loading factor related to commutating reactance p.u. 
KG Inner loop feedback constant p.u. 
KI Current circuit gain coefficient (on system base — 1OOMVA) p.u. 
KJ First stage regulation gain p.u. 
KPreal Real part of potential circuit gain coefficient p.u. 
KPimg Reactive part of potential circuit gain coefficient p.u. 
TA Regulator amplifier time constant sec. 
TB Exciter time constant sec. 
TC Regulator stabilizing circuit time constant sec. 
TE Exciter time constant sec. 
TR Regulator input filter time constant sec. 
XL Reactance associated with potential source p.u. 
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Dynamic Models Excitation System 
IEEE Type (AC1) 


24.4.11 IEEE Type AC1 
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IEEE Type AC1 - Alternator-Rectifier Exciter System with Non-Controlled Rectifiers and Field 
Current Feedback (AC1) 


This type of exciter and AVR system represents alternator-rectifier excitation systems with non- 
controlled rectifiers and exciter field current feedback. There is no self-excitation and the source of 


voltage regulator power is not affected by external transients. 


Westinghouse Brushless Excitation Systems fall under this type of exciter model. 
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Dynamic Models Excitation System 
IEEE Type (AC1) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


IEEE Type (AC1) 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KC Rectifier loading factor related to commutating reactance p.u. 
KD Demagnetizing factor p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TB Exciter time constant sec. 
TC Regulator stabilizing circuit time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
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24.4.12 IEEE Type AC2 
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IEEE Type AC2 - High-Initial-Response Alternator-Rectifier Exciter System (AC2) 
This type of exciter and AVR system represents high-initial-response, field-controlled alternator-rectifier 
excitation systems. The model uses an alternator main exciter and non-controlled rectifiers. It is similar to 
IEEE Type AC1 exciter model but has two additional field current feedback loops. 


An example of this model is Westinghouse High-Initial-Response Brushless Excitation System. 
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Dynamic Models Excitation System 
IEEE Type (AC2) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


IEEE Type (AC2) 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

VAmax Maximum regulator internal voltage p.u. 
VAmin Minimum regulator internal voltage p.u. 
Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KB Second stage regulator gain p.u. 
KC Rectifier loading factor related to commutating reactance p.u. 
KD Demagnetizing factor p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
KH Exciter field current feedback gain p.u. 
KL Gain of exciter field current limit p.u. 
TA Regulator amplifier time constant sec. 
TB Exciter time constant sec. 
TC Regulator stabilizing circuit time constants sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
VLR Exciter field current limit reference 
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24.4.13 IEEE Type AC3 


IEEE Type AC3 - Field-Controlled Alternator-Rectifier Exciter (AC3) 


This type of exciter and AVR system represents field-controlled, alternator-rectifier excitation systems. It 
can model systems that derive voltage regulator power from the exciter output voltage and simulate their 
non-linearity. 


An example of this model is General Electric ALTERREX excitation system using static voltage 
regulators. 
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IEEE Type (AC3) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


IEEE Type (AC3) 


Parameter Definition Unit 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
EFDN Value of Efd at which feedback gain changes p.u. 
VAmax Maximum regulator internal voltage p.u. 
VAmin Minimum regulator internal voltage p.u. 
VLV Exciter low voltage limit reference p.u. 
KA Regulator gain p.u. 
KC Rectifier loading factor related to commutating reactance p.u. 
KD Demagnetizing factor p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
KLV Gain of the exciter low voltage limit signal p.u. 
KN Exciter control system stabilizer gain p.u. 
TA Regulator amplifier time constant sec. 
TB Exciter time constant sec. 
TC Regulator stabilizing circuit time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
KR Constant for regulator and alternator field power supply p.u. 
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24.4.14 IEEE Type AC4 
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IEEE Type AC4 - High-Initial-Response Alternator-Supplied Controlled Rectifier Exciter (AC4) 


This type of exciter and AVR system represents alternator-supplied, controlled-rectifier excitation 
systems. A high-initial response excitation system, it has a Thyristor bridge at the output circuit. 


General Electric ALTHYREX and Rotating Thyristor excitation systems are examples of this type of 
exciter. 
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Dynamic Models Excitation System 
IEEE Type (AC4) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
ViImax The value of excitation function at Efdmax p.u. 
Vimin The value of excitation function at 0.75 Efdmax p.u. 
KA Regulator gain p.u. 
KC Rectifier loading factor related to commutating reactance | _p.u. 
TA Regulator amplifier time constant sec. 
TB Exciter time constant sec. 
TC Regulator stabilizing circuit time constant sec. 
TR Regulator input filter time constant sec. 
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24.4.15 IEEE Type AC5A 
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IEEE Type ACSA - Simplified Rotating Rectifier Excitation System (AC5A) 
This type of exciter and AVR system is a simplified model for brushless excitation systems. The regulator 
is supplied from a source, such as a permanent magnet generator, which is not affected by system 


disturbances. 


This model can be used to represent small excitation systems such as those produced by Basler and 
Electric Machinery. 
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Dynamic Models Excitation System 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Dynamic Models Excitation System 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
SEmax The value of excitation function at Efdmax 

SE.75 The value of excitation function at 0.75 Efdmax 

Efdmax Maximum exciter output voltage p.u. 
KA Regulator gain p.u. 
KE Exciter constant for self-excited field p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA1 Voltage regulator time constant sec. 
TA2 Voltage regulator time constant sec. 
TA3 Voltage regulator time constant sec. 
TE Exciter time constant sec. 
TF1 Exciter control system time constant sec. 
TF2 Exciter control system time constant sec. 
TF3 Exciter control system time constant sec. 
TR Regulator input filter time constant sec. 
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Basler SR8F & SR125A Excitation System (SR8F) 


This type of exciter and AVR system is used to represent Basler SR8F and SR125A Exciter Systems. 
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Dynamic Models Excitation System 
Basler SR8F & SR125A 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Dynamic Models Excitation System 
Basler SR8F & SR125A 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
KA Regulator gain p.u. 
KF Regulator stabilizing circuit gain p.u. 
TA Regulator amplifier time constant sec. 
TB Voltage regulator time constant sec. 
TF1 Regulator stabilizing circuit time constant sec. 
TF2 Regulator stabilizing circuit time constant (Rot. Rec.) sec. 
TR Regulator input filter time constant sec. 
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Dynamic Models Excitation System 
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24.4.17 HPC 840 


HPC 840 Excitation and AVR System (HPC) 


This type of exciter and AVR system includes both forward gain and feedback damping loops. There are 
three compensation signals that regulate excitation voltages. These signals are terminal voltage 
magnitude, real power generation, and reactive power generation. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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HPC 840 (HPC) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Amax Regulator internal maximum limit (Amax = VImax * Ka) p.u. 
Amin Regulator internal minimum limit (Amin = VImin * Ka) p.u. 
Bmax Integrator upper limit (Bmax = LIMmax * Ka) p.u. 
Bmin Integrator lower limit (Bmin = LIMmin * Ka) p.u. 
C Combined excitation system (C = Kg * kp * Ka) p.u. 
D Combined stabilizing feedback gain (D = Kd * Kf/Kp) p.u. 
Efdmax Maximum Exciter output voltage p.u. 
Kpow Active power compensation factor p.u. 
KQ Reactive power compensation factor p.u. 
KE Exciter constant for self-excited field p.u. 
SE .75 Value of excitation saturation function at 0.75 Efdmax 

SEmax Value of excitation saturation function at Efdmax 

TL Integration time constant sec. 
T4 Excitation system total delay sec. 
TD Stabilizing feedback time constant sec. 
Tdsty Voltage transducer filter time constant sec. 
TE Exciter time constant sec. 
TF Regulator stabilizing circuit time constant sec. 
TP Active power compensation time constant sec. 
TQ Reactive power compensation time constant sec. 
VRmax Maximum value of the regulator output voltage p.u. 
VRmin Minimum value of the regulator output voltage p.u. 
Control Bus Voltage feedback bus ID 
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24.4.18 JEUMONT Industrie 


Exciter 


Current Feedback 


JEUMONT - JEUMONT Industrie (JEUM) 


This type of exciter and AVR system consists of a voltage block, a current block, a voltage regulator 
block, and an excitation block. It uses a rotating rectifier for the excitation system. 
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JEUMONT Industrie JEUM) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Dynamic Models Excitation System 
JEUMONT Industrie (JEUM) 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
AV1 Gain of voltage control loop 
AV2 Constant of voltage control loop sec. 
AV3 Constant of voltage control loop sec. 
AV4 Gain of voltage control loop 
AV5 Gain of reference voltage 
AV6 Gain of voltage control loop 
AV7 Time constant of voltage control loop sec. 
AV8 Time constant of voltage control loop sec. 
AVI Time constant of voltage control loop sec. 
AV10 Time constant of voltage control loop sec. 
AV11 Parameter of voltage control loop 
Ail Gain of current control loop 
Ai2 Gain of supply voltage to current control loop 
Ai3 Gain of current control loop 
Ai4 Gain of current control loop 
Ai5 Gain of current control loop 
Ai6 Gain of current control loop 
Ai7 Time constant of current control loop sec. 
Ai8 Time constant of current control loop sec. 
Ai9 Time constant of current control loop sec. 
Ail0 Time constant of current control loop sec. 
Aill Gain of current control loop 
Ail2 Time constant of current control loop sec. 
ARI Gain of regulator 
AR2 Regulator reference 
KU1 Gain of terminal voltage feedback Vv 
KU2 Gain of regulator 
Vres Supply voltage of thy-bridge V 
VSUP Supply voltage of current control loop V 
Te Time constant of exciter loop sec. 
Ke Gain of exciter loop 
SEmax Saturation coefficient at maximum field voltage 
SE.75max Saturation coefficient at 0.75 maximum field 

voltage 
Efamax Maximum field voltage V 
Kae Gain of field current feedback loop 
Kif Gain of field current feedback Vv 
Max1 Maximum value 1 of voltage control loop V 
Mint Minimum value 1 of voltage control loop Vv 
Max2 Maximum value 2 of voltage control loop Vv 
Min2 Minimum value 2 of voltage control loop V 
Max3 Maximum value 3 of voltage control loop Vv 
Min3 Minimum value 3 of voltage control loop V 
Max4 Maximum value 4 of current control loop V 
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Dynamic Models Excitation System 
JEUMONT Industrie (JEUM) 


Min4 Minimum value 4 of current control loop V 
Max5 Maximum value 5 of current control loop Vv 
Mins Minimum value 5 of current control loop Vv 
Max6 Maximum value 6 of current control loop V 
Min6 Minimum value 6 of current control loop V 
Max7 Maximum value 7 of current control loop Vv 
Min7 Minimum value 7 of current control loop Vv 
Control Bus _| Voltage feedback bus ID 
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JEUMONT Industrie (JEUM) 


24.4.19 IEEE Type ST1D 


Low 
Values 
Gate 


Generator 


IEEE Type ST1D- Static System with Terminal Potential and Current Supplies (ST1D) 


This type of exciter and AVR system is used for compound source rectifier excitation systems with volts- 
per-hertz limiter. These systems use both current and voltage sources. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Rc Resistive part of reactive droop compensation p.u. 
Xc Inductive part of reactive droop compensation p.u. 
Tr Transducer time constant sec. 
Tc Transient gain reduction lead time constant sec. 
Ta Transient gain reduction lag time constant sec. 
Ka Amplifier gain p.u. 
Ta Amplifier time constant sec. 
Ke Stabilizing feedback signal gain p.u. 
Tr Stabilizing feedback signal time constant sec. 
Ke Field current gain p.u. 
VvLR Set point of V/Hz limiter p.u. 
Kyi Over-excitation feedback signal gain p.u. 
Tv. Over-excitation feedback signal time constant sec. 
Kve Stabilizing feedback signal gain p.u. 
Tu Measurement time constant sec. 
VImax Maximum error limit p.u. 
VI min Minimum error limit p.u. 
VRmax Maximum regular output p.u. 
VRmin Minimum regular output p.u. 
Vdc Field flashing battery voltage volts 
Rf Field flashing battery and external circuit resistance ohms 
Vref Voltage reference p.u. 
TD Pickup delay time sec. 
VHZ V/Hz pickup value p.u. 
Ifb Exciter base current amps 
Vfb Exciter base voltage volts 
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24.4.20 IEEE Type AC8B 
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IEEE Type AC8B Exciter and AVR System Representation 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


[Parameter Definition Unit 
)VRmax Maximum value of the regulator output voltage p.u. 
)VRmin Minimum value of the regulator output voltage p.u. 
SEmax Saturation value of exciter at Efdmax p.u. 
SE.75 Saturation value of exciter at 0.75 Efdmax p.u. 
IEfdmax Maximum exciter output voltage p.u. 
IKP [Proportional control gain p.u. 
IKI Integral control gain p.u. 
IKD [Derivative control gain p.u. 
KA Regulator gain p.u. 
IKE [Exciter constant for self-excited field p.u. 
(TD [Derivative control time constant sec. 
TA Regulator amplifier time constant sec. 
TE Exciter time constant sec. 
TR [Regulator input filter time constant in second sec. 
IRc [Resistive component of load compensation p.u. 
Xc [Reactive component of load compensation p.u. 
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IEEE Type AC1A Exciter (AC1A) 
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IEEE Type (AC1A) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


IEEE Type (AC1A) 


Parameter Definition Unit 
VAmax Maximum value of the regulator output voltage p.u. 
VAmin Minimum value of the regulator output voltage p.u. 
VRmax Maximum regulator internal voltage p.u. 
VRmin Minimum regulator internal voltage p.u. 
VueL Underexcitation limiter p.u. 
VoeEL Overexcitation limiter p.u. 
SEmax Saturation value of exciter at Efdmax p.u. 
SE.75 Saturation value of exciter at 0.75 Efdmax p.u. 
Efdmax Maximum exciter output voltage p.u. 
KA Regulate gain p.u. 
KC Rectifier loading factor p.u. 
KD Demagnetizing factor p.u. 
KF Regulate stabilizing circuit gain p.u. 
KE Exciter gain p.u. 
TA Regulator amplifier time constant sec. 
TC Internal signal lead time constant sec. 
TB Internal signal lag time constant sec. 
TE Exciter time constant sec. 
TF Regulate stabilizing time constant sec. 
TR Regulate input filter time sec. 
ay Rectifier regulation characteristic coefficient p.u. 
a2 Rectifier regulation characteristic coefficient p.u. 
by Rectifier regulation characteristic coefficient p.u. 
b2 Rectifier regulation characteristic coefficient p.u. 
b3 Rectifier regulation characteristic coefficient p.u. 
ba Rectifier regulation characteristic coefficient p.u. 
bs Rectifier regulation characteristic coefficient p.u. 
be Rectifier regulation characteristic coefficient p.u. 
by Rectifier regulation characteristic coefficient p.u. 
bg Rectifier regulation characteristic coefficient p.u. 
bg Rectifier regulation characteristic coefficient p.u. 
bio Rectifier regulation characteristic coefficient p.u. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VRmax Maximum AVR output p.u. 
VRmin Minimum AVR output p.u. 
VMmax Maximum inner loop output p.u. 
VMmin Minimum inner loop output p.u. 
VBmax Maximum Source Voltage p.u. 
VoEL Over excitation limit input p.u. 
Vue. Under excitation limit input p.u. 
KC Rectifier loading factor p.u. 
KG Field voltage feedback gain p.u. 
KI Current source constant (on system base — 100MVA) p.u. 
KPM Inner loop proportional gain p.u. 
KIM Inner loop integral gain p.u. 
KPR AVR proportional gain p.u. 
KIR AVR integral gain p.u. 
KPreal Real part of potential source constant p.u. 
KPimg Imaginary part of potential source constant p.u. 
TA AVR time constant sec. 
TR AC sensor time constant sec. 
XL Source leakage reactance p.u. 
Rc Resistive component of load compensation p.u. 
Xc Reactive component of load compensation p.u. 
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IEEE Type DC4B — DC commutator exciter with PID style regulator 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameters Description Unit 
VRmax Maximum controller output p.u. 
VRmin Minimum controller output p.u. 
VEmin Exciter minimum output voltage p.u. 
VOEL Overexcitation limiter output p.u. 
VUEL Underexcitation limiter output p.u. 

E1 Exciter flux at SE1 p.u. 
SE1 Saturation factor at E1 p.u. 
E2 Exciter flux at SE2 p.u. 
SE2 Saturation factor at E2 p.u. 
KP Regulator proportional gain p.u. 
KI Regulator integral gain p.u. 
KD Regulator derivative gain p.u. 
KF Rate feedback gain p.u. 
KE Exciter field proportional constant p.u. 
KA Regulator output gain p.u. 
TA Regulator output time constant sec. 
TF Rate feedback time constant sec. 
TD Regulator derivative filter time constant sec. 
TE Exciter field time constant sec. 
TR Regulator input filter time constant sec. 
Rc Resistive component of load compensation p.u. 
Xc Reactive component of load compensation p.u. 


Note: Alternative VOEL and VUEL are considered as summation at the input of PID controller. 


ETAP 24-98 ETAP 19.0 User Guide 


Dynamic Models Excitation System 


IEEE Type (AC7B) 
24.4.24 IEEE Type AC7B 
Vremax —Kplep 
“Ke +Se Wel 
= = a Erp 
Vemin Fex 
Vx Vx =VeSe[Ve] Fex =f [ln] 
+ In 
+ — Ke }¢— 
Kp 


IEEE Type AC7B -— Alternator-rectifier excitation system with load current compensation 


The ETAP 12.6.0.N AC7B model supports the modeling of a permanent magnet generator (PMG) for the 
regulator voltage source. The PMG model is activated in ETAP whenever the value of KP is set to -1 (or 
any other negative value). The PMG model removes the dependency on “V;” of the regulator output. This 
means that the term KP*V;, is always set to 1. 


The AC7B model included in ETAP 12.6.0.N is based on IEEE standard 421.5 errata from June of 2008. 
Previous versions of ETAP model the AC7B excitation system as it was originally presented in IEEE 
standard 421.5-2005, figure 6-7. The basic change is that the exciter time constant is now modeled as an 
integrator rather than a simple time constant. The enhanced AC7B model from ETAP 12.6.0.N also 
includes the load current compensation circuit as described in section 4, figure 4-1, of 421.5-2005. The 
load current compensation circuit can be used to effectively regulate the voltage at a point beyond the 
terminal of the generator to compensate for step-up transformer drops. The load current compensator 
circuit is not to be confused with the cross current compensator circuit also described in section 4 of IEEE 
421.5-2005. The load current compensation circuit can be applied to any generator having the AC7B 
excitation system; however its compensation effect is effective only for its own output current and 
individual output transformer. Cross current compensation will be available in a future release of ETAP 
as the output currents of other generators become available inputs to the exciter models. 


Furthermore, the typical data value for Vemin is shown in 421.5-2008 errata document as 0.5 (for data set 
1) and -99 (for data set 2). The typical data in ETAP is currently using a value of -20 for both data sets 
since typical data values for Vemi were not provided in the 2005 version of 421.5. Future versions of 
ETAP will implement the new typical values. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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IEEE Type AC7B - Dataset 2 
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IEEE Type (AC7B) 
Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 

Parameters | Description Unit 
VAmax Maximum voltage regulator output p.u. 
VAmin Minimum voltage regulator output p.u. 
VRmax Maximum voltage regulator output p.u. 
VRmin Minimum voltage regulator output p.u. 
VEmin Minimum available exciter voltage p.u. 
VFEmax Maximum fast exciter current limit p.u. 
VUEL Underexcitation limiter output p.u. 
El Exciter flux at SE1 p.u. 
SE1 Saturation factor at E1 p.u. 
E2 Exciter flux at SE2 p.u. 
SE2 Saturation factor at E2 p.u. 
KPR Regulator proportional gain p.u. 
KIR Regulator integral gain p.u. 
KDR Regulator derivative gain p.u. 
KPA Voltage regulator proportional gain p.u. 
KIA Voltage regulator integral gain p.u. 

Potential circuit gain coefficient (If Kp = -1, then AVR is fed with | p.u. 
KP 

PMG) 
KL Low band gain p.u. 
KE Exciter constant related to self-excited field p.u. 
KD Demagnetizing factor, A function of exciter alternator reactances p.u. 
KF1 Excitation control system stabilizer gain p.u. 
KF2 Excitation control system stabilizer gain p.u. 
KF3 Rate feedback loop gain p.u. 
KC Rectifier loading factor proportional to commutating reactance p.u. 
TE Exciter time constant, integration rate associated with exciter | sec. 

control 
TF Excitation control system stabilizer time constant sec. 
TDR Regulator derivative filter time constant sec. 
TR Regulator input filter time constant sec. 
Rc Resistive component of load compensation p.u. 
Xc Reactive component of load compensation p.u. 
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IEEE Type ST1A — Potential-source, controlled-rectifier exciter 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameters Description Unit 
VAmax Maximum voltage regulator output p.u. 
VAmin Minimum voltage regulator output p.u. 
VImax Maximum voltage regulator input limit p.u. 
VImin Minimum voltage regulator input limit p.u. 
VRmax Maximum voltage regulator output p.u. 
VRmin Minimum voltage regulator output p.u. 
VUEL Underexcitation limiter output p.u. 
VOEL Overexcitation limiter output p.u. 

KA Voltage regulator gain p.u. 
KC Rectifier loading factor proportional to aa 
commutating reactance 
KF Excitation control system stabilizer gain p.u. 
KLR Exciter output current limiter gain p.u. 
ILR Exciter output current limit reference p.u. 
TB Voltage regulator time constant sec. 
TB1 Voltage regulator time constant sec. 
TC Voltage regulator time constant sec. 
TC1 Voltage regulator time constant sec. 
TA Voltage regulator time constant sec. 
TF Excitation control system stabilizer time constant | sec. 
TR Regulator input filter time constant sec. 
Rc Resistive component of load compensation p.u. 
Xc Reactive component of load compensation p.u. 
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IEEE Type AC2A - High initial response alternator-rectifier excitation system with non-controlled 
rectifiers and feedback from exciter field current 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameters Description Unit 
VAmax Maximum voltage regulator output p.u. 
VAmin Minimum voltage regulator output p.u. 
VRmax Maximum voltage regulator output p.u. 
VRmin Minimum voltage regulator output p.u. 
VUEL Underexcitation limiter output p.u. 
VOEL Overexcitation limiter output p.u. 

VFEmax | Maximum fast exciter current limit p.u. 
El Exciter flux at SE1 p.u. 
SE1 Saturation factor at E1 p.u. 
E2 Exciter flux at SE2 p.u. 
SE2 Saturation factor at E2 p.u. 
KA Voltage regulator gain p.u. 
KB Second stage regulator gain p.u. 
KC Rectifier loading factor proportional to commutating reactance p.u. 
KD Demagnetizing factor, A function of exciter alternator reactances p.u. 
KE Exciter constant related to self-excited field p.u. 
KF Excitation control system stabilizer gain p.u. 
KH Exciter field current feedback gain p.u. 
TA Voltage regulator time constant sec. 
TB Voltage regulator time constant sec. 
TC Voltage regulator time constant sec. 
TE Excitation time constant, integration rate associated with exciter sec. 

control 
TF Excitation control system stabilizer time constant sec. 
TR Regulator input filter time constant sec. 
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[EEE Type (ST2A) 
24.4.27 IEEE Type ST2A 
Vs meas Vente EFDMax 


IEEE Type ST2A — Compound-source rectifier exciter 
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IEEE Type (ST2A) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Geni |S 
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IEEE Type (ST2A) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameters Description Unit 
VRmax Maximum voltage regulator output p.u. 
VRmin Minimum voltage regulator output p.u. 
VUEL Underexcitation limiter output p.u. 
Efdmax Maximum exciter output voltage p.u. 

KA Voltage regulator gain p.u. 
KC Rectifier loading factor proportional to commutating reactance p.u. 
KE Exciter constant related to self-excited field p.u. 
KF Excitation control system stabilizer gain p.u. 
KI Regulator integral gain p.u. 
KP Potential circuit gain coefficient p.u. 
TA Voltage regulator time constant sec. 
TE Exciter time constant, integration rate associated with exciter control sec. 
TF Excitation control system stabilizer time constant sec. 
TR Regulator input filter time constant sec. 


Note: Alternative VUEL input is considered as summation at the input of controller. 
Note: 
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24.4.28 User-Defined Dynamic Model (UDM) 


You can access the UDM models that have been created and saved using the exciter type list. 


Synchronous Generator Editor - Gen1 ~~ | |S 
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Details on how to use UDM models are described in User-Defined Dynamic Models chapter. 
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24.5 Governor-Turbine 


Modeling of a governor-turbine system in transient stability studies is essential for simulation time frames 
of more than a second. 


ETAP provides the following governor-turbine models: 


Steam-Turbine (ST) 

Single-Reheat Steam-Turbine (ST1) 

Tandem-Compound Single-Reheat Steam-Turbine (ST2) 
Tandem-Compound Double-Reheat Steam-Turbine (ST3) 
IEEE General Steam-Turbine (STM) 

Gas-Turbine (GT) 

Gas-Turbine including Fuel System (GTF) 

General Purpose (GP) 

Diesel-Engine (DT) 

Woodward Steam-Turbine 505 

Woodward UG-8 

Woodward Governor 2301 

GE Heavy Duty Governor and Gas Turbine (GTH) 

GE Simplified Heavy Duty Governor and Gas Turbine (GTS) 
Solar Turbine MARS Governor Set (MARS) 

Detroit Diesel DDEC Governor Turbine (DDEC) 

GHH BORSIG Steam-Turbine Governor (GHH) 
Woodward Hydraulic Governor-turbine (HYDR) 

IEEE Gas -Turbine (SGT) 

PowerLogic Governor-turbine Model A (PL-A) 

Solar Taurus 60 Solonox Gas Fuel Turbine/Governor (ST60) 
Solar Taurus 70 Solonox Gas Fuel Turbine/Governor (ST70) 
Gas-Turbine and Governor (GT-2) 

Gas-Turbine and Governor (GT-3) 

Combustion Turbine and Governor (CT251) 

GE Mark V and Mark VI Turbine Controllers (GGOV3) 
Solar Turbine Governor Model (SGOV1) 

Westinghouse Turbine Governor Model (WGOV1) 

GE LM2500 Gas Turbine Governor Model (LM2500) 

GE LM6000 Gas Turbine Governor Model (LM6000) 
User-Defined Dynamic Model (UDM) 


For IEEE type governor-turbine systems, the equivalent transfer functions and their parameter names are 
in accordance with the IEEE recommended types from the following reference: 


IEEE Committee Report, "Dynamic Models for Steam and Hydro Turbines in Power System 
Studies", IEEE Transaction on Power Apparatus and System, Vol. PAS-92, No. 6, Nov./Dec. 1973, 
pp. 1904-1915. 


IEEE Committee Report, "Dynamic Models for Fossil Fueled Steam Units in Power System Studies", 
IEEE Transactions on Power Systems, Vol. PS-6, No. 2, May 1991, pp. 753-761. 
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24.5.1 Steam-Turbine (ST) 


This type of governor-turbine system represents a simple steam-turbine and speed governing system. 
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Steam Turbine (ST) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Geol |e 
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Steam Turbine (ST) 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Fhp (Shaft capacity ahead of reheater)/(Total shaft capacity) p.u. 
Pmax Maximum shaft power (rated MW) MW 
Pmin Minimum shaft power ( > = 0) MW 
Tc Control Amplifier (servomotor) time constant sec. 
Tch Steam chest time constant sec. 
Trh Reheater time constant sec. 
Tsr Speed relay time constant sec. 
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24.5.2 Single-Reheat Steam-Turbine (ST1) 


This type of governor-turbine system represents a two-stage steam-turbine with a reheat and speed 
governing system. It consists of a speed relay, a control amplifier, a steam chest, and a reheater. 
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Single-Reheat Steam-Turbine (ST1) 
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Single-Reheat Steam-Turbine (ST1) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Single-Reheat Steam-Turbine (ST1) 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Fhp (Shaft capacity ahead of reheater)/(Total shaft capacity) p.u. 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tc Control Amplifier (servomotor) time constant Sec. 
Tch Steam time constant sec. 
Tdrp Load sensor time constant sec. 
Tsr Speed relay time constant sec. 
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24.5.3 Compound Single-Reheat Steam-Turbine (ST2) 


This type of governor-turbine system represents a tandem-compound, single-reheat steam-turbine, and 
speed governing system. It is a type ST1 model with a block representing crossover piping to the low- 
pressure turbines. 
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Compound Single-Reheat Steam (ST2) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Compound Single-Reheat Steam (ST2) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter | Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Fhp (Shaft capacity ahead of reheater)/(Total shaft capacity) p.u. 
Fip Intermediate pressure turbine power fraction p.u. 
Flp Low pressure turbine power fraction p.u 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tc Control Amplifier (servomotor) time constant sec. 
Tch Steam chest time constant sec. 
Tco Crossover time constant sec. 
Trh Reheater time constant sec. 
Tsr Speed relay time constant sec. 
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24.5.4 Compound Double-Reheat Steam-Turbine (ST3) 


This type of governor-turbine system represents a tandem-compound, double-reheat steam-turbine, and 
speed governing system. It is similar to type ST2 model except for the added block representing reheated 
steam between the very-high pressure and high-pressure turbines. 
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Compound Double-Reheat Steam-Turbine (ST3) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Compound Double-Reheat Steam-Turbine (ST3) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Fhp (Shaft capacity ahead of reheater)/(Total shaft capacity) p.u. 
Fip Intermediate pressure turbine power fraction p.u. 
Flp Low pressure turbine power fraction p.u. 
Fvhp Very high pressure turbine power fraction p.u. 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tc Control Amplifier (servomotor) time constant sec. 
Tch Steam chest time constant sec. 
Tco Crossover time constant sec. 
Trh1 First reheater time constant sec. 
Trh2 Second reheater time constant sec. 
Tsr Speed relay time constant sec. 
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24.5.5 IEEE General Steam-Turbine (STM) 


This type of governor-turbine system represents an IEEE suggested general steam-turbine and speed 
governing system. It may be used for modeling the steam systems represented by ST, ST1, ST2, and ST3, 
as well as the cross-compound, single-reheat and cross-compound, double-reheat systems. 
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IEEE General Steam-Turbine (STM) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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IEEE General Steam-Turbine (STM) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
DB Speed deadband p.u. 
K1 Partial very high pressure turbine power fraction p.u. 
K2 Partial very high pressure turbine power fraction p.u. 
K3 Partial high pressure turbine power fraction p.u. 
K4 Partial high pressure turbine power fraction p.u. 
K5 Partial intermediate pressure turbine power fraction p.u. 
K6 Partial intermediate pressure turbine power fraction p.u. 
K7 Partial low pressure turbine power fraction p.u. 
K8 Partial low pressure turbine power fraction p.u. 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tl Amplifier/Compensator time constant sec. 
T2 Amplifier/Compensator time constant sec. 
T3 Amplifier/Compensator time constant sec. 
T4 Load sensor (droop) time constant sec. 
TS Control Amp./current driver time constant sec. 
T6 Actuator time constant sec. 
T7 Engine dead time constant sec. 
UC Limit of value closing MW/sec 
UO Limit of value opening MW/sec 
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24.5.6 Gas-Turbine (GT) 


This type of governor-turbine system represents a simple gas-turbine and speed governing system. 
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Gas Turbine (GT) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 
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Gas Turbine (GT) 


Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tc Control Amplifier (servomotor) time constant sec. 
Tsr Speed relay time constant sec. 
Tt Turbine relay time constant sec. 
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24.5.7 Gas-Turbine including Fuel System (GTF) 


This type of governor-turbine system represents a steam-turbine and speed governing system, with the 
inclusion of the fuel system. 
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Gas Turbine including Fuel System (GTF) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Gas Turbine including Fuel System (GTF) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Ff Minimum fuel flow 

KD Governor gain 

Kf Fuel system feedback gain Kf = 0 or 1 

Kr Fuel system transfer function gain 

Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tl Amplifier/Compensator time constant sec. 
T2 Amplifier/Compensator time constant sec. 
T3 Amplifier/Compensator time constant sec. 
T4 Load sensor (droop) time constant sec. 
TS Control Amp./current driver time constant sec. 
T6 Actuator time constant sec. 
T7 Engine dead time constant sec. 
T8 Fuel value time constant sec. 
T9 Fuel system lead time constant sec. 
VL Lower incremental power limit p.u. 
VU Upper incremental power limit p.u. 
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24.5.8 General Purpose (GP) 


This type of governor-turbine system represents a general-purpose governor-turbine system. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Parameter Definitions and Units 
Parameter definitions and their units are given in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Ta Actuator time constant sec. 
Tc Governor reset time constant sec. 
Tdrp Load sensor time constant sec. 
Tsr Speed relay time constant sec. 
Tt Turbine relay time constant sec. 
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24.5.9 Diesel-Engine (DT) 


This type of governor-turbine system represents a simple diesel-engine and speed governing system. 
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Diesel-Engine (DT) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Diesel-Engine (DT) 


Parameter Definitions and Units 


Parameter definitions and their units are given in the following table: 


Parameter Definition Unit 
Mode Isoch only 

Droop Steady-state speed droop % 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
Tl Amplifier/Compensator time constant sec. 
T2 Amplifier/Compensator time constant sec. 
T3 Amplifier/Compensator time constant sec. 
T4 Load sensor time constant sec. 
TS Control Amp./current driver time constant sec. 
T6 Actuator time constant sec. 
T7 Engine dead time constant sec. 
T8 Fuel valve time constant sec. 
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24.5.10 Woodward Steam-Turbine 505 


This type of governor-turbine system represents the Woodward 505 and 505E PID governor for 
extraction steam-turbine system. 
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Woodward Steam-Turbine 505 (505) 


Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Woodward Steam-Turbine 505 (505) 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop1 Steady-state speed droop % 
Droop2 Extraction loop droop % 
Efmax Max. extraction flow t/hr 
ExtFlow Turbine extraction flow % 
ExtPress Extraction pressure % 
Hpa Min. extraction @ max. power t/hr 
HPb Max. extraction @ min. power t/hr 
HPc Min. extraction @ min. power thr 
Hpmax Max. HP flow t/hr 
I1 <D> Speed loop integral (Droop mode) % 
I1 <I> Speed loop integral gain in (Isoch mode) % 
12 Extraction loop integral gain % 
L1 Up limit for speed loop output % 
L2 Low limit for speed loop output % 
L3 Up limit for extraction loop output % 
L4 Low limit for extraction loop output % 
P1 <D> Speed loop proportional gain (Droop mode) % 
Pi <I> Speed loop proportional gain (Isoch mode) % 
P2 Extraction loop proportional gain % 
RampRate Speed reference ramp rate %/sec. 
Sa Max. power @ min. extraction kW 
Sb Min. power @ max. extraction kW 
Sc Min. power @ min. extraction kW 
SDR1 Speed loop parameter (Droop mode) % 
SDR1 <I> Speed loop parameter (Isoch mode) % 
SDR2 Extraction loop parameter % 
Smax Max. power kW 
Tal HP valve actuator time constant sec. 
Ta2 LV valve actuator time constant sec. 
Tmt Turbine time constant (shaft power output) sec. 
Tm2 Turbine time constant (extraction flow) sec. 
TS Controller sample time sec. 
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Woodward UG-8 (UG-8) 


24.5.11 Woodward UG-8 


This type of governor-turbine system represents the Woodward UG-8 governor, used mainly for diesel 
generators. This model includes a representation for a ball head filter, amplifier/compensator, and a diesel 
engine. 
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Woodward 2301 (2301) 


Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Al Compensator constant rad/sec. 
A2 Compensator constant rad/sec. 
A3 Compensator constant rad/sec. 
Ad Permanent droop constant rpm/in 
Bl Ball head filter constant 

B2 Ball head filter constant 

C1 Governor drive ratio 

K1 Partial very high pressure turbine power fraction deg./in 
Pmax Maximum shaft power MW 
Pmin Minimum shaft power MW 
T7 Engine dead time constant sec. 
T8 Fuel value time constant sec. 
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Woodward 2301 (2301) 


24.5.12 Woodward Governor 2301 


This type of governor-turbine system represents the Woodward 2301 and 2301A speed governing systems 
with a diesel turbine system and load sharing capability. 
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Parameters and Sample Data 
Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


@ Buin OupM 
Type Mode LS GP# 

2301 v||Droop + None v —— 

Droop Pmax Pmin thetaMax thetaMin 
| 5 | [833] [oo |[ #2 |[o 

alpha beta tho K1 
[0.8273| [ 0.165] | 02 | | 276 | 

tau 11 T2 
[ 01 | [0025] [ 001 | 


Senu= 15) (OW 2) (0K |/enes 


Load Sharing (MW Sharing) 


To share load (MW) between generators, you must set LS GP# (Load Sharing Group Number) of 2301 
governors to the same group number. 


Note: in order to use this capability, load sharing governors must be in Isochronous Mode. 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 

Mode Droop or Isoch 

LS GP# Load sharing group number 

Droop Steady-state speed droop in second % 

Omax Min. shaft position deg. 

Omin Max. shaft position deg. 

a Gain setting 

B Reset setting 

fe) Actuator compensation setting 

Ki Partially very high pressure power fraction deg./A 

T Actuator time constant sec. 

T1 Engine Dead Time constant sec. 

T2 Amplifier/compensator time constant sec. 

Pmax Maximum shaft power (Rated nameplate MW / MW 
(%Eff / 100) 

Pmin Minimum shaft power MW 

k Internal variable ( 1.0 p.u. Pm/(@max-Omax)) Pn 

p.u./deg. 
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24.5.13 GE Heavy Duty Governor - Gas Turbine (GTH) 


This type of governor-turbine system represents the GE heavy-duty gas turbine speed governing system. 


Temp Ctrl AL Thermo-couple Radiation 
Turbine 
3.35+1 |AF¥* 1 0.2 
Tr Ey) 25541 cae T 
7 55+ lis+l1 x We 
1.0 Speed Gov Max 
+ Low 
nef aren L] vse Lo 
aie ¥s+2 Select VCE 
Min 
O01 Accel Ctrl 
if 
as ar 
0.23 Valve Fuel poile 
+ e a 
: : bst+e 
1 
N 
Note: For Isoch: W=KD, and for Droop W=KI where KD = 1/Droop (pu) 

f, = (Tr- 700 (1 - WE) + 550 (1 -N))/[1+.0027(59-Ta)] Deg F 
fo = 1.3 (Wr-0.23) + 0.5 (1 -N) Deg F 


GE Heavy Duty Governor and Gas Turbine (GTH) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSs 
| 13.8kV 7.5MW _ Voltage Control 
@ Builtin ©uDM 


Type Mode Tem.Ctd Acc.Ctr 
-||Droop ») No v No v | Sample Data 


x Y Z 
0 0.05 1 
a b c KF Kl 
eg 
Tf Ter Ted Ttd T 
0.4 0.01 0.1 0.02 0.25 
Tt Tr Ta 
[450 ] [1000 | | 7 | 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Max Fuel upper limit (VCE' upper limit) p.u. 
Min Fuel lower limit (VCE' lower limit) p.u. 
Term.Ctrl Flag to include temperature control loop p.u. 
Acc.Ctrl Flag to include acceleration control loop p.u. 
Xx Governor transfer function coefficient p.u. 
Y Governor transfer function coefficient p.u. 
Z Governor transfer function coefficient p.u. 
a Fuel system transfer function coefficient p.u. 
b Fuel system transfer function coefficient p.u. 
Cc Fuel system transfer function coefficient p.u. 
Kf Fuel system feedback gain, Kf = 0 or 1 p.u. 
Kl Gain for Isoch mode p.u. 
Tf Fuel system time constant sec. 
Ter Combustion reaction time delay sec. 
Tcd Compressor discharge volume time constant sec. 
Ttd Turbine & exhaust system transportation delay sec. 
T Transportation delay sec. 
Tt Temperature controller integration rate p.u. 
Tr Turbine rated exhaust temperature deg. F 
ta Ambient Temperature deg. F 
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24.5.14 GE Simplified Heavy Duty Governor - Gas Turbine (GTS) 


This type of governor-turbine system represents the GE simplified single shaft gas turbine speed 
governing system. 


Valve Fuel 


Value 
Select 


GE Simplified Heavy Duty Governor and Gas Turbine (GTS) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 


x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


@ Buittin Oupm 
Type Mode 
GTS. ~|/Droop  v Sample Data 
Droop MAX MIN 
[ 4 | 1 0.15 
x Y Zz 
0 0.05 1 
A B Cc D 
1 0.05 04 0.05 
R s T 
06 06 04 


(3) (G3) (5) (XJ |Gent ~|(D) (BM 2] LOK J} Cancet 
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GE Simplified Heavy Duty Governor — Gas Turbine (GTS) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
Max Fuel upper limit p.u. 
Min Fuel lower limit p.u. 
Xx Governor transfer function coefficient p.u. 
Y Governor transfer function coefficient p.u. 
Z, Governor transfer function coefficient p.u. 
A Fuel system transfer function coefficient p.u. 
B Fuel system transfer function coefficient p.u. 
C Fuel system transfer function coefficient p.u. 
D Fuel system transfer function coefficient p.u. 
R Fast load pickup operating zone limit p.u. 
S Fast load pickup operating zone limit p.u. 
T Fast load pickup operating zone limit p.u. 
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24.5.15 Solar Turbine MARS Governor Set (MARS) 


This type of governor-turbine system represents the Solar Turbine MARS governor set for gas turbine and 
speed governing systems. 


Controlkr Recursion 
(Thl) 


Solar Turbine MARS Governor Set (MARS) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


@ Builtin ©uDM 


use» 


Max3 Min3 Maxo 
0 


6 0.1 7 15 7 Te 1.05 0.78 


KU KL 
10 0.1 13 0.1 0.05 


T1 T2 T3 T4 T5 T6 7 Ts 
[4 | [1 | 

Thi Th2 

0.02 0.02 


(33) (3) (5) |X} \Gent ~|[D) (BAB) (0K || Cancer 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Solar Turbine MARS Governor Set (MARS) 


Parameter Definition Unit 
Mode 

Droop Speed droop % 
MaxGov Governor maximum at no load p.u. 
MinGov Governor minimum at no load p.u. 
Max2 Maximum mechanical power p.u. 
Min2 Minimum mechanical power p.u. 
Max3 Maximum gas producer pu. 
Min3 Minimum gas producer p.u. 
Maxo Maximum overspeed control p.u. 
Mino Minimum overspend control p.u. 
Wover Over speed reference p.u. 
Tref Temperature reference p.u. 
Ks Speed control gain p.u. 
Kt Temperature control gain p.u. 
Ko Overspeed control gain p.u. 
Ku Loader delta maximum fuel p.u. 
Kl Loader delta minimum fuel p.u. 
T1 Governor reset time sec. 
T2 Combustor time constant sec. 
T3 Gas producer time constant sec. 
T4 Controller delay time constant sec. 
TS Speed Lead/Lag lead time constant sec. 
T6 Speed Lead/Lag lag time constant sec. 
T7 Thermocouple time constant sec. 
T8 Controller delay time constant sec. 
Th1 Controller recursion time constant sec. 
Th2 Controller recursion time constant sec. 
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24.5.16 Detroit Diesel DDEC Governor Turbine (DDEC) 


This type of governor-turbine system represents the Detroit Diesel turbine with DDEC controller and the 
Woodward DSLC unit system. 


Detroit Diesel DDEC Governor Turbine (DDEC) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW Voltage Control 
@ Builtin ©upDM 
Type 
‘DDEC = Sample Data 


Droop 


Pmax Pmin 
5 8.333 0 


K1 K2 R1 
1.2 - 3 


Ts T1 T2 T3 
0.2 0.05 0.015 0.05 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
Mode Droop or Isoch 

Droop Steady-state speed droop % 
PMmax Maximum shaft power (rated MW/kW) MW/kW 
PMmin Minimum shaft power (>=0) MW/kW 
K1 PL control gain p.u. 
K2 Lead/Lag controller gain p.u. 
R1 PL control constant p.u. 
Ts Load share system sampling time constant sec. 
Tl PTO filter time constant sec. 
T2 Filter and delay delay constant sec. 
T3 Filter and delay time constant sec. 
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24.5.17 GHH BORSIG Steam Turbine Governor (GHH) 


This type of governor-turbine system represents the GHH BORSIG steam turbine governor system. 


GHH BORSIG Steam Turbine Governor System (GHH) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen] x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 
[ 13.8kV 75 MW Voltage Control 

@ Builtin © uUDM 


Type 


Esf1 Esf2 
on con Gees 


vines Vimin — VMmin we VHmin 


PMmax 


re ]Co) (es) C0) Cos] [es] Cs] C7] 
GL GM GH ml m2 m3 el e2 
[ 33 | [33 | [955 | [2319 | [4367 | [ 1.883 | [06594] [2.7434 | 


HP MP Pa Pb Pc Pd Pe PF 
[454 | | 198 | [157 | [ 426 | | 3 | [ 196 | [ 54 | [ 575 | 
LFV1 
Car] Ce] Ces) Ca) Ces) Ca) Ces) Ca] 
LF2 LF3 FLO KFLO FLI FMO KFMO FM1 
[ 1625 ] [2725] | 75 | [ooss | | 65 | [175 | [ 006 | [ 120 | 


Tn Tn3 Tn5 Tné 


Ca) Ce) C0] Cae] C4] [a0] Cao] Caos 


eenW= (D>) (GMB) [0K ||| cance | 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
KP1 Generator load control gain 

KP2 Extraction 1 control gain 

KP3 Extraction 2 control gain 

KP4 Speed control gain 

GL Low pressure steam valve control gain 

GM Medium pressure steam valve control gain 

GH High pressure steam valve control gain 

Tnl1 Time constant of generator load control sec. 
Tn2 Time constant of extraction 1 control sec. 
Tn3 Time constant of extraction 2 control sec. 
Tn5 Time constant of medium pressure steam valve control sec. 
Tn6 Time constant of low pressure steam valve control sec. 
TL Time constant of low pressure steam valve control loop sec. 
™ Time constant of medium pressure steam valve control loop sec. 
TH Time constant of high pressure steam valve control loop sec. 
HP Extraction 1 pressure bar 
MP Extraction 2 pressure bar 
VLmax Maximum value of low pressure valve control signal mm/sec 
VLmin Minimum value of low pressure valve control signal mm/sec 
VMmax Maximum value of medium pressure valve control signal mm/sec 
VMmin Minimum value of medium pressure valve control signal mm/sec 
VHmax Maximum value of high pressure valve control signal mm/sec 
VHmin Minimum value of high pressure valve control signal mm/sec 
PLmax Maximum value of low pressure valve position mm 
PLmin Minimum value of low pressure valve position mm 
PMmax Maximum value of medium pressure valve position mm 
PMmin Minimum value of medium pressure valve position mm 
PHmax Maximum value of high pressure valve position mm 
PHmin Minimum value of high pressure valve position mm 
Pa Power output value at point A of steam map MW 
Pb Power output value at point B of steam map MW 
Pc Power output value at point C of steam map MW 
Pd Power output value at point D of steam map MW 
Pe Power output value at point E of steam map MW 
Pf Power output value at point F of steam map Mw 
LFa Maximum value of live steam flow t/h 
LFc Live steam flow value at point C of steam map t/h 
LFd Minimum value of live steam flow t/h 
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EX2f Extraction 2 steam value at point F of steam map t/h 
LFv1 Valve position value at point 1 of live steam flow characteristics mm 
LFv2 Valve position value at point 2 of live steam flow characteristics mm 
LFv3 Valve position value at point 3 of live steam flow characteristics mm 
LF1 Flow value at point 1 of live steam flow characteristics t/h 
LF2 Flow value at point 2 of live steam flow characteristics t/h 
LE3 Flow value at point 3 of live steam flow characteristics t/h 
FMO Minimum flow value of medium pressure steam flow characteristics t/h 
FM1 Coefficient of medium pressure steam flow characteristics t/h 
KFLO Exponential coefficient of low pressure steam flow characteristics 1/mm 
FLO Minimum flow value of low pressure steam flow characteristics t/h 
FL1 Coefficient of low pressure steam flow characteristics t/h 
ml Valve control parameter 

m2 Valve control parameter 

m3 Valve control parameter 

el Valve control parameter 

e2 Valve control parameter 

Esf1 Initial extraction 1 steam flow t/h 
Esf2 Initial extraction 2 steam flow t/h 
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Steam Map Diagram 
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24.5.18 Woodward Hydraulic Governor-turbine (HYDR) 


This type of governor-turbine system represents the Woodward hydraulic governing systems. 


Wref 


IF RPIM<=RPM1 


Vo, 1 G, Gate, 
. l+sf, 


Ve 
Ve IF RPA2<RPM<RPRG ak 
Geran 


Woodward Hydraulic Governor-Turbine (HYDR) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


@ Builtin ©upDM 


Type 


HYOR : 


VvC2 GMAX1 = GMAX2 GMIN 


vo vc 

0.06 0.048 0.016 1 0.5 0 
Q Gc RT TP 
1 1.02 0.02 0.7 0.04 

TG TR ZP1 Ft 
1 50 15.5 33.17 0 


Fp1 Tt Tp1 Atl StatDamp RunDamp  Tswitch 
[0 | [o13 | [1 | [0 | 
QNL Q2 RPM1 RPM2 RPM3 

0.17 0 52 52 122 


GBUFF Wref Href 


Por) C1] (aa) [ease] (a ] 


Benge 1D) ER) 0K | coe 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
VO Gate opening speed p.u. 
VCl1 Gate closing speed inside of the buffer zone p.u. 
VC2 Gate closing speed outside of the buffer zone p.u. 
GMAX1 Max gate position (RPM>RPM2) p.u. 
GMAX2 Max gate position.(RPM<RPM2) p.u 
GMIN Min gate position p.u. 
Q Servo gain p.u. 
RP Permanent droop p.u. 
RT Temporary droop p.u. 
TP Pilot and servo motor time constant p.u. 
TG Main servo time constant p.u. 
TR Dashpot time constant p.u. 
Zt Surge impedance of tunnel p.u. 
Zpl Surge impedance of penstock p.u. 
ft Head loss coefficient of tunnel p.u. 
fp1 Head loss coefficient of penstock p.u. 
Tt Travel time constant of tunnel in p.u. 
Tpl Travel time constant of penstock p.u. 
Atl Proportionality factor p.u. 
QNL No load flow in first unit p.u. 
Q2 Flow rate in second unit p.u. 
Wref Speed reference p.u. 
Href Head reference p.u. 
GC Gate conversion factor p.u. 
StartDamp Damping coefficient p.u. 
RPM1 Gate limit speed set point 1 p.u. 
RPM2 Gate limit speed set point 2 p.u. 
RPM3 Gate limit speed set point 3 p.u. 
GBUFF Buffer zone gate limit p.u. 
m Partial shutdown gate position coefficient p.u. 
B Partial shutdown gate position coefficient p.u. 
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24.5.19 IEEE Gas-Turbine (SGT) 


This type of governor-turbine system represents the IEEE gas-turbine governing systems. 


a ea 7 
Q + sf + sf) 


IEEE Gas-Turbine (SGT) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 


x 
Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 
| 13.8kV 7.5MW Voltage Control 
@ Buittn OuDM 
Type Mode 

‘SGT = re op re Sample Data 

Pref Pmax Pmin 

1 1 0 


T2 T3 


K1 

7 

T1 T4 T5 T6 
0.1 0 0.2 0.5 0 0 
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Parameter Definitions and Units 


Parameter definitions and their units are given in the following table: 


Parameter Definition Unit 
Pref Load reference p.u. 
Pmax Maximum power limit p.u. 
Pmin Minimum power limit p.u. 
K1 Gain 1 p.u. 
K2 Gain 2 p.u 
K3 Gain 3 p.u. 
T1 Governor time constant 1 Sec. 
T2 Governor time constant 2 Sec. 
T3 Governor time constant 3 Sec. 
T4 Turbine time constant 1 Sec. 
T5 Turbine time constant 2 Sec. 
T6 Turbine time constant 3 sec. 
TR Load setting time constant sec. 
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24.5.20 PowerLogic Governor-Turbine Model A (PL-A) 


This type of governor-turbine system represents the Siemens Westinghouse PowerLogic model A 
governing systems. 


PowerLogic Turbine/Governor Model A (PL-A) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


@ Buiitn Oupm 
Type Model 

PLA » uaa 
Plimit TP TL Ta TL TG 
0572 | | 0.05 02 | [ 0028 | [ o52 | [ 0027 
TA TC i) Tv TPL _TPG 
5 0.05 | [ 0.004 |] [ 04 015 | | 0.15 
Tc1 Tc2 1x1 1X23 1x4 
0.09 | [ 031 0.13 12 223 167 
1x5 KL KI KA KC KT 

[ 27 | | 0.0071 | 
DL _JRL1_ ~——sJRL2_—s—=CSTFLD.—Ss“Tref_~—GovBase 

| 25 | | 0208 | 585 | 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter | Definition Unit 
Model Liquid fuel or Gas fuel 

Plimit Turbine base load p.u. 
TP Load transducer time constant sec. 
TL Filter time constant sec. 
TQ Speed transducer time constant sec. 
TLD Lead time constant sec. 
TLG Leg time constant sec. 
TA Speed/load controller time constant sec. 
TC Speed/load controller time constant sec. 
TD Current to pneumatic pressure transmitter time constant sec. 
TV Valve servo time constant sec. 
TPL Liquid piping time constant sec. 
TPG Gas piping time constant sec. 
TC1 Combustion time constant sec. 
TC2 Combustion time constant sec. 
TX1 Temperature controller time constant sec. 
TX2 Temperature controller time constant sec. 
TX3 Temperature controller time constant sec. 
TX4 Temperature controller time constant sec. 
TX5 Temperature controller time constant sec. 
KL Speed droop p.u. 
KI Speed/load controller gain p.u. 
KA Temperature controller gain V/F 
KC Temperature controller gain V/V 
KT Temperature controller gain V/BTU/sec. 
DL Decel limiter p.u. 
JRL1 Jump rate limiter1 %/sec. 
JRL2 Instantaneous jump rate limiter1 %/sec. 
TFLD Loading time from no-load to full load min 
Tref Temperature reference p.u./100 
GovBase Governor base MW 
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24.5.21 Solar Taurus 60 Solonox Gas Fuel Turbine-Governor 
(ST60) 


This type of governor-turbine system represents the Solar Taurus 60 Solonox Gas Fuel systems. 


Solonox: Pz = Piolo 
Non-Solonox: Pz < Pigig 


(Apply initial load only) 


Controller Recursion 
(Thl) 


Controller Recursion 
(Th2) 


Y > Ges? andX>0 
orY < Ggino andX<0 


Y > Gain? 


Y < Grin2 


Solar Taurus 60 Solonox Gas Fuel Governor-Turbine System 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


© Buin Oupm 
Type Mode 
ST60 ¥|Droop v 
PMax  —PMin_ =ssGMaxl_«-sGMint_ «=—KMax_—_—KMin 
12 0.07 | [1.05 0 0.1 0.05 
MinGOV _ Psolo R Tref KS KT 11 T2 
0.1 05 0.06 11 12 10 0.04 | [ 065 
T3 T4 15 T6 7 T8 Tht Th2 
0.15 25 02 0.04 05 1 0.02 | | 002 
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Solar Taurus 60 Solonox Gas Fuel (ST60) 


Parameter definitions and their units are provided in the following table: 


Parameter | Definition Unit 
Mode 

Ti Controller delay time constant sec. 
To Speed compensator lead time constant sec. 
T3 Speed compensator lag time constant sec. 
T4 Governor reset time constant sec. 
Ts Combustor time constant sec. 
Te Controller delay time constant sec. 
T7 Thermocouple time constant sec. 
Ts Gas producer time constant sec. 
Thi Controller recursion time constant sec. 
Th Controller recursion time constant sec. 
Ks Speed control gain p.u. 
Kr Temperature control gain p.u. 
Kmax Loader delta maximum fuel gain p.u. 
Kain Loader delta minimum fuel gain p.u. 
Mincov Governor minimum at no load p.u. 
Prax Maximum mechanical power p.u. 
Prin Minimum mechanical power p.u. 
Gmax1 Maximum gas producer p.u. 
Gnint Minimum gas producer p.u. 
Gmax2 Maximum fuel p.u. 
Gmin2 Minimum fuel p.u. 
Pyolo Solonox control threshold p.u. 
R Speed droop p.u. 
Tret Temperature reference p.u. 
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24.5.22 Solar Taurus 70 Solonox Gas Fuel Turbine-Governor 
(ST70) 


This type of governor-turbine system represents the Solar Taurus 70 Solonox Gas Fuel systems. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 
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Type Mode 
sT70 \ Droop v Sample Data 
PMax PMin GMax GMin 
12 0.07 1.05 0 
R Tref KS KT 
0.06 1.001 14 10 
T1 T2 T3 T4 T5 T6 
0.04 0.65 0.15 4 02 0.04 
7 T8 Thi Th2 Gp 
0.5 5 0.02 0.02 1.5 
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Parameter Definitions and Units 
Parameter definitions and their units are given in the following table: 


Parameter Definition Unit 
Mode 

Ti Controller delay time constant sec. 
To Speed compensator lead time constant sec. 
T3 Speed compensator lag time constant sec. 
T4 Governor reset time constant sec. 
Ts Combustor time constant sec. 
Te Controller delay time constant sec. 
T7 Thermocouple time constant sec. 
Ts Gas producer time constant sec. 
Gp Gas producer constant sec. 
Tn Controller recursion time constant sec. 
Tho Controller recursion time constant sec. 
Ks Speed control gain p.u. 
Kr Temperature control gain p.u. 
Prax Maximum mechanical power p.u. 
Prin Minimum mechanical power p.u. 
Gmax1 Maximum gas producer p.u. 
Gnint Minimum gas producer p.u. 
R Speed droop p.u. 
Tret Temperature reference p.u. 
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24.5.23 Gas-Turbine and Governor (GT2) 


This type of governor-turbine system represents gas turbine with windup limits. 


Gas-Turbine and Governor System (GT2) 
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Gas-Turbine (GT2) 
Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Parameter definitions and their units are provided in the following table: 


Gas-Turbine (GT2) 


Parameter Definition Unit 
Pref Load reference p.u. 
Plimt Ambient temperature load limit p.u. 
Vmax Maximum fuel valve opening p.u. 
Vmin Minimum fuel valve opening p.u. 
Base Governor base MW 
R Speed droop p.u. 
TR Load sensing time constant sec. 
T1 Governor time constant sec. 
T2 Combustion-chamber time constant sec. 
T3 Turbine thermal time constant sec. 
KT Load limit thermal sensitivity gain p.u. 
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24.5.24 Gas-Turbine and Governor (GT3) 


This type of governor-turbine system represents gas-turbine with non-windup limits. 


Wre 


Pret 


Phimit 


Gas-Turbine and Governor-Turbine System (GT3) 


ETAP 24-186 ETAP 19.0 User Guide 


Dynamic Models Governor-Turbine 
Gas-Turbine (GT3) 
Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 


x 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter Description Unit 
Pref Load reference p.u. 
Plimt Ambient temperature load limit p.u. 
Vmax Maximum fuel valve opening p.u. 
Vmin Minimum fuel valve opening p.u. 
Base Governor base MW 
R Speed droop p.u. 
TR Load sensing time constant sec. 
T1 Governor time constant sec. 
T2 Combustion-chamber time constant sec. 
T3 Turbine thermal time constant sec. 
KT Load limit thermal sensitivity gain p.u. 
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24.5.25 Combustion Turbine-Governor (CT251) 


This type of governor-turbine system represents a combustion turbine-governor. 
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Combustion Turbine and Governor System (CT251) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter Definition Unit 
R Speed droop p.u. 
TR Load sensing time constant sec. 
Tl PID Integral time constant sec. 
TV Throttle valve time constant sec. 
TE Piping combustion time constant sec. 
Kl PID input scaling factor sec. 
K2 PID output scaling factor p.u. 
KP PID proportional gain p.u. 
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24.5.26 GE Mark V and Mark VI Turbine Controllers-Governor 
(GGOV3) 


This type of governor-turbine system represents a gas turbine or single shaft combined cycle turbine as 
seen at the generator terminals. 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter | Definition Units 
R Permanent droop (if value set to zero, then the mode is Isoch) p.u. 
Rselect Feedback signal for governor droop 

= 1 electrical power 

= 0 none (isochronous governor) 

= -1 fuel valve stroke (true stroke) 

= -2 governor output (requested stroke) 
Ldref Load limiter reference value p.u. 
Tpelec Electrical power transducer time constant sec. 
Kimw Power controller (reset) gain p.u. 
Pmwset Power controller setpoint MW 
Kpgov Governor proportional gain p.u. 
Kigov Governor integral gain p.u. 
Kdgov Governor derivative gain p.u. 
Tdgov Governor derivative controller time constant sec. 
Kpload Load limiter proportional gain for PI controller p.u. 
Kiload Load limiter integral gain for PI controller p.u. 
Ka Acceleration limiter gain p.u. 
Ta Acceleration limiter time constant sec. 
Aset Acceleration limiter setpoint p.u./sec. 
Dm Speed sensitivity coefficient p.u. 
Vmax Maximum valve position limit p.u. 
Vmin Minimum valve position limit p.u. 
Ffa Frequency filter low break speed p.u. 
Ffb Frequency filter high break speed p.u. 
Ffc Frequency filter gain high speed p.u. 
Ffd Frequency filter gain low speed p.u. 
Dnrate Fuel transient limiter rate limit p.u. 
Dnhi Fuel transient limiter high speed limit p.u. 
Dnlo Fuel transient limiter low speed limit p.u. 
Ropen Maximum valve opening rate p.u./sec. 
Rclose Maximum valve closing rate p.u./sec. 
Rup Maximum rate of load limit increase p.u. 
Rdown Maximum rate of load limit decrease p.u. 
Maxerr Maximum value for speed error signal p.u. 
Minerr Minimum value for speed error signal p.u. 
Kturb Turbine gain p.u. 
Wfnl No load fuel flow p.u. 
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Tact Actuator time constant sec. 
Tb Turbine lag time constant sec. 
Tc Turbine lead time constant sec. 
Db Speed governor dead band p.u. 
Tsa Temperature detection lead time constant, sec. 
Tsb Temperature detection lag time constant sec. 
Tfload Load limiter time constant sec. 
Tbd Fuel system lag time constant sec. 
Tcd Fuel system lead time constant sec. 
Teng Transport lag time constant for diesel engine sec. 
Cp Power Controller Gain sec. 
Cf Speed Controller Gain sec. 
Flag Switch for fuel source characteristic 

O fuel flow independent of speed 

1 fuel flow proportional to speed 
Turbrate Turbine Rating MW 
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24.5.27 Solar Turbine Governor Model (SGOV1) 


This type of governor-turbine system represents a solar gas turbine with DLN (Dry Low NOx) 
combustion systems. 
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Parameters and Sample Data 


Parameters for this model and the sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter | Definition Units 
R Permanent droop p.u. 
Tpelec Electrical power transducer time constant sec. 
Kpg Governor proportional gain p.u. 
Kig Governor integral gain p.u. 
Tc Speed controller lead time constant sec. 
tb Speed controller lag time constant sec. 
Tvalve Fuel valve time constant sec. 
Vmin Minimum valve position limit p.u. 
Kturb Turbine gain p.u. 
Wfnl No load fuel flow p.u. 
tref Temperature limit setting p.u. 
Tev Guide vane actuation time constant sec. 
Gvmin Minimum guide vane opening sec. 
Kpt Temperature limiter proportional gain p.u. 
Ttmp Temperature measurement time constant sec. 
DInmin Minimum fuel command for DLN operation p.u. 
DIndel DLN turn on delay sec. 
DIntset DLN exhaust temperature setting p.u. 
Cp Selector for power control (normally 0 or 1) 
Cf Speed bias/gain for power/speed control p.u. 
Ldb Load controller dead band p.u. 
Kimw Power controller (reset) gain p.u. 
Pmwset Power controller setpoint (initialized internally) MW 
Nref Reference speed setpoint (Read-Only) p.u. 
Turbine base power (ISO rated power of the turbine, base for per unit 
Tbase parameters MW 
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24.5.28 Westinghouse Turbine Governor Model (WGOV1) 


The WGOV1 is an implementation of a turbine control model presented by Westinghouse. 
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Parameters and Sample Data 


Parameters for this model and the sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter | Definition Units 
R Permanent droop p.u. 
Tpelec Electrical power transducer time constant SEC. 
Kpgov Governor proportional gain p.u. 
Vmin Minimum valve position limit p.u. 
Tact Actuator time constant sec. 
Kturb Turbine gain p.u. 
Wrinl No load fuel flow p.u. 
Tb Turbine lag time constant sec. 
Tc Turbine lead time constant sec. 
Tload Temperature limit controller time constant sec. 
Kpload Load limiter proportional gain for PI controller p.u. 
Ldref Load limiter upper limit p.u. 
Dm Speed sensitivity coefficient p.u. 
Ropen Maximum valve opening rate p.u./sec. 
Rclose Maximum valve closing rate p.u./sec. 
Pmwset Supervisory power controller setpoint MW 
Tgov Governor controller time constant sec. 
Tth Thermocouple time constant sec. 
Ttr Temperature limit reset rate p.u./sec. 
Kpjrl JRL controller proportional gain p.u. 
Tjrl JRL controller time constant sec. 
Pjrl JRL reference setting (per unit of MCR) p.u. 
Kjrl JRL load dependent value gain p.u. 
Mjrl JRL minimum step setting p.u. 
Tjrf JRL generator power filter time constant sec. 
Rjrl JRL loading rate setting p.u. 
Tsa Temperature detection lead time constant sec. 
Tsb Temperature detection lag time constant sec. 
Tbf Fuel system lag time constant sec. 
Tcf Fuel system lead time constant sec. 
Turbine base power (ISO rated power of the turbine, base for per unit 
Turbrate parameters) MW 
Cp Selector for power control (normally 0 or 1) 
Cf Speed bias/gain for power/speed control p.u. 
Ldb Load controller dead band p.u. 
Kimw Power controller (reset) gain p.u. 
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24.5.29 GE LM2500 Gas Turbine Governor Model (LM2500) 
The LM2500 model represents GE LM2500 gas turbine. 
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Parameters and Sample Data 


Parameters for this model and the sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen1 x 
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@ Builtin OuDM 
Type 
LM2500 - Sample Data 
R Rselect Loref Tpelec Kimw Pmwset Kpgov Kigov 
0.05 1 1 1 0.02 0 16 | 144 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter | Definition Units 
R Permanent droop, p.u. p.u. 
Rselect Feedback signal selector for governor droop, not editable 

Tpelec Electrical power transducer time constant sec. 
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Kpgov Governor proportional gain p.u. 
Kigov Governor integral gain p.u. 
Kdgov Governor derivative gain p.u. 
Tdgov Governor derivative time constant sec. 
Vmax Maximum fuel valve opening p.u. 
Vmin Minimum fuel valve opening p.u. 
Tact Fuel valve actuator time constant sec. 
Kvalve Fuel valve gain p.u. 
aHPc HP Spool power equation constant term p.u. 
bHPc HP Spool power equation square coefficient p.u. 
hHPc HP spool inertia constant, sec sec. 
PHPnl HP compressor power at no load p.u. 
PHPfl HP compressor power at full load p.u. 
NHPpnl HP compressor speed at no load p.u. 
NHPfl HP compressor speed at full load p.u. 
KpHPa HP acceleration limiter proportional gain p.u. 
KiHPa HP acceleration limiter integral gain p.u. 
THPa HP acceleration detector time constant sec. 
HPamax Maximum allowable HP acceleration p.u./sec. 
Tfload Exhaust temperature measurement time constant sec. 
Tsa Lead time const, exhaust temp measurement sec. 
Tsb Lag time const, exhaust temp measurement sec. 
Kpload Exhaust temperature limiter proportional gain p.u. 
Kiload Exhaust temperature limiter integral gain p.u. 
Dm Power turbine speed sensitivity coefficient p.u. 
Ropen Maximum fuel valve opening rate p.u./sec. 
Rclose Maximum fuel valve closing rate p.u./sec. 
Ldref Exhaust temperature limit setting p.u. 
Pmwset Supervisory power controller setpoint, not editable p.u. 
Kimw Supervisory controller gain p.u. 
Ldb Supervisory controller dead band p.u. 
Lemx Max adjustment output of supervisory control p.u. 
Cp Selector for power control (normally 0 or 1) p.u. 
Cf Speed bias/gain for power/speed control p.u. 
Nref Reference speed setpoint, used when cf <> 0, not editable p.u. 
Tbase Turbine base power (ISO rating in MW) MW 
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24.5.30 GE LM6000 Gas Turbine Governor Model (LM6000) 
The LM6000 model represents GE LM6000 gas turbine. 
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Parameters and Sample Data 


Parameters for this model and the sample data are shown in the following screen capture: 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter | Definition Units 
Tbase Turbine base power (ISO rating in MW) p.u. 
R Permanent droop, p.u. p.u. 
Tpelec Electrical power transducer time constant sec. 
Kpgov Governor proportional gain p.u. 
Kigov Governor integral gain p.u. 
Kdgov Governor derivative gain p.u. 
Tdgov Governor derivative time constant sec. 
Vmax Maximum fuel valve opening p.u. 
Vmin Minimum fuel valve opening p.u. 
Tvalv Fuel valve actuator time constant sec. 
Kvalv Fuel valve gain p.u. 
Ttt48 Interturbine thermocouple time constant sec. 
Tsa Thermocouple shield lead time constant sec. 
Tsb Thermocouple shield lag time constant sec. 
Dm Power turbine speed sensitivity coefficient p.u. 
Ropen Maximum fuel valve opening rate p.u./sec. 
Rclose Maximum fuel valve closing rate p.u./sec. 
Pmwset Supervisory power controller setpoint p.u. 
Kimw Supervisory controller gain p.u. 
Ldb Supervisory controller dead band p.u. 
Lemx Max adjustment output of supervisory contlr p.u. 
Cp Selector for power control (normally 0 or 1) p.u. 
Cf Speed bias/gain for power/speed control p.u. 
Nref Reference speed setpoint, used when cf <> 0 p.u. 
Dbg Governor dead band p.u. 
Tamb Ambient air temperature at GT inlet deg. 
hHP HP rotor inertia constant sec. 
Wfnl Fuel flow at no load p.u. 
wffl Fuel flow at full output p.u. 
Kphpo HP comp pressure ratio coef (no load) p.u. 
Kphp1 HP comp pressure ratio coef (full output) p.u. 
Kplp0 LP comp pressure ratio coef (no load) p.u. 
Kplp1 LP comp pressure ratio coef (full output) p.u. 
Kprhp HP comp part load pressure ratio coefficient p.u. 
Kwhp HP comp pressure reduction coefficient p.u. 
Kprip LP comp part load pressure ratio coefficient p.u. 
Kwlp LP comp pressure reduction coefficient p.u. 
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GE LM6000 Turbine Governor Model (LM6000) 


AWO HP turbine pressure ratio coefficient p.u. 
AW1 HP turbine pressure ratio coefficient p.u. 
Kwvbv VBV flow coefficient p.u. 
Nvbvsel HP rotor speed for full VBV opening p.u. 
Kvbvsel VBV opening/speed gain p.u. 
WHO HP comp min flow p.u. 
WLO LP comp min flow p.u. 
Psemax Compressor max discharge pressure limit p.u. 
Kpps3 Comp discharge press regulator prop gain p.u. 
Kips3 Comp discharge press regulator integral gain p.u. 
hpaMax HP rotor acceleration maximum limit p.u./sec. 
Kphpa HP rotor acceleration regulator prop gain p.u. 
Kihpa HP rotor acceleration regulator integral gain p.u. 
T3m Comp discharge temperature max limit deg. C 
Kpt3 Comp discharge temp regulator prop gain p.u. 
Kite Comp discharge temp regulator integral gain p.u. 
T48max Interturbine temperature maximum limit p.u. 
Kpt48 Interturbine temp regulator prop gain p.u. 
Kit48 Interturbine temp regulator integral gain p.u. 
Aigv IGV angle program coefficient p.u. 
Bigv IGV angle program coefficient p.u. 
Wfhp0 HP turbine no load fuel flow constant p.u. 
At3c Comp discharge temp adjustment coefficient p.u. 
Bt3c Comp discharge temp adjustment coefficient p.u. 
Ct3c Comp discharge temp adjustment coefficient p.u. 
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24.5.31 User-Defined Dynamic Model (UDM) 


You can access UDM models that have been created and saved from the governor type list. 


Synchronous Generator Editor - Gen] 


Harmonic Protection fReliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 75MW Voltage Control 
O Builtin @UDM 
Type 
| UDM Editor 


(23) (68) (x9) [J cent » | aa Led 0K I) | cones 


Details on how to use the UDM model are described in User-defined Dynamic Models chapter. 
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24.6 Power System Stabilizer (PSS) 


Power system stabilizer (PSS) is an auxiliary device installed on synchronous generator and tuned to help 
with system stability. 


ETAP provides two standard IEEE type models: 


e IEEE Type 1 PSS (PSS1A) 
e JEEE Type 2 PSS (PSS2A) 


The reference for these two types of PSS is from: 


e JEEE Std. 412.5-1992, “IEEE Recommended Practice for Excitation System Models for Power 
System Stability Studies”, IEEE Power Engineering Society, 1992 
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24.6.1 IEEE Type 1 PSS (PSS1A) 


Discontinuous Excitation Controller 


IEEE Type 1 PSS (PSS1A) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


synchronous Generator Editor - Gen 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability  Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5MW_ Voltage Control 


© Buitin OupM 
Type vsI 
PSSIA v Seed Sample Data 
KS _VSTMax VSTMin VTMin TDR 
[315 ][ o9 |] [ 09 |] [ 0 | [ 02 | 
Al A2 
0 0 
11 T2 T3 T4 T5 T6 
0.76 0.1 0.76 0.1 1 0.1 


Senu= 9 (cass 
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Parameter Definitions and Units 


Parameter definitions and their units are provided in the following table: 


Parameter | Definition Unit 
VSI PSS input (speed, power or frequency) p.u. 
KS PSS gain p.u. 
VSTmax Maximum PSS output p.u. 
VSTmin Minimum PSS output p.u. 
Vtmin Terminal undervoltage comparison level p.u 

TDR Reset time delay for discontinuous controller sec. 
Al PSS signal conditioning frequency filter constant p.u. 
A2 PSS signal conditioning frequency filter constant p.u 

Tl PSS lead compensation time constant sec. 
T2 PSS leg compensation time constant sec. 
T3 PSS lead compensation time constant sec. 
T4 PSS leg compensation time constant sec. 
TS PSS washout time constant sec. 
T6 PSS washout time constant sec. 
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24.6.2 IEEE Type 2 PSS (PSS2A) 


¥sn sT y3 BT ws 1 
1+ s7,, itera 1+ s7, 
1+ sf, 
ty Ty. 
O- lear 


VT 
= sles] 
¥ cyan IF ¥y< Voy Tor 


Discontinuous Excitation Controller 


IEEE Type 2 PSS (PSS2A) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Synchronous Generator Editor - Gen] 


Harmonic Protection Reliability FuelCost Time Domain OandM Remarks Comment 
Info Rating Capability Imp/Model Grounding Inertia Exciter Govemor PSS 


13.8kV 7.5 MW _ Voltage Control 


@ Builtin OuDM 
Type Vsi1 Vsi2 
PSS2A v Hec.Power v Speed v Sample Data 

KS1 KS2 KS3 VSTMax  VSTMin VTMin TDR 

20 | [oo] [ 1 | [ 02 | [0066] [ o | [ 02 | 
Tw1 Tw2 Tw3 Tw4 N M 

10 10 10 10 4 2 

T1 T2 T3 T4 Té6 T7 T8 T9 
0.16 0.02 0.16 0.02 0 0 0.3 0.15 


Beuwe 1D) MR) (0K || cancel” 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter _Definition Unit 
VSIL IPSS first input (speed, power or frequency) p.u. 
VSI2 IPSS second input (speed, power or frequency) p.u. 
KS1 PSS gain p.u. 
KS2 IPSS gain p.u. 
KS3 PSS gain p.u. 
VSTmax Maximum PSS output p.u. 
VSTmin Minimum PSS output p.u. 
VTmin ‘Terminal undervoltage comparison level p.u. 
TDR Reset time delay for discontinuous controller sec. 
Tw IPSS washout time constant sec. 
Tw2 IPSS washout time constant sec. 
Tw3 IPSS washout time constant sec. 
Tw4 IPSS washout time constant sec. 
N Integer filter constant 

M Integer filter constant 

T1 IPSS lead compensation time constant sec. 
T2 IPSS leg compensation time constant sec. 
T3 IPSS lead compensation time constant sec. 
T4 IPSS leg compensation time constant sec. 
T6 IPSS transducer time constant sec. 
T7 IPSS transducer time constant sec. 
T8 PSS filter time constant sec. 
T9 IPSS filter time constant sec. 
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24.7 Mechanical Load 


When you are simulating accelerating motors in motor starting studies and dynamically modeled motors 
in Transient Stability Studies, the connecting mechanical loads should be modeled so that the calculation 
determines the motor’s acceleration and deceleration characteristics. Mechanical loads are modeled based 
on load torque curves that are either curves based or point based, as shown in the following screen 
capture: 


Load Torque 


Model ID Centr. Comp 


STongre = AO+ Ai w+ A2QuF + ASF 
x 


40=10 Al =-91 
A2 = 328 AZ = -147 


% Speed 


ONone | © Polynomial © Curve Load Model Lib... 


When Polynomial type of load toque curve is selected, the following editor is available to select the 
mechanical load model. 


Motor Load Library |p Som 


Model Type 
Model ID 


a bees 


(@ Polynomial 


() Curve 
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A load curve is expressed by a third order generic polynomial equation: 


T=AotA1 @+A? 07+A3 7 


where 

T = Load torque in percent of the rated torque of the driving motor 
o = Per unit speed of the load ( = am/as) 

AO, Al, A2,A3 = Coefficients 


When the Curve type of load torque curve is selected, the following editor is available to select the 
mechanical load model. Curve type can be used to create any custom shaped load torque curve that cannot 
be expressed in the form of a polynomial equation. 


Motor Load Library |e) 


Model Type 
Model ID 


©) Polynomial 


@® Curve 


ETAP provides a number of the most common load models for you to choose from. Load torque curves 
can be added to the ETAP Motor Load Library and are made accessible from the Load Model pages in the 
Induction Machine and Synchronous Motor Editors. 
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24.8 Static Var Compensator Models 


The Static Var Compensator Control model can be accessed from the SVC Editor, Model page. It is 
imperative that you model this control when performing Transient Stability Studies to determine the 
dynamic response of the SVC under different conditions. 


ETAP contains the following SVC control models: 


e Typel 
e Type2 
e = Type3 
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24.8.1 SVC Control Model — Type1 


SVC1 Control Diagram 


K(1+sT,) 
(1+ sT (1+ sT,) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Static Var Compensator - vc 


Beau ~D) BB) Co (ces) 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


/K | Voltage regulatorgain | pe 
[Al sd Additional control sig ignal gain 
|A2__| Additional control signal gain | pu 


Parameter Model Calculations 
Type 
K 1 if Vini > Vref then K = 100 / SLL 
if Vini < Vref then K = 100 / SLC 
TBmax All TBmax = 1.0 
TBmin All if (abs(Bc) < 0.00001 ) TBmin = -1.0 
else TBmin = BL / Bc 
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24.8.2 SVC Control Model — Type2 


SVC 2 Control Diagram 


i 
——_ |*—Isve 
1+ sT,, s+ sT,) 
ai a Ra 


<—_— Vi 


+ Qout <0 
- Oout>0 


K(1+ sT,) 
(1+ sf )(1+sT,) 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Static Var Compensator - __ 


Sen ww ~D) BB) S| (ces) 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Synchronizing control gain 


Parameter Model Calculations 
Type 
K 1 if Vini > Vref then K = 100 / SLL 
if Vini < Vref then K = 100 / SLC 
TBmax All TBmax = 1.0 
TBmin All if (abs(Bc) < 0.00001 ) TBmin = -1.0 
else TBmin = BL / Bc 
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24.8.3 SVC Control Model — Type3 


pee 
1+ sT,, 
+ Qout <0 
— an 


S¥C3 Control Diagram 


+N Etle st, 
©) (1+ sF (1+ sf) 


¥S Rmax 


) 
5 
B 
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Parameters and Sample Data 


Parameters for this model and their sample data are shown in the following screen capture: 


Static Var Compensator - —_—_ 


Ben wk ~D) BB) S| (ces) 


ETAP 24-227 ETAP 19.0 User Guide 


Dynamic Models Static Var Compensator Type 3 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Synchronizing control gain 
xs) — — —eslope: — 


Slope 


Maximum susceptance limit 
Minimum susceptance limit 


Parameter Model Calculations 
Type 
K 1 if Vini > Vref then K = 100/ SLL 
if Vini < Vref then K = 100 / SLC 
TBmax All TBmax = 1.0 
TBmin All if (abs(Bc) < 0.00001 ) TBmin = -1.0 
else TBmin = BL / Bc 
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24.9 Dynamic Lumped Motor Load Model 


The motor load portion of lumped loads for conventional load type and unbalanced load type can be 
modeled dynamically with system frequency variations. This dynamic model can be accessed from the 
Lumped Load Editor, Dyn Model page. 


AP, + 


AP 


Parameters for this model are: 


e Ta Motor load time constant 
. Y Motor load frequency coefficient 
Lumped Load Editor - LUMP1 a2 


Info | Nameplate | Short-Circuit | Dyn Model | Reliabilty | Remarks | Comment 


220kVA O0.46kV (70% Motor 30% Static ) 


®) Builtin UDM 


Model 


Ta 05 Y 05 


Se wwe 1) (SB) (eK) [cence | 
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24.10 Wind Turbine Generator 


24.10.1 WTG Type 1 — WECC 


Fixed-speed, conventional induction generator 


Plant 
Feeders 


— 
ma generator — 


PF contol 
capacitors 


—, 


term 


Generator 
Model 


Turbine 
Governor 
Model 


WT1P 
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Wind Turbine Generator Model 


The Wind Turbine Generator (WTG) is modeled by a doubly-fed induction machine. Its circuit model is 
the same as Single2 induction machine model. See Chapter 11 for more information. 


Wind Turbine Generator - WTG1 | ws | 


Info| Rating} Imp/Model | Turbine | Wind | Pitch Control | Inertia | Reliability | Remarks | Comment | 
Generic 4.16kV 1MW induction Generator 
Locked Rotor ANSI asa Parameters 


LRC 650 %  @sStame | 15.385 | 1/2cy Xo 15385 x2 15.385 


PF 1437.% ©Xsc = | 23.077 | 154cy WR 29 ‘(Td 02 


HV-HS-HT 
LV100HP2P 


Baas Gua) 
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Wind Turbine Model 
The Wind Turbine Model page is shown below: 
Wind Turbine Generator - WTG1 [ee Somm| 
Info _| Rating | Imp/Model | Turbine | Wind | Pitch Control | inertia | Reliabiity | Remarks | Comment 
Generic O048kV 1MW Induction Generator 
Power Curve 
Aerodynamics 
V Rated Swept Area Air Density 
2828 1.225 
Cutin Speed Diameter RPM 
4 60 15 
Cut-out Speed Pitch Angle 
25 1 
Power Coefficient Cp 
Sample Data 
C1 C2 C3 
0.73 151 0.58 
C4 C5 C6 
0.002 2.14 13.2 
C7 cs cg 
18.4 0.02 0.003 
(23) (3) (>) [X)(wasi JD) MLB) (0K) (cance! | 


Wind turbine is modeled by the following function: 


v = wind speed 
0 = blade pitch angle 
@= rotor speed ————-> 


Pech = shaft power 


p =air density 
tip-speed ratio A, = swept area of blade 
R =radius of blade 
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Typical curves of C, vs. A are shown below: 


The Wind Turbine Model Editor provides a C, generic model to represent the C, curve, which is shown 
below: 


C; 
C A 
C, =C| —-C,@-C,0 -C, |e * 

Ai 

where 
= C, 
1 Bie 
A+CO 6 +1 


4 = turbine blade tip speed ratio 
0 = turbine blade pitch angle 
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Wind Model 
The Wind Model page is shown below: 


Wid Tutine Gener wot 


Genenc 4.16kV 5MW 


Avg. Base Speed 


w¥win (mls) 
g 


Ses Bw) BB) (04) {cores 


The Wind Model Editor allows you to specify the simulation wind pattern which includes wind ramp, 
wind gust and wind noise. 
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Pitch Control Model 


Wied Tatine Gertor-wict 


| Generic 416kV 5MW Induction Generator 


Pitch Control 
Model Type 


Se Cw =D) BB) (04) [coms 


Governor 
Model 


pgen 


From 
Generator 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


|Kdroop __| Droop gain of generator | pe 
Co —<$|—§$<=<= | 
Ki | Integral gain | 


-Ti__| Qutput filter Lime constant_|__sec.__ 
[12 ___—| Output filter 2 time constant 
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24.10.2 WTG Type 2 —- WECC 


Variable slip, induction generators with variable rotor resistance. 


Plant 
Feeders 


[| _ generator Es 
Pp 


PF control 
7~ capacitors 


Slip power 
as heat loss —. 


term 


Rotor 


Model 


Control Model 


fra Turbine 
fra 


ee | 
Governor 
ee | 


“Agro”- torque 


Type 2 WTG Dynamic Model Connectivity 
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Wind Turbine Generator Model 


The Wind Turbine Generator (WTG) is modeled by a doubly-fed induction machine. Its circuit model is 
the same as Single2 induction machine model. 


Wind Turbine Generator- WIG) 


Generic 4.16kV 1.5 MW 
Locked Rotor ANSI Short-Circuit Z 
Xsc 


LRC % @StdMF | 15.99 | V/2cy Xo 15.385 X2 15.385 


@xXsc | 23.985 | 154cy WR 9.266 ‘Td’ 0.066 


HV-HS-HT 
LV100HP2P 


Ses Cw =) BE) (0) [coe 


Wind and Turbine model pages are the same as WTG Type 1 — WECC. Please refer to that part for more 
information. 
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Rotor Resistance Control Model 


Wind Turbine Generator - WTG1 hdl 


[Info| Rating | imp/Model | Turbine | Wind | Controls | Pitch Control | Inertia | Reliability | Remart| ‘| * 


| Generic 416kV 5MW Induction Generator 


Rotor Resistance Control 
Model Type 


WT2E 


3 le) (x) =>) ale 


From P 
Generator 

Model 
Speed Generator 
From K,, Model 

Turbine 1+sT, 
Model ; 
s2 P vs. slip curve 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


[Kp | Powerfiltergain 
[/Kw | Speedfiltergain 
|Kpp __| Pl-controller proportional gain | 
[Kip _| Pl-controller integrator gain (=I/time constant) | 


Tp __| Power filter ime constant _{_se._ 
[Tw _| Speedfilter time constant 
|Rmax | Maximum outputlimit___—S |p (rated MVA base) _| 
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Pitch Control Model 


Wind Turbine Generator - WTG1 — | 


Info| Rating | Imp/Model | Turbine | Wind | Controls | Pitch Control | jnertia | Reliability | Remar ‘| > 


| Generic 416kV 5MW Induction Generator 


Pitch Control 
Model Type 
WT2P 


Kp 
20 
Pimin 


25 


aes GQwa >) Ae 


Governor 
Model 


From 
Generator 
Model 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


|Kdroop __| Droop gain of generator, | pe 
Co —<$|}—§$<=—= | 
Ki | Integral gain | 


-Ti__| Qutput filter Lime constant_|__sec.__ 
[12 ___—| Output filter 2 time constant 
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24.10.3 WIG Type 3 —- WECC 


Variable speed, doubly-fed asynchronous generators with rotor-side converter. 


Plant 
Feeders 


————— 
EA al 
to [7] to 
de |_| ac 
<> 


partial power 
V 


reg bus 
V 


Converter Generator/ pad 
Control Converter $— 
Model Model 


Power 
Order 


Wind 
Turbine 
Model 


Pitch Control 
Model 
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Wind Turbine Generator Model 


Wind Turbine Generator - WTG1 | 2% | 


| Generic O48kV 5MW Voltage Control 


Locked Rotor ANSI Short-Circuit Z Parameters 
Xsc 


LRC 600 % @ Std MF | 16.667 1/2 cy Xo 16.667 X2 16.667 


X/R 63.772 Td 0.2 


mpwr 
5 


(@ Curent Injection 


Be Cw =D) BB) (04) [core 
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Fal oma arr ae >| = p> High Voltage ere 
(efd) oe X Reactive Current 
From s0 
exwtge Management = 
e> LVPL & rrpwr ve 
Low Voltage 
loema 1 loiv a Active Current 
(ladifd) 1+ 0.02s Management ae 
From s1 
exwtge A 
2 
LVPL » c 
View 
Lvplsw = 0 ae 
LVPL Vv 1 
~<a jx" 
Lvplsw = 1 1+ 0.02s 
Vv s2 


Zerox brkpt 
(0.50) (0.90) 


Low Voltage Power Logic 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


sec 
sec 
sec 
D.U 
p.u 
p.u 


Low Voltage Power Logic Point 1 


Low Voltage Power Logic Switch ee 
Lvpl2 Low Voltage Power Logic Point 2 Co. el 


LVPL characteristic zero crossing 
LVPL characteristic breaking point 
LVPL ramp rate limit 
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Wind Turbine Model 


Wind Tune Genentor-wret 


Genenc 4.16kV 5MW 


Aerodynamics 
V Rated Swept Area 
15 2828 
Cutin Speed _Diameter_ 
4 60 
Cut-out Speed Pitch Angle 
25 1 


180 
V-1wied (2) 


Pitch Angle - Theta Initialization 


Se Bw =) BB) (04) [coms 
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Pitch Angle - Theta - Initialization 


Theta (degree) 


Vw - Wind Speed (p.u.) 


From 
Generator 
Model 
Constant 
Wind Speed P 


Simplified 
Aerodynamic Model 


Pitch = 
Sa as O=ELE 
From To 
Pitch Control Pitch Control 
Model Model 
and 
Converter 
Control 
Model 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


kg/m? 
meters 


3 


= 


RP 


3 


Pitch Angle Rotor blade pitch angle degrees 
Aerodynamic gain 
Blade pitch angle degrees 


Initial blade pitch angle degrees 
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Reactive Power Control Model 


Win Tubie Geneior- wot 


Generic 0.48kV 5MW 
Reactive Power Control 
Model Type 
|WT3E 


Se Cw =) BB) (04) [core 


ETAP 24-248 ETAP 19.0 User Guide 


Dynamic Models Wind Turbine Generator 


Power Factor 
Regulator 


Rcisctibincus Woncannemeneeedcskt seeseasndanes isivsieceesienaneedteeteesecseeenwen! 


q cmd 
¢ To 


Generator / 
Converter 
Model 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


|Kiv ———_[ Integral gain in voltage regulator 


Proportional gain in voltage regulator 


Ss 
| 
Reactive control gain fs 
| Terminal voltage control gain | 
| Fraction of WTG in Wind Plantthatare on-line | 
| Filter time constant in voltage regulator | sec. 
| sec. 
| sec. | 
| sec. 
oe 


varflg 
jvitflig | Voltageflag 
|Qmax | Maximum reactive power limit in voltage regulator | _—_p.u._| 


[Tr ———_—X[ ‘Voltage transduce time constant 


Kiv 
Kpv 
Kav 
Fn 

Tc sec 
Tr sec 
Tv sec 
Tp sec 
Qmax p.u 
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Active Power (Torque) Control Model 


(shaft speed) 


Anti-windup 
on 
Power Limits 


Power (p.u.) 
o 
a 


0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 
Turbine Speed Setpoint (p.u.) 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Maximum reactive current order p.u. (rated current) 
Active power time constant 
Power control time constant sec. 


Pmax 
|Tmax __| Torque control block anti-wind upperlimit, | 
|Tmin __| Torque control block anti-windlowerlimit | 
|dPmax/dt___| Active power control ratelimit | 
|f(Pgen) _—| Substitutes with typical data automatically | 
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Pitch Control Model 


Wind Turbine Generator - WTG1 


Generc O048kV 5SMW 


Pitch Control 
Model Type 
| WT3P +| 


Se Cw =D) BB) (0) [coe 
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Anti-windup on PI 


Pitch Limits rate limit (PI_.4.) 


From 0 cmd 
Turbine @® 8 
Model To 
Pitch Turbine 
Control Model 
@ 
From = Anti-windup on 
Converter Pitch Limits 
Control 
Model 
P 


Compensation 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Pitch control proportional gain 
[Kip itch compensator integral gain | deg. pu. P-se) | 
Kp _| Pitch compensator proportional gain _} ___deg/p.u. P__| 
em ET 


[Wmax | Pitch control anti-windup upperlimit S| 
|Wmin __| Pitch control anti-windup lower limit | 
|Pmax_____—| Pitch compensator anti-windup upperlimit | 
Pitch compensator anti-windup lower limit Pp 
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24.10.4 WTG Type 3 — Generic 


Generator and Turbine model page of this exciter is modeled the same as WIG Typel — WECC. 
Operation mode of this wind turbine generator is Mvar Control. 


Doubly Fed Induction 
Generator 


Pturbine 
—> 


Pstator Pout Grid 
——> —>» 


Converter Protor 


Converter Control Model 


Raten. Puss 


Q and P Order Controller Parameters 


The Converter Control Model Editor is shown below: 
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Wind Turbine Generator - WTG1 


[info _ | Rating | imp/Model | Turbine | Wind | Controls | Pitch Control | inertia | Reliabilty | Remad * | > 


Generic O0.48kV 1MW Mvar Control 
Converter Control 
Model Type 


Seah Ww =D) Ba 2) (0K) { cone | 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Parameter 


ec. 
Convert proportional gain p.u. 
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P order controller power maximum limit 
P order controller power minimum limit 
var control maximum limit 


Rate_max Ylsec. 
Rate_min 


Converter control model is shown in the following block diagram: 


| %isec. | 


P Rref Qrref VGref QGref 


Grid-Side 
Control 


Rotor-Side Grid-Side 
Converter Converter 


The converter controller is mainly used to control the generator output power based on the wind speed 
and rotor speed. When wind speed is between cut-in and rated speed, the generator power is controlled to 
reach to optimal Cp mode. When wind speed is beyond turbine rated wind speed and the rotor speed is 
between rated and maximum speed, the generator power is controlled at constant power mode. The power 
is governed by the controller limiter Pmax and Pmin. Also, the converter controller can regulate the 
generator terminal voltage under the limit of Qmax and Qmin. The generator output power profile is 
shown below. 


Power 


1 
I 
Constant Power Pitch Angle 
I 
I 


Max Cp Control 
Control Control 
-------- — et - - eet - - 


Wind 
Cut-in Rated Wind Max Rotor Cut-off Speed 
Speed Speed 
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Pitch Angle Control Model 
The Pitch Angle Control Model Editor is shown below: 


Wind Turbine Generator - WTG1 th dl 


[info | Rating | Imp/Model | Turbine | Wind | Controls | Pitch Control | inertia | Reliablty | Reman + | 
[Generic 048kV 5MW Mvar Control 


Pitch Control 
Model Type 


Type 1 


Bee Ww =>) OLB) (0K) (cence | 


The Pitch angle control model is shown in the following block diagram: 


@ Rotor Speed Pitch Angle Pitch Angle 
@max 


Limit Check Controller Limit Check 


The Pitch angle controller is used to adjust turbine blade pitch angle. So that the generator can operate at 
rated power and maximum rotor speed under a higher wind speed having not reached to cut-off speed. 
The adjustable pitch angle is limited by the Omax and Omin. 
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Pitch Angle Controller Type 1 


Omex 
Ratémex Omax 
Rat emin a 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Definition 
Speed input gain 
Speed input time constant 


Rmax Angle maximum change rate 


Angle minimum change rate 
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Pitch Angle Controller Type 2 


Wied Tutioe Geertr-wret 


Genenc O048kV SMW 


Pitch Control 
Model Type 


Se Cw =D) BB) (04) {coms 
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Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


shh Ses cet te 
|Rmax | Angle maximum change rate | sec. | 
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24.10.5 WIG Type 4-— WECC 


Variable speed, asynchronous generators with full converter interface. 


Plant 


Converter | q (Q) 
Control Command Converter + 
Model Model 
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Wind Turbine Generator Model 


Wind Turbine Generator - WTG1 | 2% | 


Locked Rotor ANSI Short-Circuit Z Parameters 
Xsc 


LRC 600 % @StiMF 16.667 1/2cy Xo 16.667 x2 16.667 
PF 92 % ©Xsc 2 154cy WR 63772 Td 02 


Inverter SC Contribution 
Eales ten 
goa 


Isc=K*FLA | 10613 A 


mpwr 
5 


(@ Curent Injection 
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= > as a ye! High Voltage 
tle sea Reactive Current | gb 
rom ) oe 
wide Management -_~ 
em LVPL & rrpwr i 
f_ new Voltage 
lbema 1 ley Active Current 
(ladifd) 1+ 0.02s fi Management eles 
From s1 = 
wt4t A 


= 3 


Veer 
Lvplsw = 0 typi 
\ LVPL V 1 
| jx" 
Lvplsw = 1 1+ 0.02s 
, os a 


zerox brkpt 
(0.50) (0.90) 


Low Voltage Power Logic 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


ETAP 24-262 ETAP 19.0 User Guide 


Dynamic Models Wind Turbine Generator 


Wind Turbine Model 


Wind Turbine Generator - WTG1 


Generic O048kV 5MW 
Power Coefficient Cp 
Model Type 


Kpp 
0.08 


Tpw 
0.05 


dPmx 


Se Cw =D) BB) (0) [coe 
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ref dPmx 


Polec ord 
From Wind To wt4e 
Generator Model : 
(vsig) 
wt4g 
(pelec) 


s2 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Definition 


Proportional gain 


Integral gain 
Tf 


Turbine time constant sec. 
[Tf | Turbine feedback time constant 
Minimum power change 


Turbine feedback gain PY 
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Converter Electrical Control Model 


Win Tube Geneior-wrot 


Generic O048kV 5MW 
Converter Electrical Control 
Model Type 
| WT4E 


Se Cw =) BB) (04) (coxa) 
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Vieg 1 


WindCONTROL 
Emulator 


ord. 


(vsig) 
from Wind 
Turbine Model 
wt4t 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


Definition 


ETAP 24-266 


(efd) 
to Wind 
Generator 
Model 
wt4g 


(ladifd) 
to Wind 
Generator Model 

wt4g 
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Converter Current Limiter Model 


P,Q Priority Flag 
(pqflag) 


Q Priority 


Minimum 


Minimum 


a 2 
maxTD Pcmd 


Minimum 


Parameter Definitions and Units 
Parameter definitions and their units are provided in the following table: 


|ImaxTD | Converter currentlimit | 
fpaflag | P,Qpriorityflag | 


PVtl [| Vtpointi(gmax) | 
fvi2_ | Vtpoint2 
FIgmxvi | Igmxvpointd 
|Igmxv2 | Igmxvpoint2 
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User-Defined Dynamic Models (UDM) 


The ETAP User-Defined Dynamic Models (UDM) program is a graphic logic editor (GLE) 
interpreter tool for the creation of user-defined governor, exciter, and power system stabilizer 
models for synchronous machines, generic load and wind turbine generator models. This module 
allows the models to be linked to ETAP’s transient stability program. The models can be built in 
the ETAP UDM Graphic Logic Editor or can be imported from Matlab Simulink® files. ETAP 
uses these dynamic models at run time when conducting Transient Stability Studies. This tool is 
fully integrated into ETAP to allow the creation of dynamic models. 


The main application of the UDM module is to create and tune (validate) dynamic control 
elements which are not part of the standard ETAP dynamic model library (built-in models). The 
following types of controllers / dynamic models can be created with UDM: 


1) Synchronous Motors Exciter / AVR models 

2) Synchronous Generator Exciter / AVR models 

3) Synchronous Generator Turbine, Engine / Speed Control models 
4) Synchronous Generator PSS (Power System Stabilizer) models 
5) Wind Turbine Generator Models 

6) Generic Load Models (Lumped Load Element Dynamic Models) 
7) Generic Controller Models (plant-level controls) 

8) Energy-Storage Devices 


The UDM interface also has the capability to assist in the selection of parameters or settings for 
each of the controllers or dynamic models listed above. This capability is called, “Dynamic 
Parameter Estimation and Tuning,” or DPET for short. DPET can be used to estimate the values 
of the parameters which make the controllers respond as similar as possible to a field-measured 
response (i.e. measurements from a staged test or field-recorded disturbance). The tuning of the 
UDM model response is accomplished by using an iterative approach, which automatically adjusts 
the tunable settings/parameters in the model to make the controller response match that of field- 
recorded data. This process may also be known as, “automatic model validation parameter tuning.” 


Combined with the UDM variable parameter capability, DPET adds a lot of time-saving 
capabilities which can literally save hundreds of engineering man-hours previously spent on the 
tedious process of model validation parameter tuning. Furthermore, a section on how to best use 
DPET is included in this chapter. 


This chapter also covers the basics of how to model, simplify, debug and configure initialization 
routines required to make the models work properly for Transient Stability Studies. 
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25.1 UDM Graphic Logic Editor 


This section describes how to open the UDM interface and how to use all of its related general 
toolbars and functionalities. 


25.1.1 Accessing the UDM Interface 


There are two ways to access the UDM Editor. The first method is from the system toolbar. The 
second method to access the UDM Editor is from the synchronous generator editor individual 
pages (Governor, Exciter & PSS pages), synchronous motor exciter page, dynamic page of the 
lumped load editor and the Info page of the wind turbine generator editor. Please note that the 
model type is inherited from the editor from which the UDM interface was accessed. 


If you open the UDM Editor from the Individual Editors: 

If the UDM Editor is opened from the synchronous generator, synchronous motor, lumped load 
or wind turbine editor, any content that is not related to the individual element is filtered out. 
This means that only the models created specifically for the given machine will be listed in the 
model selection drop list. If there is no model created, then the UDM model selection drop list is 
blank. Clicking on the UDM Editor Button opens the UDM Interface. At this time, a new model 
can be created. When the model is saved, it will be associated with the element from which the 
editor was accessed. The model can be associated with other elements or added to the model 
library later on if required. 


Once the UDM editor is opened from the generator element, the default directory for the file 
“save” and “open” is the current project directory. 


The following image illustrates the process of opening a UDM model for the first time from the 
generator editor: 


Synchronous Generator Edftor - Gent L meened 


PSS Hamorc | Protection | Fekabity | FusiCen | Remahe | Comment 
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Once the model is saved, the model will be linked to the element for which it was created using 
the following naming convention: 


<Element ID>_<Type>_<Model Name>. 
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More on the naming convention is included under the file saving section of this chapter. 


If you open the UDM Editor from the System Toolbar: 

Opening the UDM Editor from the system toolbar allows you to modify all model files including 
the ones in the current project directory or the ones from the library. The program file open and 
file save directory are defaulted to the UDM library directory (\\ETAP Installation 
Directory\UDM). However, it is possible to save and link to an element as long as the model is 
saved in the project directory with the proper naming convention. If this is done, the model 
would be linked exclusively to an element and can be accessed from the element itself. 


The following image show how to access the UDM GLE Interface from the system toolbar by 
clicking on the UDM Interface Icon: 
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25.2 Saving UDM Model Files 


The UDM Interface saves the models using a *.udm extension. The files will be stored in two 
locations. The first will be the project directory. The other will be the UDM library directory (i.e. 
template directory). 


If the models are saved to the library, then they will be saved in the following directories inside 
of the ETAP installation director: 


Governor Models \UDM\Gov 
Exciter Models \UDM\Exc 
PSS Models \UDM\PSS 
Generic Load \UDM\Generic 
Wind Turbine \UDM\WTG 


Please note that the UDM directory is located inside of the ETAP installation directory such as 
C:\ETAP7.5.1\UDM 


f 


OU-u « OS(C:) » ETAP751 » UDM » are 


Organize ¥ [aw Open Burn New folder 33 ~ Gil r?) 
wr Favorites : )) BAS 
=] debe 
(eg Libraries ” Generic | 
|) Gov 
1 Computer a PSS 
& 0s (c:) _}) UdmConvert 
ca Data (D:) i WIG | 
5 items selected 


Note: When naming the device and the UDM file, do not include period, forward slash or colon 
in the name: “.”, “/”, or “:”. 


Please note that you can also place Simulink® files to be imported or converted to a *.udm 
format by placing them in the same locations as described above. 


Note: A*.mdl file can only be imported into the UDM editor. These files will only be visible to 
the UDM Interface if the user selects the import or export function. The UDM import function 
has been disabled for ETAP 16.0.0. It will be enabled in future versions of the UDM tool. 
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File Naming convention for UDM Models (files with extensions *.udm, *.bin & *.doc): 


The files which are purposely saved as specific models for certain generators need to have the 
following naming convention. 


<Element ID>_<Type>_<Model Name>.UDM 


Element ID-> Where the Element ID is the Element ID from ETAP Element. This could be the 
synchronous generator or synchronous motor ID. 


Model Name-> IEEE1, IEEEAC7B, GELM2500, etc, etc. This is the actual model name as 
shown in the element editor UDM model selection drop list. 


The types available are: 


Type->EXC 
Type->GOV 
Type->PSS 
Type->Generic 
Type->WTG 


For example: if an exciter from the library (i.e. IEEE1.UDM) is to be associated with Generator 
1, then the file should be named: 


“Genl_EXC_IEEE1.UDM” 
Other Examples would be: 


“GeneratorX YZ_GOV_DT.UDM” 
“EmergencyDiesel_EXC_IEEEAC7B.UDM” 
“Genl_PSS_STAB2A.UDM” 
“SynchMotor_EXC_IEEE1.UDM” 
“Lump1_GENERIC_CONV1.UDM” 
“Lump2_GENERIC_SEQ1.UDM”, 


Etc, etc. 

This naming convention achieves the following: 

If the Type is EXC, then this file is only visible from the Exciter pages of the Synchronous 
Generator and Motor. If the Type is GOV, then the model is only visible from the Governor page 
of the synch generator and finally, if the type is PSS, then it would only be visible from the PSS 


page. If the Type is GENERIC, then this file is only visible from the Dynamic Page of the 
Lumped Load. If the type is “WTG” then the models are only visible from the WTG editors. 
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The following file types are also generated by the UDM GLE Interface after the model is 
compiled: 


* DOC, *.BIN, *.LK, *.SC 

The *.bin files generated by the compiler have the following naming convention: 
<Element ID>_<Type>_<Model Name>.bin 

The *.doc files generated by the compiler have the following naming convention: 
<Element ID>_<Type>_<Model Name>_data.doc 

The *.LK files generated by the compiler have the following naming convention: 
<Element ID>_<Type>_<Model Name>.Ik 


This file is created when the models include lookup table elements with significant amount of 
imported data. 


The *.SC files are generated by the compiler have the following naming convention: 
<Element ID>_<Type>_<Model Name>.sc 
The *.sc files are created when the models include any DPET study cases. 


This naming convention has the same purpose and it is to associate the models with their 
respective elements. 
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25.2.1 UDM Editor Presentation 


This section describes the toolbars, menu items and all the capabilities of the UDM graphic logic 
editor interface. The image below shows the UDM Graphic Logic Editor Interface with a 


governor model open. The interface also shows the Simulation (test mode) and the DPET mode 
toolbar. 
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File Menu Items: 


The file menu items allow the user to open, save and import information into the UDM Editor. 
The following are the options available through this drop down menu: 


LT) New Ctrl+N 

(a> Open -Project Dir Ctrl+O 

Gay Open-UDM Lib CtrlsU 
Close 


fe Save Ctrl+S 
el Save As... 
fel Save to Library 


BIO Page Setup 
[a Print Preview 


= 


& Print 
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New 
This menu item allows the user to create anew UDM model. 


Open 

The “open” option allows the user to open a UDM model. The open function opens a dialog 
which has a default directory. The default is the project directory. The file open dialog opens 
only the files with extension *.udm. 


Open from Library 

This option is used to open the UDM models stored in the UDM model library directories for 
Exc, Gov, Pss, Generic and WTG models. The location or path for this is always the ETAP 
project in the UDM directory (i.e. C:\ETAP 800\UDM\). Once in the library directory, the user 
can browse inside each directory and choose which file to open. 


Close 
Close the currently selected model. 


Save 

This option saves the UDM file into the current project directory unless the user specifies a 
different location. Depending from where the file was opened, the save button will also link a 
model to an element and type. 


If the UDM model was opened from the generator editor, then upon saving, the program would 
name the model as: 


<Element ID>_<Type>_<Model Name>.UDM 


If the UDM model was opened from the system toolbar, then the UDM modeled will be saved 
based on the user given name. The program would not rename the model. 


Save as 

Saves the *.udm file as specified and where specified by the user. The remaining options to save 
as EMF, GIF, PNG, BMP, JPEG, TIFF, SVG file are allowed and save the UDM model as a 
graphical image. 


Save to library 

This function allows the user to save the current model as part of the library items. When saved 
in the library, the user is free to specify the name and the interface does not follow the naming 
convention since the model is meant to be a generic library model. 


Import (from *.mdl Simulink® files) 

This function allows the user to import models into the UDM editor which were created in 
Simulink®. The following mapping table is used in order to map the inputs and outputs from 
Simulink® into the ETAP UDM Graphic Logic Editor format. 


This feature has been temporarily disabled for ETAP 16.0.0 and will be enabled in future 
releases. 
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Model Type [Exciter 7 [~ Save the imported UDM model into library 


If the type of the model is a GOV, PSS, Generic or WTG then the mapping table adjusts to show 
the input and output ports for those elements only. Please note that any unmapped input and 
output ports are removed, since they would not be supported by the ETAP compiler. 


The blocks supported from Simulink which are recognized by the UDM compiler are shown 


below: 
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Please note that any block which is imported into the UDM editor which is not supported is 
automatically deleted in the imported UDM model. The import program supports imported 
Simulink models up to version 7.11.0.584 (R2010b). 


The models which can be imported into ETAP should follow the model design rules of previous 
versions of the UDM compiler. If those model design rules are not followed, the model may not 
compile properly in the new UDM compiler. Those rules are summarized below: 


e The maximum order of a transfer function (Transfer Fen) block is a third order function. 

e The function types that can be used in an Fen block consist of: sin, cos, tan, atan, abs, exp, sqrt, and 
log. 

e The input/output variable names in Simulink® can be specified arbitrarily and then mapped to ETAP 
input/output variable names using the System Variable Selection Editor. This was true up to version 
7.5.3. However, In ETAP11 we recommend using the following key words for the input/output 
variable names. The appropriate key words reserved for ETAP UDM Turbine/Governor, 
Exciter/AVR, and PSS models, are provided in the following tables: 


Turbine/Governor Model 


Key Word Description 
Pe Generator Real Electrical Power 
W Generator Speed 


Input 


Output Pm ‘Turbine Output Mechanical Power 


Exciter/AVR Models 


Key Word |Description 
Vt Machine Terminal Voltage 


CVt Machine Terminal Voltage in complex form 


It Machine Terminal Current 
ClIt Machine Terminal Current in complex form 
I Pe Machine Real Power 
mput Qe Machine Reactive Power 


Vs PSS Signal 
Ifd Machine Field Current 


Fre Machine Terminal Voltage Frequency 


PF Machine Power Factor 


Output Efd Exciter Output Voltage 
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PSS Model 
Key Word Description 
Vt Generator Terminal Voltage 
W Shaft Speed 
f Generator Terminal Voltage Frequency 
Paput Pe Generator Real Power 
Pm Generator Mechanical Power 
Ang Generator Rotor Angle 
Output Vs PSS Output Signal 


Using these input/output variable names will simplify the import process significantly since in 
ETAP11, those inputs and output names are fixed block types. 


The check box “Save the imported UDM model into library” allows the user to automatically 
same the imported model into the corresponding library of UDM models. This is done according 
to the model type. 


Export 


This function allows the user to export the *.udm file into a *.mdl file. The export function 
supports up to version 7.11.0.584 (R2010b) of Simulink. 


The export function has been disabled in ETAP 16.0.0. It will be enabled in future releases. 


Note: Default settings are used for the parameters not included in the *.udm model file. 


Page Setup 
Regular page setup function (landscape, portrait, page size, etc). 


Print Preview 
Regular print preview tool. 


Print 
Regular printing utility 


Exit 
Exit the project. Prompts if the file has not been saved or has been modified since the last save. 
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Edit Menu Items: 
This menu list contains following functions: 


“Edit | View Actions Window He 
kK? Undo Move Handle Ctrl+Z 


Cu 


Select All Ctrl+A 
Delete StudyCase Ctrl+D 

x 

Pi 

lie) 
Format > 


Undo 
Undo a certain action such as hiding or moving an element. You may also undo adding or 
deleting a connection. The Undo feature can revert back up to 20 actions. 


Redo 
This option allows you to ‘Redo” up to 20 actions. The following image shows an example of the 


“Undo” and “Redo” functions. 


Delete Study Case 
This menu item allows the deletion of dynamic parameter estimation and tuning (DPET) study 
cases. The image below shows the delete window. 


rc 


Delete Study Case 
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Cut 

The Cut command on the Edit menu will delete selected elements from the workspace and place 
them in memory. You can also cut selected elements by right-clicking and selecting the cut 
command from the pop-up menu. To select a group of elements, click and hold the left mouse 
button down while dragging the pointer across the elements you want to select. 


Copy 
The Copy command from the Edit Menu copies selected elements from the workspace. You can 


also copy multiple elements selecting them (press and hold the left mouse button down while 
dragging the pointer across the elements you want to select) and then right-clicking and pressing 
the Copy command from the pop-up menu. 


Paste 
To paste an element or a group of elements from the memory, select the Paste command from the 
Edit menu or you can right-click and select the Paste command from the pop-up menu. 


Format 


This option includes Fill and Shadow to set the inside color and shadow of the selected objects. 
Basically, you can change color and format of the selected blocks in this section. 
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Fill 
Under Edit menu go to Format then click on Fill. The “FillStyle Dialog” allows you to change 
the background and fore color of the selected blocks. Also, different brush styles can be selected. 


P 
FillStyle Dialog Cox) 


Brush style 


Sm LinearGradient_ Rd 


Gradient angle: [-41 


Gradient center: 


Shadow 

Under Edit menu go to Format then click on Shadow. The “ShadowStyle Dialog” allows you to 
configure the shadow for a particular element block. The shadow style is shown in the “Preview” 
section. 
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Color alpha factor: — [109 


rae 


Fore color alpha factor; 8 __ [176 


View Menu Items: 
The “View” menu contains the following functions: 


Rulers 
The horizontal and vertical rulers in the UDM Graphical Grapical Logic editor are often used to 
align text, graphics, tables, and other elements in the workspace. 
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This option activates the Control Element Symbol Palette (shown on the left-hand side of the 


workspace by default) 


Control Elements 


Integrator 


Transfer Function 


Derivative 


Saturation Look-Up Table Dead Zone 
Fe] 
= = 
in 
Complex-Real Absolute Switch 
= 
Logical Operator Relational Operator Relay 


Manual Switch 


Rate Limiter 


LV 
Gate 


LVHV Gate 


Is) 


Sample Hold 


e002 
e 
Delay 


Real-Complex 


[| 


Constant 


Complex-Polar 


Input Blocks 


Properties 


This command shows the properties window (shown on the right-hand side of the workspace by 


default) 
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Diagram1 v 


Background Color Oo White 
Diagram Size Custom 


Model Type 

Initialization Method 
+] Iterative Method Settings 
+] Directive Method Settings 
+] Test Setting 
+] System Reference 


Name 
Name of the document 


When copying and pasting elements from one model to another, the diagram size should be set to 
a size appropriate to hold all the pasted elements. If this is not the case, the copy/paste action will 
not take effect until the size is modified accordingly. The image below shows the location of the 
diagram size dialog. 


Name Diagram5 
Background Color [_] white 


Diagram Size 


Iteration Time 
Settle Time 
i =) 


Diagram Size 
Diagram size 
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Pan Zoom Window 

This window can be used to preview a panoramic view of the elements in the workspace. The 
panoramic view can be modified by dragging the panoramic box around the workspace preview 
window. This tool is useful to zoom in and out and to navigate through very complex and large 
models. 


There is a pin icon on top of the toolbox shown as *. By clicking this pin you can Hide/Show 
the toolbox in UDM. 
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Document Explorer 


This window provides good information about the elements in the selected model. It lists all the 
elements by type. This tool can be used to navigate through the model elements and make 
changes to the individual properties without having to find the block graphically in the 


workspace. 


Document Explorer 


Diagram1 


Ga 
+1-L] Integrator (5) 

Function (3) 

fy LVHV Gate (3) 

TP] Transfer Function (5) 

"£ DirectedOrthogonalConnector1 

aa DirectedOrthogonalConnector2 

i fe Look-Up Table (3) 

i DirectedOrthogonalConnector3 
aa DirectedOrthogonalConnector1_junction 
®£ DirectedOrthogonalConnector4 
84 DirectedOrthogonalConnector5 
aa DirectedOrthogonalConnectoré 

P) Layer 


pee bebe bebe te} ee 


Layers (will be available in future) 

To add a block to a layer you need to make the layer active 
while you are dragging the block to your workspace. If two 
layers are active at the same time, the created block will 
belong to both layers, and if you hide one of the layers, all 
the blocks which belong to the layer will be invisible. 


Element changes are applicable to all active layers. If an 
element or connection is to appear only in one layer, then all 
the remaining layers must be de-activated. Only the desired 
layer should be active when the element block is added or the 
connection is made. 


The image below illustrates the end result of associating 
some elements and connections to different layers. Elements 
not active during simulation will not be considered active in 
the mathematical calculations. This tool will not be active in 
the first release of the UDM Graphic Logic Editor. 
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Model 1 Model 2 


Layer 1 is Visible 
Layer 2 is Visible 


MultDiv1 Complex-Real 
LVHV Gate1 


Function MultDiv 


Layer 1 is Visible 


Layer 2 is Invisible LVHV Gate1 


Function1 


Layer 1 is Invisible x x 
Layer 2 is Visible = ape 


MultDiv1 Complex-Real 


ETAP 25-21 ETAP 19.0 User Guide 


User-Defined Dynamic Models UDM Model Files 


Header Footer 


With this option you can add your desired header and footer to your model. The header and 
footer contents can be customized by applying different font styles and colors. 


ETAP 


a 
Header and Footer 


(* Header ( Footer IV Visible 


Text | Backgroundimage | Bounds | BorderStyle | 


JOTI ETAP >| 


Center: | >| 
Right. | >| 
English (United States) 
__Choose font..._| font... ___Choosecolor.._| color... 


Sample 
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Page Borders 
You can select different borders, weight, and style. Also by changing the color and transparency, 
you have the option to choose your desired color for borders. 


[ Page Borders =x) 


ooor 
coda 


Transparency: 


|V Visible 
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Model Parameters 
The model parameter section lists all the parameters used in the UDM model. 


Model Parameters 


Block Name Value 


Gain1 Kp 5.18 
Gain5 Kp 5.18 
Gain3 Ki 0.001 
Gain4 x 0.001 
paral Paral 0.433 
para3 Para3 0.75 
Gain KG 3.86 
Transfer Fen1 Tc 0.01 
Transfer Fen kir 20 
KPM KPM 1 
VBmax VBMAX 6.48 
VBmax BMIN 0.1 
Max VMMAX 1 
VMmax, VMmin VMMAX 1 
Min VMIN 0.87 
VMmax, VMmin VMIN 0.87 


Please refer to section 25.4.2 for more details. 


Actions Menu Items 


After you select some functions block from Actions toolbar, the “Align” option can perform the 
actions as described below: 


Action Result 

Align Left moves all blocks to the most left side of the reference block 
Align Center moves center of all blocks to the center of the reference block 
Align Right moves all blocks to the most right side of the reference block 
Align Top moves all blocks to the top side of the reference block 


Align Middle moves all blocks to the middle line of the reference block 
Align Bottom moves all blocks to the bottom line of the reference block 


Please note that the first block created is the reference block 
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Flip 
The flip option causes a reflection of the selected block. The blocks can be flipped horizontally 
or vertically. The following image illustrates the result of flipping some blocks horizontally: 
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Rotate 

This function helps to rotate selected object 90 degree clockwise or counter-clockwise. You can 
activate the rotation by clicking the right mouse button and selecting the different rotate 
commands from the menu. 


Control Elements 


1 
Cot I 


Transfer Function 


Intenrator 


Figure 17- Rotate Toolbar 


Transfer Function 


— 
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| 
Flip > 1 a 
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= 
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6 
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Mouse right click 


Figure 18- Using Rotate option from Mouse Right Click popup menu 
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Figure 19- Rotate Toolbar 
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Window Menu Item 


Tabbed MDI 
This is a control that allows you to use tabbed document interface and change the project 


windows view as shown below: 
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Hot Keys/ Shortcut keys 
These hotkeys work at the “model” level, not at the UDM editor window level. That is, you 


must be inside the model tab to activate these keys. 


ETAP 


Ctrl+G = compiles model 
Ctrl+T = runs model test 
Ctrl+W = closes all plots 
Ctrl+U = open UDM library 
Ctrl+O = open project directory 
Ctrl+N = open new diagram 
Ctrl+S = save UDM file 
Ctrl+A = select all the blocks 


Ctrl+D = delete DPET study case 


Ctrl+Z = undo 

Ctrl+X = cut 

Ctrl+Y = redo 

Ctrl+C = copy 

Ctrl+V = paste 

Alt+F = open file option 
Alt+E = open Edit option 
Alt+V = open view option 
Alt+A = open actions option 
Alt+W = open window option 
Alt+H = open help option 
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Mode Toolbar 


The mode toolbar selects which simulation mode is to be used for the controller or dynamic 
model. The first option is “Simulation” or “Test” mode. The purpose of this mode is to allow the 
running of simple test simulation routines on the models to check their performance. The second 
mode is the DPET mode. The dynamic parameter estimation and tuning mode can be used to run 
the model validation or tuning simulations. The mode toolbar is displayed below (both docked 
and undocked). 
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25.2.2 Simulation (Test) Mode 


This mode includes several simulation test routines, which can be used to check the performance 
of the model after it has been created. The mode contains a specific compiler toolbar and test 
routines which can be accessed through the parameters editor. 


Translator (Compiler) Toolbar: 


The translator / compiler toolbar is used to save, link and compile the UDM models in 
preparation for their use in ETAP’s transient stability calculations. The following image shows 
the toolbar and its location: 


z UDM Graphic Logic Editor 
File Edit View Actions Window Help 
y: py th > m Ol Close Plots — 


: A | Times New Roman 7 
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©) Syn1_EXC_IEEE1 | 
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Transfer Fen 


MT 2 e) By 
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Compile UDM Model Icon 

The “Compile UDM Model” icon is used to compile (translate) the model once it has been 
created. While the compiling takes place, a progress bar (located on the lower right-hand side of 
the interface) and a message is displayed when the compiling is complete. 
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| Diagram name 


(i) Model translation complete. 


Compile all Models 

The “Compile all Models” icon on this toolbar can translate all models, or all uncompiled or 
untranslated models in the user-specified directory. When this icon is clicked, the following 
dialog opens: 


Please specify location and option for compiling: 


Path C:\ETAP18.0.0\Example-ANSI 


All Models [_ Uncompiled Models Only | 


The option “All Models” compiles all UDM models within the specified directory. The option 
“Uncompiled Models Only” compiles only the models which do not have an up-to-date 
translation file (file with extension *.bin). An out-of-date or uncompiled UDM model is one 
which does not have a corresponding *.bin file last saved within a minute of the save time of the 
* udm file (within a one-minute period). 


The following message informs about the results of the compilation process: 
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ETAP UDM J—- a | 


> Model translation complete. 
' (11 translated, 0 failed) 


The information shows how many models compiled successfully and how many models failed 
compilation. For information on failed compilation issues, please refer to the advanced topics 
section of this chapter. 


Open Plots Icon 
The “Open Plot” icon opens previous test output plots for all the scopes within the model. 


Close Plots Icon 
The “Close Plots” icon closes the active plots for the UDM model. 


Warning or compiler error messages may be displayed during the compiler process. These 
message windows will indicate certain conditions such as missing required parameters or illegal 
block combinations or connections. An example of a warning message is shown below: 


4 Constant block must be selected for the system reference 


Run Test Simulation 

When clicking on the “run test simulation” icon, the program launches a test simulation which is 
geared to test the exciter, governor, power system stabilizer models, etc, etc. by simulating 
certain disturbances like faults, load acceptance and load rejection (shed). The test settings and 
initialization settings must be configured prior to running any test routines. 


The progress bar is also displayed during the time the simulation test is running. When the test is 
complete, a plot of the test results will appear. 
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Note: as soon as the test simulation is launched, the model must be initialized by the compiler. 
The initialization may take a considerable amount of time depending on the initialization method 
selected or the time constant values used in the model. If the model is not configured properly for 
initialization, a message or warning will appear and the test will not start. It may take several 
minutes in extreme cases for a model to initialize. The progress bar will only start to advance 
until once the model has been initialized. 


Prior to running the test simulation, the Initialization, test settings and system reference setting 
must be configured. The image below shows the location of the model parameters property sheet 
where these settings are stored: 
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The image below shows an enhanced view of the system parameters property sheet: 
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Name Gen1_EXC_IEEE1 
UDM Guid ceda73ce-19c5-4e0a-82d8-b652c343696d 


Background Color [_] White 
Diagram Size Custom 


Iterative Method Settings 
Iteration Time 100 
Settle Time 30 

Direct Method Settings 
Max Iteration 2000 
Precision 0.0001 
Increment Step 0.0035 

Test Setting 
Exc Test Type _Load Shed 
Event Time(sec) 1 


1 

1 
Real Power(Pe) 0 
Reactive Power(Qe) 0 
PSS Signal(Vs) 0 
Field Current(Ifd) 0 
Terminal Frequency(Fre) 1 
Power Factor(PF) 0.624695 
Complex Terminal Voltage(CVt) —_- 0.6247 — j0.7809 
Complex Terminal Current(Cit) 0.624659 -j0.780869 
Simulation Time Step(sec) 
Total Simulation Time(sec) 


System Reference 
Vref 
OQref 
PFref 
var Share Group # 


Plot Step 
Plot time step interval (integer multiple of dt) 


View Test Simulation Results 

When clicking on the “view test simulation” results icon, the program displays a plot showing 
the results of the simulation. If the test simulation was a fault, then the test results might look like 
the ones shown below: 
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Plot of Test Results for a Load Shed Simulation 
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Plot of Test Results for a Load Acceptance Simulation 
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Model Output - =x 
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Plot of Test Results for a Fault Simulation 
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Plot of Test Results for a None Simulation (steady-state condition) 


ETAP 25-37 ETAP 19.0 User Guide 


User-Defined Dynamic Models UDM Model Files 


25.2.3 Dynamic Parameter Estimation and Tuning (DPET) Mode 


This mode has the DPET toolbar, which has the study cases, output plots and DPET result 
analyzer. This model of analysis can be used to launch the iterative parameter estimation and 
tuning process, based on comparisons against field-measured results. 


DPET Toolbar 
The DPET toolbar contains the following controls: 


Duplicate DPET study case 
DPET study case dropdown list 
DPET study case editor 

DPET output report dropdown list 
Open DPET reports 

DPET Analyzer 


AN RWNE 


a « 


P|} BF B) | EB) Es 


Duplicate DPET Study Case 

This option allows the creation of DPET study case duplicates, which can be modified for 
different analysis scenarios. To delete the study cases, go to the “Edit” menu and select “Delete 
Study Case.” 


: (li| | DPET =| (@ OPET-STFinaxsx = || FE) 2) DPET Analyzer 2 


DPET Study Case Dropdown List 
This tool lists all existing DPET study cases. The DPET study cases are only applicable for a 
single model. This list only contains DPET study cases for the active model. 


DPET Output Report Dropdown List 

This list contains the names of all the output reports from the DPET simulations. Please note that 
the DPET simulations are filtered from other DPET output reports (i.e. from a different model 
within the same ETAP project) by the use of a special naming convention in the project 
directory. A directory with the same name as the model is created to store all the outputs related 
to the active model. For example, if the names of the models are, “GENLOADST” and 
“GENLOADSTFinal” then the DPET program would create two output report directories with 
the same model names inside of a general output report directory. Both of these directories are 
placed inside of the active ETAP project directory. In this case, the active ETAP project 
directory is “TCS-UDM-046” (see below): 
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>» ETAPVV >» Calcs » UDM »> Testfile » TCS-UDM-046 » Output > 


vith ¥ New folder 


Name Date modified Type Size 
)) GENLOADST 8/7/2013 2:13 PM File folder 
_)) GENLOADSTFinal 8/7/2013 2:23PM _File folder 


~~ 


Please note that the output reports are stored in *.xlsx format. 


Open DPET Output Reports 
This button simply opens the active DPET output report from the DPET report dropdown list. 


DPET Analyzer 
Pressing this icon will launch the DPET report analyzer. The analyzer is discussed later in this 
section. 


DPET Study Case Editor 

The DPET study case is the main interface editor for configuring the DPET simulations. The 
input field-measured parameters like voltage, current, electrical power, frequency, etc. need to be 
specified from this editor. The parameters, which will be considered in the simulation, are also 
specified along with the iterative method solution precision and iteration time. The image below 
shows the DPET study case: 
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Data Loading Page 


Edit Study Case 


Data Loading | Simulation Parameter 


Study Case ID 
GAST 


Transfer Fen 


Transfer Fen1 


Transfer Fen3 


[Update Initial with Base | 
Study Remarks 
[0K } [Cancel | 
Study Case ID 


This field holds the alphanumeric identifier or study case name. The study case name can have as 
many characters as needed (125 characters or more) to have unique study case names. 


Field Recorded Data 

This section holds the input field-measured results. The field-measured results can come from 
staged tests such as exciter reference voltage bump tests, load bank step tests, Q-axis response 
tests, etc. The measured results can also be from actual recorded disturbances like faults, system 
disconnections, etc. The recorded data needs to be entered in Microsoft Excel format (*.xls or 

* xlsx). Future versions will allow direct import of recorded events from comtrade or PMU 
formats. 
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Name 

This field shows the names of the inputs and outputs in the model for which field-measured 
results will be assigned. For SISO (single input single output) models, only a pair of inputs will 
be listed. In the case of an exciter with SISO, only the Vt (terminal voltage in pu) and Efd 
(exciter field voltage in pu) will be listed. All the names are pre-determined based on the type of 
inputs and outputs present in the model. 


Location 
This shows the directory where the Excel file containing the field measurements are stored. 


Browse 
Allows the specification of the directory where the field measurements are stored. 


Plot 

This icon opens plot(s) of the selected field-measured data. The plot shows the data tabulated 
against time (x-axis). It is recommended to check the data by means of this plot button before 
running DPET study. 


[ Measured Data Sex| 
Vt 


0.562 


0.418 


Start T. (s) 

This field can be used to specify the starting point of the input data to be used for the DPET 
simulation. In the majority of cases, the starting time should be the same for all the input field- 
measured results. For synchronization, the smallest common time span selected will be used for 
the DPET simulation. 


End T. (s) 

This field can be used to specify the ending point of the input data to be used for the DPET 
simulation. In the majority of cases, the ending time should be the same for all the input field- 
measured results. For synchronization, the smallest common time span selected will be used for 
the DPET simulation. 
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The following data shows the exciter field current with a starting time at 120 seconds. The end 
time is 125.5 seconds. The total data collected covers a span of 420 seconds. The net simulation 


time span is only 5.5 seconds, but this time is sufficient to capture the transient period. The 
transient period is what is used to perform the exciter parameter estimation in this case 
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S. Rate (s) 


This is the sampling rate that the program will use when reading the field measurements. The 
sampling rate is the same as the time step of the first few steps in the input data. There is no 


requirement for the sampling rate to be fixed (constant); however, it is preferred. The sampling 
rate can be increased or decreased depending on the situation and the amount of data points 
collected in the measured data 


The following images show input signals with a sampling rate of 1.0 millisecond. The image also 
shows two different input signals. The first image (on the left) is a scalar input signal and the 
ETAP 
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first column is the time with a time step of 1.0 millisecond. The second image is a complex (on 
the right) signal. Again, the first column is always the time and the remaining columns are the 
magnitude and angle (p.u. magnitude and radians): 


Time and Value for a scalar input Time, aaae and Angle for a complex input 
B CC A B _ D 
if 0 1 1 0 0.063981 -0.1596419 
2 | 1.00E-03 cE 2 0.001 0.063981 -0.1596394 
3 | 2.00E-03 1 3 0.002 0.063981 -0.1596396 
4  3.00E-03 s | 4 0.003 0.06398 -0.1596399 
5 | 4.00E-03 1 ss 0.004 0.06398 -0.1596399 
6 | 5.00E-03 1 6 0.005 0.06398 -0.1596399 
7 6.00E-03 1 7 0.006 0.06398 -0.1596401 
8 | 7.00E-03 1 8 0.007 0.06398 -0.1596401 


In some cases, it may be necessary to increase the sampling time to reduce the amount of 
measured data points that are used in the DPET simulation. 


Case 1: The time step of the measured field disturbance is 0.000333 or around 0.33 milliseconds. 
However, the simulation time is 1.0 milliseconds. In this case using a sampling rate of 0.33 
millisecond will only slow down the simulation and not provide any more resolution or catch any 
transient behavior that can be captured by the DPET or eventual transient stability simulation. In 
this case, the sampling rate can be decreased. 


Case 2: The sampling rate can be decreased as well, if the smallest value of the time constant 
parameters is known. Time constants will not capture or pass any values with a sampling rate 
smaller than the time constant value. For example, assume again that the time step of the field 
measurement is 0.33 milliseconds and that the minimum value of any time constant in the control 
system is 0.010 seconds. Then, in this case, it is recommended to decrease the sampling rate to 
0.005 seconds. This will collect less data in the simulation and speed up the DPET simulation. 


Note: Decreasing the sampling rate can be a good way to speed up the DPET simulation; 
however, the sampling rate should not be decreased to the point where it would cause the loss of 
the actual transients required in the parameter estimation. An example of this is shown below. 
The first plot was generated based on a sampling rate of 33 milliseconds (left). The second plot 
was generated with a sampling rate of 0.5 sec. 
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Terminal Voltage Terminal Voltage 


1.0137 
1.0133 /\ 


1.0129 | \ 


Vt (pu) 


| / 
| \ 
1.0125 } \ / 


1.0121 o* \ 


1.0117, 


3.0 120.0 121.0 122.0 123.0 124.0 125.0 126.0 


As can be seen above, there is a loss of the lower voltage dip of the input voltage measurement. 
This portion of the signal would be needed to be able to match the calculated results against the 
field measurements. 


Format for the Input Field-Measured Data 

The field measurements must be provided in MS Excel format. The interface accepts files with 
extension *.xls (Excel 97-2003) and *.xlsx (Excel 2007 and later versions). The following 
considerations should be taken when preparing the input data for the simulations: 


1) Each excel file for a scalar input/output has two columns- first column is for time in 
second and second column is for value in per unit (pu). 


2) Each excel file for a complex input-output has three columns- first column is for time in 
second, second column is for magnitude in pu and third column is for angle in radian. 


3) The data must be sequential (i.e. t=0+ to t=end time). 


4) The excel data must not contain any text or time data in hour:min:sec format. No strings 
are accepted. Only number formats are accepted. 


5) It is preferred if all the input field measurements have a common time span or recording 
duration. For example, one signal could have been measured for 100 seconds and another 
one for only 80 seconds. It would be preferred if both measurements are trimmed to the 
common time span of 80 seconds. If this is not done, then at least the starting time should 
be common to both measurements so that there is correlation between the different 
measurements. 
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6) Do not include the column or plot data headers in the excel files. The inputs should only 
be numbers. The program will automatically label the data plots depending on the type of 
input or output ports to which the data is assigned. 


Time and Value for a scalar input Time, Magnitude and Angle for a complex input 
—e—* 


—— K 
B Cc A B c D 


1 0 1 1 0 0.063981 -0.1596419 
2 | 1.00E-03 2 2 0.001 0.063981 -0.1596394 
3 | 2.00E-03 1 3 0.002 0.063981 -0.1596396 
4 | 3.00E-03 1 - 0.003 0.06398 -0.1596399 
5 4.00E-03 1 a 0.004 0.06398 -0.1596399 
6  5.00E-03 1 6 0.005 0.06398 -0.1596399 
7 | 6.00E-03 1 ty 0.006 0.06398 -0.1596401 
8  7.00E-03 bE 8 0.007 0.06398 -0.1596401 


Parameter Estimation List 

The parameter estimation list is probably the most important portion of the study case. The 
information available in this section will be used to define the range of estimation and the 
number of parameters available for the tuning. The process of parameter estimation and tuning 
can be quite complex, extensive and time-consuming. The selection of parameters and their 
ranges should be carefully considered, based on the physical limits and practical implementation 
of the actual range of the hardware controls. 


Fixed 

This check box is a simple indicator to the DPET program that the parameter should not be 
considered for tuning. As simple as this seems, the selection of which parameters should be fixed 
(checked box) and which ones should be variable (unchecked) can make all the difference for a 
realistic result in terms of parameter estimation. The following rules of thumb should be applied 
when selecting the application of the fixed parameter checkbox: 


1) Physical limits of the controller (i.e. Pmax, Efdmax, Pmin, Wimax, Vrmin) are generally kept 
fixed in the parameter estimation. These limits should be included only in situations 
where extreme transients are used which may result in clipping or saturation limits to be 
engaged. The difference between the estimated and field measurement should provide 
some insight as to how the range of the parameter should be set once a limit is included in 
the simulation by unchecking its fixed condition. 


2) Time constants for actuators, valves, fuel system, combustion system, regulators (for 
most electromechanical or mechanical control mechanisms) typically should not be 
included in the estimation process. Most of the time, these time constants represent the 
time delay of the actual control system mechanism to take action based on the input error 
or control signal. However, if the actual values are unknown, then they can be included 
but their range of estimation should be limited to a range reasonable for the type of 
element being modeled. Examples of these are transducers. Their time constants can 
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range between 0.002 seconds to 0.010 seconds for most applications. If the actual value is 
not known then the transducer time constant can be included (fixed box unchecked) and 
its range can be set from 0.002 to 0.010 with an initial value of 0.005 sec. 


3) Time constants and gains in PID controllers, AVRs and/or Speed controllers or any other 
type of control portion (typically elements right after the error signal difference summing 
point) can be included in the estimation and tuning process (fixed box unchecked). These 
parameters are tunable be means of electronic controls or adjustable electromechanical 
potentiometer or other types of control systems. For example, in a PID control you may 
encounter Ki, Kp, Kp, Kr, Tr etc. The range for Kp can be set to 0.2 to 10 with an initial 
value of 5. Tf can be set as 0.005 to 0.1 with an initial value of 0.06 seconds. Please note 
that the manufacturer documentation should be consulted when selecting the range and 
initial value, and that each application may require different ranges. 


4) Typically relative operators or boolean logic operators or signal-switching control 
parameters should not be included in the estimation. Examples of these are threshold 
values inside of signal-routing switch elements. Other examples are relative values to set 
boolean logic implementation. 


5) Reference signals are typically not tunable although they can be varied to adjust the 
estimation process. More details on this will be provided in a later section, which 
explains how to setup dynamic reference control signals in the parameter estimation tool. 


In general, the fixed check box can be summarized as an indicator of whether a parameter is 
included or not in the estimation process. 


Note: When a parameter is fixed, its initial value is used by the DPET program as a known 
constant parameter. 


Block 

This field shows corresponding block name, which contains the parameter. The list of parameters 
can be sorted by block name. This field is read-only. Of course, the block name can be changed 
from the individual block property editor. 


Name 

This field displays the parameter name. The parameters can be sorted by their name. This field is 
display only. The parameter name can be changed by accessing it from the variable where the 
parameter is contained. 


Base 

This shows base values of all parameters. The base value can be defined as the “current” 
parameter value in the model. In most cases, the base values can be described as the 
manufacturer or vendor provided parameters for the model. The base values are the parameters 
which will be used in any kind of transient stability simulation in the UDM model. It is important 
to note that the estimated parameters can replace the base values in the model. This should be 
done only after the model validation and estimation is complete. It is recommended to create a 
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new model that uses the estimated parameters from the DPET simulation. With this technique, it 
is possible to compare the performance of the model before and after the parameter estimation 
process. 


The parameters can be sorted by the base value. This field is read-only. However, their values 
can be edited from the Model Parameters section/window. In most cases, the base value is used 
as the initial value in the DPET simulation. 


Initial 

The initial value as described under the “Fixed” section above is used to set the first iteration 
value of the parameter in the DPET simulation. The initial value should be set to the value, 
which is considered to be the best expectation of the actual parameter value. In most cases, the 
initial value is the base value unless a better “guess” or estimate can be provided to the program. 
The DPET simulation will reach a solution faster if the initial value is close (good guess 
guestimate?) and the range of the parameter variation is smaller. 


A parameter takes its initial value and keeps it constant during DPET optimization process if the 
parameter is fixed. If a parameter is not fixed, DPET optimization starts with random values 
from an initial value to lower or upper values (limits). 

The relation between the initial, lower and upper limit is: 


Lower < Initial < Upper. 


If this relation is not followed, then an error message will appear. See image below. The 
relational condition must be satisfied before the error message disappears. 


Lower 
It is lower limit of a parameter value. 


Upper 
It is upper limit of a parameter value. 


Parameter Estimation List 


DPET Study Case 


(x) Value outside the possible range 


som 
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Update Initial with Base 
Updates all initial values with the current model base values for all parameters. 


Study Remarks 
You can enter up to 120 alphanumeric characters in the Remarks box. The purpose of this 
information text area is to provide information specific to the conditions for each study case. 


DPET Simulation Parameter Page 


Edit Study Case 
f aS aa } 


Data Loading | Simulation Parameter 


Simulation Data 
Iterations Agents Time Step (s) Ex. Time (s) 
20 10 0.001 500 
Avg. Max. Ind. Point 
Deviation 0.0001 0.0001 


Time Step Multiplier 1 


|<] [StudyCaseID x] [>| Help | [0K] [ Cancel 


Simulation Data 


Iterations 

The number of iterations for DPET should be set according to the expected duration of the 
estimation process. The optimization process stops after the specified number of iterations. If the 
expected deviation is too small for the specified number of iterations, increasing the number of 
iterations and running it again may be needed until the desired average deviation is reached. 
Default value is 10 and max is 9,999. 


Agents 


Enter the number of agents. Agents interact with each other and share their information at each 
iteration. The recommended and default value is 10; however, max is 999. Higher numbers of 
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agents will make the optimization process slow. Note: For five iterations and ten agents, total 
number of optimization calculations will be (6X10=) 50. 


Time Step(s) 

This is the time step for running the DPET optimization simulations. The range of the time step 
is from 0.0001 sec to 10 sec. The time step is also used to initialize the model after each iteration. 
However, the DPET time step should be smaller than the time step or sampling rate of the input 
measured data. The following considerations should be applied when selecting the time step for 
the DPET optimization process: 


1) The time step should be smaller than the smallest sampling rate of all the signals. 


2) The time step should be smaller than the smallest possible minimum time constant of all 
blocks. However, setting the simulation time step as a very small value will make the 
simulation slow down significantly. 


Ex. Time(s) 

This time determines the execution time in seconds. The optimization process will stop after that 
execution time has been reached. The execution time should be selected based on the model 
complexity, number of parameters being considered, and their range. Longer execution times 
may be needed in order for the optimization process to converge (reach the desired average 
deviation). If the desired deviation is not small enough for the specified execution time limit, 
increasing the execution time can help the simulation to converge. The default execution time 
value is 500 seconds. 


Deviation Avg. 
Enter desired average deviation of measured and calculated outputs in p.u. The default value is 
0.01 pu. 


Max. Ind. Point 
Enter maximum deviation of measured and calculated outputs in p.u. at any point of time that 
should be achieved. The default value is 0.01 pu. 


Simulation Time Step Multiplier 

Enter time step multiplier. The multiplier is an integer value which can be used to speed up the 
optimization process; however, using multiplier values higher than 1 may increase the overall 
deviation. The recommended and default value is 1. However, a value as high as 10 or more can 
be used, in some cases. 


Running DPET 
Executing the DPET simulation is simple. The following steps are required to launch the 
simulation: 
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1) Setup the DPET study case by entering the input measured results and setting up all the 
parameters to be considered. 

2) Compile the model. 

3) Launch the DPET simulation by clicking on the “start simulation” icon on the toolbar. 

4) During simulation the plots will open and display the current optimization iteration and 
the current results in graphs. 

5) The DPET can be stopped at any time to get the current estimated parameters. Please note 
that the simulation will stop after the “stop simulation” icon is clicked and the current 
iteration is completed (i.e. the DPET optimization engine will stop only after completing 
the simulation for the current iteration and thus may not stop right away). 

6) The DPET results can be viewed by means of the reports or the DPET report analyzer. 


 UDM Graphic Logic Editor 
File Edit View Actions Window Help 


Step 3 to 5: Launch or Stop Simulation 


1D ab Coe AR Se MMQ wry aaa Soe Ml. AL fo ff BIlUue tes 
} Simulation [DPET)_ : (la) | DPET |e] (| Prompt =] 3 gi DPET Analyzer 2 


Exciter & < || @)GeniExc_sT4e | 


Step 6: View Simulation Results 


VarRef1 


[a=] 
FP] 2) (7) i) Be 
Gd Le] 7] Ee? 


i Step 1: Study 
L Case Setup 


& 
5 
8 


= 


[ew 
Tes +1 


ransfer Fen KPM 


[EF] [o] bd Ge] el E 
AS [e] 


On. | 


Compile 

The compile button is the same as the UDM compile button described in section 25.2.2. The 
model needs to be re-compiled after any changes have been made to the model. Failure to 
compile will cause the latest changes (since last successful compilation) to be neglected in the 
current UDM test or DPET simulation. Changes in the DPET study cases do not require re- 
compiling the model. However, the DPET start simulation icon is only activated the first time 
after the model has been compiled. 


Run 


This icon allows the DPET process to start (if the model has been properly compiled). The study 
case must be configured as mentioned before running DPET. During the DPET process, a group 
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of plots are opened and refreshed after each iteration. These plots provide a visual indicator of 
where the current convergence state and deviation between the measured and calculated results. 
The following images show the estimation results at iteration 12/100 (12th iteration out of total 
100) and at iteration 96/100. 


GAST_July7 - Pm > |e %8 GAST_July7 - Pm - Absolute Deviation 
, “ 


Mechanical Power 12/100 Mechanical Power 12/100 - Deviation 


— Measured — Deviation 


— Calculated 
0.878 | 
0.782 | 


al 2.0 4.0 6.0 8.0 10.0 12.0 | ager” a a 6.0 
Time(s) Time(s) 


GAST_July7 - Pm = 2% |} Gast July? - Pm - Absolute Deviation = |B & 
Mechanical Power 96/100 Mechanical Power 96/100 - Deviation 
0.91 0.16 
— Measured — Deviation 
— Calculated aa 
0.878 0.096 
0.064 
=e, 0.846 = 0.032 
3 3 
a 2 0.00 
= 5 
0.814 0.032 
0.064 
0.782 -0.096 
0.128 
9.73.5 2.0 4.0 6.0 8.0 10.0 12.0 he 2.0 4.0 6.0 8.0 10.0 12.0 i 
Time(s) Time(s) 
Stop 


During the DPET optimization process, users can stop running DPET any time. The DPET 
process can be stopped if the current iteration shows satisfactory results, even if the desired 
overall deviation has not been reached. If DPET is stopped, the results reported for the 
parameters correspond to those of the current iteration (please note that these results may not 
necessarily be those that provided the least deviation). The best set of estimated parameters is 
only reported if the simulation stops automatically after reaching the desired average deviation. 


Plot 
This button brings up all the available plots (graphs). It has zooming capability to see specific 
parts of the graphs clearly. 


ETAP 25-51 ETAP 19.0 User Guide 


User-Defined Dynamic Models UDM Model Files 


Model Initialization 

The initialization process is the same as that described in the test simulation section. However, 
the main difference is that the initial input and output values used for the initialization come from 
the first set of data points from the field-measured parameters. In the test routine, the initial 
conditions are specified from the model properties section. 


The initialization process may be slow and sometimes even impossible to reach. If that is the 
case, it will take a long time for each DPET iteration to complete. In general, using the direct 
initialization process is not preferred. The iterative process should work in all cases, except those 
where a solution is not possible, because the states are outside the possible solution range. It is 
recommended to use the iterative method of initialization for all possible situations. 


Please see the Advanced Topics section for more tips on how to configure the model 
initialization for UDM and DPET. 


Note: The simulation time from the Simulation Parameter page is used as the initialization time 
for all models in DPET. This means that the test routines take the initialization time from the 
model properties section, and the DPET simulation takes the initialization simulation time from 
the DPET study case’s Simulation Parameters page. 
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25.2.4 DPET Analyzer 


The DPET analyzer is a power tool, which can be used to view and compare the results of 
multiple DPET simulation results. The DPET analyzer will only show simulation results for 
DPET simulations which were executed in the current model. 


DPET Analyzer 
Study Reports Parameter Results 
July3 
Block Name Base - : 
Initial Estimated 
Transfer Fen3 T1 0.05 0.08 0.0734 
Transfer Fen T2 0.05 0.06 0.0193 
Transfer Fen1 T3 3 5 5.294 
WR K25 25 15 28.761 
KT K2 2 3.9 2.974 
A 0 0 
Dturb K5 0.5 05 05 
Saturation H1 11 1.1 1 
GAST 
Saturation ui 0.001 0.002 0.0022 
| Update Base 
{ Create New Model | 
| Plot OK 


Study Reports 


Report 

The report section shows all available reports for the active model. Users can select report(s) to 
show initial and estimated parameter values for selected report(s). It has sorting capability by 
report name. This field is display only. 


Max Dev 

This shows achieved maximum deviation of the corresponding report. The User can compare 
different reports and pick the best one. It has sorting capability by maximum deviation. This field 
is ‘display only.’ Note: Achieved maximum deviation and average deviation are written in the 
report. 


Parameter Results 


Block 
This shows block names. If the block name is empty for a parameter, the parameter was deleted 
from the project. It has sorting capability by block name. This field is display only. 


Name 
This shows parameter names. If a parameter has no block name, in that case, the parameter was 
deleted. It has sorting capability by parameter name. This field is display only. 
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Base 
This shows base values of all the parameters. It has sorting capability by base value. This field is 
display only. 


Initial 
This shows initial values of all the parameters for the optimization process when the report was 
generated. It has sorting capability by initial value. This field is display only. 


Estimated 
This shows estimated values of all the parameters using DPET optimization. It has sorting 
capability by estimated value. This field is display only. 


Active Model 
This shows the active model name. This field is display only. 


Update Base 

This updates base values of all parameters by estimated values of corresponding parameters of a 
selected report. This button is active once any report is selected from "Parameter Results." 
section. 


Create New Model 
This button is active once any report is selected from "Parameter Results" section. It creates a 
new model with estimated parameter values of the selected report as base values. 


Plot 

This button is active once any report is selected from "Parameter Results" section. It plots all 
calculated, measured and deviation graphs for the estimated parameter values including input 
graphs. It has zooming capability to see specific parts of the graphs clearly. 
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25.2.5 DPET Excel Report 


Info 
This tab shows UDM model name, file name, DPET study data and study case name. It also 
includes average and maximum deviations of measured and calculated data. 


= 
2 DPET Report 
3 
4 Model: GAST Date: 7/3/2013 
5 Filename: D:\UDM_DPET\RedOakRT\GOV_Ga Study Case: Study Case ID 
6 
ry Average Deviation: 0.001141022 
8 Maximum Deviation: 0.03477222 
2, 
10 
11 


an 


Model Parameter Results 

This tab reports UDM block names, parameter names and base values. It also includes initial 
guesswork of all the parameters used in DPET optimization process and their final estimated 
values. 


Lan B c D E F 
2 Block 'y)} Namely! Base [¥! Initial |¥|Estimat +] 
3 Transfer Fcn3 Tl 0.05 0.08 0.080297 
4 Transfer Fen T2 0.05 0.06 0.060588 
5 Transfer Fenl T3 3 5 5.004631 
6 1/R K25 25 15 14.636 
7 KT K2 2 3.9 4.00997 
8 A 0 0 0 
9 Dturb KS 0.5 0.5 0.5 
10 Saturation H1 1.10000002 1.100000024 1.119857 
11 Saturation L1 0.001 0.002 0.00161 


Plot Data 
This reports all measured data for inputs and outputs, calculated data for outputs, and deviation 
of measured and calculated data for outputs. Users can make plots from those data. 
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ETAP 


Time 
0 
0.004 
0.008 
0.012 
0.016 
0.02 
0.024 
0.028 
0.032 


H 


Cc D E F | G | 
:nerator S eal Power Out-Mechanical Pchanical Po Deviation-Mechanice 

1 0.841571 0.841571 0.841571 0 

1 0.841568 0.841571 0.841571 0 

1 0.841566 0.841571 0.841571 0 

1 0.841566 0.841571 0.841571 0 

1 0.841566 0.841571 0.841571 0 

1 0.841565 0.841571 0.841571 0 

1 0.841565 0.841571 0.841571 1.55E-08 

1 0.841565 0.84157 0.841571 9.52E-07 

1 0.841565 0.84157 0.841571 9.08E-07 
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25.2.6 Model Global Properties 

The model property sheet is used to configure the global model parameters, which are used for 
compiling the model so that it can be used in a transient stability calculation. The property sheet 
includes sections for setting the model type, initialization and testing. 


Parameters 


Name 
This field is used to enter the model name. 


Appearance 


Background Color 
Change the background color. 


Diagram Size 
Modify the document size and orientation such as landscape or portrait. 


System Model Parameters 


The following table describes the System Model Parameters in detail for an exciter model. 
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8 
ul 


UDM Guid 


o 
i 


Background Color 
Diagram Size 


Model Type 
nitialization Method 
Iterative Method Settings 
Iteration Time 
Settle Time 
Time Step 
Direct Method Settings 
Max Iteration 


Bese 2° Gf 
a 


Increment Step 
Test Setting 
Exc Test Type 
Event Time(sec) 
Terminal Voltage(Vt) 
Terminal Current(It) 
Real Power(Pe) 
Reactive Power(Qe) 
PSS Signal(Vs) 
Field Current(lfd) 
Terminal Frequency(Fre) 
Power Factor(PF) 
Complex Terminal Voltage(CVt) 
Complex Terminal Current(Cit) 
Simulation Time Step(sec) 
Total Simulation Time(sec) 


0.624695 
0.6247 — j0.7809 
0.624659 -j0.780869 
0.002 


System Reference 


var Share Group # 


| 


Plot 
Plot time step interval (integer multiple of dt) 
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Logic for the System Reference (i.e. Qref, Pref, Vref, etc) 
These fields are used to tell the program which blocks are used for specific signal references 
required by each type of model. 


For example, for an exciter you may need to select a constant block, which will serve the 
purpose of being the exciter reference voltage (Vref). You may also need Qref and Pref, 
depending on the type of model or controller being implemented. 


The same applies to governor models. Please note that the following rules and best practices 
apply to the selection of the reference constant blocks: 


The following logic applies to these fields: 
1) The best practice is to name the constant block in the model the same as the expected name 


in the compiler. If you named the voltage reference block “AVRReF Voltage,” it may be 
easier instead, to name the constant block “Vref.” 


This constant block is named 
"Vref" and it is selected as the 
AVR voltage signal reference 


Transfer Fen Transfer Fcen1 


0.624695 
(! 0.6247 —j0.7809 
plex Te al Curre 0.624659 -—j0.780369 
Simulation Time Step(sec)§ 0.002 
Total Simulation Time(sec 
E) System Reference 


Vref ~ 
Oref ae 
PFref 

gage aT 
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2) 


3) 


4) 


The selection is unique. The same block may not be used as reference more than once. For 
example, if you select C1 constant block for Vref, then you will not be able to select C1 as 
constant block for Pref. 


The System Reference Signals have sorting which gives preference to any constant blocks 
named similarly to the expected reference signal name. For example, if we are trying to 
select the constant blocks for Vref, then any block named “Vr”, “V1”, Vreference” and 
“Vr1” is placed at the top of the list. Any constant block starting with “V” or “Vr” is placed 
at the top of the list. All the other constants fall below with regular sorting in descending 
order. 


The system reference selection is checked at the time the model is compiled. If a selection 
is not made, then there are warning messages are displayed (i.e. for exciter models Vref 
needs to be selected and for Governor Wref needs to be selected as well). 


The following image shows three models with their respective constant block system reference 
selections: 


ETAP 


Turbine/Governor Model 


Pref 


Transfer Fen 


Saturation Transport 
Delay 


Transfer Fond Transfer Fon6 


O.14s+41 
0.015s+1 


4 
0.005s+1 


TransferFen2 Transfer Fen3 Transfer Fen4 
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Exciter/AVR Model 


Tran3 


Note that ETAP 16.0.0 can automatically select the reference blocks for the system reference 
section as long as they are properly configured and named using the reserved words described in 
this section. Using names other than the reserved names will require user input and selection for 
the mapping of the blocks to their corresponding reference values. 
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25.3 Input and Output Blocks 


The input/output blocks or elements are the variables that are used by the compiler to transfer 
data back and forth between transient stability calculation and the UDM model. Each model type 
has a specific list of inputs and outputs, which are handled by the compiler and have specific 
meanings. 


25.3.1 List of Inputs/Outputs based on Model Type 


These inputs and outputs come from the synchronous machines, lumped loads and wind turbine 
generator elements. The following tables list the inputs and outputs available for direct interface 
to the transient stability calculation: 


Note: Any additional input (besides those listed in the tables below) may be defined by the user 
by using mathematical equations and constant blocks. Any output can be defined by using 
special plotter element blocks (described later in this chapter). The list of inputs and outputs 
below have been pre-defined as the most important parameters between TS and UDM Models. 


List of UDM [Besinn for an Exciter Model 


GoToBlock input where the user can specify a variable 

e Generic Input name from where this input reads data. Use in 
combination with output ports. The units are inherited 
from the variable that is being read. 

Vt Terminal Voltage aa control bus voltage - magnitude in pu 
Synch machine control bus voltage - complex (real, 
imag) in pu (bus base kV) Note: The voltage passed to 
UDM from transient stability is the bus voltage without 

vite Terminal Voltage, phase angle adjustment. The magnitude will be the same 

: Complex but the phase angle is not referenced to the system 
reference angle. This does not affect the model behavior 
since all the other complex values passed to UDM are not 
referenced to the system angle. 

Vs PSS Voltage Signal PSS voltage signal to exciter in pu (machine base) 

; Synch machine terminal current magnitude in pu (100 
It Terminal Current MVA Base) 
Itc Terminal Current, Synch machine terminal current- complex (real, imag) in 
, Complex pu (100 MVA Base) 

Ifd Exciter Field Current Exciter field current in pu (machine base)* 

P Real Power Output Synch machine real power output in pu (100 MVA Base) 

Q Reactive Power Output a machine reactive power output in pu (100 MVA 

PF Power Factor Synch machine output power factor in pu 

Freq _| Frequency Synch machine control bus frequency in pu 
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Efd Exc Field Voltage Exciter field voltage in pu (machine base) 
GoToBlock output where the user can specify a variable 
Gut Generic Output name to which this output port writes data. Use in 
combination with input ports. The units or per-unit value 
is inherited from the input 


List of UDM Tbscinion for a Governor Model 


Generic Input 


GoToBlock input where the user can specify a variable 
name from where this input reads data. Use in 
combination with output ports. The units are inherited 
from the variable that is being read. 


Generator Speed 


Generator speed in pu (machine rated RPM) 


Real Power output 


Generator real power output in pu (machine rated MW 
base) 


Psh 


Load Sharing Signal 


Load sharing power signal in pu (machine rated MW 
base) 


Turbine/Engine mechanical power output in pu 


ba ewe (machine rated MW base) 
GoToBlock output where the user can specify a variable 
Oat Generic Output name to which this output port writes data. Use in 


combination with input ports. The units or per-unit value 
is inherited from the input 


List of UDM Decipion for a PSS Model 


ETAP 


GoToBlock input where the user can specify a variable 

In Genetic ipal name from where this input reads data. Use in 
combination with output ports. The units are inherited 
from the variable that is being read. 

Vt Terminal Voltage Generator control bus voltage - magnitude in pu (control 
bus base kV) 

P Real Power output Generator real power output in pu (100 MVA base) 
Turbine/ Engine mechanical power output in pu (100 

Pm Mechanical Power MVA base) 

W Generator Speed Generator speed in pu (machine rated RPM 

Ang Rotor Angle Generator rotor angle in radians 

Freq | Terminal Frequency Synch machine control bus frequency in pu 
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Vs PSS Voltage Signal PSS voltage signal to exciter in pu (machine base) 
GoToBlock output where the user can specify a variable 
: name to which this output port writes data. Use in 
Out eee ne combination with input ports. The units or per-unit value 
is inherited from the input. 


List of UDM Sia for a Generic Load Model 


GoToBlock input where the user can specify a variable 
In Generic Input name from where this input reads data. Use in 

combination with output ports. The units are inherited 

from the variable that is being read. 

Terminal bus voltage - magnitude in pu (bus nominal kV 
Vt Bus Voltage base) 

Terminal bus voltage - complex (real, imag) in pu (bus 
Vt,c Bus Voltage, Complex nominal kV base) 
Freq | Bus Frequency Terminal bus frequency in pu 


P Load Real Power Load real power in pu (1 MW base) 
Q Load Reactive power Load reactive power in pu (1 MVAR base) 

WTG complex (real, imag) current output in pu (1MVA 
It,c Complex Current Output | base) 

GoToBlock output where the user can specify a variable 
Gir Generic Output name to which this output port writes data. Use in 


combination with input ports. The units or per-unit value 
is inherited from the input. 


List of UDM Inputs/Outputs for a WTG Model 


GoToBlock input where the user can specify a variable 
name from where this input reads data. Use in 


™ i combination with output ports. The units are inherited 
from the variable that is being read. 

Vie Bus Voltage, Complex Terminal bus voltage - complex (real, imag) in pu (bus 
nominal kV base) 

Ws Wind Speed Wind speed in meter per second (m/s) 


P 


Vt Terminal Bus Voltage nominal kV base) 
Vc Control Bus Voltage kV base) 


WTG Real Power Output 


WTG terminal bus voltage - magnitude in pu (bus 


WTG control bus voltage - magnitude in pu (bus nominal 


WTG real power output in pu (machine MVA base) 
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WTG Reactive Power 
Q Output WTG reactive power output in pu (machine MVA base) 
WTG terminal bus frequency in pu (system frequency 

base) 


Fre Frequenc 


P WTG Output Real Power | WTG output real power in pu (1 MW base) 
WTG Output Reactive 
Q power WTG output reactive power in pu (1 MVAR base) 
WTG complex (real, imag) current output in pu (IMVA 
It,c Complex Current Output | base) 


GoToBlock output where the user can specify a variable 
name to which this output port writes data. Use in 
combination with input ports. The units or per-unit value 
is inherited from the input 


Out Generic Output 


*ETAP uses two different bases to UDM exciter field current. 


Base Determination Method 1 

When running “Non-Frequency Dependent (NFD) TS Simulations”, the Ifd base for UDM is 
determined based on the field current required to produce 100% terminal voltage. The generator 
open circuit saturation curve is used to determine the per-unit value for Ifd and Efd. 


Vt (p.u.) 


Air-gap line slope = 1/Lad 


POV hc micrecccnacatectetaortaaniatntglaocncatiinccbanssetad : 
DOIG: svcmssssscssscusseseca sisi — 


Open Circuit Curve 


S, PAE dh evecssevsvvesvseseseneseveneg 


Ta (p.u.) 


Iya Tya100 Tyai20 


Base Determination Method 2 

For “Frequency-Dependent (FD) Simulations”, (such as generator startup), the base value used 
for UDM Ifd is 1OOMVA. This base value is more suitable for simulations involving the starting 
of large generators where actual values of field current may be needed. 
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Converting between Different Base Values 
If it is required to use the same exciter in FD & NFD simulations, add a base conversion factor to 
the UDM [fd input as shown below: 


GenMVA : 1 


Vda x Ifd 
[wr = TOOMVA Lug Ip 
Where: 
Ifdnep Exciter field current expressed using non-frequency dependent base 
Ifdrp Exciter field current expressed using 100 MVA base 
Lad Xa-Xi in machine per-unit base 


The image below shows how the conversion factor can be implemented into a UDM exciter 
model. 


GenMVA 1 
itd 100MVA L,; 
XI 


Conversion Factor 


Switching between Different Base for FD UDM Ifd 

An ETAPS.ini entry can be added below the [ETAP PowerStation] header to change the base 
used for Ifd in frequency dependent UDM exciters. 

The entry is: 


UDMFDIfdBase= 0 or 1 


The default value (i.e. no INI entry) or with the INI entry in place with a value = 0, causes the 
program to use Method 1 for Ifd base in UDM when using frequency-dependent simulations. 


Setting the value of this entry to 1 causes the program to use method 2 (100 MVA base) to 
determine the base for UDM Ifd in frequency-dependent simulations. 


Non-frequency dependent UDM exciters always use method 1 to determine the base for Ifd. 


Built-in exciters always use Method 1 to determine the Ifd base (even if FD or NFD simulations 
are performed). 
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25.3.2 Input/Output Blocks Data Sheet Properties 


This section describes the parameters of the inputs/outputs blocks in the UDM Graphic Logic 


Editor Interface. 


Equations for the Input/output blocks 


The equation of this block is: y =u 


If the block is an input, then “u” is the input variable from ETAP Transient Stability (TS) 
(whatever it may be according to tables in section 25.3.1) passed to the UDM model. If the block 
is an output, then “u” is the output variable from the UDM model passed back to the ETAP TS. 


© Parameters 
Name 


E] Properties 
Show Name 
Fill Style 
Shadow Style 

& Line Style 

Line Width 

Line Color 
Flip Horizontal 
Flip Vertical 

Font 

Family 

Size 

Bold 

Italic 

Underline 


Name 


Vt 
1 


True 

{Color [White], Type=Solid} 

{False, Color [A=128, R=105, G=105, B= 
{Width=1 ,Color [Black]} 


1 

WM Black 
False 
False 


Microsoft Sans Serif 
10 

False 

False 

False 


Input / Output name or Id. This can be a more descriptive name than the abbreviations used to 


define each input by the compiler. 


Input Port Number 


Inherited parameter used by previous versions of ETAP, which used Matlab’s Simulink interface 
input and output ports numbering system. This field is still used for import and export to 


Simulink purposes. 


Line Style 


This section provides general symbol graphical properties customization options. 


Font 


This section provides parameters to configure the fonts to be used for labels of the block. 


ETAP 
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25.3.3 List of Input/Output Blocks 


The following image shows all the input/output blocks including the system defined (reserved 
inputs and outputs) and those which are user-definable inputs and outputs or otherwise known as 
“GoToBlocks”. 


The image below shows the inputs and outputs for an exciter: 


? 
y 


In Vt 


eo 


> 


Vs Clt 


89-0 
@ 


Please refer to section 25.3.1 for a complete description of each of the reserved inputs and 
outputs (e.g. those which cannot be modified). 


In/Out Blocks 

This section focuses on the “In” and “Out” input and output blocks. The “In” input block allows 
the reading of a variable value, which can originate within the same model or from another UDM 
model (when the simulation is executed from transient stability). 


The input block has the following parameters: 
e Port ID: The graphical name of the port for graphical identification 
e Variable ID: This field identifies the local or remote variable name. If the Input type is 
set to “TS”, then this name should match the ID of the element data source (i.e. the name 


of the element from the one-line diagram in ETAP). 


e Communication Link ID: This is a unique identifier used to create unique communication 
channels between the input and output ports. If the input type is “Internal”, this link is 
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read-only and the display shows an alphanumeric “GUID” identifier. For external input 
port types, the link is editable and can receive the link or GUID from another model. 


e Initial Value: This field contains the initial value of a remote variable (e.g. variable which 
does not exist within the model). This value is used for initialization purposes only when 
running transient stability or as a constant value when running the test routine. This value 
is not used when the variable is defined locally (e.g. the variable is defined within the 
model itself). 


e Input Type: The input type determines the class of input data received by the input port. 
The types are: 


1. The internal variable means that this input variable resides within the model 
where the input block resides. 

2. The external Input Type means that the data source for this input block can come 
from an external UDM model. 

3. The “TS” Input Type allows the import of bus and branch element transient 
stability calculation results. 

4. The real-time (measured online data tags) is not supported in this release. 


e Element Type: The element type is enabled if the input type is “TS”. The element type 
can be either a bus or branch. 


e Bus Signal Type: The signal type field is active if the input type is “TS”. The signal type 
determines what calculated value is passed to the input port from the signal types 
available in TS for the selected bus element. The signal types are: 


1. Voltage (kV) 
2. Voltage Angle (Degree) 
3. Frequency (Hz) 


e Branch Signal Type: The branch element signal type is enabled if the input type is “TS” 
and the Element Type is “Branch”. The signal type for branches determines which 
calculated parameter from TS is passed to the input port. The branch signal types are: 


MW_From (MW) 
MW_To (MW) 
Mvar_From (Mvar) 
Mvar_To (Mvar) 
Current_From (kA) 
Current_To (kA) 
MVA_From (MVA) 
MVA_To (MVA) 


ot Se 
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The Output block has the following parameters: 
e Port ID: The graphical name of the port for graphical identification. 


e Variable ID: This field identifies the variable name in which the output port data will be 
stored for other input blocks to use. 


e Communication Link ID: This is a unique identifier used to create unique communication 
channels between the input and output ports. If the input type is “Internal,” this link is 
read-only and the display shows an alphanumeric “GUID” identifier. For external input 
port types, the link is editable and it can receive the link or GUID from another model. 


e Output Type: The output type determines the class of data channel used to pass the data 
signal connected to the output port. The types are: 


1. Internal: The output port passes its signal only to input ports with the same GUID 
identifier 

2. External: The output port passes its signal to internal or external input ports, 
which have the same GUID identifier. The communication link ID is editable and 
the GUID of an external model can be entered to establish communication across 
models 

3. TS: This option will be enabled for a future release 

4. Real-Time: This option will be enabled for a future release 


e Element Type: This option will be enabled in a future release 


e Signal Type: This option will be enabled in a future release 


Application of the “In” and “Out” Blocks — Remote Connector (GoToBlocks) 

The “In” and “Out” blocks can be used as remote connectors (similar to the ETAP one-line 
diagram remote connectors). If the input and output blocks both have the same variable name 
and both reside within the same UDM model (internal input type and output type with same 
GUID), then they behave as remote connectors for UDM. 


The image below shows an example of remote connector application for UDM diagrams: 
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IEEE Type 1 | 


Vret | = 
7 bl a) 75 - 7 
z "| | era 
- "[o.00es +1 ie , 001s+1 . Cin ~ 125s +1 Eid 
Transfer Fon [7 Transfer Fcn1 mae In Transfer Fen2 
Saturation 
= «#——Cin> Gide 
= In] 
Transfer Fen4 Out! 


Note that in the example above, the blocks called “Out” and “In” (pair) both have the same 
variable name called “abc”. The blocks called “In1” and “Out1” both have the same variable 
name called “abc1”. 


The blocks could also be used to send the same signal to multiple points. For example, we can 
take one signal and add the same variable name to three or four different input ports. The image 
below shows the contant value of 3 being passed to three input blocks and being plotted three 
times with a three-input scope. 


Data Plotter > Inputi from Out2 Data Plotter > Input3 from Out2 


Data Plotter > Input2 from Out2 


Application of the “In” and “Out” Blocks — Communication Across Models 

Another application of the input and output blocks is to send signals across models when the 
simulation is running in transient stability. During the simulation it may be required to send or 
receive information about other components. The information transferred could be used as 
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control signals to simulate generic control systems. Some examples of power systems which 
benefit from this bi-directional communication channels across models are: 


Microgrid Systems 

Renewable Energy Systems 

Systems with Automatic Generation Control 

Systems with Load Sharing and Load Shedding schemes 
Systems with remote control points 


To communicate across models all it takes is to setup matching pairs of input and output ports 
with a common remote variable name and with input and output ports configured as external 
with matching GUID identifiers. A very quick example is described below where a generation 
setpoint is passed from a controller to a wind turbine element (e.g. communication between a 
controller inside a lumped load and a WTG model). 


The microgrid system below has synchronous generators (diesel generators), wind turbines, 
photovoltaic systems and energy storage devices. It is also capable of shedding the loads 
connected because of under frequency or low generation conditions. 


Input and output ports have been configured to obtain information about the generation from the 
renewables and load in the system, and control channels to regulate the generation setpoints of 
the generator sources. The arrows below specify some of the communication channels which 
come from the control center and go to different elements. 
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PV System with Inverter 


Geni Gen2 
© © 
Busi Busi 
4.16 xy 4.16 WV 
12 
1.5 MVA 
tT T10 
2.5 MVA 2.5 MVA Bus5 
13.8 kV] 
Bus2 
13.8 kV 
Cable7 


Busi9 
63 kV 


Cables 
Control Center 


fess m2 


WY to wa 


City Center M Res N to Z Hospital Water Treatement Plant Busi7 


1 MVA 1.5 MVA 2.5 MVA a 


ee 


Inv & Batt Station 


Ltn aca a ee Si 


4-------------------------- ----3 
I 
+ 1 
Wed toe tebe [Load Shedding Controller - Monitoring Renewable Generation | 
' 
Wind Turbine 2 Pelee if 0 ! ! 
1 I 
Re Factor! I 
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Gs 5 i 
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. = Lost aFregt 1 4 TrigWaterPlant ; 
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>D>——= Trip Level | (MW) 1 
Wind Turbine 6 Pelee =] oN ; 
G+ : ROD Load vsFreq2 : ! 
PV SysemPeleo Trip Lewal I (MW) Load Reduction Facor 1 
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i) 
NoChange 
Generator Pmech : 
Power Sharing Control - Isoch Load Share a 


Cn 
Electrical PowerGen1 


Electrical PowerGen2 


GenNumber 


The example above is just one of hundreds of potential applications of bi-directional 
communication in power systems. 
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Application of the “In” Blocks — Signals from Network Elements in TS 

Another application of the generic input blocks is to create a communication channel between 
transient stability results for network elements and the UDM models. When an input port is of 
type “TS”, and its variable ID, Element Type, Bus/Branch Signal Type and Signal Type are 
selected, then the input block can receive plot values from transient stability. The following 
example shows that input port signals from TS are passed to the UDM model when the input 
ports are configured to receive signals from a bus and cable within the power system network. 


First we can observe the network and the location of the network elements “Main Bus” and 
“Cable2”: 


Busl 
0.48 kv 


Sub3 Net 


These elements are plotted as part of the transient stability solution: 


Synl Motor, 1250 HP 
Load Model = Centr. Comp 
Inertia = 0.799 MW-Sec/MVA 


Transient Stability Study Case 


[fo _[ Events| Plot | Dyn Medel | Adjustment 


| Device Type Plot Options 
Syn. Generators 
Syn. Motors, MV Device ID Plot/Tabulate 
Syn. Motors, LV Bus1 
Ind. Machines, MV Bus2 
Ind. Machines, LV Bus4 
MOVs Bus5 
Branches Bus6 
Lumped Load 
Wind Turbine page 
et Bus9 
Bus23A x 
LVBus x 
X 
x 
Sub2A x 
Sub2B ne 
Sub 3 x 
Sih Cuarear y 
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The TS plot simulation results for a 200 ms 3-phase fault somewhere within the network for 
these element are: 


For Main Bus: 


Branch Power (From) 
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Next, an example of the input port (which can reside within any UDM model type such as 
exciter, governor, etc., etc.) configured to receive bus voltage signals: 


Se 
= . 
Oo 
m 


Port ID Voltage Mag 
Variable ID Main Bus 
a municatio D 7d35830b-efced-427 1-be72-ceS97e697a95 
Voltage Angle Initial Value 0 
seis Data Plotter nplayES Ss 
Element Type Branch 
Bus S il Type Voltage 
Frequency Branch Signal Type MW_From 


Next, an example of the same to receive “Cable2” MW flow “From” bus towards to “To” bus: 


4 Parameters 
Port ID Cable MW From - To Bus 
Variable ID Cable2 
Cable M rom - To Bus Communication Link ID 7d35830b-efcd-427 1-be72-ce597e697a95 
= Initial Value 0 


Input Type Ts 
Element Type Branch 
Cable MW To - From Bus Bus Siona 2 Voltage 
Branch Signal Type MW_From 
— — 


The image below illustrates how multiple inputs can be configured to receive all the plot signal 
types for both the bus and cable. The signals are sent to scopes. 


DPET B: 4S Zh Ak SS th ch > m ODL Close Plots 5 Ae | 07s) 


‘Syn1_EXC_IE 
G2! 
4 Paramet 
Voltage Mag E Name 
AG I Fea 
Ba 
Voltage Angle Data Plotter ae 
4 System | 
Model T 
Frequency Initializat 
4 Iterative 
Itera 
CED Cable MW From - To Bus oe 
Time 
Efd 4 Direct M 
Max 
Cable MW To - From Bus Prec 
Inert 
4 Test Sett 


Cable Mvar From - To Bus 


Cable Mvar To - From Bus 
4 | | Name 


Cable Current From - To Bus 


Cable Current To - From Bus Data Plotter1 


Cable MVA From - To Bus 


Cable MVA To - From Bus 
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After compiling the UDM model which contains the input ports and scopes and running transient 
stability, the program generates a CSV file with all the signals. Plotting the signals shows that 
they are identical to the ir counterparts in TS. 


For Main Bus: 


H 6- A Whuke = synl_exc_ieeel_TS.csv - Excel 
GMM §=HOME — INSERT © PAGELAYOUT + FORMULAS_)~—=s«DATA~—sREVIEW-—SsVIEW—sADD-INS_-— Acrobat. «== TEAM 


cy i=l i 1 — = 
ir . Ce Calibri ‘fn -lA Ww De. Kweptet General -| ft Fi By | Normal | Bad Good ‘Neutral [Calculation 
I Ey Copy ~ too — ; 
Paste . -l&-A-l\==eelexziff . = ae «9 90 Conditional Format as check cell | Explanatory... [iiput) Linked Cell Note 
Be Prcicteante:'| 8 2. U Q2- Ay S==z SE BMerge& Center $-% > 8 2B Formatting: Tables ee 
Clipboard 5 Font 5 Alignment & Number & Styles 
726 ’ fe 
A 8 c D E F G H 1 J K L M N ) P Q R s T U v 
1 |Main Bus 'Main Bus ‘Main Bus | Data Plott Data Plott Data Plott Data Plott Data Plott Data Plott Data Plott Data Plotter1_8 
2 34.5 -0.13076 60 2.05357 -2.05169 1.50201 -1.49894 0.355691 0.355691 2.54424 2.54092 
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2 35 “oo 60, 
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7 34 60.06 
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33 
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10 3 60 
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13 30 = ise 
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16 
Cable MW From (MW) Cable Mvar From (Mvar) Cable Current from (kA) 
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15 
os , 02 
O1 
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4 
35 os 
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25 
2 03 
15 02 
1 
o1 
05s 
0 ° 
i) 1000 2000 3000 4000 5000 6000 CY) 1000 2000 3000 4000 5000 6000 


The network signals passed to UDM models can be used to implement plant-level controls. 
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Application of the “In” and “Out” Blocks — Setting up External Communication 

Another application of the generic input and output blocks is to create a communication channel 
between multiple UDM models. This section shows an example on how to configure external 
communication. 


The example consists of sending information between two generators. The mechanical power of 
Gen1 is sent to Gen2. 


Genl Pm of Gen1 Gen2 


saeesesses D> 


BD )j( BD1 )/( 


Gen1 has s (a?) UDM governor with a generic output port configured for external 
communication. The box highlighted shows the location of the output port, which is connected to 
Pm. 


2 UDM Graphic Logic Editor 
Fle Edt View Actions Window Help 
O Ge Coe (a Se A . JD Ue EBA x CA By Gomme oer 2 AA Se) hh) DL Orne re 2 RLV Q 100%) 


Steam Turbine Governor | 


Model Info: This UDM model is a sample steam turbine governor 
model transfer function, The transfer function is shown on the right. The| 
reference is provided in the ETAP Help File / User-Guide. This model 
can be cutomized to create events which cannot be created using the 

uilt-in model, 


P=P, for Isoch 
= Pry for droop 


“rrrrneedal, Parameters: See User-Guide. 


The output port configuration is provided below: 
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ole as 4 
pO) 
se Properties a 
a | Frame 
G21 | 
4 Parameters 
Port ID Out 
Variable ID Gen1_Pm 
Communication Link ID 7814d6b8-96b9-4157-b0bd-65c64d2823f1 


OutputType External 


A Element Switching_Device 


Sig Type Trip 
4 Properties 
Fill Style {Color [White], Type=Solid} 
Shadow Style {False, Color [A=128, R=105, G=105, B=105]} 
4 Line Style {Width=1 Color [Black]} 
Line Width 1 
Line Color WM Black 
Flip Horizontal False 
Flip Vertical False 
Pm 4 Font 
Underline False 


Note that the output port contains a GUID or communication link ID. This field must be used to 
link the signal output to the input port in Gen2. Now we can go to Gen2 and observe that its 
UDM governor has an input port, which receives the signal from this output port. 


z UDM Graphic Logic Editor 
File Edit View Actions Window Help 
D & Chose Gel [& & =: A | Times New Roman |v 1 Bs Um = 


2: ch > om Ol Cose Plots 5. 


e— Steam Turbine Governor 


m 
= 4K > H- Tes +1 


[Model Info: This UDM model is a sample steam turbine governor 
Imodel transfer fimction The transfer finctionis shown onthe right The 


P=P, for Isoch 


The process for the configuration of the input port for Gen2 is: 
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Copy the Communication Link ID from Gen1’s Output Port: 


First highlight 
A 
41/2 
| 4 Parameters 
Port ID Out 
Variable ID Geni_Pm 
7814d6b8-96b9-4157-b0bd-65c64d282345 
OutputType External 
ut ElementType Switching Device 
Signal Type Trip 
Then copy the link 


Out 
Variable ID Geni_Pm 
OutputType 

ut ElementType 

Signa De 

4 Properties 

Pm Fill Style 


Now, proceed to go to Gen2 governor model where the input port resides. Paste the 
communication link into the communication link ID field of the input port 


First, highlight the communication link ID field contents 


aay 


a Port ID In 
Variable ID Geni_Pm 
Initial Value 0 
Input Type External 
In Element Type Bus 
Bu ype Voltage 
B alType MW_From 


Next, paste the communication link ID from Gen1’s output port 


a 


Frame 
&)2!|S 
4 Parameters - 
Port ID 

Variable ID 

Communication Link ID 

Initial Value 

Input Type 


In Element T 


ll) 
o 
i oo 


Fill Style 
Shadow Style 
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Now, compile both models and the communication link is established. The plots below show the 
Pm plot from Gen1 generated from a scope block connected to the input port of Gen2 after a 
transient stability simulation. 


Time (Sec.) 
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Control Blocks 


25.4 Control Blocks 


The control elements are the “fundamental” elements, which can be used to build more complex 
transfer function or logical expressions. They are the building blocks of all the models, which 
can be created in the UDM Graphic Logic Editor Interface. 


25.4.1 List of Control Blocks (fundamental elements) 


The following image shows all the block symbols: 


Function 


7 
0.0is +1 


Transfer Function Integrator Derivative 
0 Dead Z 
Saturation Look-Up Table = 
Meg 
Complex-Polar Absolute Switch 


Relay 


Relational Operator Rate Limiter 


ay 


Sample Hold 


Script 


The following table lists all of the control elements available for simulation 


Delay 


ad 
fort 
fort 


Real- om Complex-Real 


Function1 LVHV Gate 
Manual Switch Gain 


Constant Logical Operator 


i aa > fH © 


Data Plotter Simulation Time 


Block Name Block Name (cont.) 
Transfer function Complex to Mag-Angle 
Integrator Absolute Value 
Derivative Switch 

SISO Function Manual Switch 
MISO Function Gain 

LV/HV Gate Constant 

Delay Logical Operator 
Saturation Relational Operator 
Look-up Table Relay 

Dead Zone Rate Limiter 
Multiplication/Div Sample Hold 

Sum Script Block 
Real-Imag to Complex Data Plotter 
Complex to Real-Imag Simulation Time 
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25.4.2 Data Types and Variable Format 


The majority of blocks only support scalar numerical format data type with the exception of the 
blocks, which can convert polar or rectangular data to scalar components. 


Data Accept 
Eee ame Types Variables? 

Transfer function Scalar Yes 
Integrator Scalar Yes 
Derivative Scalar N/A 
SISO Function Scalar No 
MISO Function Scalar No 
LV/HV Gate Scalar No 
Delay Scalar Yes 
Saturation Scalar Yes 
Look-up Table Scalar No 
Dead Zone Scalar Yes 
Multiplication Scalar N/A 
Division Scalar N/A 
Sum Scalar N/A 
Real-Imag to Complex | Complex No 
Complex to Real-Imag | Complex No 
Switch Scalar Yes 
Manual Switch Scalar N/A 
Gain Scalar Yes 
Constant Scalar Yes 
Logical Operator Scalar N/A 
Relational Operator Scalar N/A 
Relay Scalar Yes 
Simulation Time Scalar N/A 
Rate Limiter Scalar Yes 
Sample Hold Scalar Yes 
Data Plotter Scalar N/A 
Complex to Mag- Complex No 
Angle 

Absolute Value Scalar N/A 
Script Scalar N/A 


In ETAP 12.5.0 both constants and variables for tuning are supported as parameters of a transfer 
function. Each parameter variable must be assigned a base value prior to compiling a UDM 
model. The fundamental blocks, which accept variables are listed in the previous table. 
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The variables which can be defined are of scalar type. The format of the variable name follows 
the following rules: 


1) The variable names cannot include any mathematical operator symbols. 

2) The format should be alphanumeric. 

3) The underscore character is accepted, but it cannot be the first character of the variable 
name. 

4) The variable names are not case sensitive. 

5) The variable names cannot contain C# programming language keywords as the first 
character (i.e. cannot start with a number or use; if, char, do, etc unless they are prefixed 
with an @ symbol). 

6) The variable names cannot be the same as UDM translator or compiler reserved words 
(i.e. Vref, Wref, Pref, Tref, etc). 

7) Variable names do not support spaces in between. 


Examples of valid variable names: 


e Vmax_1 

e EFD Out 
e §S 

e Tr 

e Average_v 
e Ki, KD 


Examples of invalid variable names: 
_Be 

1GHTPm 

S 

&%Vbe 

Vt, Efd, Pe 

if 

do 

Wref (UDM reserved) 

Vref (UDM reserved) 

Vt (UDM reserved) 

Pe (UDM reserved) 

Qe (UDM reserved) 

KD and Kd (repeated in the same model because variables are not case sensitive) 


The following is a list of all the UDM reserved words: 


Vt Psh 
Vt,c Pm 
Vs W 
It Ang 
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It,c WSs 

Ifd Vc 

Pp iniCnst 
Q DRP 
PF u 

Freq s (S) 
EFD Qref 
Vref PFref 
Wref Tref 
Pref 


The transfer function block requires special consideration. There is no separating operator 
between the variable name and the “s” operator, so the variable name could appear as 
misleading. In the image below, notice that the variable name is, “Ta”. However, in the block it 
appears as, “Tas”. The actual meaning of this is Ta.s or Ta times s. 


Example: 
EE) Parameters Ka Model Parameters C 
Name Transfer Function —— 
N Tas2+0.01s+b Block Name Value 
umerator Ka = —— 

Denominator Ta 0.01 b ranster Function Transfer Function Ka 5 
Transfer Function Ta 0.004 
Transfer Function b 1 
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Model Parameters and Creating of Modifying Variables 


The model parameter section lists the available parameters with assigned variables. 


Model Parameters oO" 
paral Paral 0.433 
para3 Para3 0.75 
Gain KG 3.86 
Transfer Fen1 Te 0.01 
Transfer Fen kir 20 
KPM KPM 1 
VBmax VBMAX 6.48 
VBmax BMIN 0.1 
Max VMMAX 1 
VMmax, VMmin VMMAX 1 
Min VMIN 0.87 
VMmax, VMmin VMIN 0.87 


If you attempt to delete a variable which is being used in one of the blocks, then the following 


error message appears: 
Error Jn cs 


(x) Parameter in use. Unable to delete. 


To delete a parameter, it must first be removed from the block where it is being used. After it is 
removed from the block, then it can be removed from the list or it can be re-assigned to another 
block. As can be seen below, there is no assigned block for VarRef1(highlighted) and thus it can 
be deleted from the model parameter list at any time. 
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VMmax, VMmin VMMAX 1 
Min VMIN 0.87 
VMmax, VMmin VMIN 0.87 
MovingAverage... | NoOfSmoothing... 150 
vert 00001 | 
it | Te 0.005 


The value of the variable can be changed from the model parameter list at any time. 
When creating a new variable, if typed directly into an element field which already has a value, 


then the value present is automatically assigned to the variable. If the value does not exist then a 
default value of zero is assigned. 
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25.4.3 Transfer Function Block: 


The benefit of this element is the implementation of a classical textbook transfer function block 
with a maximum of third order. The block is shown below: 


_ 


0.0is+1 
Transfer Function 


Block Equations 
The behavior of this block should be the same as that of the existing “Zero Order Hold” Block in 
Simulink. 


Y = G(u), _~where Gis the transfer function 


st +5 +1 


Sample transfer function = ———,——— 
er soos 


Block Properties 
The image below shows the property sheet for the transfer function block. 


E] Parameters 
Name Transfer Function 
Numerator 1 
Denominator 0.011 
E] Properties 
Show Name True 
Fill Style {Color [White], Type=Solid} 
Shadow Style {False, Color [A=128, R=105, G=105, B= 
E) Line Style {Width=1 Color [Black]} 
Line Width 1 
Line Color HM Black 
Flip Horizontal False 
Flip Vertical False 
E] Font 
Family Microsoft Sans Serif 
Size is] 
Bold False 
Italic False 
Underline False 


The following table describes each of field under the parameter section of the property sheet: 
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Name Transfer Function 
Numerator 1,0.06,1 Enter the coefficient and the order of the 
numerator of the transfer function. The 
order of the numerator must be less than 
or equal to that of the denominator 
Denominator Ld Enter the coefficient and the order of the 
denominator of the transfer function. The 
order of the denominator must be greater 
than or equal to that of the numerator 


Parameter Range 
Numerator Coefficients can have a range of: 


+ 999999999.999999 


The transfer function numerator or denominator can only handle up to third order coefficients. If 
higher orders are required then simplification techniques must be used (i.e. place two lower order 
transfer function in series, so that the end result is higher order transfer function). 


s? —s?4+0.06s+1 
So sees Fl 
This would translate into the following coefficients for the numerator and denominator: 


Numerator = 1,-1,0.06,1 
Denominator = 1,1,-1,1 


Parameter Defaults 
Numerator = 1 
Denominator = 0.01,1 


1 
0.01s+1 


General Logic Information 
The order of the numerator must be lower or equal to the order of the denominator. If this is not 
the case, then the following message is posted: 
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Invalid Transfer Function Parameters. The order of the numerator must be lower 
or equal to the order of the denominator 


The values of the coefficient of denominator and numerator can be separated by commas space 
or space commas. 


The editor property sheet numerator and denominator reject the changes and force the user to 
enter the correct order for the coefficients. An example of invalid parameters is given below: 


Numerator = 1,1,1 
Denominator = 0.01,1 


The transfer function block requires special consideration. There is no separating operator 
between the variable name and the “s” operator so the variable name could appear as misleading. 
In the image below, you notice that the variable name is “Ta,” however in the block, it appears as 
“Tas”. The actual meaning of this is Ta.s or Ta times s. 


Example: 
E] Parameters Ka ____Model Parameters 
N Ti fer Functi | ee 
a Se Tas2+0.01s+b ____ Block Name ——“ Value 
see = Transfer Function Transfer Function Ka | 5 
Denominator Ta 0.01 b | = aad sme | _ 
Transfer Function | Ta | 0.004 
Transfer Function b | 1 
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25.4.4 Integrator Block 


This block performs a numerical integration. 


1 


Ss 
Integrator 


Block Equations 
The equation of this block is shown below: 


tf 
y= | u(t)dt + yy 
t 


0) 


Block Properties 
The following table shows the properties of the integrator block. 


Name Integrator 

Activate Saturation Limits True Setting this parameter activates the 
limits for the integrator block. 

Upper Saturation Limit 999999999.999999 | upper saturation limit 

Lower Saturation Limit -999999999 99999 | lower saturation limit 


Parameter Range 

Upper Limit = + 999999999.999999 
Lower Limit = + 999999999.999999 
Activate Saturation Limits = True or False 


Parameter Defaults 

Upper Saturation Limit = 9999999999.99999 

Lower Saturation Limit = -9999999999.99999 

Activate Saturation Limits = True (read only and cannot be changed for this release). 


General Logic Information 

The upper saturation limit must be greater than the lower saturation limit. The editor enforces 
this condition as the data is being entered. The following message is displayed if this condition is 
present: 
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Invalid Integrator Parameter Data: The upper limit must be greater than the lower 
limit 


Variable parameters are supported for this block. The same rules as described above apply when 
working with variables in the saturation limits. 


25.4.5 Derivative Block 


This block performs a numerical derivative 


Ed 


Derivative 


Block Equations 
The equation of this block is a numerical derivative of the input. The linearization time constant 


is: 
s 
NS+1 


The derivative block can be modeled with a transfer function as shown below to improve the 
accuracy and linearization depending on the time step selected. 


s 
0.001s +1 


Variable parameters are not applicable for this block. 
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25.4.6 SISO Function Block: 


The benefit of this block is the implementation of a mathematical function block. 


f(u) 
Function 
Block Equations 


The equations (expressions) supported for this block are listed below: 


sin, cos, tan, atan, acos, asin, abs, exp, sqrt, log (base 10), In (natural log) 
The supported operators are() + - * / 


Block Properties 
This block has an expression input field. An example of the expression is displayed in the table 
below: 


Any of the following math 
functions can be used: sin, 
cos, tan, atan, acos, asin, abs, 
exp, sqrt, log, In 


Expression f(y) = 0.363*exp(0.229*u) 


Parameter Range 
Coefficient range = + 999999999.999999 


Parameter Defaults 
f(u) 
General Logic Information 


If the text strings typed into the expression field do not match one of those listed in the table 
above, a warning message is displayed as shown below: 


Invalid expression 
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Variable parameters are not supported for this block. In addition, the mathematical expressions 
supported by this block require that the inputs be limited to the valid range. In other words, the 
value -1 is an invalid input to the sqrt(u) function since the output types for the blocks are only 
scalar (no complex variables are supported). Other examples of invalid inputs and math function 
range are provided below: 


exp maximum exponent = 35 or exp(36) 
asin -1<=u<=1 
acos -1<=u<=1 


atan u= + 999999999.99999 
abs u= + 999999999.999999 
sin u = + 999999999.99999 


cos u = + 999999999.99999 

u = ((2n+1)*7/2) is not a valid input; where n = + 
tan integer. Any other values are allowed 

sqrt 0 <= u < 999999999.99999 

log 0 <u < 999999999.99999 


In 0 < u < 999999999.99999 


Some examples of the valid exponential operator use (applies to both SISO and MISO 
functions): 


Valid Expressions 


HEwe H 


* 
= Invalid Expressions 
k u*1e*2 i 
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25.4.7 MISO Function Block 


The benefit of this block is the implementation of a mathematical function block with multiple 


inputs: 
f(u) 
Function1 
Block Equations 


The equations (expressions) supported for this block are listed below: 


if multiple inputs y = f(U ,Uz,Uy,Up 4 7--++-5Ug ) 


Where u to u9 are up to ten (10) different input pins supported. The math functions supported are 
listed below: 


Sin, cos, tan, atan, acos, asin, abs, exp, sqrt, log (base 10), In (natural log) 
The supported operators are() + - * / 


Block Properties 

This block has an expression input field. An example of the expression is displayed in the table 
below, which shows the format for a MISO function with three different inputs starting from the 
top input pin. 


Any of the following math 
functions can be used: sin, 
cos, tan, atan, acos, asin, abs, 
exp, sqrt, log, In 


Expression fu, ul, u2,..u9) = u+ul + u2 


Parameter Range 
Coefficient range = + 999999999.999999 
The block supports up to ten (10) input pins. 


Parameter Defaults 
f(u, ul, u2) =ul + ul +u3 


General Logic Information 


If the text strings typed into the expression field do not match one of those listed in the table 
above, a warning message is displayed as shown below: 


ETAP 25-95 ETAP 19.0 User Guide 


User-Defined Dynamic Models Control Blocks 


Invalid expression 


Variable parameters are not supported for this block. In addition, the mathematical expressions 
supported by this block require that the inputs be limited to the valid range. In other words, the 
value -1 is an invalid input to the sqrt(u) function since the output types for the blocks are only 
scalar (no complex variables are supported). Other examples of invalid inputs and math function 
range are provided below: 


exp maximum exponent = 35 or exp(36) 
asin -1<=u <1 
acos -1<=u<=1 


atan u = + 999999999.99999 

abs u = + 999999999.999999 

sin u = + 999999999.99999 

cos u = + 999999999.99999 

u = ((2n+1)*7/2) is not a valid input; where n = + 
tan integer. Any other values are allowed 

sqrt 0 <= u < 999999999.99999 

log Ou 999999999.99999 

In O'=< 999999999.99999 


Additional Notes: 
The syntax of the MISO math function block does not support expressions such as: 


5(u), (u)(u), 8sin(u). ((u), (((cos(u)) etc. etc. 


An error message which states that the model could not be compiled will be generated during 
translation and simulation time. 


Unconnected MISO blocks with functions such as In(u) or log(u) are evaluated as In(0) and 
log(0). This will cause them to produce invalid input error messages. 
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25.4.8 LVHV Gate Block: 


This block is used to pass to the output, the low value or the high value of all the inputs. 


LV 
LVHV Gate 


Block Equations 
The following equations apply to this block and can be generalized for more than two inputs: 


ifu2v, theny=u 
Ifu<y, theny =v 


Block Properties 
The following table lists the LVHV Gate block properties: 


Name LVHV Gate 
Inputs Z Number of inputs to be 
compared (minimum is 
two) 
Function Type Drop List Options: Set the LVHV Gate to 
e LVGate function as a LV Gate or 
e HVGate HV Gate 


Parameter Range: 
Inputs = Up to 10 inputs. 


Function Type = 
e LV Gate 
e HV Gate 


Parameter Defaults 
Inputs = 2 


Function Type = LV Gate 


Variable parameters are not applicable to this block. 
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25.4.9 Delay Block 


This block allows the implementation of a time delay. 


Block Equations 


This block specifies a time delay as described in the block symbol. 


Block Properties 


This block has the following properties: 


Name 


Delay 


Time Delay (Ta) (sec) 


0.02 


Show the value in Td (inside block) 


In ETAP 12.5 (and higher versions), both constants and variables for tuning are supported as 
parameters of delay blocks. Each parameter variable of delay blocks must be assigned a base 


value prior to compiling a UDM model. 


Example: 


Name Delay 
Time Delay Ta 


Parameter Range 


Model Parameters oO #2 
Block Name Value 
Delay Ta 0.02 


Time Delay (Ta) = 0 to 999999999.999999 (maximum value handled in the calculation is 1.0 


sec.) 


It is recommended that the time delay be used for delays less than 1 second. If the delay is 
greater than one second, it is recommended that a different block combination be used to model 


the delay. 


Variable parameters are supported for this block: 


Parameter Defaults 
Ta = 0.02 


ETAP 
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25.4.10 Saturation Block 


This block allows the implementation of a saturation function: 
15 


+ — 


0 
Saturation 


Block Equations 

The equations of this block are described below: 
ifu2L, ,theny=L, 
ifu<L, ,then y=L, 
if L, <u<L,, then y=u 


Block Properties 
This block has the following properties: 


Name Saturation 

Upper Saturation Value 1.5 

(Lx) 

Lower Saturation Value 0 

(Ln) 

Label Upper Limit ix Editor would show Lx=1.5 
Label Lower Limit Ln Editor would show Ln =0 


Parameter Range 
Lx = + 999999999.999999 
Ln = + 999999999.999999 


Parameter Defaults 
Lx 1.5 
Ln 0 


Variable parameters are supported for this block. When assigning variable names, the rules of the 


block equations must also be followed. If the rules are not followed then an error message may 
be displayed. 
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F Name SS H1 Model Parameters m 4 
Lx H1 
Ln L1 Fr 

| Upper Limit Lx L1 . 

| Lower Limit Ln Saturation 
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25.4.11 Look-Up Table Block 


This block allows the implementation of a look-up table function. 


VA 


Look-Up Table 


Block Equations 

This block performs linear interpolation for input values between the given ranges and performs 
extrapolation based on the last two end points for values outside the range. The plot below 
shows the interpolation section with solid lines and the extrapolation sections with dashed lines: 


(— >) 


x # 


Block Properties 
The Look-Up Table block element has the following properties: 


Name Look-Up Table 


Table Data | 0,1,2,3,4,.....Xn (n = m) | points must have matching 


dimension 
fons 4S ye mnie 
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Look-Up Table 


Input Output 
0 


Import / Export 

The import and export functions allow you to import points from spreadsheets in MS Excel 
format. Please note that only the first two columns in excel are imported automatically. This 
means that the excel data would have to be in the format as shown below in order to duplicate 
the data, as shown in the previous Table Data dialog. 


{ Qn il a Zele ‘d 
Ir a | .=.—_> 
i Home Insert Page Layout Formulas Data 


= cut 


Calibri vj (a |) | 

cow | a) te 

i J Format Painter | | = zu- || || A” |= 
Clipboard LF Font LF 


A | B H | | | J | K 
Inputs Outputs 


3 | oo lor farm | ny 
UP WNR OO 
° 
nN 


Parameter Range 
Inputs = + 999999999.999999 
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Outputs = + 999999999.999999 

General Logic Information 

The dimension of the inputs and outputs must match. If, for some reason the parameters 
dimensions do not match, a warning message shown below may be displayed: 


“Invalid Parameters for Look-up table. Dimension of Input and output must match” 


However, the spreadsheet design in the Table Data dialog automatically rejects data points which 
do not match dimensions to prevent this condition. 


The “Input” values must be in sequential order (i.e. in increasing fashion like, -1,0.2,3.3,4,...). If 
they are not, then the lookup table may not yield consistent results. The following warning 


message may be displayed if this is not the case: 


“Invalid Parameters for Look-up table. Input values must be entered in sequence.” 
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25.4.12 Dead Zone Block 


This block is used to define dead zone function 


Dead Zone 


Block Equations 
The equations of this block are shown below: 


if Ly <u<L, ,theny=0 

where L, is the upper dead zone limit 
where L,, is the lower dead zone limit 
else y =u 


Block Properties 
This block has the following properties: 


Name Dead Zone 
Dead Zone Upper limit 0.010 End of Dead Zone (upper limit) 
Dead Zone Lower Limit -0.010 Start of Dead zone (lower limit) 


Parameter Range 

Dead Zone Upper Limit: +999999999.999999 
Dead Zone Lower Limit: +999999999.999999 
Variable parameters are supported for this block. 


Parameter Defaults 
Dead Zone Upper Limit: 0.010 
Dead Zone Lower Limit: -0.010 


General Logic Information 

It is preferred that the value of the dead zone lower limit must be lower or equal to the value of 
the dead zone upper limit. If the dead zone lower limit is higher than the upper limit, then the 
following message is displayed: 


Invalid Parameters for Dead Zone. Lower limit must be lower or equal to upper 
limit 
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The values are rejected and the parameters should be re-entered. 


25.4.13 Multiplication/Division Block 


This block represents a multiplication and division function. 


MultDiv 


Block Equations 
This is a scalar value only multiplication of all the inputs. 


if mult only, then y =u, XU, XU, XU, je XUjo 


MultDiv 


= ; u, XU 
for mult and division (example of four inputs), then y = +> 
u, XU, 


MultDiv 


Block Properties 
This block has the following properties: 


(Name Mult-Div | Multiplication or Division 
Input Type */** (see logic section) Output 
_ Input1 * Input3 * Input4 


Input2 


Parameter Range 
Tt Type Sy rrr veh eenaeenegeens //**** (up to 10 different */ signs) 


Parameter Defaults 
Input Type = ** (multiplication for two inputs) 
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General Logic Information 

The Input Types field accepts multiplication and division (asterisk “*” and forward slash “/”) 
symbols inputs to indicate the desired operation. This block outputs the results of the specified 
mult-div combination. For example: 


If the following sequence: **/*/* is entered, then the program should create a block with 6 inputs 
and one output. The value of the 6 inputs and the result (output) of the block are shown below: 


dt le 


= = 4.8 
Output 745 


Constant 


MultDiv 


Constant5 


If only one input is entered, then the following message is displayed: 


7 ™, 


Mult-Div block Input Types xi 


Mult-Div block valid inputs: *, / 


OK | 
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Variable parameters are not applicable to this block. 
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25.4.14 Sum Block 


This block implements a scalar mathematical summation. 


+ 


= 


Sum 


Block Equations 
This block can be used to add and subtract the inputs according to input signs specified. 


Y= Oy Uy Bg F cccsans Ur0 


where n is the number of inputs 


Block Properties 
This block has the following properties: 


Name Sum 

Input Signs Toor (or +,-,+,-,+,+,+, etc) default = +,+ 

Show Label True or False Show the “>’” symbol inside the 
block 


Parameter Defaults 

Input Signs = +,+ 

Variable parameters are not applicable to this block. The maximum number of inputs for the 
summer block is ten (10). 


General Logic Information 

The “Input Signs” input field determines the arithmetic operations performed by the sum block. 
The operations are of type subtraction or addition. The following message is displayed if any 
invalid characters are inputted into the block: 


um block Input Types 


Sum block valid inputs: +, - 
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25.4.15 Real-Complex Block (Real-Imag to Complex) 


This block converts real and imaginary components into a complex format. 


Real-Complex 


Block Equations 
This block converts two scalar inputs representing the real and imaginary components into a 
complex number of the form: 

y = Re+i(Im) 


where Re is real 
and Im is imaginary 


Block Properties 
This block has the following properties: 


| Parameters 
Name Real-Complex (short for Real-Imag to Complex) 
Real Part 0 If the “Imaginary” option is selected, 


this input can be used to specify the real 
part of the complex number output. 
Imaginary Part 0 If the “Real” option is selected, this 
input can be used to specify the 
imaginary part of the complex number 


output. 

Input Type e “Real-lmaginary” | The “Real-Imaginary” option allows the 
e “Real” input of both the real and imaginary 
e “Imaginary” parts. The input selection of “Real” or 


“Imaginary” allows as input only the 
selected part. 


Parameter Range 

Real Part = + 999999999.999999 

Imaginary Part = + 999999999.999999 

Variable parameters are not applicable to this block. 


Parameter Defaults 
Real Part = 0 
Imaginary Part = 0 


General Logic Information 


If the option “Real-Imaginary” is selected, then the block shows two inputs. The top input is the 
Real part of the complex number. The bottom input is the imaginary part of the complex number. 
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If the option “Real” is selected, then only the real part input is displayed. If the option 
“Imaginary” is selected, then the block has only the imaginary input. The complex number can 
be completed with real and/or imaginary parts which can be specified as input in the editor. The 
images below show how the inputs are reconfigured based on the input type selection. 


Cplkx Re Cplkx Im Cplkx 
Im 


Real-lmag to Complex Real-Complex |Imag-Complex 


Note that the real-complex and imaginary-to-complex options are supported graphically but not 
supported by the UDM translation engine. These options will be available in a future release of 
the program. For now, please use the real, imaginary-to-complex block and feed only real or 
imaginary inputs into it. 
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25.4.16 Complex-Real Block (Complex to Real-Imag) 


This block can be used to separate the real and imaginary components of a complex number. 


Re 
Cplx 
Im 


Complex-Real 


Block Equations 
The block equations are shown below: 
y, = Re(u) = Re 
y, = Im(u) = Im 
u is a complex number 
Re =real part of u 
Im = imaginary part of u 
Block Properties 


This block contains the following properties: 


Name Complex-Real Short for Complex to Real-Imag 
Output Type e “Real-lmaginary” | The “Real-Imaginary” option allows 
e “Real” the output of both the real and 


imaginary parts. The selection of 
“Real” or “Imaginary” allows the 
output of only the selected part. 


e “Imaginary” 


Parameter Defaults 
Output Type = “Real-Imaginary” 
Variable parameters are not applicable to this block. 


General Logic Information 

If the option “Real-Imaginary” is selected, then the block shows two outputs. The top output is 
the Real part of the complex number. The bottom output is the imaginary part of the complex 
number. 

If the option “Real” is selected, then only the real part output is displayed. If the option 
“Imaginary” is selected, then the block has only the imaginary output. The images below show 
how the inputs are reconfigured based on the input type selection: 
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Re 
Cpkx pkx Re Cpk Im 
Im 
Complex-Real-lmag Complex-Real Complex-lmag 


Note that the complex to real and complex to imaginary options are supported graphically but 
not supported by the UDM translation engine. These options will be available in a future release 
of the program. For now use the complex to real, imaginary block and take only the real or 
imaginary outputs. 


25.4.17 Absolute Value Block 


This block implements an absolute value function. 
ABS 
Absolute 


Block Equations 
The equation for this block is shown below. The output is the scalar magnitude of the input. The 
input can be complex or scalar. 


y= |ul 


Variable parameters are not applicable to this block. 
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25.4.18 Switch Block 


The benefit of this block is the implementation of a switch block. 


Switch 


Block Equations 
The equations for this block are shown below: 


if the condition is "True" 
y = Inputl 
if the condition is "False" 


y = Input3 


Conditions : 

Input2 = Threshold 
Input2 > Threshold 
Input2 #0 


Block Properties 
This block has the following properties: 


Name Switch 
Threshold 0.5 Any number between the range. 
Condition e Input 2 >= Threshold The c Input2 >= Threshold 

e Input 2 > Threshold 

e Input 2~=0 


In ETAP 12.5 and onward, both constants and variables are supported as parameters of switch 
blocks for threshold. Each parameter variable must be assigned a base value prior to compile a 
UDM model. 


Example: 
E) Pesumeters | Model Parameters Oo # 
Name Switch 
Threshold Thi Block Name Value 


Condition Input 2 >= Threshold Switch Thi 05 


Parameter Range 
Threshold Range = +999999999.999999 
Variable parameters are applicable to this block (threshold can be a variable parameter). 
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Parameter Defaults 
Threshold = 0.5 


General Logic Information 
The top input is Input 1, the middle Input is Input 2 and the bottom input is Input 3. The middle 


Input 2 is used to make the decision of which input to pass as the output (i.e. Input 1 or Input 3). 
The switch block only accepts and outputs scalar values. 


Input 1_| 1 


—> 
Input 2_ | 2 | Output can be Input 1 or Input can be Input 1 or Input 
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25.4.19 Manual Switch Block 


This block implements a manual switch. 


Manual Switch 


Block Equations 
The behavior of this block should be the same as that of the existing “Switch” Block in Simulink. 


if switch is in position"0," then 
y =inputO 
if switch is in position"1," then 


y =inputl 
Block Properties 
This block has the following properties: 
Name Manual Switch 
Switch Position Oor1 Allow selection of Input 1 
(Top) Input 0 (bottom) 


Parameter Range 
Switch Position = 0 or 1 


Parameter Defaults 
Switch Position = 1 (top input as shown in image below) 


General Logic Information: 


The top input is Input 1, the bottom is Input 0. When selecting Input1, the position of the switch 
is graphically switched towards the input selected. 


— 
—> | Output = Input 1 
[ipa | — 

Manual Switch 
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25.4.20 Gain Block 


This block implements a gain block. 


Gain 


Block Equations 
The equation for this block is shown below. 


y=Kx(u) 
where K is the gain multiplier 


Block Properties 
This block has the following properties: 


| 


Gain (default ns) 


Gain (K) 1 Gain value 


Parameter Range 
Gain (K) range is +999999999.999999 
This block supports variable parameters. 


Parameter Defaults 
Gain (K) = 1 
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25.4.21 Constant Block 


This block can be used to enter a constant value. 


Constant 
Block Equations 
The equation of this block is shown below: 
y=G 
Block Properties 


This block has the following properties: 


Name Constant 


Constant (C 1 Constant value 


Parameter Range 
Constant value range = + 999999999.999999 
Variable parameters are supported by this block 


Parameter Defaults 
Constant value default = 1 


General Logic Information 


The value of the constant is displayed inside the symbol. This device has only one output and it 
outputs scalar constant values only. 
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25.4.22 Logical Operator Block 


This block can be used to implement different logic operations. 


AND 


Logical Operator 


Block Equations 
The supported logical operations are: AND, OR, NAND, NOR, XOR, NOT. The output is the 
boolean logic value (1 or 0). 


Block Properties 
This block has the following properties: 


Name Logical Operator 
Logical Operator e AND Selection of the logical operation. 
e NAND The number of inputs will be 
e OR restricted based on the type of 
e NOR logical operation selected. 
e XOR 
e NOT 
Number of Inputs 10 Number of inputs for multiple input 
operations. 


Parameter Range 

Number of Inputs = 1 to 10 (for selected functions AND, OR, NAND, NOR, XOR) and only 1 
for the NOT function. 

Variable parameters are not applicable to this block. 


Parameter Defaults 
Logical Operator Selection = AND 
Number of Inputs = 2 


General Logic Information 

The logical operation is displayed inside of the block. If the NOT function is selected, then 
there is only one input which gets inverted as shown below. The “number of inputs” field 
becomes display only. 
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25.4.23 Relational Operator Block 


This block allows the implementation of relational operators in the UDM models. 


<= 
Relational Operator 


Block Equations 
The supported relational operations are >=, <=, <, >, ~= and ==. The output of the block is 1 
or 0, (“true = 1” or “false= 0”), depending on the selected relational operation. 


Block Properties 
This block has the following properties: 


Name Relational Operator 
Relation Type Drop list selections: Relation type selection. 
e <= 
e >= 
e< 
° > 
e tad 
e —— 


Parameter Defaults 
Relation Operator = “>=” (greater or equal) 


Variable parameters are not applicable to this block. 


General Logic Information 
The relational operation is displayed inside of the block. 
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25.4.24 Relay Block 


This block allows the simulation relays as part of UDM models. 


Relay 


Block Equations 
The relay block has a switch on value and switch off value. If the input u is: 


if u>switch on value, then 
y =Value_when_on 

if u <switch off value, then 
y = Value _ when _off 


Block Properties 
This block has the following properties: 


Name Relay 

Switch On at il Enter any value between the range. This value must 
be >= than the “Switch Off at” value. 

Switch Off at 0 Enter any value between the range. 

Value when on i Enter any value between the range 

Value when off 0 Enter any value between the range 


Parameter Range 

Switch on at Value = + 999999999.999999 
Switch off at Value = + 999999999.999999 
Value when On = + 999999999.999999 

Value when Off = + 999999999.999999 
Variable parameters are supported by this block. 


Model Parameters oa. 
or Block Name Value 
Name Relay 
Switch On At R_On Relay R_On 1 
Switch Off At R_Off Relay V_Off 0 
Value when On V_On Relay 
Value when Off V_Off Relay V_On 2 
Relay R_Off 0 


Parameter Defaults 
Switch On at Value = 1 
Switch Off at Value = 0 
Value when On = 1 
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Value when Off = 0 


General Logic Information 

The “Switch On At” value must be greater or equal than the “Switch Off At” value. The editor 
enforces this logic. The message below would be displayed if the incorrect parameters are 
entered. 


oc ~ 


| es | 


Incorrect Relay Parameters, Switch On at Value >= Switch Off at Value 


OK | 


The condition “Switch On at” value = “Switch Off at” is valid. The relay still outputs the “Value 
when On” only when the input equals the single value. 
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25.4.25 Rate Limiter Block 


This block can be used to limit the rate of change of the input signal. 


Rate Limiter 


Block Equations 
The first derivative of the input signal is limited to the rising and falling rates specified. The 
equations below show how the output is determined: 


if = > (Rising Rate of change Limit), then 

y, = Atx (Rising Rate of change Limit)+ y, , 

if < < (Falling Rate of change Limit), then 
t 


y, = At x (Falling Rate of change Limit)+ y, , 


if (Falling Rate of change Limit) < = < (Rising Rate of change Limit), then 
y, =U; 
Block Properties 


This block has the following properties: 


Name Rate Limiter 
Rising Rate of Change 1 Rising rate of change limit 
Falling Rate of Change oll Falling rate of change limit 


Parameter Range 
Rising Rate of Change = 0 to +999999999.999999 
Falling Rate of Change = 0 to -999999999.999999 


Model Parameters oO x 
© Parameters 
Name Rate Limiter a Block Name Value 
Rising Rate of Change dt_R Rate Limiter dt_R 1 
Falling Rate of Change dt_L Rate Limiter Rate Limiter at L 4 


Parameter Defaults 
Rising Rate of Change = 1 
Falling Rate of Change = -1 
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General Logic Information 
The value of the rising rate must be greater or equal to zero. The value of the rising rate must be 


greater than that of the falling rate. The rising and falling rate can be equal only if both values 
are zero. The following message is displayed if any parameter inconsistency is detected: 


=x 


Incorrect Rate Limiter Parameters, Rising rate must be >= 0, and Falling Rate must 
be <=0 


If both the Rising and Falling Rates are zero, then the output of this block is always zero. 


ETAP 25-123 ETAP 19.0 User Guide 


User-Defined Dynamic Models Control Blocks 


25.4.26 Sample Hold Block 


Sample Hold 


Block Equations 

The sample hold block holds the input for the specified sample time. This block is typically used 
to account for discretization of the input signal. The following plot shows the input and output 
signals for a sample hold block with a hold time of 0.1 seconds. 


—— Sample Hold Block Output 


—— Sample Hold Block Input 


Block Properties 
This block has the following properties: 


Name Sample Hold 


Sample Hold Time | 0.025 | Sample hold time 


Parameter Range 
Sample Time = 999999999.999999 to 0 
This block supports variable parameters 


Eipanunaee | Model Parameters OF > 
Name Sample Hold Block Name Value 
Sample Time ST Sample Hold Sample Hold ST | 0.005 
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Parameter Defaults 
Sample Time = 0.025 sec. 


General Logic Information 
The value of the sample hold time can be any value equal to zero or higher. The value of the 


Sample Time field must be positive and greater than zero. The following message is displayed if 
this condition is not true: 


Invalid Sample Hold parameters. The sample hold time must be greater than zero 
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25.4.27 Complex-Polar Block (Complex to Magnitude-Angle) 


This block outputs the magnitude and angle of a complex value input. 


Mag 
Cplx 
Ang 


Complex-Polar 


Block Equations 
This block outputs the magnitude (pu of the input to the block) and angle (radians) of a complex 
input value. 


Block Properties 
This block has the following properties: 


Name Complex-Polar Short for Complex to Magnitude- 
Angle 
Output Type e “Magnitude- Selection of the output type for this 
Angle” block 
e “Magnitude” 
e “Angle” 


This block does not support variable parameters 


Defaults: 
Output Type = “Magnitude-Angle” 


General Logic Information 
The output ports of the block are displayed based on the “Output Type” selection. The selection 
controls which parameter output port. The images below show this: 


Mag 
Cplx Cplx Mag Cplx Ang 
Ang 
Complex-Polar Complex-Polar Complex-Polar 


Note that the complex to magnitude and complex to angle options are supported graphically but 
not supported by the UDM translation engine. These options will be available in a future release 
of the program. For now, use the complex to magnitude, angle block and take either the 
magnitude or angle outputs. 


ETAP 25-126 ETAP 19.0 User Guide 


User-Defined Dynamic Models Control Blocks 


25.4.28 Data Plotter Block 


The benefit of this block is the implementation of a data plotter block which allows the value of 
any intermediate parameters (variables) inside the model to be plotted by exporting the results to 
a comma separated file (*.csv file) or graphically by observing the test routine simulation results. 


| KA 
Data Plotter 


Block Equations 

This block outputs internal variables in the model from the time the transient stability simulation 
starts to run. In the case of generic lumped loads and WTG models, the data plotter starts to plot 
internal variables during the initialization procedure. 


Yntot = u(t) 


The output Yplot is the plotted value at every plot time step defined by the TS calculation engine 
or by the test routine time step and plot step. 


Block Properties 
Name Data Plotter 
Number of Plots T10 Number of inputs for generating 
plots 


Parameter Range 
Maximum Number of Input Plots = 10 (i.e. ten (10) input pins) 


Parameter Defaults 
Number of Plots = 1 


General Logic Information 

The “Number of Plots” input field allows you define the number of inputs and plots to be 
generated by the program in *.csv format. In the image below, the number of plots was selected 
as 2. 


Please note that the first value to be outputted into the *.csv output file is the first or top input. 
The indication of the input number is added to the column name. For example, if a two input data 
plotter block is plotted, then its name is used to generate the column name and the input number 
is appended as shown below: 
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yl 
| KA 


Data Plotter 


Data Plotter ID_<Input Number> 
Data Plotter_1 
Data Plotter_2 


DataPlotter_1 Data Plotter 2 
2.48674 0 


2.48674 0 
2.48674 -1.23E-13 


2.48674 -1.66E-11 
2.48674 -6.93E-11 
2.48674 -1.77E-10 
2.48674 -3.53E-10 
2.48674 -6.12E-10 
2.48674 -9.60E-10 


In ETAP 16.0.0 the scope has been enhanced to receive input values from the test routine 
simulation. Whenever you run the test routine, all the active and connected scopes will open and 
show the results of the simulation. 


args 
a Background Color 
Diagram Size 
m Model Parame 


IEEE Type | 


Data Plotter > AVR Output 


Vref 


> : | 
vt 0.005. 


ca 
Transfer Fen 


Model Info: 
This UDM model is a sample similar —s 


Iriaht camec fram the FTAD haln file 1 


Note that the header of the scope output plot shows the name of the input connector “AVR 
Output” as an example. In ETAP 16.0.0 you can add text names to the connectors so that you can 
easily identify the plot. The image below shows how to name the connector. 
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Transfe 


-15.5 


Saturation 


Transfer Fen1 


After highligting the connector, 
type in the new name here 


Transfer Fcn4 


Name 
Name of the connector 


Data Plotter 


Madal Rarimatare 


Another new feature of the scope block in ETAP 16.0.0 is that its output data values (obtained 
from the test routine) can be quickly exported to MS Excel. To do this all you have to do is right 
click inside the plot and select the option “Save”. 


Data Plotter > AVR Output - 


Data Plotter > AVR Output 


“0.08 5 10.0 20.0 30.0 40.0 50.0 
Time (sec) 


The UDM scope interface generates an output *.csv file with the name of the output variable or 
connector name which also includes the data of the simulation execution (see image below). 
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dW -~- Q Wh ers 2016-10-18 16.11.49 - AVR Output.csv - Excel ?7 @ - o xX 
a(t HOME INSERT PAGELAYO FORMULAS DATA REVIEW VIEW ADD-INS Acrobat TEAM Albert Ma.. ~ 
ir %  Calibri “ju -| = =e % 2|Conditional Formatting ey) 
B\~ BIU-s. - A BBE S~ 7) - 
Paste ie] U A A Number [i Format as Table Cells Editing 
~ | F-lQa-A- ee Y- > i cellStyles~ 7 . 
Clipboard tf Font G Alignment G Styles “a 
Al , fe || step v 
A B c D - F G H I J “ 
1 [step | time(s) AVR Output 
2 0 0 0.00848 
3 20 0.04 0.008457 
4 40 0.08 0.008477 
5 60 0.12 0.008491 
6 80 0.16 0.008499 
7 100 0.2 0.008504 
8 120 0.24 0.008506 
9 140 0.28 0.008506 = 
2016-10-18 16.11.49 - AVR Outpu io) 4 > 


HH =] -———+——-+ 100% 


The output of the scope is limited to a certain maximum value of data points. The UDM scope 
detects the maximum number of data points to be generated when the test routine simulation is 
launched using the following formula: 


Data Points = ((Total Simulation Time / Time Step) / Plot Step) * Number of Plots 


If the maximum data points of all the combined scope output plots exceeds the maximum 
number the program will prompt a warning message: 


The number of data points across all data plotters is too high, which 
& ~=may render UDM unstable. It is recommended to either: 


1. reduce the simulation stop time 
2. increase the simulation time step 
3. increase the plot step 

4. or remove some data plotters. 


Would you like to continue anyway? 


The maximum number of data points is approximately 0.6 x10° to 0.7 x10°. This number 
represents the combined data point capacity of all the scope plots open. As suggested in the 
warning message, it is advised to reduce the number of scopes, reduce the total simulation time, 
increase the simulation time step or increase the plot step. 
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25.4.29 Simulation Time Block 


The benefit of this block is the implementation of a clock, which brings the simulation time into 
the model. The simulation time comes from the transient stability calculation. 


Simulation Time 


Block Equations 
The behavior of this block is the same as that of the existing integrator block in Simulink. 


Y 


out = At 
The output Your is the simulation time, which is accumulated based on the time step from the TS 
calculation. It is recommended that the time step from TS be smaller or equal to the time step 
used internally to initialize the governor, exciter and power system stabilizer models. For generic 


lumped load and WTG models, the time step from TS is used directly to initialize the models. 


Block Properties 
This block only allows the user to define its ID or block name. 


General Logic Information 

This element is very simple in its application yet serves a very powerful role in dynamic 
simulations. In combination with lookup table blocks, it allows the definition of any time-based 
action which occurs internally in the model. This allows the definition of internal actions, which 
are synchronized with the transient stability simulation time. 
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25.4.30 Script Block (MIMO User-Definable Block) 


This block is a user-definable multi-input multi-output block. The block mathematical or logical 
function can be implemented in generic C# language code. This capability is an enhancement in 
ETAP 16.0.0 and adds tremendous flexibility for the implementation of complex UDM models. 


Script 
Script 


Script15 


Script14 


Block Equations 

This block outputs whatever calculation of equation has been defined by the user. By default, the 
script block has been configured as a “pass-through” block (i.e. the first output is equal to the 
first input). If the second output is enabled, the value has been set to twenty (20). The default 
equations shown below can be changed according to whatever C# statements are added in the 
block. 


Y,=u 
Y, =20 


In general, the block equations for the script block output pins can be described as: 


Y, = f(U,U,,..Uy ) 
Y, = [(U,Uj,.-Ug ) 


Block Properties 
Name Script Block It is recommended to use only valid C# 
characters for the script block name. 
Number of Inputs 1~10 Number of inputs for the script can as 
high as ten. 
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Number of Outputs 2 Number of outputs can be maximum of 
two 
Assemblies User-definable This capability will be added to a future 
release of ETAP UDM 
Source Code User Definable This field is for display only and stores 
code storage the script block code. 


Parameter Range 
Maximum Number of Input Plots = 10 (i.e. ten (10) input pins). Maximum number of outputs is 
two (2). 


Parameter Defaults 
Inputs = 1 
Outputs = 1 


General Logic Information 
The script block sample logic code is shown below: 


DIS FE PS 2 IS IS FIC 2S IS IS IS DIS 2S 2K 2S IS IS 21S 24S PIE 2 IS IS 21S DIC IK IK IS IC FIC OIC IK IS IS DIS FIC IS 2 IS DIS DIS FIC 2S 2IK IS 21S FIC IE 2S 21S IS 21S 2S IK 2S IS DIS 21S 2S 2K 21S IS IC HIS IC > 21S IS IC 2S IS 2K 21g a 


namespace UdmEngineLib 

{ 

//UDM Script Block Code 

// It is recommended to test the script block code using the provided test routine. 
// C# syntax is checked with the test routine. User is responsible to properly test. 
// The script block logic (program) prior to deployment in UDM simulations. 

// For more information please refer to ETAP help file/User-Guide. 


// Beginning of "using" statement definitions 
// WARNING: "using" statements must remain inside "namespace" 
using System; 

using System.Collections.Generic; 

using System.Ling; 

using System.Text; 

using System.Threading.Tasks; 

using System.Windows; 

using UdmScriptEditor; 

using System.Numerics; 

//End of "using" statement definition section 


// WARNING: Class name must match block name 
public class Script13 : [UserCode 
{ 


private Complex a; 
private double x = 0; 


/// Test Routine Information 
/// The following routine is called when testing user code. Modify as needed. 
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/// Beginning of test routine definition 
public void TestRoutine() 
{ 
var y=2+3; 
Onlnitialize(0.00111, 10); 
double y1 = 0; 
double y2 = 0; 
OnSolve(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, out y1, out y2); 
MessageBox.Show(String.Format("yl = {0}\ny2 = {1}", yl, y2)); 
} 


/// End of test routine definition 


/// Initialization Routine Information 
/// This method is called once during initialization and 
/// before the simulation starts 
/// <param name="dtSecs">Simulation time step in seconds</param> 
/// <param name="TstopSecs">Simulation stop time in seconds</param> 
/// Beginning if initialization definition 
public void OnInitialize(double dtSecs, double TstopSecs) 
{ 
x= 10; 
a = new Complex(2, 3); 
} 


/// End of initialization definition 


/// Simulation Routine Information 
/// This method is called once at each time step of the simulation 
/// <param name="y1">Output 1</param> 
/// <param name="y2">Output 2</param> 
/// <param name="u">Input 1</param> 
/// <param name="u1">Input 2</param> 
/// <param name="u2">Input 3</param> 
/// <param name="u3">Input 4...</param> 
TF ots 
/// <param name="u9">Input 10...</param> 
/// <returns>A scalar outputs.</returns> 
/// Beginning of simulation routine definition 
public void OnSolve(double u, double u1, double u2, 
double u3, double u4, double u5, 
double u6, double u7, double u8, double u9, 
out double y1, out double y2) 
i 
//sample code for y1 is a pass-thru block (output 1 = input 1) 
//sample code for y2 is a pass-thru block (output 2 = input 2 for two output script block) 
yl =u; 
y2 = 20; 
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} 
} 
} 


DIS FS 2S 2 IS IS 21S 2S 2S IS 24S 21S 2S 2S IS IS 21S 21S 2S IS 2K 21S IS 21S 2S IS IK IS IS 2S 2S 2S IS 21S 21S 24S 2S 2 21S IS 21S 2S IS 2IK IS 21S 21S 2S 2S 21s 21S 21S 2S 2S 2 21s IS 21S 2S IS 2IK IS Ig 21S 2S 2 21g 21g IS 2S IS 2K ois aig oI oe 


The equation definitions are contained within the “OnSolve” routine defined above. As can be 
seen the sample equations are defined as “y1 = u;” and “y2 = 20;” 


The sample code above contains system definitions and function and variable definitions. Most 
of the variable definitions in some of the sections are there for illustration purposes only. 


The following requirements and code change restrictions apply to script blocks: 


1. The name of the script block must match the name public class name. The UDM editor 
has logic to automatically enforce this condition. There is no need to change this part of 
the code unless for some reason the script block is renamed. 


2. The system statement definitions must remain within the namespace UdmEngineLib 
definition brackets. It is recommended to not change these definitions but if new 
definitions are added, they should be placed in the same section as shown in the sample 
code above. 


3. The syntax of the C# instructions is checked; however the logic and code should be 
debugged and tested. The built-in test routine can be modified with different input and 
output values to test the code. However, complex code logic should be tested 
systematically before applying it to the script block. 


4. The initialization values apply for the very first output value during initialization. By 
default, the initial value of the script block outputs for initialization is zero. 


The script block supports some of the following C# statement types: 


1) Logical 

2) Conditional 

3) Relational 

4) General numeric calculations 


The system definitions indicate the supported C# statements and features. 


Code Sections 
1. The code should begin within the “namespace” provided by ETAP. This section is 
highlighted in the following image with a blue box. (Note: all the brackets in the script 
block should be in pairs). 
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namespace UdmEngineLib| 
{ 


% UDM Script Block Editor - oO x 


Source Code 


Test Code 


wni-e 


// UDM Script Block Code 

// It is recommended to test the script block code using the provided test routine. 
// C# syntax is checked with the test routine. User is responsible to properly test 
the script block logic (program) prior to deployment in UDM simulations. 

// For more information please refer to ETAP help file/User-Guide. 


owont nan sa 
~ 
~ 


be 
i.) 


// Beginning of “using” statement definitions 
// WARNING: “using” statements must remain inside “namespace” 
12 jusing System; 

13 jusing System.Collections.Generic; 

14 |using System.Ling; 

15 jusing System. Text; 

16 |jusing System. Threading. Tasks; 

17 jusing System.Windows; 

18 jusing UdmScriptEditor; 

19 jusing System.Numerics; 

28 |//End of “using” statement definition section 


= 
p 


OK Cancel 


2. Script block code is divided into two major functions: 


38 
31 
32 
33 
34 
35 
36 
37 
38 
39 
48 
41 
42 


a2 


ETAP 


a. Code for Test Code button (test routine) 


/// Beginning of test routine definition 
public void TestRoutine() 


{ 


var y = 2 + 33 
OnInitialize(@.@@111, 10); 


double y1 = @; 
double y2 = @; 
OnSolve(1, 2, 3, 4, 5, 6, 7, 8, 9, 10, out yi, out y2); 


MessageBox. Show(String.Format("y1 = {@}\ny2 = {1}", y1, y2)); 


/// End of test routine definition 


This section of code is executed when the Test Code button is clicked. 

The displayed code calls the OnSolve function during the test routine. This can 
be edited to refelect the user needs. 

The variables y1 and y2 are declared in this code to display the message box. 
The code “MessageBox.Show.....” should not be removed from the test routine 
function. 


Code for simulation time (function OnSolve) 
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67 /// Beginning of simulation routine definition 

68 public void OnSolve(double u, double u1, double u2, 

69 double u3, double u4, double uS, 

78 double u6, double u7, double u8, double u9, 

71 out double y1, out double y2) 

72 if 

73 //sample code for yi is a pass-thru block (output 1 = input 1) 
74 //sample code for y2 is a pass-thru block (output 2 = input 2 for two output script block) 
75 yl = 2*u; 

76 y2 = 20; 

77 } 


e The code in this function is executed during simulation time. 
e This function can be called in test routine. 
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25.5 Creating UDM Models 


This section is meant to provide the step-by-step process of creating different types of UDM 
models. This section also covers some of the concepts required to create models using the 
fundamental blocks. 


25.5.1 Creating AVR / EXC UDM Models 


The automatic voltage regulators (AVR) and exciter (EXC) models can be created for the 
synchronous machines (motor/generator). The AVR and EXC are both part of the same dynamic 
models. The job of the exciter is to generate a control signal, which determines the amount of 
excitation applied by the exciter on the generator field windings. 


Typically the AVR has a summing type input where the reference signal (Vref) and the terminal 
bus voltage (in p.u. bus base kV) generate a difference signal which is then amplified and 
processed by an amplifier. The amplifier output is used by the exciter to determine the 
proportional excitation voltage applied on the field winding. The output of the exciter model is 
the exciter field voltage (Efd in p.u based on the exciter rated output voltage). The base of the efd 
output voltage can be thought of the value of excitation required to provide 1.0 p.u. rated current, 
based on the generator rated current. 


The following steps summarize the process of creating an EXC/AVR model: 


1) Create a new model by opening the UDM editor from the synchronous generator/motor 
exciter page or from the system toolbar (it is recommended to create the model from the 
element so that the naming convention is automatically applied and the model is 
automatically linked to the element). 

2) Name the model and define the model type from the System Model Parameter section. In 
this case, the model type is “Exciter.” 

3) Select an Initialization method. The default method to initialize the exciter model is the 
Iterative method. The direct method or the iterative method can be selected (please refer 
to the initialization techniques section for more information on these methods). For the 
purpose of this example, the direct method can be selected but not recommended as 
default. 

4) Define the inputs and outputs and reference blocks. For this example, “Vt”, “Vref” and 
“Efd” should be defined. 

5) The AVR transfer function can be entered. The AVR function can be tested with a simple 
exciter to verify its performance. 

6) The Exciter transfer function can be entered. 

7) The model can be tested using the test routine or with a simple system in transient 
stability. 

8) Once the model has been developed, it can be saved and linked to other generators or it 
can be added to the exciter model library. 


Step 1 
Please refer to section 25.1.1. Create a new UDM project as shown below: 
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Step 2 
Name the model and define the system parameters model type. Name the model EXC1. Define 
the model as an “Exciter”. 


Step 3 
Select the initialization method as “Direct” (Iterative method is recommended as default) 


"I 


BackgroundColor §[__] White 


Diagram Size Custom 
~ —) System Model Parameters 
Model Type Exciter 


Initialization Method Direct 
& Iterative Method Setting 


| Iteration Time 
, ._Settle Time <= 
= nN 
Step 4 


The inputs and outputs can be defined. Select click on the Inputs section of the element toolbar 
as shown below and enter the first input “Vt”. Then click on the output section and select the 
output to be “Efd”. From the control blocks section, select a constant block and name it “Vref” 


a UDM Graphic Logical Editor 
File Edit View Actions Window Help 
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™— 
Terminal Voltage 
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KEE 
Exc Field Voltage 


KEE 
Exc Field Voltage 


Before proceeding to Step 5, select the Vref block to be the reference voltage signal for this 
exciter model. Do this from the system parameter section under the “System Reference” section. 
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Step 5 
Now construct the AVR transfer function by adding the summing point (sum block), a transducer 
(to simulate the measuring circuit time constant) and the regulator blocks. 
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Once the AVR is built, it is a good idea to run a quick test to determine if it works well. If the 
AVR portion of the model does not work, then it may be difficult to determine what is wrong 
with the model, once many more blocks are added. The best practice would be to do some quick 
tests on this portion of the model first. In order to do this a simple time constant block can be 
used to represent the exciter. By connecting the exciter block and the output, we get a simple 


exciter model that may be used to test the AVR portion. 


Automatic Voltage Regulator 


1 


Exciter Model 


1 


10 


0.005s + 1 
Transfer Function 
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Vermin = -15.5 


Saturation 


0.0is+1 
Simple Exciter 


Exc Field Voltage 


We can compile the model and run a few test routines to check the behavior of the exciter. A six 
second total simulation time is used for all three tests. 
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The UDM models for the synchronous motor are exactly the same as those for the synchronous 
generator. The only difference is that the exciter for synchronous motors is selected from the 
exciter page of the motor element. 
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25.5.2 Creating GOV/Turbine UDM Models 


This section describes the process of creating and testing a GOV/Turbine Model using the UDM 
editor. 


The governors or speed controllers (GOV) and turbine/engine models can be created for the 
synchronous generators. Typically, a speed/output power controls a turbine or engine model. 
Both of these components are contained within the type of model defined and called “Governor”. 
The job of the speed and power controllers is to regulate the shaft speed and mechanical power 
output of the turbine/engine. The turbine/engine model represents the dynamics of the 
mechanical system, which provides the power to the generator. 


Typically, the speed/power controller has a summing type input where the reference speed 
(Wref) and the shaft speed (in p.u. generator rated RPM) generate a difference signal which is 
then amplified and processed. This signal can be sent to a variety of devices including valves, 
actuators, servomotors, gates etc. These devices exert control on the fuel, steam and even water 
flow in order to adjust the speed and power delivered by the mechanical system to the generator. 
The output of the governor model is the mechanical power (Pm in p.u. based on the machine 
rated MW base). 1.0 p.u. for a 10 MW generator equates to 10 MW of mechanical power 
delivered by the shaft to the generator unit. 


The following steps summarize the process of creating a governor model: 


1) Create a new model by opening the UDM editor from the synchronous generator 
governor page or from the system toolbar (it is recommended to create the model from 
the element, so that the naming convention is automatically applied and the model is 
automatically linked to the element). 

2) Name the model “GMdl1” and define the model type from the System Model Parameter 
section. In this case the model type is “Governor”. 

3) Select an Initialization method. The default method to initialize the exciter model is the 
Iterative method. The direct method or the iterative method can be selected (please refer 
to the initialization techniques section for more information on these methods). For the 
purpose of this example, the iterative method can be selected. This is preferred. 

4) Define the inputs and outputs and reference blocks. For this example, “W”, “Wref” and 
“Pm” should be defined. 

5) The speed controller transfer function can be entered. The speed controller function can 
be tested with a simple governor to verify its performance. 

6) The turbine/engine transfer function can be entered. 

7) The model can be tested using the test routine or with a simple system in transient 
stability. 

8) Once the model has been developed, it can be saved and linked to other generators or it 
can be added to the governor model library. 


Step 1 
Please refer to section 25.1.1. Create a new UDM project. 
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Step 2 
Name the model and define the system parameters model type. Name the model 1. Define the 
model as a “Governor”. 


Step 3 
Select the initialization method as “Iterative.” (iterative method is recommended for all cases). 
Properties > 
[Gmait v| 
@=- A 
@=- Z 
© Parameters 
Name GMdi1 
©) Appearance 
Background Color [_] White 
Diagram Size Custom 
—] System Model Parameters 
Model Type Governor 
Initialization Method Iterative 
© Iterative Method Settings 
Iteration Time 100 


” Mt me 30 geen. 
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Step 4 


The inputs and outputs can be defined. Select click on the Inputs section of the element toolbar 
as shown below and enter the first input “W”. Enter the second input “P”. Then click on the 
output section and select the output to be “Pm”. From the control blocks section, select a 
constant block and name it “Wref.” 
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Before proceeding to Step 5 select the Wref block to be the reference voltage signal for this 
exciter model. Do this from the system parameter section under the “System Reference” section. 


E) System Reference 


Wref Wret | 
Tref 
Pref 


Group Number 0 


Step5 
Now we can create the speed controller. To do that we can add and connect the blocks as shown 
below. Please note that this is a proportional integral type controller. 
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Real Power Output 
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Step6 

We can test the speed controller by using a simple engine model (transfer function) and 
connecting it to the mechanical power output “pm”. The image below shows the process and 
quick load shed test result. 


; : Mechanical Power 
Generator Speed Simple Engine Model 
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Step7 


Now we can create a simple actuator and model the fuel delay of the engine (in most cases the 
fuel system time delay is the only portion model for the engine). The images below show the 
actuator and fuel system models. 
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The image above shows the conversion of the PID output to the actuator degree base. There is an 
actuator time delay and a limiter, which shows that the actuator can only go from -60 to +60 
degrees. The integrator and the feedback complete the dynamic representation of the actuator. At 
the end of the image we convert back from actuator units (degrees to per unit). The per-unit 
output can then be coupled to the engine model shown in the image below: 
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In the previous image, the Act to Torque conversion serves as a gain, and couples the actuator to 
the engine power limit block (limiter) and to the fuel system dynamics. The output is the 
mechanical power. 
It is important to understand that the Pm output should be in per-unit. Where 1.0 p.u. represents 
the machine rated MW base (Generator-rated MW and not the engine-rated MW). 


Step 8 


Now we can connect the speed controller to the actuator and engine models. The image below 
shows the completed model (the temporary transfer function representing the engine has been 


removed). 
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Please note that the generator real power output input block has been left unconnected until now. 
This input can be used to add base loading control to the speed controller. The model we have 
created will operate only in isochronous mode. 
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The model can be tested using the iterative method and default settings. The images below show 
the results for a fault, load shed and load acceptance tests. As can be expected during a fault, the 
mechanical power output (not the speed) starts to reduce. The mechanical power output goes up 
or down for the load change tests. 
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25.5.3 Creating UDM Models for Power System Stabilizers 


This section describes the process of creating and testing a PSS Model using the UDM editor. 


The power system stabilizer can be created for synchronous generators only. Typically, PSS 
units are added to a power system to enhance the damping to extend power transfer limits. A PSS 
works in conjunction with the excitation system of the synchronous machine to modify the 
torque angle of the shaft to increase damping. 


The PSS has different types of inputs. They include speed, frequency, power, accelerating power 
and integral of accelerating power. ETAP UDM uses the terminal voltage, electrical power, 
mechanical power, speed, rotor angle, and frequency as possible inputs. The output typically is 
signal-fed directly into the summing point of the automatic voltage regulator. 


The following steps summarize the process of creating a PSS model: 


1) Create a new model by opening the UDM editor from the synchronous generator PSS 
page or from the system toolbar (it is recommended to create the model from the element 
so that the naming convention is automatically applied and the model is automatically 
linked to the element). 

2) Name the model “PSSMdl1” and define the model type from the System Model 
Parameter section. In this case the model type is “PSS”. 

3) Select an Initialization method. The default method to initialize the exciter model is the 
Iterative method. The direct method or the iterative method can be selected (please refer 
to the initialization techniques section for more information on these methods). For the 
purpose of this example, the direct method can be selected; however, the iterative method 
is preferred. 

4) Define the inputs and outputs and reference blocks. For this example, “Pe” and “Vs” 
should be defined. 

5) The PSS controller transfer function can be entered. PSS units are electronic devices 
which in most cases, are tied directly to the exciter controls. 

6) The model can be tested using the test routine or with a simple system in transient 
stability. 

7) Once the model has been developed, it can be saved and linked to other generators or it 
can be added to the governor model library. 


Step 1 
Please refer to section 25.1.1. Create a new UDM project. 


Step 2 
Name the model and define the system parameters model type. Name the model 1. Define the 
model as a “PSS.” 


Step 3 


Select the initialization method as “Direct.” (for this example only. Use of the iterative method is 
recommended for the majority of cases). 
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Step 4 

The inputs and outputs can be defined. Click on the Inputs section of the element toolbar as 
shown below and enter the first input “P” or “Pe”. Now click on the output section and select the 
output to be “Vs”. From the control blocks section, select a constant block and name it “Wref.” 
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There are no reference constant blocks that need to be defined for a power system stabilizer in 
ETAP UDM. 


Step5 


Now we can create the PSS transfer function. To do that we can add and connect the blocks as 
shown below. 
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Step6 
Now we can test the power system stabilizer model. Please add the test settings as shown below 
in the test setting section of the model parameters prior to running the test. 


& Test Setting 


Simulation Time Step(sec) 0.002 
Total Simulation Time(sec) 80 
PSS Test Shaft Speed(W) 1 
PSS Test Terminal Voltage(Vt) 1 
PSS Test Real Power(Pe) 1 
PSS Test Rotor Angle(Ang) 0.01 
PSS Test Mech Power(Pm) 0.01 
PSS Test Voltage Frequency 0.01 
PSS Test PSS Siana 5 0 


The power system stabilizer has only one type of test. The test results are shown below. 
Typically, the PSS has limited output to the AVR. In this case, the test disturbance shows that the 
signal has been limited to + 0.05 per unit. 
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25.5.4 Creating General Load / Source UDM Models 


This section describes the process of creating and testing the generic load / source UDM models. 


Note: The lumped load type must be set to conventional, in the nameplate tab, to utilize a user- 
defined dynamic model through a lumped load and run a transient stability study. 


The generic models can be created by using the lumped load editor. Different types of models 
can be created and they include: 


1) Static Load Models 
¢ Exponential 
¢ Polynomial 
¢ Comprehensive 
2) Dynamic Load Models 
¢ Discharge Lighting Loads 
¢ Thermal and overcurrent relays and motor starters 
¢ Thermostatically controlled loads (space heaters) 
3) MOV and Motor Models (for acceleration studies) 
¢ Static motor models 
¢ Dynamic motor models 
¢ DC motor acceleration models 
4) Time-Domain Model (recorded signals or loads used as part of the model) 
¢ Load Profiles 
e Signals recorded over a time period 
5) AC to DC Source Models for dynamic studies 
e Inverters 
¢ Converters 
6) PV array and inverter models — Solar Models 
7) Wind Turbine Models 
¢ Simple induction generator models 
e Full and half converter models 
8) SVC /STATCOM Models 
9) More... 


This example shows the creation of static and dynamic load models. 
The following steps summarize the process of creating a simple generic load (static) model: 


1) Create a new model by opening the UDM editor from the lumped load dynamic model 
page or from the system toolbar (it is recommended to create the model from the element 
so that the naming convention is automatically applied and the model is automatically 
linked to the element). 

2) Name the model “ExponentialMdl” and define the model type from the System Model 
Parameter section. In this case, the model type is “Generic”. 

3) The initialization method for generic loads is different than for exciters, governors and 
pss. The initialization is done forward. The output P & Q of the lumped load depends on 
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the input parameters. In the case of the synchronous generator models, the output values 
are calculated prior to initialization and the internal reference values are modified until a 
solution is reached. The only initialization parameter which is required for the generic 
load models is located under the ETAP Preferences\Options editor (TS section). The 
following image shows the entry and the suggested value for this example. The value of 1 
second is good starting point for most load models. 


E) Transient Stability 

Calculation Timeout (TS) 6000 
Load Type Conversion Limit 0.8 
Synchronous Generator Over Speed Auto-Trip Limit (TS) 120 
Synchronous Generator Under Speed Auto-Trip Limit (TS) 10 
Synchronous Motor Over Speed Auto-Trip Limit (TS) 120 
Synchronous Motor Under Speed Auto-Trip Limit (TS) 70 

1 


4) Define the inputs and outputs. For this example, “Vt”, “Freq”, “P” and “Q” should be 
defined. The input “Vt” and “Freq” inputs are in per-unit. Transient stability uses 1.0 
MW as base for the real power and 1.0 MVAR as base for the reactive power. 

5) The mathematical relationship for the load should be entered. 

6) The output should be converted to the desired base. 

7) Once the model has been developed, it can be saved and linked to other lumped loads or 
added to the generic model library. 


Step 1 
Please refer to section 25.1.1. Create anew UDM project. 


Step 2 
Name the model and define the system parameters model type. Name the model “exponential”. 
Define the model as a “Generic Load” model. 
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Step 3 

The inputs and outputs can be defined. Select click on the Inputs section of the element toolbar 
as shown below and enter the inputs “Vt” and “Freq.” Now click on the output section and 
select the outputs to be “P” and “Q.” 
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Step4 

Now we can create the generic load mathematical representation. To do that we can add and 
connect the blocks as shown below. Please note that the equations used to represent the load are 
shown below: 
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PO 
This is the initial operating real power in MW / kW. 


This is the initial operating reactive power in Mvar / kvar. 


a,b 

These exponents define the characteristic of the load as follows: 
0 = Constant Power 
1 = Constant Current 


2 = Constant Impedance 


Kpf, 
This is the real power equation constant. This constant typically ranges between 0 and 3.0 


Kof 
This is the reactive power equation constant. This constant typically ranges between —2.0 to 0 
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For this example, the value of the a & b exponents is 2 for both. This means that the load will 
behave as a constant impedance load. The system frequency changes play a factor along with the 
gains “Kpf” and “Kqf”. A function block can be used instead of the multiplier blocks (to obtain 
the square of the voltage). 


Step5 
Compile and link the system to a lumped load. This can be done in the end system for which the 
model was created or it can be done in a test system like the one described in step 6. 


Step6 

Before using the load model in the actual system, it can be tested using a simplified test system. 
The test system should have very little voltage drop so that the internal voltage input value is 
close to 1.0 p.u. This helps with the initial debugging of the UDM model equations. 
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GL 
99999 MVAsc 


Busl % 
13.8 kV 309 


% 
13.8 kv 99-9 
Bus2 
3% 
4.16 kV 99? 60 ». 
v2 60 
H 
jl " 
Loadl 
10 MVA 
Lump1 
5 MVA 


As expected the real and reactive power of the lumped load is very close to 2 MW and 1 MVAR 
since the voltage and frequency are very close to 1.0 p.u. 


Step 7 
To convert the generic lumped load into a source of power, all we have to do is to add a negative 
multiplier to the “P” and “Q” outputs. 


) | oy Load Real Power 


MultDiv4 Gain 


. : Load Reactive Power 
MultDiv5 Gain1 
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The image below shows the TS load flow results after compiling and running the simulation. As 
can be seen, the power is now flowing into the system and the generic load is behaving as a 
voltage dependent “P” & “Q” source. 


Ul 
99999 MVASc 


Busl He 
13.8 kV 300 


Bus3 


% 
13.8 kv 99-9 
Bus2 2 
01% 
4.16 kv 4jl 109 60 a, 
42 60 He 
7 
Loadl 
10 MVA 
Lump1 
5 MVA 
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25.5.5 UDM Model Parameter Report 


After compilation a UDM model, a report file with Microsoft Word format (.doc) for UDM 
model parameters is generated in the same folder as project files. The name of the report file is 
combined with generator ID and UDM name, as shown as follows: 


—SESasssasssssas=a=s== JDM Parameter Report ====ssssessssssss== 
UDM Type: F:\MapleRe1l\UDM\Exc\ieeel.MDL 
UDM File: D:\ETAPS5\Example\UDM Genl ieeel.bin 
Report Data: Wednesday, June 07, 2006 


Block 1 Name: "Vt" 

Block Type: Inport 

Input: Terminal Voltage Vt 
Block 2 Name: "Fen" 


Block Type: Fen 
Function: 0.36296*exp (0.22943*u) 


Block 3 Name: "Saturation" 


Block Type: Saturate 
Parameters: 

Upper Limit: 17.5 
Lower Limit: -15.5 


Block 4 Name: "Sum" 
Block Type: Sum 

Port 1 Sign: Plus 
Port 2 Sign: Minus 
Port 3 Sign: Minus 


Block 5S Name: "Sumi" 
Block Type: Sum 
Port 1 Sign: Minus 
Port 2 Sign: Plus 


Block 6 Name: "Transfer Fcn" 
Block Type: TransferFcn 


Parameters: 
Numerator: Oo, O, O, 1 
Denominator: 0, O, 0.005, 1 
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25.6 EXC/ GOV MW/Var Sharing Modes 


The exciter and governor models can be configured to share real and reactive power between 
several generator units. 


25.6.1 Load Sharing 
Load Sharing Group 1 Load Sharing Group 2 
Genl Genz Gens Gen4 Gens Gens 
OY @D & OY @ & 
| 
Load Share (Psh) 


Use this pull-down list to map the variable name of load sharing to the ETAP key word (Psh). 
This is the governor load sharing power reference in per-unit of generator MW. 


Group Number 

The group number allows you to take several generators and group them together for load 
sharing. In the image above, you would select Gen1,2,3 as Group Number 1 and Gen 4,5,6 as 
Group Number 2, otherwise this pull-down list will be grayed out. The default group number 
“0” means no load sharing available. 
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25.6.2 Exciter Var Sharing Mode 


For the exciter cross current compensation model, the number (ID) of the group in which the 
generator participates in var sharing needs to be specified in UDM Exciter Editor, as shown in 
the example below. The default group number “0” means no var sharing available and the 
selection box is grayed out. 


var Sharing Group 1 var Sharing Group 2 
Genl Genz Gen? Gen4 Gens Gens 
mM © & Mm © & 

a 


var Share Group Number 

The group number allows you to take several generators and group them together for var sharing. 
In the image above, you would select Gen1,2,3 as var Share Group Number 1 and Gen 4,5,6 as 
var Share Group Number 2; otherwise this pull-down list will be grayed out. The default group 
number “0” means no var sharing available. 
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25.7 Testing UDM Models 


The UDM Program also allows you to perform a stand-alone test for your UDM equation files. 
Depending on the model type that you have selected, click the Run Test Simulation button to 
launch the test simulation for the UDM models. The test settings are located under the system 
parameters section of the UDM editor and are provided to allow you to specify the appropriate 
system input variable values and the test types like Load Shedding, Load Acceptance, and Fault 
Bus for a simple power system. The test power system consists of a single generator connected 
to a single load via a transmission line as shown below. The parameters of the power system are 
built into the program. 


Governor 


Generator 


Vt 


Exciter 


25.7.1 Governor Model Test 


The Governor Model test parameters are located in the model parameters section. The system 
test input/output values, simulation time, system output and test types are described below. 


Test Type Events 


Load Shed 
Select this option to simulate a power system load shed of 50%. 


Load Acceptance 
Select this option to simulate a power system load addition of 50%. 


Fault Bus 
Select this option to simulate short-circuit fault on the generator terminal bus. 


None 

Select this option to simulate the transfer function or model running under steady-state 
conditions after it has initialized. Note that some small transients may be visible at the beginning 
of the simulation. This small transient is a result of the internal initialization precision. The 
important result of this test is that the system stays under steady-state conditions after this small 
initial transient has decayed to its final running value. 


Simulation Time Step 
Enter the simulation time step in seconds for the governor test routine. It is recommended to 
enter a value smaller than the smallest time constant in the governor system. 
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Total Simulation Time 


Enter the total simulation time in seconds for the governor test routine. It is recommended to 
enter a simulation time which is greater than the event time and which allows you to observe the 
necessary transient behavior. Using large simulation times may lead to potential data point issues 
with the scope outputs. Please see the scope section of this chapter for more details. The default 
is 40 seconds. 


Simulation Event Time 


Enter the time at which the test routine simulation event will take place. The default is 2.0 
seconds. 


Plot Step 
Enter the plot step for the simulation in multiples of the time step. Default is 20. 


Test Inputs 


The test routine has been enhanced in ETAP 16.0.0 to accept user-specified values for the inputs 
which are supposed to come from the generator. In the case of the governor system the user can 
type in the desired values for the speed and the electrical power output. 


e Speed (W) — User definable value which can be used for test routine simulation 
e Elec Power (Pe) — User definable value which can be used for the test routine simulation 


Test 


When the test input values and simulation times are specified and a test type is selected in the 
Governor Model Test Editor, you can implement the governor model testing by clicking the 
“Run Simulation Test” button. 
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25.7.2 Exciter Model Test 


The Exciter Model test parameters are located in the model parameters section. The system test 
input/output values, simulation time, system output and test types are described below. 


Test Type 


Load Shed 
Select this option to simulate a power system load shed of 50%. 


Load Acceptance 
Select this option to simulate a power system load adding of 50%. 


Fault Bus 
Select this option to simulate a short-circuit fault on the generator terminal bus. 


None 

Select this option to simulate the transfer function or model running under steady-state 
conditions after it has initialized. Note that some small transients may be visible at the beginning 
of the simulation. This small transient is a result of the internal initialization precision. The 
important result of this test is that the system stays under steady-state conditions after this small 
initial transient has decayed to its final running value. 


Simulation Time Step 


Enter the simulation time step in seconds for the exciter test routine. It is recommended to enter a 
value smaller than the smallest time constant in the exciter system. 


Total Simulation Time 


Enter the total simulation time in seconds for the exciter test routine. It is recommended to enter 
a simulation time which is greater than the event time and which allows you to observe the 
necessary transient behavior. Using large simulation times may lead to potential data point issues 
with the scope outputs. Please see the Scope Section of this chapter for more details. The default 
is 40 seconds. 


Simulation Event Time 


Enter the time at which the test routine simulation event will take place. The default is 2.0 
seconds. 


Plot Step 


Enter the plot step for the simulation in multiples of the time step. Default is 20. 
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Test Inputs 

The test routine has been enhanced in ETAP 16.0.0 to accept user-specified values for the inputs 
which are supposed to come from the generator. In the case of the exciter system the user can 
type in the desired values for the following: 


e Terminal Voltage (Vt) 

e PSS Signal (Vs) 

e Terminal Frequency (Fre) 

e Field Current (Ifd) (ignored since the test routine can calculate this value but user can still 
type in a value) 


Test 


Once the test input values and simulation times are specified and a test type is selected in the 
Exciter Model Test Editor, you can implement the exciter model testing by clicking the “Run 
Test Simulation button”. 
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25.7.3 PSS Model Test 


The PSS Model test parameters are located under the model parameters section of the UDM 
editor. The test input/output values, simulation time, and test types are described below: 


Simulation Time Step 
Enter the simulation time step in seconds for the PSS test routine. It is recommended to enter a 
value smaller than the smallest time constant in the PSS system. 


Enter the total simulation time in seconds for the PSS test routine. It is recommended to enter a 
simulation time which is greater than the event time and which allows you to observe the 
necessary transient behavior. Using large simulation times may lead to potential data point issues 
with the scope outputs. Please see the Scope Section of this chapter for more details. The default 
is 40 seconds. 


Simulation Event Time 


Enter the time at which the test routine simulation event will take place. The default is 2.0 
seconds. 


Plot Step 


Enter the plot step for the simulation in multiples of the time step. Default is 20. 


Test Inputs 

The test routine has been enhanced in ETAP 16.0.0 to accept user-specified values for the inputs 
which are supposed to come from the generator. In the case of the PSS the user can type in the 
desired values for the following: 


Shaft Speed (W) 

Terminal Voltage (Vt) 

Real Power Output of the generator (Pe) 
Rotor Angle (Ang) 

Mechanical Power (Pm) 

Voltage Frequency (Fre) 


Test 


Once the test input values and simulation times are specified in the PSS Model Test Editor, you 
can implement the PSS model testing by clicking the Run Test Simulation button. The PSS 
model test is conducted by placing a pulse disturbance only on input signals. 
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25.7.4 Gen Load and WTG Model Test 


The Gen Load (lumped load models) and WTG UDM models did not have a test routine in 
versions prior to ETAP 16.0.0. The test routine for these models allows you to run and test the 
UDM model prior to its implementation in the transient stability simulations. 


Test Type 
None 


The test simulates a time advance from t = 0 to the end of the total simulation time. Unlike the 
PSS, Exc and Gov, the test routine for the Gen Load and WTGs does not have an event time. 
Events can be introduced by the use of the clock input block if necessary. 


Simulation Time Step 
Enter the simulation time step in seconds for the PSS test routine. It is recommended to enter a 
value smaller than the smallest time constant in the PSS system. 


Enter the total simulation time in seconds for the PSS test routine. It is recommended to enter a 
simulation time which is greater than the event time and which allows you to observe the 
necessary transient behavior. Using large simulation times may lead to potential data point issues 
with the scope outputs. Please see the scope section of this chapter for more details. 


Plot Step 


Enter the plot step for the simulation in multiples of the time step. Default is 20. 


Test Inputs 

The test routine has been enhanced in ETAP 16.0.0 to accept user-specified values for the inputs 
which are supposed to come from the element or the network (system). In the case of the Gen 
Load/WTG the user can type in the desired values for the following: 


e Complex Terminal Voltage (CVt) Magnitude (for both Gen Load and WTG) 
e Complex Terminal Voltage (CVt) Angle (for both Gen Load and WTG) 

e Terminal Voltage Frequency (for both Gen Load and WTG) 

e Terminal Bus Voltage (Vt) Magnitude (WTG Only) 

e Control Bus Voltage (Vc) Magnitude (WTG Only) 

e Wind Speed (WS) (WTG only) 
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25.8 Advanced Topics 
25.8.1 Report of middle state variables of UDM model 


If you want to see the outputs of some middle state variables of UDM model, you can use the 
“Data Plotter” block to connect to the point you are interested in the UDM model as shown 
below, in an example of UDM block diagram. 


Fen 


; 
250 (1) 
Cee 7 r a 
Vt _ 0.01s+1 taal Transfer Fcn2 
Transfer Fcn Transfer Fcn1 = 


Transfer Fcn4 


a 


Scope_x 


After the simulation is completed, a report file with Microsoft Excel format (.csv) for the 
specified middle state variable outputs will be generated in the same folder as the project file. 
The name of report file is a combination of the generator ID and UDM name, as shown as 
follows: 
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Sj udm_geni_ieeei_TS.csv lel Ey 
ry 


pSeopey 2p | | ff 
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25.8.2 Switching governor between Droop and Isochronous Modes 

If a governor has Droop and Isochronous Operation Mode options, the UDM can allow you to 
simulate the switch behavior between Droop and Isochronous Modes. In order to do that, first, 
you need to use an ETAP reserved key word “Drp” block to flag the initial operation mode in 
the UDM model. The following diagram shown below is an example to set up the switch options 
between the Droop and Isochronous Modes. The Drp constant block is handled only for 
EXC/GOV/PSS models. 


Transfer Fcn 


Droop Loop 


Then, you need to create in the ETAP Transient Stability Study Case Editor an action event to 
switch the Operation Mode for the generator. The event setting is shown as follows: 
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Transient Stability Study Case (—-omm| 


For Event SwitchMode Active 


Device Ty... Device ID Action Setti... Seti... 


*SwitchMode 1.000 Generator Gen1 


Solution Parameters — 
Total Simulation Time 5 Second 
Simulation Time Step 0.001 Plot Time Step 1 xa 
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25.8.3 By-pass some blocks during initialization process 


If you use Iterative method for UDM initialization, for some models a special setting for some 
control blocks such as MinMax or Saturation blocks may cause the UDM initialization to fail. 
These blocks may need to be by-passed during the initialization process in order to successfully 
initialize the EXC/GOV/PSS models. An ETAP UDM reserved key word “iniCnst” constant 
block can be used to control the path for initialization loop or simulation loop. The following 
diagram is an example to show how to set up the control structure. The initial value of “iniCnst” 
block is set to 1; the initialization loop is on during initialization process. Once the initialization 
is successfully completed, the value of “iniCnst” block will be automatically changed to 0 and 
the normal simulation loop will be switched to on. 


Please note that the “iniCnst” constant block is used only for the EXC/GOV/PSS models. The 


simulation time block can be used to by-pass blocks for the Generic Load and WTG udm 
models. 


Transfer Fcn 


Simulation Loop 


Note that it is recommended to use the iterative method for translating UDM models. The 
iterative method should work for exciters and governors. The use of the direct initialization 
method will be discontinued in future releases of ETAP, and also may not work well for 90% or 
higher of all UDM models. 


Starting with ETAP 16.0.0, the speed of the initialization process has been significantly 
improved and thus the use of the direct method is encouraged even less. 
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25.8.4 General Load and WTG Modeling in Transient Stability 


The general load and WTG UDM models have two types of outputs to interface with transient 
stability. One set of outputs are Pe and Qe. The other output type is Itc (complex terminal 
current). This section describes some of the analysis and modeling considerations for both types 
of outputs. 


Pe, Qe Output Considerations in Transient Stability 

The General Load and WTG udm models are handled as constant power loads in the transient 
stability calculation when their outputs are Pe, Qe or both. This assumption requires certain 
modeling techniques for simulations where the terminal bus voltage connected to these loads 
goes to values near zero. The modeling techniques are listed below: 


1) 


2) 


3) 


Under low bus voltage conditions and constant power modeling, the resulting load 
current becomes very high and will eventually cause the solution to diverge. 

The VLC limit setting in the dynamic page of the transient stability study will cause the 
constant power load or source models to automatically switch to constant impedance 
ones. 

The transient stability program automatically sets the current equal to zero if the terminal 
voltage becomes very low (i.e. approximately less than 0.1% or less of bus nominal kV). 


Because of the previous modeling issues, the following design considerations and effects on the 
results are obtained: 


1) 


2) 


3) 


4) 


The VLC limit must be set to a small value in order to prevent the general 
load/source/wtg model from being switched to a constant impedance model. 

The real and reactive power outputs must be multiplied by the voltage or the square of the 
voltage in order to reduce to zero under the condition where the input terminal bus 
voltage goes to zero. 

The behavior of the model under fault current conditions will not be accurate since there 
is no internal machine model or internal voltage present in order to contribute current into 
the system. This presents no problem for most load models like converters (rectifiers) or 
dynamic loads, but is a problem if the UDM model intends to represent a load which can 
contribute current to a fault on its input terminal (such as is the case with induction motor 
models being represented with UDM). 

Wind turbine models with terminal bus faults will also contribute to the fault, but this 
behavior may not be accurately modeled using the UDM technique. The existing WT'G 
built-in models can be used for fault analysis. 


The following image shows a test system used to illustrate the condition described above: 


ETAP 
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GRID1 
5378.018 MVAsc 
Qy 
Bus4 
69 kv 
T1 ody Bus7 | atc A fault is placed on Bus7 
10 MVA 69 kV — 
Bus3 
4.16 kv 
Cablel 3 Cable3 3 
Busl Bus5S 
4.16 kv 4.16 kv QO 
WY 
cB1C] CB3[] Local Load 
1 MVA 
WTG1 WIG2 
2 MW 2 MW 


The bus terminal voltage plots for Bus1 and Bus5 are shown below: 


Bus1 and Bus Bus Voltage 


Bus Voltage at the WTG Terminals 
90: 


The real and reactive power output plots show that there is a dependency on the input voltage: 


%of Bus Nowinal 8 
3 
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—— WIG! — wWia? 


Real Power Output of the WTG units 


16 —-+ +#—+ t +—+— ++ —} $114 +} — ++ —_+-—$+ t +—1+-—+—_+ t +—1+—+—+ t +—+ Ss — t —1—_?+—_+ t _— + + 4, 


Time (Sec.) 


— Wiel 
— wire? 


Reactive Power Output of the WTG units 


14 


The real power output shows that as the voltage goes down, so does the real power output. This 
behavior is accomplished by multiplying the real power output in the UDM model by the voltage 
as shown below: 


ETAP 25-178 ETAP 19.0 User Guide 


User-Defined Dynamic Models Advanced Topics 


2 
| LVPL&rrpwr 
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a ace 
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+ 
0.005s + 1 
sl 


Pmin= 0 
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If the input voltage is set completely to zero during simulation and the model does not handle 
this condition internally, then the load/source current may be set to zero at this point and the 
model may not be part of the system. 


The addition of different modeling techniques in the future will help in the modeling of this 
condition. In the meantime, special attention should be paid to the simulation conditions 
described in this section. 


Itc Output Considerations in Transient Stability 
The use of Itc was added to ETAP UDM in version 16.0.0. This enhancement allows some of the 
restrictions described in the previous section. The use of Itc makes the UDM model interact with 
transient stability using a current injection method. 


1. When Itc is used, the VLC limit no longer applies. 


2. When Itc is used, low voltage transient simulations (including those which faults at the 
terminal connection bus of the gen load or wtg) no longer require the reduction of the 
current to zero. The injection of current towards the fault will take place based on the 
model design. 


Switching Actions with Gen Load and WIT'G UDM Models 

There other additional considerations related to the use of Itc for Gen Loads and WTG UDM 
models. These considerations are related to what happens when these UDM model types become 
de-energized or are de-energized and become energized during the transient stability simulations. 


The considerations are listed below: 


e Gen Loads with UDM can be energized and de-energized with switching actions of PDs 
directly connected to the terminal connector. 


e Gen Loads with UDM can be energized and de-energized with switching actions of PDs 
not directly connected to the terminal connector. 


e WITGs with UDM can be? de-energized with switching actions of PDs directly connected 


to the terminal connector. However, WTGs cannot be re-energized once their terminal 
connector PD has been opened. The TS simulation would report this as an invalid action. 
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e WTGs with UDM can be energized and de-energized with switching actions of PDs 
which are not directly connected to the terminal connector. 


e When modeling switching actions involving WTGs with UDMs, it is recommended to 
user the Itc (complex current output) instead of Pe and Qe outputs. Using Pe and Qe may 
result in non-stable numerical issues in the transient stability simulations. 


e When de-energizing or re-energizing Gen Load and WTG models the UDM model will 
be turned off during the period of time which it remains de-energized. This means that if 
the program determines that the Gen Load or WTG UDM model element is not 
connected to an energizing source (such as utility or generator, etc.) the program will 
automatically turn off any current or power injection for both types of models. 


e To model situations where the WTG or Gen Load UDM model elements are still 
participating with network elements in the absence of any other energizing source, a 
special INI entry needs to be added to ETAP. The INI entry is provided below: 


UDMGenLoadItcCurrentInjectionWhenDeenergized=0 


When the value of the entry is set to 0, the Gen Load and WTG UDM element will be 
completely disconnected from any part of the network still connected to it under 
situations where there is an absence of any other energizing source. 


When the value of the entry is set to 1, the Gen Load and WIG UDM element will be 
kept in the simulation and will be allowed to participate in the islanded network under 
situations where there is an absence of any other energizing source. This is the default 
value of this option. 


Note that when using this entry with a value equal to 1, there must be a shunt-connected 
path for the current injection flow from the Gen Load or WTG UDM model element. If 


this path is not present, there may be voltage rise transient conditions. 


An example of a terminal connector-switching device or PD (protective device) is given below: 


13.8 kv 
404) y4040 
j2 j2504 
CBl cB2 4)” cB4 
— Z1 
Bus3 % 
Terminal 13.8 kv g6-2 
Connector PD —__ 
ja >) 44041 
NV, 52560 Be 
Lump1 : 


1.414 MVA pa 


Lump2 
1.414 MVA 
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Examples of de-energized islanded networks with/without a shunt path for current injection flow 
is given below: 


First: De-energized islanded network without a shunt connection. 


Open 


De-energized sub- 
system containing a 
branch and bus which is 
8 NV still connected to the 
13. WTG or Gen Load with 
UDM 


Second: De-energized islanded network with a shunt connection. 


Open 
a XV ) 

Qoadt 

1 MVA 

0 He 

3.8 # 

Shunt 
Connection 
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25.8.5 Input/Output Block Application Notes 


The generic input and output blocks which are part of every model require some special 
considerations for their application as communication channels across models. This section 
provides some insights into some of these considerations. 


1. Output signals can be internal or external: Output ports make their output variable 
parameters available for input blocks within and outside the UDM model. This means 
that matching input and output ports can transfer data within the model when the 
simulations are executed (Simulation Mode DPET Mode) and can transfer data across 
models when transient stability is ramning. The input and output ports must have the same 
variable ID and the same communication link ID or GUID. 


2. Requirement for Output Port Variable ID Uniqueness (UDM Standalone): variable 
names should be unique for each input/output port pair. If the same variable ID is used in 
two different output ports with the same communication link ID or GUID, then an 
overwrite of the value will occur. The last evaluated port value will be send to the 
variable and any previous values. In the image below both “Out” and “Out1” output ports 
have the same GUID and write to the same variable called “abc1”. 


4 Properties a 
1 a { Frame , 
‘i pcEfd) A 
1.25s+1 Efd G21 | 
4 Parameters 
nsfer Fen2 as — 
Variable Name [abet] 
z z 
on Fill Style {Color [White], Type=Solid} 
“s “3 Shadow Style {False, Color [A=128, R=105, G=105, E 
Out - 4 Line Style {Width=1 Color [Black]} 
Line Width 1 
Line Color || Black 
COut> Flip Horizontal False 
Out1 Flip Vertical False 
4 Font 
Underline False 
Family Microsoft Sans Serif 
Size 8 
Bold False 
Italic False 
x Properties n 
1 “ { Frame oa 
1.25s+1 if Efd G2 | 
4 Parameters 
Transfer Fen2 ae cata 


{Color [White], Type=Solid} 
{False, Color [A=128, R=105, G=105, B= 
Out {Width=1 Color [Black]} 
Line Width 1 
a = Line Color | | Black 
# Outs Flip Horizontal False 
Outl Flip Vertical False 


4 Font 
Underline False 
Family Microsoft Sans Serif 
Size 8 
Bold False 
Italic False 
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3. Requirement for Output Port Variable ID Uniqueness (Transient Stability): when 
running UDM with TS make sure that only one output port writes to the same variable 
name. If more than one output port with the same GUID writes to the same variable, then 
an overwrite will occur and the value passed to the variable will be that of the last 
evaluated output port. In the image below, an exciter UDM model with an output port 
called “Out” and a governor UDM model with an output port called “Out” are both 
writing to the same output port variable called “abc1”. Both ports have the same GUID. 
This results in overwrite of the variable value. Note that in different models, the output 
ports can have the same name and thus the GUID helps to make these output signals be 


unique and prevent overwrite of data signals with the same variable ID. 
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4. Input ports Signal can be Internal or External: Using the same variable name in 
multiple input ports will effectively transfer the variable value to all of the input ports. 
This is an easy way to implement a distribution point to multiple connections or 
locations. An example is to write a set point value to a variable through an output port 
and then read that variable in 10 different machines (e.g. 10 wind turbines). In the image 
below the value of the output variable “abc1” is being broadcast to “In”, “In1” and “In2” 
since all three input ports use the same variable name “abc1”. Note that the output and 
inputs should be external and they should all have the same GUID. 
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5. Input ports without matching output port variable: If an input port uses a variable 
which has not been used in any output port, then the output value of the input port is set 
to zero (0). 
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6. 


8. 


9. 


ETAP 


Unconnected output ports: If an output port is left unconnected then its variable value is 
set to zero (0). 


Value of the input port variables during initialization for TS when the output port 
variable does not reside within the model: When the matching output port and variable 
do not exist within the same model, the input port uses its initial value (as defined in the 
“Initial Value” field) for initialization. Once all the UDM models have initialized and the 
TS simulation begins, then value passed to the input port is the value of the output port 
variable at t = 0+. In the image below, the input port named “VarShareSignal” does not 
have the output port with variable name “VarGen1” within the same model. The initial 
value highlighted in the diagram is used in different ways as described in 7, 8 and 9. 
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Transfer Fen4 
Name 
Specify the varible name from where this input port should read data 
from. Use output ports to write the data. 


Value of the input port variables during initialization for UDM Standalone when 
the output port variable does not reside within the model: When the matching output 
port and variable do not exist within the same model, the input port uses its initial value 
(as defined in the “Initial Value” field) for initialization. The same value is used during 
the test simulation running time (T=0+) since the UDM model with the source output 
port variable is not involved (not active). In other words, the value of the input port fed 
from an external output port is always equal to the initial value when running the model 
in the UDM standalone simulation routine. 


Value of input port variables during initialization and simulation for TS and UDM 
Standalone when both input and output port variables reside within the model: The 
initial value of the input port variable is used for the very first step of the initialization 
process. During the rest of the initialization process and during the actual execution of a 
TS or UDM simulation the value is calculated based on the output port input value passed 
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to the variable. In other words, the value of the input port is always determined from its 
matching output port variable value except for a single initial point during the 
initialization. 


It is recommended to create models, which can initialize without rigorous need of the input port 
variable values. If the model requires this input port variable value, then it is recommended to 
enter values as close as possible to the actual values, which will be passed from the output port 
during transient stability simulations. The values of these ports can be ignored during 
initialization by means of the iniCnst tool as previously described in the advanced topics section 
of this chapter. 
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25.8.6 Handling of Invalid Mathematical Function Input Values 


The UDM program mathematical evaluations have been enhanced in ETAP 16.0.0 to detect 
conditions where mathematical functions produce undefined output values (such as NAN, etc.). 
This is of particular importance when using the SISO, MISO and Script Block blocks which have 
the capability to handle different numerical functions. 


This section provides information on how to debug and correct any invalid input error messages 
which can be generated during simulation time in both transient stability and UDM standalone 
interface. 


An example of an invalid input to a mathematical function is given below. The image shows that 
an invalid input is given to a square root function. ETAP UDM only handles scalar inputs and if 
the input to the square root function is negative, then the output would be undefined. 
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The math function input can be negative during the simulation. When an undefined output value 
is returned by any of the blocks, ETAP UDM will bring up the following warning message: 


UDM 


A math function block received or produced invalid data (infinity or NaN). The offending block is 
"Block: 5' (see UDM model's data document (.doc) file in project folder). If you continue, the simulation 
may become unstable. 


Ignore this instance | Ignore all instances | | Stop simulation 


The message gives you three options: 


e Ignore this instance 
e Ignore all instances 
e Stop simulation 


Ignore this instance 

If you select this option, then for the given time step, the UDM program will ignore the invalid 
output and proceed to the next time step. Note that if the condition persists in the next time step, 
the same message will appear again until the invalid input is no longer detected. If the condition 
could persist for hundreds or thousands of time steps, then this message would remain in effect 
indefinitely. 


Ignore all instances 

This option tells the UDM simulation to ignore all instances of the invalid inputs to the math 
functions. This is how ETAP 14.1.0 and previous versions used to handle the invalid input 
condition. Now this could lead to invalid results or numerical instability and failed simulations. 
The simulation will proceed unless there are other offending math functions with invalid inputs. 
Note that if we choose to ignore all instances in the example above, the output of the math 
function will be undetermined for the duration of the invalid input to the math block. 
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Data Plotter > Function Output 


Stop simulation 

This is the recommended option. Stopping the simulation and correcting the invalid input to the 
math function is the preferred approach. To correct the invalid input condition we must limit the 
invalid inputs to the function. When using the stop simulation option a second warning message 
appears: 


UDM 


¥ Stopping simulation. A function block produced an invalid output 
(infinity or NaN). The simulation will not continue. 


At this point, if you press the OK button, the entire simulation will begin the termination process. 
If you are terminating a standalone UDM simulation this will be the ending point. If you are 
terminating a transient stability simulation then there will be two additional error messages. 
Example of those error messages are given next: 


6 ~ 


ExcModel xs 


iterative initialization method failed. 
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Calculation Error 


TS calculation failed due to numerical overflow/underflow problems at t = 0.000 


sec. 


There are a couple of options to correct the invalid input depending on the physical meaning of 
the mathematical function. The first method is to limit the input to the square root function to 0+ 
values. The other option is to take the absolute value of the input before executing the square 
root function. Both solutions are shown below along with their expected effect on how the 
mathematical function is solved. It is up to the user to determine the preferred method to prevent 


the invalid mathematical function input. 


Method 1: Saturation to limit value to 0+. 
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Method 1: Sqrt function output. 
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Method 2: Abs(u) priot to Sqrt(u). 
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I ranster Fcn4 
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Method 2: Sqrtr function output. 
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Detection of the Invalid Input Blocks (Identifying Offending Blocks) 

In the previous example, the offender block is easily detectable since there are only a couple of 
mathematical functions being used. In far more complex systems, the process of detecting the 
offending blocks may be more difficult. To help the user detect the invalid input blocks, ETAP 
UDM also provides the internal evaluation name or ID of the offending block. Notice that in the 
message below, ETAP UDM provides the internal name of the offending block along with a clue 
as to how to trace the block back the graphical block name representation. 


UDM 


A math function block received or produced invalid data (infinity or NaN). The offending block is 
"Block: 5' (see UDM model's data document (.doc) file in project folder). If you continue, the simulation 


may become unstable. 


Ignore this instance | Ignore all instances | | Stop simulation 
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Inside the *.doc files (a block input information file generated for all compiled UDM models) 
there is a mapping table which can be used to map the internal block name, (in this case “block 
5”), with its external graphical name or ID. 


The image below shows the sample of the information: 


SESS SSS SS SSE Sessa SSS SS SSaas UDM Parameter Report 


UDM Type: D:\Temp\1600Test\Example-ANSI\Genl_EXC_IEEE1.udm 


UDM File: D:\Temp\1600Test\Example-ANSI\Genl_ EXC_IEEE1.bin 


Report Data: Wednesday, October 26, 2016 


Block 1 Name: Vt 
Block Type: Inport 
Input: Terminal Voltage Vt 


Block 2 Name: Vref 
Block Type: Constant 
Voltage Reference: Vref 


Block 3 Name: Saturationl 
Block Type: Saturate 


Parameters: 
Upper Limit: 999 
Lower Limit: 0 


Block 4 Name: Function 


Block Type: Fcn 
Function: sqrt (u) 


In this file we can find the mapping information for block 5: 


Block 5 Name: Function 
Block Type: Fcn 
Function: sqrt (u) 


The internal block name is mapped to its graphical name “Function”. 
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Additional Considerations for Offending Block Identification 

The invalid input condition may cause the invalid NAN output to propagate to other blocks. In 
this situation it may difficult to identify the source of the problem. It is recommended to start by 
reviewing and enforcing valid inputs for all mathematical functions in the transfer function. 
Other recommendations/observations apply: 


e Offending block conditions may occur during initialization. During initialization there are 
extremely large value swings which may not occur during simulation time (i.e. t = 0+). 
Under this condition, it may be valid to use the “ignore all instance” option since the 
transfer function will ignore the temporary invalid states which may occur during 
initialization, but which are not expected to occur during the simulation. 


e Several blocks (not only mathematical blocks) may end up having invalid input 
conditions. It is recommended to check all math-related blocks (including script blocks) 
to verify their input range. 


e All 5 types of UDM models may experience the invalid mathematical input condition. 


e Invalid input error messages depend on the type of simulation and transient condition 
being executed. Not all transient simulations may cause the input of the functions to be 
invalid. 


e The SISO and MISO math function block section provides more examples of invalid 
input conditions. Please see that section for other examples. To other cases like 1/u where 
u = 0, you must apply similar restrictions to the range of u before it gets applied to the 
relation 1/u (1.e. range of u should be u # 0. 


e When comparing invalid input conditions against other programs like Matlab Simulink, 
please consider that the data type of ETAP UDM blocks is scalar for the majority of the 
blocks. Other programs may consider data types (e.g. complex, etc.). In the future, the 
range and data types of the ETAP UDM blocks will be expanded to handle other data 
types to limit the number of invalid input data conditions. 
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25.8.7 Running DPET on Exciter/AVR models 


This section presents general considerations and presents an example of how to perform DPET 
on an exciter/AVR control element. In this case, the example used is a form of an IEEE exciter 
ST4B AVR/EXC model. The UDM model is displayed below: 
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The UDM model above is a representation of the IEEE ST4B exciter model from the ETAP help 
file as displayed below. The parameters Kc, Kim have been set as zero in this case. 
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IEEE ST4B from ETAP help file 


The following variables have been identified as potential parameters which can be varied for this 
model. 
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Block Name Value 
cnt | te 
Gain1 Kp 5.18 
Gain5 Kp 5.18 | 
Gain Kor 3.86 
Gain4 x 0.001 
paral Paral 0.433 
para3 Para3 0.75 
Max VRmax 15 
KPM1 KIM 0 
Transfer Fen | kir 20 
KPM KPM 1 
VBLIMITS VBMAX 6.48 
Gain3 Kl 0.001 
VMmax, VMmin | VMMAX 1 
VMmax, VMmin VMIN 0.87 
MovingAverage... | NoOfSmoothing... 150 
Constant VarRef1 0.002 
Gain7 KG 0 
Transfer Fen1 TA 0.01 
Min VRmin 0.87 
VBLIMITS VBMIN 0 
ETAP 25-196 
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Based on the guidelines presented in section 25.2.3 (using the “Fixed” option in the parameters 
section of the DPET study case), the following parameters were selected as candidates for the 
DPET simulation (i.e. were not fixed): 


Parameter | Initial | Min Max 
Ke 0.08 0.02 10 

Kp 5.18 04 30 

Xl -0.001 | -1 -0.001 
Kir 20 0.1 40 
KPM 1 0.01 10 
Kpr 20 0.386 | 38.6 
Ta 0.01 0.004 | 0.1 


The disturbance being simulated is the addition of a 4 MW load to the generator. The recorded 
field measurements are displayed below. The first plot shows the recorded terminal voltage of 
the generator during a 420 second span. 


Measured Data 


Portion used in the DPET 
Simulaton 


Time (s) 


The next plot shows the recorded exciter field voltage for the same time span (420 seconds): 
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» 
Measured Data Sox") 


Efd 
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The entire 420 seconds were not used for the DPET simulation. Only the time period between 
120 and 125.5 seconds was used for the DPET simulation as indicated by the dotted area in the 
images above. The plots below show only the portion of the data used for each of the required 
IEEE ST4B inputs: 
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Next is the Exciter Field Voltage (Efd) showing one of the first calculated EFDs (red) along with 


the input (blue) in p.u: 
Exc Field Voltage 
— Calculated 


Efd (pu) 


1.78 


125.0 


123.0 124.0 


121.0 
Time(sec) 


120.0 


Below is the Complex Terminal Voltage (CVt) in p.u. (showing only the magnitude): 
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Terminal Voltage, Complex 
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The IEEE ST4B model also needs the Complex Terminal Current (CIt) in p.u. (showing only the 
magnitude component): 


Terminal Current, Complex 
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The Exciter Field Current (Ifd) in p.u. is also required: 
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Exciter Field Current 
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Dynamic Variable Reference 


This model also used a dynamically calculated voltage reference signal. This additional 


parameter is used to adjust the driving error point between the terminal voltage and the internal 
exciter reference voltage. This adjustment is initially zero and can be added when the driving 
signal difference causes the calculated exciter voltage to deviate upwards or downwards. The 
image below shows one possible implementation of the variable reference parameter. 


The variable reference parameter is only added after the simulation has started. The study case 


will include the “VarRef1” parameter with a range which can be typically specified as + 0.05 or 
less. This value should not be set to a large value or have a large range since it would only work 
against the simulation and may cause the final solution to take a much longer time to be reached. 
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Switch6 above is being used as the signal routing element to allow the “VarRef1” parameter to 
affect the simulation. Setting the threshold value to zero or a small value like 0.001 will add the 
variable reference parameter from the beginning of the simulation. 


Note: In this example, the value of the “VarRef1” was set to + 0.005 with an initial value of 
0.000. 


Moving Average Noise Filter 

A moving average filter can be added to remove some of the field measurement noise. The noise 
can come from higher order harmonics, from rectifier field action, from measurement device 
analog to digital conversion, etc. The noise does not need to be part of the estimation process. In 
order to filter out some of the noise, a moving average filter can be added to “smooth” out some 
of the noise from the field measurements. 


The filter can be added by placing a constant block (does not need to be connected to anything) 
with the following parameter name inside; “NoOfSmoothingPoints”. Please note that the image 
below does not show the final “s” in the parameter name. The constant block does not have any 
naming requirements, but in this example has been called “MovingAverageFilter” to be easily 
identifiable in the DPET study case. 


NoOfSmocthingPoint 
MovingAverageFilter 
This parameter should be fixed inside the DPET study case. The following images show the 


terminal voltage magnitude and Efd plots in per-unit with the NoOfSmoothingPoints parameter 
set to 1(left figure) and set to 5 (right figure). 
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Exc Field Voltage 
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As can be seen (especially in the Efd plot), the smoothing filter has removed some noise but it 
still retains the major effect of the transient peaks. 


In some cases, the smoothing number can be set much higher than 5. It can be set as high as 100 
or 120. This should only be done for signals where the time step is very small (i.e. fraction of a 
millisecond) and also where the smoothing of the signal does not cause the removal of any 
needed transients. 


In this version of ETAP, only a moving average filter has been added. However, other types of 
noise filtering techniques are available and can be used to further prepare the measured signals 
prior to adding them to the DPET study case. If the data is filtered by external tools, then the 
NoOfSmoothingPoints filter should be removed or always set to 1, so that no further average 
smoothing is performed. 


Note: In this example, the value of the “NoOfSmoothingPoints” smoothing average filter was set 
to 5. 


Running the DPET Simulation with the following settings in the Simulation Parameters page: 
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Data Loading | Simulation Parameter | 


Simulation Data 
Iterations Agents Time Step (s) Ex. Time (s) 
30 10 0.004 50000 
Avg. Max. Ind. Point 
Deviation 0.0001 0.0001 


Time Step Multiplier 1 


The time step was set to 0.004 to speed up the simulation since the value of the smallest time 
constant was expected to be 0.008 seconds. The total number of equivalent estimation steps was 
set to 300. The average deviation and simulation time step were set to small and high enough, 
respectively, to allow the simulation to converge and stop only after all iterations are completed. 


The following image shows calculated vs. measured exciter field voltage for the first iteration of 
the DPET process. 
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The following image shows calculated vs. measured exciter field voltage for the 200th iteration 
of the DPET process. 
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Exc Field Voltage 
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Please note that the estimation results can be considered acceptable since the calculated 
transients (red color) appear to be more severe than the measured results. If the estimated results 
are considered to be acceptable at any time, then the simulation can be stopped to obtain the 
current estimated parameters. In fact, the results of the 200" iteration are presented as well in the 
summary section of this example. 


The following image shows calculated vs. measured exciter field voltage for the 300th iteration 
of the DPET process. 
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Please note that the estimation process in this case can take as long as 30 to 40 minutes if not 
more, depending on the computer speed and memory available. 


Summary 

As previously discussed, the IEEE ST4B model has many more parameters which were fixed 
because of different reasons. The DPET process described in this example utilized a disturbance 
which covered only less than 5% of the range or the exciter field voltage range. Several 
additional tools or components needed to be added to the transfer function of the IEEE ST4B 
model in order for the DPET estimation to be successful. The considerations included, the time 
span needed for the tuning, the variable reference and noise removing filtering. 


The DPET process can take several iterations. The overall process described in this example was 
created over a three-hour period. Tuning an exciter model to this level of accuracy can take as 
much as 30 to 40 hours (if not more for an expert user) since the transient stability simulation 
would have to be used and the results to be exported and manually compared at each iteration. 


The following table shows the initial and the final DPET estimated parameters. All the estimated 
parameters are not too far away from actual settings which can be set for this controller. 


Parameter | Initial | Min Max After After 

200% 300% 
Iteration | Iteration 

Ke 0.08 0.02 10 1.345 Lalas, 

Kp 5.18 0.3 30 5.899 4.837 

Xl -0.001 | -1 -0.001 | -0.7427 | -0.198 

Kir 20 0.1 40 17.54 18.622 

KPM 1 0.01 10 0.4393 0.5094 

Kpr 20 0.386 | 38.6 17.617 20.174 

Ta 0.01 0.004 | 0.1 0.0178 0.008 


To refine the estimation it may be necessary to go beyond 400 iterations or more. However, 
because the DPET optimization process is stochastic, no two estimation processes may yield 
exactly the same solution. As can be seen in the images of the 200" and 300" iteration, 
sometimes the results will yield. 
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25.8.8 Running DPET for Governor or General Load Model 


This section presents an example for running DPET for an engine/governor model. The situation 
presented in this section is for a stand-alone generator running in isochronous mode with a 
starting motor load. The estimation is accomplished by means of two different approaches as 
follows: 


1) The rotational speed (w or freq) and the mechanical power or torque (Pm or Tm) are 
measured. 
2) The rotational speed (w or freq) and the electrical load (Pe) are measured. 


This example will illustrate how to take advantage of the general load model DPET capability to 
estimate the mechanical model speed response rather than the mechanical power. 


This example uses the following model as a variation of a Woodward 2301 speed controller and 
a simplified diesel engine model. The model transfer function is displayed below. The contents 
of the shaded blocks are not included in this example, but can be considered to be similar to 
standard models in it. 


The transfer function of the UDM model above can be considered to be similar to the ETAP help 
file transfer function displayed below: 


Pag 


0.055 +1 


Load Sharing 


Actuator 


min Engine Pin 


Woodward Governor 2301A and 2301 (2301) 
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The transfer function in the UDM model is displayed below. Please note that some blocks of this 
transfer function have been omitted since the contents of the transfer function cannot be 
published. Please note that in the image below, the inputs are the electrical power (Pe) and the 
speed (W) and the output is the mechanical power (Pm). 


Droop Pot 


‘Bests+1 
O0ts+1 


Case 1: DPET using the Speed and Mechanical Power as Measured Inputs 
In this case, the inputs to the DPET simulation are the measured speed and the mechanical power 
output from the engine. The input plots used are displayed below: 


Engine Mechanical Power Output in p.u (blue = measured, red = calculated for 1* iteration): 


Mechanical Power 1/400 


— Measured 


— Calculated 


Pm (pu) 


25.0 30.0 35.0 40.0 45.0 50.0 
Time(sec) 
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Generator Speed (p.u): 


Generator Speed 


1.0064 


0.9938 


W (pu) 


0.9812 


0.9686 
25.0 30.0 35.0 40.0 45.0 50.0 


Time(sec) 


Generator Electrical Power Output (p.u): 


Real Power Output 


Pe (pu) 


25.0 30.0 35.0 40.0 45.0 50.0 
Time(sec) 


The first step is to determine which parameters are need to be considered in the simulation. The 


list below displays the parameters, which were considered to be included in the DPET study 
case. 
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Parameter | Initial | Min Max 
AlphaC 25 0.95 20 
Rho 0.1 0.008 | 0.2 
Tpilot 0.09 0.005 | 0.1 
Tpstage 0.06 0.005 | 0.1 
Betal 1 0.001 | 2 


The DPET simulation was performed using the governor model. There were no additional 
control elements or additional control elements added to the model. The following image shows 
the response after 34 iterations. The image on the left below is the initial iteration. The image on 
the right is the estimation process after 34 iterations. As can be seen, the process has almost 
matched the response. 


Mechanical Power 1/400 Mechanical Power 34/100 
— Measured — Measured 
— Calculated — Calculated 
0.78 0.75 
0.62 0.60 
P 
3 
0.46 ° 0.45 
0.30 0.30 
25.0 30.0 35.0 40.0 45.0 50.0 25.0 30.0 35.0 40.0 45.0 50.0 
Time(sec) Time(sec) 


Result Summary 
The table below shows the summary of the estimation process results. The results are presented 
after the 34" iteration and after a longer simulation of almost 200 iterations. 


After After 

Parameter | Initial | Min Max 34th 190 
Iteration | Iteration 

AlphaC 25 0.95 20 1.937 2.796 
Rho 0.1 0.008 | 0.2 0.0921 0.062 
Tpilot 0.09 0.005 | 0.1 0.085 0.0707 
Tpstage 0.06 0.005 | 0.1 0.0672 0.0877 
Betal 1 0.001 | 2 1.111 1.452 
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Case 2: DPET using the Speed and Electrical Power Output of the Generator as Inputs 
In this case, the inputs to the DPET simulation are the measured speed and the electrical power 
output from the generator. The input plots used are displayed below: 


Generator Electrical Power Output in p.u: 


Electrical Power Measurement - p.u. 


0.562 


0.514 


0.466 


0.418 


1.0 2.0 3.0 4.0 5.0 
Time(sec) 


Generator Speed Measurement in p.u (blue color plot): 


Generator Speed (Calculated vs. Measured) 


— Measured 
— Calculated 


1.0012 


0.9974 


0.9936 


0.9898 


1.0 2.0 3.0 4.0 5.0 
Time(sec) 


Please note that in the plots above, the initial measured speed is not in perfect steady-state 
condition and thus, there will be a difference which cannot be reduced. The calculated results 
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from DPET will be in steady-state conditions prior to the disturbance being introduced at 2.2 
seconds. 


To achieve the parameter estimation of case 2, the following items need to be implemented: 


1) The Gen Load Model in UDM must be used for the DPET simulation. This means that 
the Governor model must be inserted into a Gen Load model. 


2) The mechanical model must be included in the model. This way the speed will be 
calculated rather than the mechanical power. 


3) In the Gen Load Model, the input Vt must be used for Pe and the output Pe can be used 
for the calculated speed. 


The previous three workaround requirements will be removed from the DPET program in future 
versions. However, for now these conditions must be met to estimate the speed response of a 
governor/engine model in response to a load change. The image below shows a Gen Load Model 
which meets all of the conditions described above (including the mechanical mass model). 
Furthermore, the model contains a moving average filter and an initialization time block. These 
tools are described in detail in the following sections: 
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Mechanical Mass Model 

The following mechanical mass model can be used to close the feedback loop in the Gen Load 
Model. The image below shows a basic implementation of the mechanical mass model with the 
intent of calculating the speed of the generator/turbine or generator/engine. The inertia value 
used here must represent the sum of the inertia values of all components (generator rotor, engine 
shaft and coupling). 


P Mechanical 
(p.u) 


P Electrical (p.u) 


Integrator 


MultDiv2 


InertiaConstant1 


To speed Difference Summing point 
(W) 


The input P mechanical from the governor/engine or governor/turbine model must be placed into 
a summing point (see “Sum7” above). The output of the integral of the difference divided by an 
inertia constant (called “H” here for simplification purposes) represents the speed of the 
mechanical system. The image below shows the overall connection. As can be seen, the output of 
the mechanical mass model (speed) is connected to speed controller negative feedback input 
(W). 


Note: This mechanical system representation ignores any damping effect from the generator. 
This model should be used mostly for stand-alone generator systems with constant frequency 
controller mode (isochronous). 


Mechanical Mass Model Correlation with ETAP Transient Stability 

The value of the H constant used in the simplified mechanical model described in the previous 
section can be correlated to the Inertia value used in the ETAP model. To go from ETAP 
transient stability to the UDM simplified model, take the inertia value from the generator in 
ETAP (combined total), then multiply by [2 * (Gen MVA rating / Gen MW rating)]. 


Inertia Calculator 
Prime Mover Coupling Generator Total 
RPM 514 1800 514 514 
WR? 31852 0 206113 237929 


Using the inertia value from the image above (1.705), we can calculate the equivalent value for 
the UDM model to be 4.81. The opposite conversion can be used to go from UDM to TS. 
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Forward Initialization Time for Gen Load and WTG UDM models in DPET 

When using Gen Load and/or WTG UDM models in DPET, a constant block should be added to 
indicate how many seconds to use for the forward initialization time for the model. The 
parameter name is, “IniTimeForGenLoadWTG?” (the name of the parameter is not case 
sensitive). The value should be initially set to at least 50 to 100 secs. 


iniTimeForGenLoadwTG 


Constant2 


Note: In this example, the value was set to 1000 seconds. The initialization time step is the same 
as that used in the simulation (from Simulation Parameter) page. 


Smoothing Filter (Moving Average Filter) 

A smoothing filter was used in this example. The value was set to 80 in the DPET study case. 
Please refer to 25.8.5 for more details on the moving average filter use. The final estimated 
parameters were obtained using this value. As can be observed in the final results, the speed plot 
has been reduced in thickness and a smoother (less noisy) curve is used in the comparison. 


The input speed measurement would look as displayed below with a moving average filter value 
of 1: 


— Measured 


— Calculated 


1.0028 


|i | 


0.9976 


Pe (pu) 


0.9924 


- ! 


1.0 2.0 3.0 4.0 5.0 
Time(sec) 
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The next requirements which must be met are to use the Pe output port for the calculated speed 
and the Vt input port for the electrical power. This requirement was met and can be observed in 
the transfer function image above. Pe is assigned to the speed output and Vt as the input 
electrical power. 


DPET Study Case Setup 
The study case Data Loading Page is displayed below to show how the field measurements were 
loaded into the DPET study case based on this requirement. 


Parameter | Initial | Min Max 
AlphaC 2 0.95 | 20 
Rho 0.1 0.001 | 2 
Tpilot 0.05 0.005 | 0.1 
Tpstage 0.09 0.005 | 0.1 
Betal 1.33 0.001 | 2 
InertiaC 4.54 0.001 | 10 


All other parameters or variables were held constant (fixed), since they were not considerable as 
tunable parameters. Details or description of the actual purpose of each parameter are omitted 
and are considered to be different from model to model depending on the type of controller. 
Overall, the list above contains some time constants and some gains. The inertia constant H was 
also included as part of the estimation. However, in most cases the value of H can be omitted 
since it should be a known parameter. 


The Simulation Parameter page contained the following settings: 


Data 3 Loading | Simulation Parameter 


Simulation Data 
Iterations Agents Time Step (s) Ex. Time (s) 
10 10 0.001 50000 
Ava. Max. Ind. Point 
Deviation 0.0001 0.0001 


Time Step Multiplier 1 
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Result Summary 
The plot below shows the final DPET result for the change in speed. The overall difference in the 
results is less than 0.1% as displayed in the deviation plot. 


Deviation 


— Measured — Deviation 


— Calculated 0.0152 
1.0012 


0.9974 
0.9936 


0.9898 


1.0 2.0 3.0 4.0 5.0 
Time(sec) 


1.0 2.0 3.0 4.0 5.0 
Time(sec) 


The following table shows the results of the DPET process after 100 iterations. 


After 

Parameter | Initial | Min Max 100 
Iteration 

AlphaC 2 0.95 20 2.807 
Rho 0.1 0.001 | 2 0.036 
Tpilot 0.05 0.005 | 0.1 0.0511 
Tpstage 0.09 0.005 | 0.1 0.0854 
Betal 1.33 0.001 | 2 1.57 
InertiaC 4.54 0.001 | 10 5.994 


As can be observed, the estimation yields are close to the initial values in most cases. The table 
below shows the results of the estimation using the governor model and using the Gen Load 
Approach. It can be concluded that the Gen Load Approach is probably the most practical due to 
the higher availability of test data for the speed and electrical power (i.e. measuring the 
mechanical power is less common). 


Parameter | Case 1 Case 2 
AlphaC 2.796 2.807 


Rho 0.062 | 0.036 
Tpilot 0.0707 | 0.0511 
Tpstage _| 0.0877 __| 0.0854 
Betal 1.452 | 1.57 
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25.8.9 Memory Usage Considerations for DPET 


The DPET program may use a considerable amount of memory because of the plot comparison 
process for many iterations. To reduce the memory usage it is important to reduce the amount of 
measured data to be considered in the simulation to only what is absolutely needed to tune the 
parameters. In section 25.8.5, an example of field-measured data usage was presented. The 
exciter field-measured data covered a time span of 420 seconds. However, in reality only 5 
seconds were needed to estimate the parameters. 


The following general guidelines should be considered when selecting the time span and the 
sampling rate for the measured input signals: 


1) A 20 to 30 second time span for field-measured data should be adequate to cover most 
electromechanical transient phenomena in the DPET simulation. 


2) Extended periods of time of steady-state “noisy” measured data should be avoided. Most 
of the time, their consideration does not work towards a better-estimated result. 


3) The sampling rate can be reduced to collect less points from the field measurement. This 
can reduce the memory consumption. However, the sampling rate should not be reduced 
below the point where essential transients are lost and not considered in the simulation. 


In general, it is recommended to use a computer with at least 12 GB of available RAM for 


projects where the field-measured results will exceed 200 seconds and the model has multiple 
input and output ports. 
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Motor Parameter Estimation and Tuning 


The ETAP Motor Parameter Estimation and Tuning module calculates equivalent circuit parameters for 
induction machines from nameplate or characteristic data. This calculation is based on a computational 
intelligence technique, which requires machine nameplate or characteristic data. This data is readily 
available from machine manufactures or can be obtained from field tests. In general, the estimated model 
parameters include the resistance and reactance representing the machine stator, rotor and magnetizing 
branches characteristics. Depending on available data, this module has two different application areas. 
Firstly, linear rotor resistance and reactance including stator impedance are calculated on nameplate data - 
called PE. Secondly, nonlinear rotor resistance and reactance including stator impedance are introduced in 
this module to especially match characteristic curves with a belly - called MPET. The estimated model, 
together with its parameters, can be used to represent the machine dynamics during Motor Starting and 
Transient Stability studies. 


This chapter describes the interfaces, input and output data involved in running Motor Parameter 
Estimation and Tuning program. All other related operations including data update, plot and library will 
also be explained. An overview of the calculation algorithm is provided for your reference. 


This chapter is organized into eight sections. The Start Motor Parameter Estimation and Tuning section 
describes how to start the program calculation. The Parameter Estimation Editor section explains each 
input data and the calculated data for and from the calculation, as well as additional output information. It 
describes how to derive linear circuit model, check graphs and update parameters. 


The Motor Parameter Estimation and Tuning Editor section explains each input data from characteristic 
curves and the calculated data for nonlinear circuit model. It shows advanced setting of the applied 
intelligent method and calculated I, T and PF curves. The Motor Parameter Update Editor section details 
the updateable data provided to the Machine Editor when using the estimated model and its parameters. 
The Calculation Method provides some technical background on the intelligent algorithm used for the 
estimation calculation. The Output Reports section provides a detailed description of the available Output 
Reports, their various formats and how to view and print them. The Motor Library section explains how 
to enter, save or edit circuit and characteristic library data. 
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26.1 Start Motor Parameter Estimation and Tuning 


To launch Motor Parameter Estimation and Tuning from Model page of the Induction Machine Editor, 
there are three possible cases as shown below. 


Case 1 


Neither circuit model nor characteristic model is selected. Therefore, the CKT Model section and 
Characteristic Model section are empty in the Model page. 


1 2500HP 13.2kV 1-3/C 2AWGAcmil 15kV 


CKT Model 


=) OR) (Oc [cree] 


Click the "Parameter Est. & Tuning" button to open the Parameter Estimation editor for "Parameter 
Estimation and Tuning Based on Nameplate Data Only". In this case, a linear circuit model is estimated 
from nameplate data only - called PE. 
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Case 2 


A CKT model is selected from the Library. The circuit model is displayed in CKT Model section with 
design class and model ID. Generated Torque, I and PF data are available in Characteristic Model section. 
Torque, I and PF graphs are also generated separately on the fly. 


1 2500HP 13.2kV 


CKT Model 


HV-HS-HT 
LV100HP2P 


Parameter Est. & Tuning J 


Characteristic Model 


Se ie) we 


Click the "Parameter Est. & Tuning" button to open the Parameter Estimation editor for "Parameter 
Estimation and Tuning Based on Nameplate Data Only". In this case, a linear circuit model is re- 
estimated from generated locked rotor I, T and PF, Tmax, full load Slip, PF and Eff - called PE. This 
option is not recommended as the circuit model is already available. 
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Case 3 


A Characteristic model is selected from the Library. Torque, I and PF data are displayed in Characteristic 
Model section with design class and model ID. Torque, I and PF curves are also generated separately on 
the fly. 


Induction Machine Editor - Mtr2 | 


Cable/Vd | CableAmp | Protection | Reliability | Remarks Comment 
Info| Nameplate | imp Model | Inertia | Load | Stat Dev | Start Cat 
1 2500HP 13.2kV 1-3/6 2AWG/kcmil 15kV 
CKT Model 


| Parameter Est. & Tuning | fl 


Characteristic Model 


HV-HS-HT 


LV100HP2P 


Click the "Parameter Est. & Tuning" button to open the Motor Parameter Estimation and Tuning 
editor from characteristic curves. In this case, a nonlinear circuit model with nonlinear rotor impedance is 
estimated from characteristic curves - called MPET. It considers all the points from near to 0% slip to 
100% slip to especially match big belly cases. 
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26.2 Parameter Estimation Editor 


Parameter Estimation needs nameplate data, especially locked rotor, full load and max torque. Do not 
select any characteristic model for Parameter Estimation in the Model page. The Parameter Estimation 
editor consists of a Parameters page and a Curve page. 


26.2.1 Parameters Page 


This page provides entry fields for all input data necessary to run a Parameter Estimation calculation. 
Estimated parameters and other output data are also displayed on this page. "Parameter Est. & Tuning 
Based on Nameplate Data Only" is selected automatically for Parameter Estimation if no characteristic 
model is selected in the Model page. It derives the motor circuit with a linear rotor model from the 
nameplate data. 


26.2.2 Parameter Est. & Tuning Based on Nameplate Data Only 


Users can run this functionality by any of the following two ways - firstly neither circuit model nor 
characteristic model is selected in the Model page, and secondly if only the circuit model is selected 
(characteristic model is generated) in the Model page. 


Nameplate 

All input data is populated from the corresponding fields in the Nameplate and Imp page of the motor. 
Data is not allowed to be modified in the Parameter page for safety. However, users can switch to the 
Nameplate and Imp pages to modify data first, and then switch back to Parameter page to use the 
modified motor data for parameter estimation. Gray background data indicates the field is not editable. 


2500 HP 13.2kV Motor Editor 


© Parameter Est. & Tuning Based on Nameplate Data Only put Data 
(@) Nameplate 
Parameter Est. & Tuning Based on Nameplate and Characteristic Data © User-Defined 
Initial Estimation 
Requirement 
Locked Rotor 


PF 
1919 89.12 143 0.91 100 100 9253 


Calculated | 564.5 19.19 0.91 100 100 92.53 


Deviation 0 0 : 0 0 0.01 


Solution Parameters 
Max Deviation 0.01 Acceleration Factor 0.25 


Estimated Parameters 
Xs Rr Ir 


Rs Xm Re Xr Ir Xr fl Rrfl 
| 0.845 | 14.718 514.906 25388.949 2.669 | 6.245 2.581 0.888 


Estimate] | Update | (Mir2 Sale) 
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User-Defined 
All input data is editable except full load current (100%) and torque (100%). Users can directly modify 
motor input data from the Parameter page without changing motor nameplate data. 


Parameters | Curves 


2500 HP 13.2kV Motor Editor 


(@) Parameter Est. & Tuning Based on Nameplate Data Only _ = 
(|) Nameplate 
Parameter Est. & Tuning Based on Nameplate and Characteristic Data @ User-Defined 


Initial Estimation 
Requirement 
Locked Rotor Full Load 


PF T Tmax i I T PF EH 
Input 576.1 1947 88.14 244 091 100 100 | 9283 9799 


Calculated [5761 [1947 [ea14 [244 fost [100 [100 fs2e2 [9739 
Deviation [ 0 0 0 [ 0.01 0 0. 06foon =f 0 0 


Solution Parameters 


Max Deviation 0.01 Acceleration Factor 0.25 


Estimated Parameters 
Xs Xm Re Xr ir 


Rs Xrfl Rr Ir Rrfl 
| 0.942 15.782 [ 532.548 [95850 398 1.235 | 4.959 | 2.449 0.88 


Estimate [Mer 7 | [Ghose | { Cance | 


Requirement 

In this area, there are three sets of data: input, calculated and deviation. Depending on the input data 
selection, the input fields are either nameplate data or user-defined, while the remaining fields are 
calculated by ETAP. 


Input 

The Input section contains machine performance characteristic data, which is available from the machine 
manufacturer, machine nameplate, or derived from field tests. This data must be provided in order to run a 
Parameter Estimation calculation. The first time this page is opened, the input data fields will be 
automatically filled using data contained in the machine editor Nameplate and Imp pages. However, you 
can modify any of the fields described above. 


Calculated 
If the calculation converges, the machine performance characteristic data using the estimated model 
parameters will be displayed here. This data is provided for comparison purposes. 


Deviation 
The deviation fields show the percent deviation between the input data and the calculated data. 
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Locked Rotor I 
The machine locked-rotor current (at motor rated kV). The input and calculated data are a percentage of 
the rated full load current of the machine. The deviation is a percentage. 


Locked Rotor PF 
The machine locked-rotor power factor in percent. 


Locked Rotor T 
The machine locked-rotor torque. The input and calculated data is in percent of the machine rated power 
and synchronous speed. The deviation is in percent. 


Tmax 
The machine maximum torque. The input and calculated data are in percent of the machine rated power 
and synchronous speed. The deviation is in percent. 


Full Load Slip 
The machine full load slip, in percent. 


Full Load I 
The machine full load current, 100%. 


Full Load T 
The machine full load torque, 100%. 


Full Load PF 
The machine full load power factor, in percent. 


Full Load Eff 
The machine full load efficiency, in percent. 


Solution Parameters 
This section defines and displays the solution parameters of the calculation. 


Max Deviation 
Displays the maximum value among all deviations in the Requirement section. The value is a percentage. 


Precision 

Enter the value for the solution precision (in percent) that is used to check for calculation convergence. 
The calculation stops when all deviations are less than, or equal to this value. The recommended value for 
this setting is between 0.01 and 1.0 percent. The default is 0.1 percent in ETAP 14.0. 


Acceleration Factor 


Enter the convergence acceleration factor to be used between iterations. Typical values are between 0.1 
and 0.5. The default value is 0.25. 


Estimated Parameters 
This section displays the estimated (calculated) machine equivalent circuit model parameters. 
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Rs 
Displays the machine stator resistance in percent on the machine base. 


Xs 
Displays the machine stator reactance in percent on the machine base. 


Xm 
Displays the machine magnetizing branch reactance in percent on the machine base. 


Rc 
Displays the machine core loss resistance in percent on the machine base. 


Xr Ir 
Displays the machine rotor reactance at the locked-rotor condition in percent on the machine base. 


Xr fl 
Displays the machine rotor reactance at the full load condition in percent on the machine base. 


Rr Ir 
Displays the machine rotor resistance at the locked-rotor condition in percent on the machine base. 


Rr fl 
Displays the machine rotor resistance at the full load condition in percent on the machine base. 


Estimate Button 
Press this button to run the Parameter Estimation (PE) calculation. 


Update Button 
When a calculation is completed successfully, the Update button will be enabled. Click this button to 
open the Motor Parameter Update Editor whose functions will be described separately in its own section. 
Model page will be updated with estimated circuit parameters. On the fly T, I and PF tabular data and 
curves are generated. 
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1 2500HP 13.2kV 


CKT Model 


Estimated 
ow 


Bes Wm =) BL) (0K) (cores) 


Save Button 


After successfully running Parameter Est. and Tuning Based on Nameplate Data Only, users can save the 
estimated circuit parameters and generated characteristic data in the ETAP library for future use. 


ETAP 


26-9 
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Design Class Model ID 
H¥-HS-HT ~  LV100HP2P-1 


OK, Cancel and Help buttons perform typical actions. 


Library Button 


Similarly, users can also collect motor circuit parameters from ETAP CKT Library. 


Model Type 
~) Single (@ Single2 ~) DBL © DBL2 


Design Class Model ID 


LV100HP2P 
H¥-HS-LT LV100HP2P-1 
H¥-LS-HT L¥10HP2P 


HY¥-LS-LT LV150HP2P 
WAHS-HT LWONNHP2P 


OK 
This opens the selected circuit model. 


None 
This opens an empty circuit model. 


Cancel 
This does not open any new model and exits the previous model. 


Help 
This opens the Help file topic for library section. 


Report Selection Drop-down List 


This list contains all the output files from the parameter estimation calculations in the current project 
folder. Select a file to view the report or prompt to create a new report. 
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Note: In the first case, the existing file will be over written. When Prompt is selected, a new file will be 
created. 


SS —————————— ————————— 


Parameter Estimation Report 
Manager 


Report Manager Button 


The Parameter Estimation Report Manager button is used to access the various output reports. The 
functions of the Parameter Estimation Report Manager will be described separately in its own section. 


Help 


This opens the Help file topic for the Parameter Estimation section. 


Close 
This closes the Parameter Estimation editor and saves all input data. 


Cancel 
This closes the Parameter Estimation Editor without saving any modified input data. 


ETAP 26-11 ETAP 19.0 User Guide 


Parameter Estimation and Tuning Parameter Estimation Editor 


26.2.3 Curves Page (Linear Model) 


This page displays the machine equivalent circuit model, its parameters, and the characteristic curves (T, I 
and PF with respect to slip) generated from the estimated model. Users can check the curves before 
update. 


| Parameters | Curves 


2500 HP 13.2kV 


Model 


Single2 - Single-cage with deep-bars 


Xl = 6.24 
Xir = 2.67 
Rrfl = 0.89 


Rar = 2.58 


Update Button 


When a calculation is completed successfully, the Update button will be enabled. Click this button to 
open the Motor Parameter Update editor, whose functions will be described separately in its own section. 


Report Selection Drop-down List 


This list contains all the output files from the Parameter Estimation calculations in the current project 
folder. Select an existing file from the drop-down list to view the report. Users can select Prompt to create 
a new report or an existing report to overwrite at the next run. 


Report Manager Button 


The Parameter Estimation Report Manager button is used to access the various output reports. The 
functions of the Parameter Estimation Report Manager will be described separately in its own section. 


Help 


This opens the Help file topic of curves for linear model section. 


Cancel 
This closes the Parameter Estimation Editor without saving any modified data. 
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26.3 Motor Parameter Estimation and Tuning Editor 


Select a characteristic model in Model page to run Parameter Estimation and Tuning for a nonlinear 
circuit model. The Motor Parameter Estimation and Tuning editor consists of a Parameters page and a 
Curve page. 


26.3.1 Parameters Page 


This page populated input data necessary to run a Parameter Estimation and Tuning calculation from 
characteristic curves. Estimated parameters and other output data are also displayed on this page. The 
"Parameter Est. & Tuning Based on Nameplate and Characteristic Data" option will be selected 
automatically as characteristic model is selected in Model page. It derives the circuit with a nonlinear 
rotor model from characteristics curves to especially match big belly cases. 


26.3.2 Parameter Est. & Tuning Based on Nameplate and 
Characteristic Data 


This tool estimates motor nonlinear circuit model from motor characteristic curves. First select a 
characteristic model from the Torque Slip Characteristic Model Library. 


Torque Slip Characteristic Model Library 


Design Class Model ID 


H¥-HS-HT a LV100HP2P a 
H¥-HS-LT L¥10HP2P 
H¥-LS-HT LV150HP2P 


H¥-LS-LT Bs L¥200HP2P 
I W-HS-HT LW2NHP2P 


| OK | | None | { Cancel | { Help | 


Once a characteristic model is selected, corresponding data table are shown and curves are drawn on the 
fly as below. Select "Parameter Est. & Tuning" to run this functionality. 
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1 2500HP 13.2kV 1-3/0 2AWGAkcmil 15kV 
CKT Model 


ae 


Characteristic Model 


HV-HS-HT 


LV100HP2P 


Torque 
104.9 
96.31 
89.82 
85.44 
82.83 
81.71 


All input data are populated from Torque, I and PF curves. Data is not allowed to be modified from the 
Parameter page, except efficiency. Gray background data indicates the field is not editable. To modify 
input data, characteristics curves need to be modified. 
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| 2500 HP 13.2kV Motor Editor 


Parameter Est. & Tuning Based on Nameplate Data Only 


@ Parameter Est. & Tuning Based on Nameplate and Characteristic Data 
Initial Estimation 
Requirement 


Locked Rotor 


PF T Tmax Slip T PF 
Input «6257 «31.01 =— 1049 200.2 0.96 100 100 83.32 


Calculated [6246 [3096 [105 [2007 [096 [9995 [9995 [833 
Deviation [02 [015 | 007 0.22 a en 


Solution Parameters 
Max Deviation 0.49 


Estimated Parameters 
Xs Xm Xrir 


Rs Re rfl Rrir Rrfl 
| 2.784 14.304 [ 258.914 [49248.625 | 0.904 | 11.83 2.189 | 0.966 


\adSei| [Este] [vod | (nz : 


Requirement 


In this area, there are three sets of data: input, calculated and deviation. Input fields are populated curve 
selection, while the remaining fields are calculated by ETAP. 


Input 

The Input section contains machine performance characteristic data, which is automatically extracted 
from current, torque and power factor curves. Those fields cannot be editable. However, users can modify 
characteristics curves to update those inputs. Full Load Eff is populated from the motor editor Nameplate 
page and it is editable from the Parameters page. 


Calculated 
If the calculation converges, the machine performance characteristic data using the estimated model 
parameters will be displayed here. This data is provided for comparison purposes. 


Deviation 
The deviation fields show the percent deviation between the input data and the calculated data. 


Locked Rotor I 


The machine locked-rotor current (at motor rated kV). The input and calculated data are a percentage of 
the rated full load current of the machine. The deviation is a percentage. 
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Locked Rotor PF 
The machine locked-rotor power factor in percent. 


Locked Rotor T 
The machine locked-rotor torque. The input and calculated data is in percent of the machine rated power 
and synchronous speed. The deviation is in percent. 


Characteristic Model 


[ay] HVHSHT 
LV100HP2P 


> 


| Slip Torque | PF 


100 1049 6257 _ 31.01 
90 96.31 6613.9 31.08 


Wn 


80 89.82 600 31.17 

70 85.44 5835 31.31 

60 8283 563.4 31.5 

50 81.71 5385 318 « 


< WW b 


Lock rotor current, power factor and torque are 625.7%, 31.01% and 104.9%, respectively in the above 
table. 


Tmax 
The machine maximum torque. The input and calculated data are in percent of the machine rated power 
and synchronous speed. The deviation is in percent. 


Full Load Slip 
The machine full load slip, in percent. 


Full Load I 
The machine full load current, 100%. 


Full Load T 
The machine full load torque, 100%. 


Full Load PF 
The machine full load power factor, in percent. 


Full Load Eff 
The machine full load efficiency, in percent. 


Solution Parameters 
This section defines and displays the solution parameters of the calculation. 


Max Deviation 
Displays the maximum value among all deviations in the Requirement section. The value is a percentage. 
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Precision 

Enter the value for the solution precision (in percent) that is used to check for calculation convergence. 
The calculation stops when all deviations are less than, or equal to this value. The recommended value for 
this setting is between 0.5 and 2.0 percent. 


Acceleration Factor 
Enter the convergence acceleration factor to be used between iterations. Typical values are between 0.1 
and 0.5. The default value is 0.25. 


Estimated Parameters 
This section displays the estimated (calculated) machine equivalent circuit model parameters. 


Rs 
Displays the machine stator resistance in percent on the machine base 


Xs 
Displays the machine stator reactance in percent on the machine base 


Xm 
Displays the machine magnetizing branch reactance in percent on the machine base 


Rc 
Displays the machine core loss resistance in percent on the machine base 


Xr Ir 
Displays the machine rotor reactance at the locked-rotor condition in percent on the machine base 


Xr fl 
Displays the machine rotor reactance at the full load condition in percent on the machine base 


Note: For this model, rotor reactance is non-linear between Xr Ir and Xr fl. Therefore, ETAP calculates 
Xr at slips of 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 
2% and 1%. For space limitation, only Xr Ir and Xr fl values are shown with the circuit model; however, 
users can save all reactances in the library. 


Rr Ir 
Displays the machine rotor resistance at the locked-rotor condition in percent on the machine base 


Rr fl 
Displays the machine rotor resistance at the full load condition in percent on the machine base 


Note: For this model, rotor resistance is non-linear between Rr Ir and Rr fl. Therefore, ETAP calculates 
Rr at slips of 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 
2% and 1%. For space limitation, only Rr Ir and Rr fl values are shown with the circuit model; however, 
users can save all reactances in the library. 
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Adv. Setting 


Adv. Setting stands for advanced setting. ETAP applies a state-of-the-art stochastic optimization method 
to estimate the motor circuit model. Most of the models converge very quickly; however, some complex 
models take longer than expected time. There is always a trade-off between solution quality and execution 
time. Execution time is proportional to number of iterations. Users can also impose a maximum time limit 
for calculation. 


Furthermore all torque, current and power factor curves may not be equally important. Users may want to 
match torque and current more accurately than power factor. Even maximum torque is much more 
important than torque at 50% slip. Therefore the Adv. Setting editor allows assigning individual weight 
for individual curve and maximum torque. 


Motor Parameter Estimation and 


Adv. Solution Parameters 
Weighting Factors 


No. of Iterations Torque (%) 
Max. Iteration Time (s) Current (%) 
Power Factor (%) 


Max. Torque (x) 


[ree] Coca] [core] 


No. of Iterations 
Maximum allowable iterations to converge. Default is 3,000 


Max. Iteration Time (s) 
Maximum time allowed to converge. Default is 5 sec. 


Weighting Factors 


Torque(%) 
Relative weight for torque curve in percent. Default is 44. 


Current(%) 
Relative weight for current curve in percent. Default is 34. 


Power Factor (%) 
Relative weight for power factor curve in percent. Default is 22. 


Max. Torque (x) 
Weight Factor for maximum torque point as multiplier of torque weight. Default is 7. In the above case, 
weight factor of maximum torque is (7x44 =) 308. 


Help 
This opens the Help file topic for Advanced Setting section. 
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Close 
This closes the Advanced Setting editor and saves all data. 


Cancel 
This closes the Advanced Setting editor without saving any modified data. 


Estimate Button 
Press this button to run Parameter Est. & Tuning Based on Nameplate and characteristic data calculation. 


Update Button 

When a calculation is completed successfully, the Update button will be enabled. Click this button to 
open the Motor Parameter Update Editor whose functions will be described separately in its own section. 
Model page will be updated with estimated circuit parameters. For space limitation, not all nonlinear rotor 
Z values will be display graphically in the model page. However, users can save all nonlinear rotor Z 
parameters in library. On the fly T, I and PF curves are generated from the estimated nonlinear circuit 
model. Therefore, both given and calculated T, I and PF curves are graphically visible in the model page. 


Cable/Vd | CableAmp _| jon | Reliability | Remarks Comment 
Info | Nameplate | imp Inetia | Load | StatDev | Start Cat 


1 2500HP 13.2kV 1-34C 2AWG/Akcmil 15kV 


CKT Model 


Estimated 
Narre: 2 


| Parameter Est. & Tuning 


Characteristic Model 


LV100HP2P 


se 


“8838s8 
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Save Button 

After successfully running Parameter Est. and Tuning Based on Nameplate and characteristic data, users 
can save the estimated circuit parameters with nonlinear rotor impedance data in the ETAP circuit library 
for future use. 


Design Class Model ID 
HV-HS-HT ~  LVIO0HP2P-2 


OK, Cancel and Help buttons perform typical actions. 


Library Button 


Similarly, users can also collect motor circuit parameters with nonlinear rotor impedance from library. 


Model Type 
©) Singlet @ Single2 © DBL1 (© DBL2 


Design Class Model ID 


HV-HS-HT LV100HP2P-2 
LV1OHP2P 
LV150HP2P 


LV¥200HP2P 
L2NHP2P 


OK 
This opens the selected circuit model. 


None 
This opens an empty circuit model. 


Cancel 
This does not open any new model and exits the previous model. 


Help 
This opens the Help file topic for library section. 
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Report Selection Drop-down List 

This list contains all the output files from the parameter estimation calculations in the current project 
folder. Select an existing file from the drop-down list to view the report. Users can select Prompt to create 
a new report or an existing report to over write at the next run. 


= ole 


Pump 1 E 
Parameter Estimation Report 
Manager 


Report Manager Button 


The Parameter Estimation Report Manager button is used to access the various output reports. The 
functions of the Parameter Estimation Report Manager will be described separately in its own section. 


Help 


This opens the Help file topic for the Parameter Est. & Tuning Based on Nameplate and Characteristic 
Data section. 


Close 
This closes the Parameter Estimation editor and saves all input data. 


Cancel 
This closes the Parameter Estimation editor without saving any modified input data. 
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26.3.3 Curves Page (Nonlinear Model) 


This page displays the machine equivalent circuit model, its parameters, and the characteristic curves (T, I 
and PF with respect to slip) generated from the estimated model as well as the input characteristic curves 
on the same graph. Dotted lines are estimated and solid lines are for input characteristic curves. Users can 
check the curves before updating. 


=) 


2500 HP 13.2kV 


Model 


Single2 - Single-cage with deep-bars 


Xfl = 11.83 


Update Button 


When a calculation is completed successfully, the Update button will be enabled. Click this button to 
open the Motor Parameter Update editor, whose functions will be described separately in its own section. 


Report Selection Drop-down List 


This list contains all the output files from the parameter estimation calculations in the current project 
folder. Select an existing file from the drop-down list to view the report. Users can select Prompt to create 
a new report or an existing report to over write at the next run. 


Report Manager Button 


The Parameter Estimation Report Manager button is used to access the various output reports. The 
functions of the Parameter Estimation Report Manager will be described separately in its own section. 


Help 


This opens the Help file topic of curves for nonlinear model section. 


Cancel 
This closes the Parameter Estimation Editor without saving any modified data. 


ETAP 26-22 ETAP 19.0 User Guide 


Parameter Estimation and Tuning Parameter Estimation Update Editor 


26.4 Motor Parameter Update Editor 


This editor provides options that allow you to update machine data that were based on the calculated 
equivalent circuit model. 


Model Data 
Rs <m Re Ir r fl Arlt Fr fl 


—— Single2 Single2 | 0.846 HF {513.022 2 | 24817.072 | 0.619 | 4.167 | 2.559 | 0.881 


Rs ¥s ><m Re Ir >r fl Frit Fr fl 
Single2 0.83 Wi? 51587 0 6.27 3.8 2.63 0.9 


NamePlate Data 
kVA, FLA, FE Eff NLA[%)] H — Torque N-m 


[V] Update [2060.2 | 90.11 | 92.52 | 97.8 | 18.9 | 4.882 [119767 


Existing: 2060 90.1 92.53 97.8 0 4.882 


Loading Data 
PF 0% PF 50% PF 75% PF 100% Eff 50% Eff 75% =FF 100% 


¥' Update: 2.16 [89.14 | 92.08 | 92.52 | 98.28 | 98.13 97.8 


Existing: 83.19 89.11 92.06 92.53 93.09 98.66 97.8 


Short-Circuit Data 
LRC PFir VW2cyX = 1.5-4 cy *AR Td 


ViUpdate [seas [1919 [ones [31.326 [24.692 | 0.075 


Existing: 564.6 ibe IE 20.79 31.186 24.99 0.062 


Characteristic Data 
MaxT FLT S@MaxT Sr 


| Update aH [2aae [1085 [40 fast 


Existing: 89.12 243.6 100 0.91 


[ree] (Wt ]] (cance 


Model Data 


The data in the lower portion (non-boxed area) is from the machine Model page under the Model section. 
This data is compared with the calculated data (boxed area) from the estimated model. 


Rs 


The machine stator resistance in percent on the machine base. 


Xs 
The machine stator reactance in percent on the machine base. 
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Xm 
The machine magnetizing branch reactance in percent on the machine base. 


Rc 
Displays the machine core loss resistance in percent on the machine base. 


Xr Ir 
The machine rotor reactance at the locked-rotor condition in percent on the machine base. 


Xr fl 
The machine rotor reactance at the full load condition in percent on the machine base. 


Rr Ir 
The machine rotor resistance at the locked-rotor condition in percent on the machine base. 


Rr fl 
The machine rotor resistance at the full load condition in percent on the machine base. 


Nameplate Data 


The Existing data is from the machine Nameplate page under the Ratings section, which is compared with 
the calculated data list from the estimated model (located above the Existing data). 


kVA 
The machine rated kVA. 


FLA 
The machine rated full load current in amperes. 


PF 
The machine rated power factor at 100% loading in percent. 


Eff 


The machine rated efficiency at 100% loading in percent. 


NLA(%) 
No load amperes in percent in percent of the rated full load current of the machine. 


H 
The machine total inertia in MW-Sec/MVA. 


Torque 
The machine rated torque in ft-lb in English unit system or in N-m in Metric unit system. 


Update Checkbox 
Check this box if you wish to update the Nameplate Data. 


Loading Data 


The Existing data is derived from the machine Nameplate page under the Ratings section, which is 
compared with the calculated data list above from the estimated model (located above the Existing data). 
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PF 0% 
The machine rated power factor at 0% loading in percent. 


PF 50% 
The machine rated power factor at 50% loading in percent. 


PF 75% 
The machine rated power factor at 75% loading in percent. 


PF 100% 
The machine rated power factor at full load in percent. 


Eff 50% 
The machine rated efficiency at 50% loading in percent. 


Eff 75% 
The machine rated efficiency at 75% loading in percent. 


Eff 100% 
The machine rated efficiency at full load in percent. 


Update Checkbox 
Check this box if you wish to update the Loading Data. 


Short-Circuit Data 


The Existing data is from the machine Imp page under the Locked Rotor section, ANSI Short-Circuit Z 
section, and Sequence Z section respectively. This data is compared with the calculated data list above the 
estimated model (located above the Existing data). 


LRC 
The machine locked-rotor current (at motor rated kV) in percent of the rated full load current of the 
machine. 


PFir 
The machine locked-rotor power factor in percent. 


AcyX 
The machine short-circuit impedance in percent on machine base; used for ANSI % cycle fault 
calculation. 


1.5-4 cy X 
The machine short-circuit impedance in percent on machine base; used for ANSI 1.5-4 cycle fault 
calculation. 


X/R 
The machine X/R ratio (Xsc/Ra). 


Td' 
The machine transient time constant in seconds. 
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Update Checkbox 
Check this box if you wish to update the Short-Circuit Data. 


Characteristic Data 


The Existing data is generated from the machine Nameplate page under the Ratings section and Imp page 
under the Torque section, respectively. This data is compared with the calculated data list above the 
estimated model (located above the Existing data). 


LRT 
The machine locked-rotor torque in percent. 


MaxT 
The machine maximum torque in percent. 


FLT 
The machine full load torque in percent. 


S@MaxT 
The machine slip at the maximum torque in percent. 


Sr 
The machine rated slip in percent. 


Update Checkbox 
Check this box if you wish to update the Characteristic Data. 


Help Button 


This opens the Help file topic for motor parameter update section. 


Update Button 


This updates the data in any of the sections that have their Update boxes checked. 


Cancel Button 
This closes the Motor Parameter Update Editor without updating any data. 
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26.5 Calculation Method 


Reference Paper 


The machine equivalent circuit model parameter estimation calculation method uses an algorithm based 
on limited available data, which is described in the following reference paper: 


= Sonchai Ansuj, Farrokh Shokooh, and Roland Schinzinger, “Parameter Estimation for Induction 
Machines Based on Sensitivity Analysis”, IEEE Transactions on Industry Applications, Vol. IAS 
25 pp. 1035-1040, Nov./Dec. 1989. 


Equivalent Circuit Model: Linear Rotor Impedance 
This algorithm estimates the parameters in the following equivalent induction machine circuit model. 


Parameters for this model are: 


Rs Stator resistance 

Xs Stator reactance 

Xm Magnetizing reactance 
Rc Core loss resistance 


Rrlr Rotor resistance at locked-rotor 
Rr fl _ Rotor resistance at full load 
Xrlr Rotor reactance at locked-rotor 
Xrfl Rotor reactance at full load 


This data is indicated in the machine steady-state performance curve below: 


%Torgve SPF SI 
a0 10 - 6 
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The algorithm starts with a simplified equivalent circuit that omits the magnetizing branch. Using this 
simplified model, the model parameters are evaluated first. These parameters are then used to arrive at the 
more accurate values using the detailed equivalent circuit model. At this stage, a sensitivity analysis is 
applied using an iterative process that continuously adjusts the estimated parameters until the percent 
deviations fall within a specified tolerance between the calculated values for the input parameters and the 
actual input. 


Both rotor parameters Rr and Xr are functions of slip and their respective cage factors. Therefore, two 
sets of Rr and Xr are estimated, with Rr lr and Xr Ir representing the values at the locked-rotor condition, 
and Rr fl and Xr fl representing the values at the full load condition. The induction machine equivalent 
circuit described above can actually represent any type of rotor design. Single-cage, double-cage, and 
even wound-rotor types are accurately accounted for by the two sets for Rr and Xr. 


The program requires that the machine nameplate data, along with two specific points from the machine 
performance curves, are available. These points, which include the locked-rotor torque, locked-rotor 
current, locked-rotor power factor and breakdown torque, may be obtained from actual machine tests or 
from curves supplied by the manufacturer. Indeed, these points are often the only reliable information 
available from the performance curves, since the rest of the curve might have been provided merely as an 
indication of the machine’s generic behavior. 


Equivalent Circuit Model: Nonlinear Rotor Impedance 

For this model, rotor impedance is modeled as nonlinear function of slip. ETAP calculates rotor Z at slips 
of 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% and 
1%. 


A state-of-the-art stochastic optimization method is applied to estimate the motor nonlinear circuit model. 
It is a swarm based intelligent optimization method. Considering the circuit model, multiple solutions 
exist for the same inputs. Therefore, calculated parameters might be different from the first run to the 
second run. It happens because of multiple local minima. If precision is high, the difference is negligible. 
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26.6 Required Data 


The input data for the algorithm is the machine performance characteristic data, grouped according to the 
three loading conditions usually specified for the machine, described as follows: 


Locked-Rotor 


e Ilr Locked-rotor current 
e =6PFlr Locked-rotor power factor 
e Tir Locked-rotor torque 
Full Load 
e Sr Rated full load slip 
e 6PFfil Full load power factor 
e «Eff fl Full load efficiency 
e [fl Full load current (100%) 
e Tfl Full load torque (100%) 


Maximum Torque 
e Tmax Maximum torque 


For linear circuit model, data at the above three points is used. However, nonlinear circuit model uses all 
T, I and PF data from near 0% slip to 100% slip to especially catch big belly cases. 
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26.7 Output Reports 


If the current calculation succeeds or a valid output file name is selected from the Parameter Estimation 
Report Selection List, the Output Reports can be accessed by pressing the Parameter Estimation Report 
Manager button. The Parameter Estimation Report Manager button is located next to the Parameter 
Estimation Report Selection List as shown in the figure below. 


Estimate | Mtr2 ] 


26.7.1 Parameter Estimation Report Manager 


Click the Parameter Estimation Report Manager button to open the Parameter Estimation Report 
Manager. The Parameter Estimation Report Manager offers various report formats. 


Complete Page 


Use this page to select the Complete Output Report. 


(@) Viewer 
PDF 
MS Word 
© Rich Text Format 
© MS Excel 
("] Set As Default 


Mtr2 


Path 
C:\Users\\ahmed.saber\Desktop \Pecan2Re!\\Example-ANS! 


You can view the file using the Viewer, or create a file that can be printed or emailed (PDF, MS Word, 
Rich Text Format, MS Excel). Your selection can also be assigned as the default report format if you 
check the Set As Default box. These selection buttons are offered on all four pages of the Report 
Manager. 
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The first page of the Complete Report provides input data, estimated model parameters and a comparison 
between the input data and similar data generated by the estimated model. 


Motor Input ( 60.0 Hz): 
Locked Rotor Rated Full Load 
Maximum 
Current Torque Torque Current Torque Speed 
HP kV Poles % Amp. % fi-Ib % PF % fi-Ib Amp. fi-lb % Slip RPM %PF % Eff 
2500.0 13.200 4 564.6 508.7 89.1 6560.6 19.2 243.6 17932.8 90.1 7361.6 0.91 1783.6 92.5 97.8 
Estimated Motor Parameters (%): 
Rr Xr 
Rs Xs Xm Re @LR @FL @LR @FL 
0.85 14.72 514.9 25389.0 2.58 0.89 2.67 6.24 
Results: 
Locked Rotor Rated Full Load 
Maximum 
Current Torque Torque Current Torque Speed 
% % % PF % Amp. fi-lb %Slip %PF %Eff 
Input: 564.6 89.1 192 243.6 90.1 7361.6 091 92.5 978 
Calculated: 564.5 89.1 19.2 243.6 90.1 8061.0 091 92.5 97.8 
Max. Deviation: 0.0 0.0 00 0.0 00 95 0.00 0.0 0.0 


The second page of the Complete Report tabulates the machine characteristics for all key quantities as a 
function of machine slip. These quantities include machine speed, torque, current, power factor, and 
efficiency. It also reports the machine power factor and the efficiency at different loading conditions. 
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ETAP 


Max. Torque 


Full Load 


Motor characteristics calculated based on the estimated parameters 


Speed 

% Slip RPM 
100.00 0.0 
90.00 180.0 
80.00 360.0 
70.00 340.0 
60.00 720.0 
50.00 900.0 
40.00 1080.0 
20.00 1440.0 
19.00 1458.0 
18.00 1476.0 
17.00 1494.0 
16.00 1512.0 
15.00 1530.0 
14.00 1548.0 
13.00 1566.0 
12.00 1584.0 
11.00 1602.0 
10.00 1620.0 
9.00 1638.0 
8.00 1656.0 
7.00 1674.0 
6.00 1692.0 
5.00 1710.0 
4.66 1716.2 
4.00 1728.0 
3.00 1746.0 
2.00 1764.0 
1.00 1782.0 
0.91 1783.6 
0.10 1798.2 


Torque 

% ft-lb 
89.1 6561.1 
88.6 6523.3 
88.8 6536.1 
89.9 6614.8 
922 6785.0 
96.3 7092.7 
103.6 7626.5 
142.1 10463.5 
46.0 10746.2 
150.2 110543 
154.7 11390.8 
159.7 11759.0 
165.2 12162.6 
171.2 12605.6 
177.8 13091.9 
185.1 13625.4 
193.0 14208.7 
201.6 14842.0 
210.8 15520.0 
2204 16226.7 
229.9 16924.9 
238.2 175365 
243.3 17907.7 
243.6 17932.9 
241.1 17747.7 
224.8 16548.4 
184.1 1349.8 
108.6 TPS. 
100.0 7361.9 
118 869.9 


26-32 


PF 


75.1 
89.1 
92.1 


925 


Current 

% Amp 
564.5 508.7 
553.0 498.3 
3418 488.2 
330.9 478.4 
520.1 468.6 
3093 458.9 
4979 448.7 
4676 4213 
4652 419.2 
462.6 416.8 
459.7 4142 
456.6 4114 
453.0 408.2 
449.0 404.6 
4444 400.5 
439.1 395.6 
4328 390.0 
4253 383.2 
416.0 374.9 
404.5 345 
389.8 3513 
370.7 334.0 
345.1 311.0 
334A M13 
3103 279.6 
262.1 236.2 
196.0 176.6 
108.8 98.0 
100.0 90.1 
22.2 20.0 


97.8 


97.8 


Eff 
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Input Page 


This page allows you to select the Input Data Report. 


Mtr2 


Path 
C:\Users ahmed saber\\Desktop\\Pecan2Rel\Example-ANS! 


The Input Report displays the input data, and is equivalent to the input data section in the Complete 
Report. 
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Result Page 


This page allows you to select different data formats for your calculation results. 


Mtr2 


Path 
C:\Users \ahmed saber\\Desktop \Pecan2Rel\Example-ANS! 


Estimated Parameters 
The Estimated Parameters Report is equivalent to the Estimated Parameters and Input & Results sections 
in the Complete Report. 


Loading Characteristics 
The Loading Characteristics Report is the same as the loading section of the second page of the Complete 
Report. 


Motor Characteristics 


The Motor Characteristics Report is equivalent to the tabulation portion of the second page of the 
Complete Report. 
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Summary Page 


This page provides the data format for calculation summary. 


C:\Users\ahmed saber\Desktop \Pecan2Rel\Example-ANSI 


The Summary Report is equivalent to the Input & Results sections in the Complete Report. 
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26.8 Motor Library 


26.8.1 Circuit Library (Single2) 


Users can enter new circuit and characteristic library data for new models. Similarly, users can edit 
existing circuit and characteristic library data. Each column has sorting capabilities. Users can add a new 
model at the last row. 


Model Type Single2 Design Class HV-HS-HT 


Model ID v i 


LV100HP2P 
LV100HP2P-1 
LV100HP2P-2 

LV200HP2P 

LV250HP2P 
MV1000HP2P 


Note that motor parameter estimation and tuning is applicable on motors with model type Single2. The 
circuit library of Single2 has the following entries for circuit parameters: 


Rs 
Displays the machine stator resistance in percent on the machine base. 


Xs 
Displays the machine stator reactance in percent on the machine base. 


Xm 
Displays the machine magnetizing branch reactance in percent on the machine base. 


Rc 
Displays the machine core loss resistance in percent on the machine base. This field was not available 
prior to the ETAP 14.0 library. In these cases, Rc is zero after conversion. 


Rr,fl 
Displays the machine rotor resistance at the full load condition in percent on the machine base. 


Rr, lr 
Displays the machine rotor resistance at the locked-rotor condition in percent on the machine base. 


Xr, fl 
Displays the machine rotor reactance at the full load condition in percent on the machine base. 
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Xr,lr 
Displays the machine rotor reactance at the locked-rotor condition in percent on the machine base. 


Non-Linear Flag 
Indicates nonlinear rotor impedance model if it is checked. The box is not checked if it is a linear model. 


NIBtn 

NIBtn stands for "Nonlinear Button". This button is active if the model is nonlinear. It displays all rotor 
impedances as nonlinear function of slip. The ETAP Circuit Library can store rotor Z(S) at slips of 100%, 
90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0% and full 
load slip. The slip(S) column is fixed; however, Rr and Xr columns are editable. All values are in percent. 
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26.8.2 Characteristic Library (Single2) 


The Motor Characteristic Model Library allows the user to add new motor characteristic design classes 
and models, or select existing motor characteristic design classes and models for modification, deletion, 
or copying. To edit a motor characteristic model, double-click on the item or click the Edit button after 
highlighting it. To delete a motor characteristic model design class, click on the Delete button after 
highlighting a model. ETAP will request confirmation to delete the selected design class. 


Slip [1 - Wms J in % 


=| Motor Characteristic Model Library Editor 


Torque Slip Curve 


This spreadsheet editor allows the user to view and edit selected motor characteristic design classes and 
models. Each library record is a unique set of data for each motor characteristic design class. A unique 
record name is defined by Slip. If the record is repeated, then the row is deleted, i.e., duplicate records are 
overwritten. If a row (record) of data duplicates a previous one, ETAP will request confirmation before 


overwriting it. 
Model 


Slip 


Enter the motor slip in percent. 


Torque 


Enter the machine torque in percent of full load torque. 


I 
Enter the motor current in percent of full load current. 


PF 
Enter the motor power factor in percent. 
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Harmonics 


Because of the wide and ever increasing applications of power electronic devices and other electronic and 
digital controllers, such as variable speed drives, uninterruptible power supplies (UPS), static power 
converters, rectifiers, Static Var Compensator (SVC), etc., power system voltage and current quality has 
been severely affected in some areas. In these areas, components other than that of fundamental frequency 
can be found to exist in the distorted voltage and current waveforms. These components usually are the 
integer multipliers of the fundamental frequency, called ‘harmonics’. In addition to electronic devices, some 
other nonlinear loads or devices, including saturated transformers, arc furnaces, fluorescent lights, and 
cyclo-converters are also responsible for the deterioration in power system quality. 
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Harmonic Analysis Overview 


The presence of harmonics in a power system can give rise to a variety of problems including equipment 
overheating, reduced power factors, deteriorating performance of electrical equipment, the incorrect 
operation of protective relays, interference with communication devices, and in some cases, circuit 
resonance to cause electric apparatus dielectric failure and other types of severe damage. Even worse, 
harmonic currents generated in one area can penetrate into the power grid and propagate into other areas, 
resulting in voltage and current distortions for the entire system. This phenomenon has become a major 
concern for power quality due to the ever-increasing usage of electronic devices and equipment in power 
systems. 


Using computer simulation, the phenomena of power system harmonics can be modeled and analyzed. The 
ETAP Harmonic Analysis Module provides the best tool to accurately model various power system 
components and devices to include their frequency dependency, nonlinearity, and other characteristics 
under the presence of harmonic sources. This module employs two analytical methods; Harmonic Load 
Flow Method and Harmonic Frequency Scan Method. Both methods are the most popular and powerful 
approaches for power system harmonic analysis. By using those two methods in combination, different 
harmonic indices are computed and compared with the industrial standard limitations, and existing and 
potential power quality problems, along with security problems associated with harmonics can be easily 
revealed. Causes of those problems can be identified, and different mitigation and corrective schemes can 
be tested and finally verified. 


Some of the main features and capabilities of the ETAP Harmonic Load Flow Study are summarized below: 


e Common and integrated database 

e = Fully inherited 3-D data structure, including infinite presentations, unlimited configurations, & multiple 
data revisions 

Systems with looped, radial, or combined systems 

Systems with multiple swing buses 

Systems with isolated subsystems 

Systems with zero impedance branches (tie circuit breakers) 

Systems with de-energized buses and branches 

Automatic adjustment of cable/line resistance according to operating temperatures 
Automatic adjustment of overload heater resistance according to tolerance 
Automatic adjustment of cable/line length according to their tolerance 

Automatic adjustment of transformer impedance according to tolerance 
Automatic adjustment of current limiting reactor impedance according to tolerance 
Multiple Loading Categories 

Multiple Generation Categories 

Load diversity factors 

Complete fundamental load flow calculation 

Automatic LTC settings for fundamental load flow 

Frequency dependency of rotary machine impedance 

Nonlinearity and frequency dependency of cable/line and transformer impedance 
Frequency dependency of other power system components and loads 

Transformer phase shift 

Machine and transformer winding connections and grounding type 

Short-line and long-line model for cable and transmission line 

Harmonic Current Injection Method 

Positive, negative, and zero sequence harmonics 

Harmonic order up to 250" 
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Interharmonic sources 

Harmonic voltage source model 

Harmonic current source model 

User-expandable harmonic source library 

Harmonic source defined by either spectrum or device parameters 

Generation of harmonic source based on device parameters for VFD, UPS, charger, inverter, and SVC 
User-selected harmonic source inclusion by device categories 

Calculation of various harmonic indices based on IEEE standards 

Total Harmonic Distortions (THD) for both bus voltages and branch currents 

Total RMS value for both bus voltages and branch currents 

Total arithmetic summation value (ASUM) for both bus voltages and branch currents 
Telephone Influence Factors (TIF) for both bus voltages and branch currents 

I*T product for branch currents 

I*T, (balanced component of I*T) product for branch currents 

I*TR (residual component of I*T) product for branch currents 

Total Interharmonic Distortion (TIHD) for both bus voltages and branch currents 
Total Subharmonic Distortion (TSHD) for both bus voltages and branch currents 
Group Total Harmonic Distortion (THDG) for both bus voltages and branch currents 
Subgroup Total Harmonic Distortion (THDS) for both bus voltages and branch currents 
Built-in harmonic filters in different types 

Automatic filter sizing based on different criteria 

Checking and flagging of filter overloading 

Harmonic filter performance verification 

Graphical one-line display of study results 

Slider bar to display fundamental load flow, total and individual harmonic distortion 
Graphical plots of voltage and current waveforms for viewing and printing 

Graphical plots of voltage and current spectrums for viewing and printing 

Text report for input data, fundamental load flow results, voltage and current harmonic indices, and 
tabulated voltage and current harmonics 

Crystal Reports for preformatted reports 

Flag violations of bus total and individual harmonic distortion limits 

Harmonic Rulebooks for ANSI and IEC Distortion Limit Evaluation 

Alerts based on current and voltage distortion limits 

Global or individual (local) rulebook selections 

Machine Skin Effect — Motors, Cables and Transformers 

Transformer K-factor rating 

Alert for VTHD, VIHD, transformer, filter, capacitor, and cable 

One-line display of capacitor and filter current 


Some of the main features of the ETAP Harmonic Frequency Scan Study are summarized below: 


Same system and component modeling capabilities for harmonic load flow and fundamental load flow 
Frequency dependency of rotary machine impedance 

Nonlinearity and frequency dependency of cable/line and transformer impedance 

Frequency dependency of other power system components and loads 

Transformer phase shift 

Machine and transformer winding connections and grounding types 

Built-in harmonic filters in different types 
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Automatic filter sizing based on different criteria 

User-definable frequency scan range and step 

Graphical one-line display of study results 

Slider bar to display bus driving point impedance magnitude and phase angle at selected frequencies 
Graphical plots of bus driving point impedance in ohms for viewing and printing 

Graphical plots of bus driving point impedance phase angle for viewing and printing 

Text report for input data and tabulated bus driving point impedance magnitudes and phase angles 
Report resonance frequencies and magnitudes 
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27.1 Study Toolbar 


The Harmonic Analysis Study toolbar will appear on the screen when you are in the Harmonic Analysis 
Study Mode. This toolbar has eight function keys as shown below: 

Run Harmonic Load Flow 

Run Frequency Scan 

Display Options 

Alert View 

Report Manager 

Harmonic Analysis Plots 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run Harmonic Load Flow 


Select a Study Case from the Study Case toolbar when you are in Harmonic Analysis Study Mode. Click 
on the Run Harmonic Load Flow button to perform a Harmonic Load Flow Study. A dialog box will 
appear for you to specify the output report name if the output file name is set to Prompt in the Output 
Report list box. The Harmonic Load Flow Study results will appear on the one-line diagram and can be 
viewed in output report text and plot formats after the calculation completes. 


Run Frequency Scan 

After selecting a Study Case from the Study Case toolbar, click on the Run - Frequency Scan button to 
perform a Harmonic Frequency Scan Study. A dialog box will pop up asking you the output file name if 
Prompt is set in the Output Report list box. As in the Harmonic Load Flow Study, study results are 
displayed on the one-line diagram and can be viewed in output report text and plot formats after the 
calculation completes. 


Display Options 


Click on the Display Options button to customize the one-line diagram annotation display options under 
the Harmonic Analysis Study Mode. See Display Options for more information. 
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Alert View 


After performing a Harmonic Load Flow Study or Harmonic Frequency Scan, you can click on this button 
to open the Alert View, which lists all equipment with critical and marginal violations based on the settings 
in the Study Case. 


Report Manager 


Click on the Report Manager button to select a format and view output reports. Harmonic Analysis reports 
are provided in Crystal Report Viewer, PDF, MS Word, Rich Text, MS Excel formats. A number of 
predefined reports are found from here in Complete, Input, Results and Summary pages respectively. 


The Report Manager provides four pages (Complete, Input, Result, and Summary) for viewing the different 
parts of the report. Available formats for Crystal Reports are displayed on each page of the Report Manager. 


Harmonics Report Manager |p Svom| 


Complete | Input il Resuit | Summary | _ 


Complete ®) Viewer 

PDF 

MS Word 

Rich Text Format 
>) MS Excel 
("| Set As Default 


Output Report Name 
HA-LF 
Path 


C:\ETAP\Example-ANSI 


eit) oe] ets 


The preformatted Crystal Reports’ names are: 


e Complete e Line 

e Adjustments e Machine 

e Branch Zero Seq Z e ~=Reactor 

e Branch e SVC 

e Bus e Transformer 

e Cable e Load Flow Report 
e Cover e Results 

e = Filter e = =Alert Freq Scan 
e Harmonic Library e Alert-Complete 
e Harmonic Source e = Alert-Critical 

e Impedance e = Alert-Marginal 
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e Filter Overloading e VIHD Report 
e Summary e  VTHD Report 


You can also select output files from the Output Report pull-down list. 


ree cite [air ER, cant 
| 


HA-FS 
HA-LF 
Prompt 


This list contains all the output files in the current project folder with the same file extension specified. 


4l 


The output reports for harmonic load flow studies have an extension of .HA1S. 


Harmonic Analysis Plots 


Click on the Harmonic Analysis Plots button to select and plot the curves from the selected output plot 
file. The plot file name is the same as the output text file displayed in the Output Report pull-down list. Plot 
files for harmonic load flow have .hfp as an extension. Plot files for harmonic frequency scan have .fsp as 
an extension. 


Halt Current Calculation 


The Stop Sign button is normally disabled. When a harmonic load flow or a harmonic frequency scan has 
been initiated, this button becomes enabled and shows a red stop sign. Clicking on this button will 
terminate the current calculation. The one-line diagram displays and plots will not be available if you 
terminate the calculation before it completes, and the output report will be incomplete. 


Get Online Data 


If the ETAP key installed on your computer has the online feature, you can copy the online data from the 
online presentation to the current presentation. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature, you can copy the archived data to the 
current presentation. 
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27.2 Study Case Editor 


The Harmonic Study Case Editor contains solution control variables, loading conditions, and a variety of 
options for Output Reports. ETAP allows you to create and save an unlimited number of Study Cases. Load 
flow calculations are conducted and reported in accordance with the settings of the Study Case selected in 
the toolbar. You can easily switch between Study Cases without resetting the Study Case options each time. 
This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any combination 
of the three major system toolbar components, i.e. for any configuration status, one-line diagram 
presentation, and Base/Revision data. 


When you are in Harmonic Analysis mode, you can access the Harmonic Analysis Study Case Editor by 
clicking on the Study Case button from the Harmonic Analysis Study Case toolbar. You can also access 
this editor from the System Manager by clicking on the Harmonic Analysis Study Case folder. 


z Cable 


To create a new Study Case, you can click on the existing study case button in the Study Case toolbar. It 
will open the study case and you can click on the copy or new study case buttons. 


af 2 (ie) 


(tio) (OX) [Gamat 


You can also create a new Study Case from the System Manager, by right-clicking on the Harmonic 
Analysis Study Case folder and selecting Create New. ETAP will then create a new Study Case, which is a 
copy of the default Study Case, and add it to the Harmonic Analysis Study Case folder. 
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=)-q Example-ANSI - C:\ETAP\Example-ANSI\ 
(ay Configurations 
-(y Presentations 
Bey Study Cases 
)-(Gg Arc Flash - 7 
-( Battery Sizing - 2 
-( Cable Derating - 1 
-(y Contingency Analysis - 1 
-( DC Arc Flash - 3 
~(y DC CSD Analysis - 1 
-( DC Load Flow -1 
~( DC Short Circuit - 1 
-(¢g Distribution Load Flow 
-( Distribution Short Circuit 
-( Failure Mode Analysis - 1 
-( Fault Management and Service Restoration 
<q Harmonic Analysis - 1 


so» D) HA - Default Create New 
(5g Intelligent Load Sh 


(5g Load Flow - 5 
(yj Motor Starting - 2 
~-(j Optimal Capacitor Placement - 1 


of) 


fF 


In the Harmonic Analysis Mode, you can access the Harmonic Analysis Study Case Editor by clicking on 
the Study Case button on the Study Case toolbar. You can also access this editor from the System Manager 
by clicking on the Harmonic Analysis subfolder under the Study Cases folder. 


The Harmonic Analysis Study Case Editor consists of five pages: Info, Plot, Model, and Adjustment, Alert. 
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27.2.1 Info Page 


This page is provided for you to specify general solution parameters, loading conditions, report options, 
and Study Case information. 


Harmonic Analysis Study Case 
Info| Plot__| Model | Adjustment | Alert 
Study Case ID Frequency Scan 
HA 
From 50 Hz 
Initial Load Flow 
(@) Adaptive Newton-Raphson Max. lteration 99 To 5000 «Hz 
© Newton-Raphson Precision 0.0001 Step (df) 50 Hz 
Plot Step 1 x df 
Loading Category Generation Category Charger Loading 
| Design 7| | Design v @ Loading Category 
Operating P,Q [Operating P,Q. V © Operating Load 
Load Diversity Factor 
@ None ») Bus Maximum » Bus Minimum 
© Global 
Study Remarks 


Second line of remarks for "HA" study case. 


fey =) By (Geer) [new] [oe 


Hep | (OK) [once 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering a new ID. The Study Case ID can be up to 12 alphanumeric characters. Use the navigator button 
at the bottom of the editor to go from one Study Case to another. 


Initial Load Flow 


In this group you can select a load flow calculation method. The methods available are Adaptive Newton- 
Raphson and Newton-Raphson. 


These settings are used for the fundamental load flow calculation solution control, and apply to both 
Harmonic Load Flow and Harmonic Frequency Scan Studies. 
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Max. Iteration 

Enter the maximum number for iterations. If the solution has not converged before the specified number of 
iterations, the program will stop and inform the user. When using Accelerated Gauss-Seidel, the 
recommended and default value for maximum iteration is 2000. When using Newton-Raphson, the 
recommended and default value for maximum iteration is 99. 


Precision 

Enter the value for the solution precision, which is used to check for the fundamental load flow 
convergence. This value determines how precise you want the final solution to be. When using the 
Accelerated Gauss-Seidel method, the default and recommended value for precision is 0.000001. When 
using Newton-Raphson, the recommended and default value for precision is 0.0001. 


Frequency Scan 


These values are only used for harmonic frequency scan calculations. 


From 
Specify the starting frequency in Hz for frequency scan. The default is the system fundamental frequency. 


To 
Specify the finishing frequency in Hz for frequency scan. This value should be greater than the From 
frequency and is an integer multiplier of the system fundamental frequency. 


Step (df) 
Specify the frequency step in Hz. This value is the interval between two adjacent frequency points during 
a harmonic frequency scan study, and is a positive integer number. 


Plot Step 

This value determines the resolution of the frequency scan plot. The smaller it is, the smoother the plot will 
look, but it requires more data to be recorded. The default value for it is 1, which means every point 
calculated from the harmonic frequency scan study will be plotted. 


Loading Category 


Select one of the ten loading categories for this Study Case. With the selection of any category, ETAP uses 
the percent loading of individual motors and other loads as specified for the selected category. 


Note: You can assign loading to each one of the ten categories in the Nameplate page, Loading page, or 
Rating page for most load components. Harmonic filter loading is calculated from its parameters. 


Operating P,Q 
This option is available if your ETAP key has the online feature. When this box is checked, the operating 
loads updated from online data or a previous load flow study will be utilized in the Load Flow Study. 


Generation Category 


Select one of the ten generation categories for the current Optimal Power Flow Study. With the selection 
of any category, ETAP uses the generator controls for the selected category, as specified in the Rating page 
of the Generator and Power Grid Editors. The generator controls will be different depending on the 
Operating Mode that the generator and the power grid are operating under. The Operating Mode of a 
generator and a power grid is selected on the Info page of the Generator and Power Grid Editors. 
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The table below shows the generation controls with respect to the Operating Mode: 


Operating Mode | Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Operating P, Q, V 

This option is available if your ETAP key has the online feature. When this box is checked, the generator 
operating values update from the online data or a previous Load Flow Study will be utilized in the Load 
Flow Study. 


Charger Loading 


Load Category 
Select this option to use the P and Q specified in the Loading Category group of the Charger Editor for 
chargers. 


Operating Load 
Select this option to use the P and Q as specified in the Operating Load group of the Charger Editor. 


Note: If this option is selected, it is required that a DC load flow calculation is run first in order to estimate 
the charger load. 


Load Diversity Factor 


Apply appropriate load diversity factor(s) for the fundamental load flow and Harmonic Load Flow. The 
choices are: 


None 
Select ‘None’ to use the percent loading of each load as entered for the selected Loading Category, i.e., no 
diversity factor is considered. 


Bus Maximum 

When the Bus Maximum option is selected, the loading of all motors and other loads will be multiplied by 
the maximum diversity factor of the bus, to which they are directly connected. Using this option, you can 
define the initial loading for Harmonic Analysis Studies with each bus having a different maximum 
diversity factor. This study option is helpful when the future loading of the electrical system has to be 
considered. 


Bus Minimum 

When the Bus Minimum option is selected, the loading of all motors and other loads will be multiplied by 
the bus minimum diversity factor of the bus to which they are directly connected. Using this option, you 
can define the initial loading for Harmonic Analysis Studies with each bus having a different minimum 
diversity factor. 


This study option may be useful in some cases where the effect of light loading condition needs to be 
investigated. 
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Global 

Enter the diversity factors for all Constant kVA, Constant Z, Generic, and Constant I loads. When you 
select this option, ETAP will globally multiply all motors, static loads, constant current loads, and generic 
loads of the selected Loading Category with the entered values for the respective load diversity factors. 


Constant kVA 
Constant kVA loads include induction motors, synchronous motors, conventional and unbalanced lumped 
loads with % motor load, UPS’s, and chargers. 


Constant Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional and 
unbalanced lumped loads with % static load. 


Constant I 
Constant current loads include unbalanced lumped loads with % constant current load. 


Generic 
Generic loads include lumped loads modeled using either the exponential, polynomial, or comprehensive 
model. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this remark box. Information entered here will be 
printed on the second line of every Output Report page header. These remarks can provide specific 
information regarding each Study Case. 


Note: The first line of the header information is global for all Study Cases and entered in the Project 
Information Editor. 
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27.2.2 Plot Page 


Select the components you want to display on the one-line diagram and in Plot format. The selections are 
applied to both the Harmonic Load Flow and the Harmonic Frequency Scan Studies. 


a 


Harmonic Analysis Study Case [nese] 
Info| Plot | Model | Adjustment | Alert | 7 
Device Type Plot Options 
[Buses ; R 
Pablh Device ID he abulate Es 
Transmission Lines 
—— Bus2 x 
ransformers 
Reactors Bus4 xX 
Harmonic Filters Bus5 x 
Capacitors Bus6 Xx 5 
Bus9 Xx 
Bus23A X 
LVBus Xx 
Main Bus xX — 
MCC1 Xx 
Sub2A xX 
Sub2B x 
Sub 3 x ess 
«| um | > 


gli 2 (Go i] 


Hee | (0K) [Conca 


Device Type 


Select the type of components or devices from the list. Only the components associated with the listed types 
can be selected for plotting. 


Plot Options 


Device ID 
This table provides a list of the devices or components for the given Device Type. 
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Plot/Tabulate 


You also can include a device or component in the plot list by first selecting that device or component, and 
then checking this box. An X will be placed next to this device or component in the Plot/Tabulate column. 


Check All 
Clicking on this button will check or uncheck all components in the Plot Option list. 
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27.2.3 Model Page 


This page is provided for you to choose the modeling methods for different types of components. 


Harmonic Source Model 
© Ideal Current Source 
© Thevenin / Norton Equivalent for Non-Electronic Sources 
(@ Thevenin / Norton Equivalent for all Sources (Recommended Method) 


Exclude Harmonic Source 
Utility (] Inverter 
Generator Saturation |} UPS 
Transformer Saturation (] VFD 
Charger / Converter Static Load 
Transmission Line/Cable 
Transmission Line - . 
- @) Use Short Line Model 
~) Use Long Line Model for longer than 
Skin Effect Model 
TH Aeply Skin Effect using IEEE 399 
Synchronous Machines 
Transformer 


| 6 (a) [oC ee 


Harmonic Current Source Model 


In this group, you can specify the model used to represent harmonic current sources. Depending on the 
method selected and the option of an ini file entry (IncludeSystemImpedance), a different model will 
be used as shown in the figure below. In the figure, Isource is the harmonic current from the pure current 
source, Ina is the harmonic current specified in the harmonic spectrum for the source, Zsource is the internal 
impedance of the harmonic source and Z.y, is the equivalent system impedance. 
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lha lha lha 
Zsys Zsource Zsys Zsource Zsys 
lsource lsource lsource 
Model A Model B Model C 


Harmonic Current Source Model 


Ideal Current Source 

If this option is selected, a harmonic current source will be represented by a pure current source, as shown 
in Model A above. By this model, the current source will inject harmonic current as specified by its 
harmonic spectrum, independent of system impedance and source internal impedance. This is the same 
model provided in previous releases of ETAP. 


Thevenin/Norton Equivalent for Non-Electronic Sources 

If this option is selected, a non-electronic harmonic current source will be represented by an equivalent 
Thevenin/Norton model as shown in Model B or C above. The harmonic current source will be represented 
by a pure current source connected in parallel with source internal impedance. For a harmonic order at 
which the source has zero current injection, it will be represented by its internal impedance only. 


When this option is selected, the ini file entry, IncludeSystemImpedance, decides if Model B or C is 
used. If this ini file entry is False, Model B will apply; if the entry is True, Model C will apply. In Model 
B, the harmonic current (Ina, i.e. 5% for 5" order harmonic) from the current source (Isource) is following the 
harmonic spectrum specified for the source. Due to the current sharing of the source internal impedance, 
the amount of harmonic current injected into the system will be smaller. The difference between the two 
depends on values of source and system impedance. In Model C, the harmonic current from the pure current 
source (Isource) is adjusted so that the actual harmonic current injection into the system (Iha, i.e. 5% for 5” 
order harmonic) is following the harmonic spectrum specified for the source. 


Note that Utility, generator, and static load are considered as non-electronic harmonic sources. When this 
option is selected, the electronic sources and transformer sources will be modeled as an ideal current source. 


Thevenin/Norton Equivalent for All Sources (Recommended Method) 
If this option is selected, all types of harmonic current sources will be represented by an equivalent 
Thevenin/Norton model as shown in Model B or C above. The effect of the ini file entry 
(IncludeSystemImpedance) is the same as described in the previous section. 


Exclude Harmonic Source 


In this group, you can globally specify what types of components you do NOT want to model as harmonic 
sources. The results will affect both the Harmonic Load Flow and the Harmonic Frequency Scan Studies. 
For example, if a type of selected component is not to be modeled as a harmonic source, then all components 
of this type will be modeled as impedances with the appropriate values in both the Harmonic Load Flow 
and the Harmonic Frequency Scan Studies. 
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Utility 
When this box is checked, all the power grid (utility) components will not contribute harmonics to the 
system. This corresponds to when the grid has no or negligible harmonic contamination. 


Generator Saturation 

When this box is checked, all synchronous generator components will not be considered as harmonic 
sources. This corresponds to the situation that generators are not significantly saturated; thus, they generate 
near-ideal sinusoidal voltages. 


Transformer Saturation 

When this box is checked, all transformer components, both 2-winding and 3-winding, will not be 
considered as harmonic sources. This is true for transformers, which are close to their rated loading 
conditions. 


Charger/Converter 
When this box is checked, all charger and converter components will not be considered as harmonic sources. 


Inverter 
When this box is checked, all inverter components will not be considered as harmonic sources. 


UPS 
When this box is checked, all UPS components will not be considered as harmonic sources. 


VFD 
When this box is checked, all VFD components will not be considered as harmonic sources. 


Static Load 
When this box is checked, all static load components will not be considered as harmonic sources. 


Transmission Line/Cable 


This section allows you to select and model transmission line and cable using either the ‘short line’ model 
or the ‘long line’ model. The short line model is the simple lumped circuit model in Pi equivalent circuit, 
whereas the long line model is the distributed circuit model where the propagation effect of current wave 
and voltage wave are considered. For a 60 Hz system, a line or a cable longer than 250 km or 150 mi is 
considered a long line or cable. 


In this section, select first a type of element, Transmission Line or Cable. Then set up the appropriate 
parameters to work with it. 


Use Short Line Model 
When this option is checked, any element in the selected category will be modeled with a short line model. 


Use Long Line Model 

When this option is checked, any element in the selected category will be modeled with a long line model 
if the length criteria is met. Please note that to use a long line model, cable or line admittance, Y has to be 
greater than 0 (for both positive/negative sequence and zero sequence); otherwise, a short line model will 
be used. 
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Skin Effect Model 


This section allows you to select specific options for applying or modeling the skin effect on some of the 
most common power elements like induction motors, synchronous machines and transformers. Cables and 
transmission lines also have skin effect models and are always applied, but are not included in this section. 


Induction Machines Skin Effect Model 

If this check box is applied, then induction motors will include the skin effect. The skin effect equations 
applied are based on IEEE 399-1997(Brown Book). If the box is not checked, then no skin effect is applied 
(similar to ETAP 16.2.0 and before). 


Synchronous Machines Skin Effect Model 

If this check box is applied, then Synchronous machines will include the skin effect. The skin effect 
equations applied are based on IEEE 399-1997 (Brown Book). If the box is not checked, then no skin effect 
is applied (similar to ETAP 16.2.0 and before). 


Transformers Skin Effect Model 

If this check box is applied, then transformer skin effect is determined according to IEEE 399-1997 (Brown 
Book) equations. If the box is not checked, then skin effect is applied according to IEEE 519-1992 
equations (similar to ETAP 16.2.0 and before). 
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27.2.4 Adjustment Page 


This page allows the user to specify tolerance adjustments to length, equipment resistance, and impedance. 
Each tolerance adjustment can be applied based on the individual equipment percent tolerance setting or 
based on a globally specified percent value. 


Harmonic Anal udy Casi boa] 
[Info| Plot__| Model | Adjustment | Alert 
Impedance Tolerance Length Tolerance 
Transformer Cable / Busway 
© Individual © Individual 
@ Global 7 x @ Global 8 % 
[¥] Reactor Transmission Line 
© Individual © Individual 
@ Global 5 - 4 @ Global 5 x 
|W] Overload Heater 
© Individual 
@ Global 5 % 
Resistance Temperature Correction 
[¥] Cable / Busway Transmission Line 
© Individual Max. Temperature © Individual Max. Temperature 
@ Global HB | © Global 75 te 
G| =) Gl (Goer) [inew,} [o2#= 


Impedance Tolerance 


This group allows the user to consider tolerance adjustments to impedance values for transformer, reactor, 
and overload heater. 


Transformer Impedance Adjustment 


This adjustment is applied to transformer impedance. The net effect of the transformer impedance 
adjustment in harmonic analysis calculations is to increase the impedance by the specified percent tolerance 
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value. For example, if the transformer impedance is 12% and the tolerance is 10%, the adjusted impedance 
used in the load flow calculation will be 13.2%, resulting in higher losses. 


The Impedance Adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating page. A global Transformer Impedance Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field of 
Harmonic Analysis Study Case Editor Adjustment page. The global Impedance Adjustment overrides any 
individual transformer tolerance value. 


Reactor Impedance Adjustment 

This adjustment is applied to the reactor impedance. Harmonic Analysis increases the reactor impedance 
by the specified percent tolerance resulting in larger impedance and consequently a larger voltage drop. For 
example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the adjusted reactor 
impedance used in the load flow calculation is 0.105 Ohm. 


The Impedance Adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor Editor Rating page. A global Reactor Impedance Adjustment can be specified as 
well by selecting and specifying a global tolerance other than 0% in the corresponding field of the Harmonic 
Analysis Study Case Editor Adjustment page. The global Impedance Adjustment overrides any individual 
reactor tolerance value. 


Overload Heater Resistance 

This adjustment is applied to the Overload Heater (OH) resistance. The Load Flow Module increases the 
OH resistance by the specified percent tolerance resulting in a larger resistance and consequently a larger 
voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the adjusted 
OH resistance used in the load flow calculation is 0.105 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating page. A global Overload Heater Resistance 
Adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field of Harmonic Analysis Study Case Editor Adjustment page. The global Resistance 
Adjustment overrides any individual overload heater tolerance value. 


Length Tolerance 


This group allows the user to consider tolerance adjustments to cable and transmission line lengths. 


Cable Length Adjustment 

This adjustment is applied to the cable length. Harmonic Analysis increases the cable length by the specified 
percent tolerance resulting in larger impedance and consequently a larger voltage drop. For example, if the 
length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in the load flow 
calculation is 210 ft. 


The Length Adjustment can be applied to individual cables by using the tolerance percent value specified 
in the Cable Editor Info page. A global Cable Length Adjustment can be specified as well by selecting and 
specifying a global tolerance other than 0% in the corresponding field of the Harmonic Analysis Study Case 
Editor Adjustment page. The global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line Length Adjustment 


This adjustment is applied to the transmission line length. Harmonic Analysis increases the transmission 
line length by the specified percent tolerance resulting in larger impedance and consequently a larger 
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voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 2.5%, then 
the adjusted transmission line length used in the load flow calculation is 2.05 miles. 


The Length Adjustment can be applied to individual lines by using the tolerance percent value specified in 
the Transmission Line Editor Info page. A global Transmission Line Length Adjustment can be specified 
as well by selecting and specifying a global tolerance other than 0% in the corresponding field of the 
Harmonic Analysis Study Case Editor Adjustment page. The global Length Adjustment overrides any 
individual transmission line tolerance value. 


Resistance Temperature Correction 


This group allows the user to consider resistance correction based on the maximum operating temperature 
for cable and transmission line conductors. Each temperature resistance correction can be applied based on 
the individual cable/line maximum temperature setting or based on a globally specified value. 


Temperature Correction for Cable Resistance 

This adjustment is applied to the cable conductor resistance. Harmonic Analysis adjusts the conductor 
resistance based on the maximum operating temperature. If the maximum operating temperature is greater 
than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables by using the maximum operating 
temperature value specified in the Cable Editor Impedance page. A global temperature correction can be 
specified as well by selecting and specifying a global maximum temperature value in the corresponding 
field of the Harmonic Analysis Study Case Editor Adjustment page. The global temperature correction 
value overrides any individual Cable Impedance page maximum temperature. Refer to the Cable Editor 
Impedance page section in the AC Elements chapter. 


Temperature Correction for Transmission Line Resistance 

This adjustment is applied to the transmission line conductor resistance. Harmonic Analysis adjusts the 
conductor resistance based on the maximum operating temperature. If the maximum operating temperature 
is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by using the maximum operating temperature 
value specified in the Transmission Line Editor Impedance page. A global temperature correction can be 
specified as well, by selecting and specifying a global maximum temperature value in the corresponding 
field of the Harmonic Analysis Study Case Editor Adjustment page. The global temperature correction 
value overrides any individual Transmission Line Impedance page maximum temperature. Refer to the 
Transmission Line Editor Impedance page section in the AC Elements chapter. 
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27.2.5 Alert Page 


The Alert page in the Harmonic Analysis Study Case Editor is used to specify the setup of all the Simulation 
Alerts provided to notify the user of an abnormal loading condition based on predetermined, “allowable”, 
percent values and system topology. The functional capability of the Simulation Alert System is to generate 
alerts when there is an overload in transformers, cables, filters and capacitors. The alerts are reported either 
graphically on the one-line diagram or via the Alert View window. 


G 


4 rade | Som 
| Plot | Model | Adjustment | Alert 
Equipment Harmonic Distortion Limits 
Critical == [| Marginal Critical (7) Marginal 
Cable Filter 
Capacitor kV 100 9 % 
Ampacity/Capacity 100 95 % 
Inductor Amp 100 6 |% 
Transformer Capacitor 
Total | 100 95 % MaxkV 100 9 % 
Global Compliance Rules (Limits) 
Rule ID Standard/Region 
ANSI/IEEE519-2014:North America ¥ IEEE 519-2014: Table 1 & 3 \ North America 
Except ff Local Rules Selected in Bus Editor | View Limits | 
Bus VTHD / VIHD (¥] Current Distortion Limits (TDD/IHD) 
Critical Marginal Critical Marginal 
% Fund kV x 100 95 %FundAmpx 100 95 
@ Weekly 95th % @ Weekly 95th % 
© Weekly 99th % © Weekly 99th % 
© Daily 99th % [¥] Marginal Limit © Daily 99th % [¥] Marginal Limit 
Frequency Scan Alert View Window 
|V| Parallel Resonance Auto Display 
[Ce gS] beet) (Hele | (0K) [Cance] 


Critical and Marginal Alerts 

There are two types of simulation alerts generated after a Harmonic Analysis Study. The difference between 
Marginal and Critical Alerts is their use of different percent value conditions to determine if an alert should 
be generated. If a condition for a Critical Alert is met, then an alert will be generated in the Alert View 
window andthe overloaded element-will turn red in the enpaaens The same is true for Marginal 
Alerts. exeeptthat : " 2 . Also, the Marginal Alerts 
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checkbox must be selected if the user desires to display the Marginal Alerts. If a device alert qualifies for 
both Critical and Marginal Alerts, only Critical Alerts are displayed. It should be noted that in order for 
ETAP to generate alerts for an element type, both the element rating and the percent value entered in this 
page must be non-zero. The element ratings for alert checking are given in the following groups: 


Equipment Harmonic Distortion Limits 


These check boxes enable or disable the marginal alerts for transformers, cables, filters and capacitors. 


Marginal Check Box for Cable and Transformer 
This check box enables the marginal limit alerts for cable and transformers. 


Marginal Check Box for Filter and Capacitor 
This check box enables the marginal limit alerts for filters and capacitors. 


Cable Ampacity 
Critical or Marginal Alerts are generated if cable rms current rating is being exceeded. The critical and 
marginal alert settings are specified in percent of the cable allowable ampacity. (Cable Editor — Ampacity 


page). 


Transformer 
A Critical or Marginal Alert will be generated after Harmonic Load Flow Analysis has been run if the 


transformer current exceeds the specified percent value. The critical and marginal current ratings are entered 
on transformer K factor base. 


Filter 


Critical or Marginal Alerts will be generated if any filter in the electrical system is subjected to overload 
conditions. 


Capacitor kV 
Critical or Marginal Alerts are generated if capacitor peak voltage rating is being exceeded in the harmonic 
filter. The critical and marginal alert settings are specified in percent of the capacitor rated maximum kV. 


Inductor Amps 

Critical or Marginal Alerts are generated if inductor rms current rating is being exceeded in the harmonic 
filter. The critical and marginal alert settings are specified in percent of the inductor allowable maximum 
current rating in amps. 


Capacitor kV 


Critical or Marginal Alerts are generated if capacitor peak voltage rating is being exceeded. The critical and 
marginal alert settings are specified in percent of the capacitor rated maximum kV. 


Global Compliance Rules (Limits) 


This section is dedicated to the selection of harmonic distortion compliance limits. The rulebook selection 
determines the compliance limits used to evaluate voltage and current harmonic distortion at the specified 
locations. 
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Rule ID 
This dropdown list allows the selection of a global harmonic distortion compliance limit rulebook. If the 
“none” option is selected, no voltage distortion limits are globally evaluated. 


Standard/Region 
Reference information for the selected harmonic distortion compliance limit rulebook. 


View Limits 
Opens the harmonic distortion compliance limit rulebook in read-only mode to allow the inspection of the 
voltage, current and interharmonics compliance limits. 


Except if Local Rules Selected in Bus Editor 

This check box allows the program to use local harmonic distortion compliance limits for certain locations 
(where specified at the bus harmonic distortion page) and still use a global compliance set of limits for the 
rest of locations where a local or individual compliance rulebook is not specified. If this option is 
unchecked, all voltage and current compliance limits are evaluated based on the selected rulebook in the 
study case. 


Bus VTHD / VIHD 


This section of the alert page allows the user to configure the critical or marginal alerts which are generated 
based on the selected compliance distortion limits. The voltage distortion percent values are applied on top 
of the selected distortion limit percent value. 


Weekly 95 % 

Use a 100% multiplier factor for adjusting the voltage distortion limits. The harmonic content measured for 
a short-time (10 min). Please see IEEE 519-2014 for a formal definition. This option is the default and the 
majority of harmonic limit evaluations are done using this option. 


Weekly 99% % 

Use a 150% multiplier factor for adjusting the voltage distortion limits. The harmonic content measured for 
a short-time (10 min). Please see IEEE 519-2014 for a formal definition. This may be known also as Daily 
99" %. This option is used for special conditions where the harmonic voltage distortion value will exceed 
the limits up to 150%. 


Daily 99" % 

Use a 200% multiplier factor for adjusting the voltage distortion limits. To be consistent with the current 
IEEE 519-2014 limit multiplying factor definitions a 200% value is allowed, but this may not be applicable 
for voltage distortion limits. 


Marginal Alert Check Box 
This check box enables the marginal limit voltage distortion compliance limit alerts. 


Marginal Alert % 


This input field is displayed once the marginal alert check box is checked. The value specifies the percent 
limit for marginal alerts. 
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Current Distortion Limits (TDD/THD) 


This section of the alert page allows the user to configure the critical or marginal alerts which are generated 
based on the selected current compliance distortion limits. The current distortion percent values are applied 
on top of the selected distortion limit percent value. 


Weekly 95 % 

Use a 100% multiplier factor for adjusting the current distortion limits. The harmonic content measured for 
a short-time (10 min). Please see IEEE 519-2014 for a formal definition. This option is the default and the 
majority of harmonic limit evaluations are done using this option. 


Weekly 99 % 
Use a 150% multiplier factor for adjusting the voltage distortion limits. The harmonic content measured for 
a short-time (10 min). Please see IEEE 519-2014 for a formal definition. 


Daily 99" % 
Use a 200% multiplier factor for adjusting the current distortion limits. Please see IEEE 519-2014 for a 
formal definition. 


Current Distortion Limit Check Box 
This check box enables the current distortion limit evaluation. If unchecked, the HA program does not 
produce any current distortion compliance limit alerts. 


Marginal Alert Check Box 
This check box enables the marginal limit current distortion compliance limit alerts. 


Marginal Alert % 
This input field is displayed once the marginal alert check box is checked. The value specifies the percent 
limit for marginal alerts. 


Frequency Scan 


The following conditions are monitored and reported when harmonic frequency scan is run for an electrical 
system. 


Parallel Resonance 
ETAP checks the impedance plot of the bus being plotted to determine possible existence of parallel 
resonance in the system. 


Generally, the inductive reactance of that power system increases and the capacitive reactance decreases as 
the frequency increases. At a given frequency there will be a crossover point where the inductive and 
capacitive reactances are almost equal in magnitude but opposite in sign. This point is called the parallel 
resonant point. Because industrial system is primarily inductive, every industrial system with a capacitor 
has a parallel resonant point. ETAP detects these points of resonance at all buses being plotted and reports 
them as alerts. 


Parallel resonance causes problems only if a source of harmonics exists at a bus where the frequency of the 
harmonic matches or is close to the resonance frequency. This is typically called harmonic resonance. 
Harmonic resonance normally results in very high harmonic voltages at the resonant frequency since most 
the parallel resonance generates very high impedance at the bus. Harmonic resonance is a steady-state 
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phenomenon triggered by an event in which the harmonic source changes or the source impedance or 
capacitor size changes; such as if capacitors are switched on or off in steps. 


IEEE Standard 18-2002, standard for shunt power capacitors, states that power capacitors must withstand 
a Maximum continuous RMS over voltage of 110% and an overcurrent of 180%, based on the nameplate 
rating. This over voltage and overcurrent includes both the fundamental frequency and any harmonic 
contributions. The standard also states that the VA rating of the capacitor cannot or can not exceed 135%. 


Recommended capacitor protection may be done at 135% of its full load current. Protection at a higher 
percentage will prevent overcurrent protection from operating during capacitor energizing. 


Alert View Window 


If this button is pressed, the alert view window will open immediately after the harmonic simulation is 
complete. 


ETAP 27-27 ETAP 19.0 User Guide 


Harmonic Analysis Display Options 


27.3 Display Options 


The Harmonic Analysis Display Options consist of a Results page and three pages for AC, AC-DC, and 
Colors information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


27.3.1 Results Page 


Select the result information to be displayed on the one-line diagram. 


Display Options - Harmonic Analysis |prer-Svem| 
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Bus 
Select kV or % to display bus voltages in kV or percent of the bus nominal voltage. 


Show Units 
Click on this checkbox to include or hide bus display units. 


Flows 


Branch Current 
Click on this checkbox to include or suppress one-line displays for branch current and other information 
for branches from the harmonic load flow calculation. 


Show Units 
Click on this checkbox to include or hide branch display units. 


Total Harmonic Info 


In this group, you can select specific information to display for buses and branches. The information is 
related to the total harmonic distortion, etc. 


Bus Voltage 


RMS or ASUM 
Choose to display the bus total voltage in RMS or ASUM (Arithmetic Summation) including contributions 
from the fundamental component and all harmonic components. 


THD or TIF 
Choose to display the bus voltage THD (Total Harmonic Distortion) or TIF (Telephone Influence Factor). 


Branch Current 


RMS or ASUM 
Choose to display the branch total current in RMS or ASUM, including contributions from the fundamental 
component and all harmonic components. 


THD or TIF 
Choose to display the branch current THD or TIF. 


Frequency Scan 


This group sets the option for one-line display of the harmonic frequency scan results. 


Z Magnitude 
Click on this checkbox to display the bus driving point impedance magnitude. 


Z Angle 
Click on this checkbox to display the bus driving point impedance phase angle. 


Show Unit 
Click on this checkbox to show units for the bus display from the harmonic frequency scan study. 


ETAP 27-29 ETAP 19.0 User Guide 


Harmonic Analysis Display Options 


27.3.2 AC Page 


This page includes options for displaying info annotations for AC elements. 


So 
as fu 
= a 


< 
> 
nN Ol 


oo 


oa 
ee) 
S28 le 


OES #88 
G 


Oe 
Hog 
Gog 


oa 
eS) 
Go 


ea 
Hoag 
5 ese¢ 


Goaagd 
Hog 
Gog 


G 


G 


¥) 
¥) 


SB? ge 
Ha 


i?) 
= 
i) 


Cable / Bus Duct 


Hoga 
Oo og ae 
eee) 
oa 


-d 
oOo 


Composite Motor [¥] 
Composite Net [¥] 


Serv oo% 


I] Use Default Options [7] Show Equipment Cable 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one-line 
diagram. 


Device Type Rating 
Gen. (Generator) kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type (Number of Phases - Number of Wires) 
Transformer kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line Number of Cables - Number of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay Display Tag, entered in Info Page of Relay Editor 
PT and CT Transformer Rated Turn Ratio 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) of 
the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the selected elements on the 
one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 
Motor % LRC 


Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
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D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 


For transformers, the operating tap setting for primary, secondary, and tertiary windings are also displayed. 
The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Mtr 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be grayed 
out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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27.3.3 AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


‘a 
Display Options - Harmonic Analysis [eS] 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 


ETAP 27-33 ETAP 19.0 User Guide 


Harmonic Analysis Display Options 


Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the one- 
line diagram. 


Device Type Rating 
Charger AC kVA and DC kW (or MVA/MW) 
Inverter DC kW and AC kVA (or MW/MVA) 
UPS kVA 
VFD HP/kW 

kV 


Click on the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA and DC FLA 
Inverter DC FLA and AC FLA 
UPS Input, output, and DC FLA 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the color 
in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


ETAP 27-34 ETAP 19.0 User Guide 


Harmonic Analysis Display Options 


27.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram 


Display Options - Harmonic Analysis |e 


@) User-Defined 


AC i - 
oc i - 
Ac-DC x ~- 
Composite I ~ 


roots a - 


Color Theme 
A previously-defined color theme can be selected from the list. The selected color theme will be used 
whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the global color theme selected in the color Theme list for element annotations to be 
applied globally throughout all diagrams. When the option is selected, the name assigned to the applied 
color theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 
Cc 
Theme Editor x) 
Thene (Serge Da =] Cerca 
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No Tag Online Meter === 
Acknowledged |B) © Playback Meter | 
Bad Quality | 
Zoom Grid Faulted Bus 
Color | Color { © Color 
Transparency 80 = Size 8 © Symbol 
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Background [__ 
fp) (Smet) (Lita) (Sacioba) (aoe) SO eas 
Theme Editor 


The Theme Editor allows you to select existing color themes or define a new color theme. 
Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 


on this page may also affect other modes and presentations if the global color themes option has been 
previously selected. 


ETAP 27-36 ETAP 19.0 User Guide 


Harmonic Analysis Calculation Methods 


27.4 Calculation Methods 


Power System Harmonic Analysis involves modeling the frequency characteristics of different components 
of power systems, computing harmonic indices at given buses and branches, identifying problems 
associated with the existing harmonics, and providing an environment to simulate and test any mitigation 
methods. This section briefly discusses these topics and prepares you to use the ETAP Harmonic Analysis 
Module to carry on your projects or analyze your systems in a most effective way. 


27.4.1 Standards Compliance 


ETAP Harmonic Analysis Module fully complies with the latest version of the following standards: 


e IEEE Standards 519-1992, IEEE Recommended Practice and Requirements for Harmonic Control in 
Electrical Power Systems 


e JEEE Standard 519-2014, IEEE Recommended Practice and Requirements for Harmonic Control in 
Electric Power Systems 


e ANSI/IEEE Standard 399-1997, IEEE Recommended Practice for Industrial and Commercial Power 
System Analysis (Brown Book) 


e JEEE Standard 141-1993, IEEE Recommended Practice for Electric Power Distribution for Industrial 
Plants (Red Book) 


e IEC 61000-4-7, Testing and measurement techniques — General guide on harmonics and 
interharmonics measurements and instrumentation, for power supply systems and equipment 
connected thereto 


e IEC 61000-3-6: 2008, Assessment of emission limits for the connection of distorting installations to 
MV, HV and EHV power systems 


27.4.2 Component Modeling 


For Harmonic Analysis, frequency characteristics, and the nonlinearity of power system components must 
be recognized and modeled appropriately. Depending on their nature and behavior, these components are 
modeled in very different ways. 


Nonlinear loads in power systems are essentially either injecting harmonic currents into the system or 
applying harmonic voltages at the given points. Therefore, they are conventionally modeled as current 
sources and voltage sources with harmonic frequencies. Normal power sources such as power grids or 
generators, are modeled as voltage sources with harmonic frequencies, if they contain harmonic 
components in their fixed voltages. 


Harmonic Current Source 
Nonlinear components are normally modeled as a harmonic current source: 


Static Load 

UPS 
Charger/Converter 
VFD 
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e SVC 
e Transformer 
e Inverter 


When modeled as harmonic current sources, these components will inject harmonic current into the 
connected buses. 


A saturated transformer can also be modeled as a harmonic current source when it contributes significant 
harmonic current into the system, (most likely when the transformer is lightly loaded). Harmonic current 
source generated by a transformer is normally shared evenly at all of the sides. However, if the transformer 
windings have grounding impedances or their ground connections do not allow the triplen harmonic 
currents to flow, all the sides will share the harmonic current based on the grounding impedances. 


UPS is modeled as a load on its input side and injects harmonic current into the connected AC input bus. If 
a UPS has an output bus and a sub-network connected to, it will also inject harmonic current into the AC 
output bus. 


To model a component as a harmonic current source, go to the Harmonic page of that component and select 
an appropriate harmonic current library via the Library button and Harmonic Library Quick Pick Editor. 
Beginning in ETAP 12.0.0, by default current magnitudes from a harmonic current source are a percentage 
of the component fundamental load flow current. 


Previous to ETAP 12.0.0, the current magnitudes from a harmonic current source were a percentage of the 
component rated current. To use the previous behavior, an ETAPS.INI entry is available. Input 
HAUseEquipmentBase=1 if the previous behavior is desired. Please see the ETAP.INI section of Chapter 
4 for more details. 


As an additional option, instead of selecting a harmonic current source from the library, if IEEE 519 
Equation is selected in the Harmonic page of the component editor, the spectrum will be generated based 
on IEEE Std 519-1992. This option is only available for the following power electronic components: UPS, 
VDF, Charger, Inverter, and SVC. 


Harmonic Voltage Source 
The following components are normally modeled as a harmonic voltage source: 


Power Grid 
Synchronous Generator 
Inverter 

Static Load 


“Polluted” power grids (utilities) or saturated synchronous generators can be modeled as harmonic voltage 
sources if they contain significant voltage distortion. 


Inverters and static loads can also be modeled as harmonic voltage sources if they primarily cause voltage 
distortion instead of current distortion. 


To model a component as a harmonic voltage source, go to the Harmonic page of that component and select 
an appropriate harmonic voltage library via the Library button and Harmonic Library Quick Pick Editor. 
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Beginning in ETAP 12.0.0, by default voltage magnitudes from a harmonic voltage source are a percentage 
of the component fundamental load flow voltage. 


Previous to ETAP 12.0.0, the voltage magnitudes from a harmonic voltage source were a percentage of the 
component nominal voltage. To use the previous behavior, an ETAPS.INI entry is available. Input 
HAUseEquipmentBase=1 if the previous behavior is desired. Please see the ETAP.INI section of Chapter 
4 for more details. 


Harmonic Impedance for Rotating Machines 
If a rotating machine is not modeled as a harmonic source, its equivalent harmonic impedance is its negative 
sequence impedance, adjusted linearly with frequency. 


Harmonic Impedance for Load Components 
For a load or a shunt component, when it is not modeled as a harmonic source, its equivalent harmonic 
impedance is calculated from its fundamental loading, using an equivalent parallel R and X circuit. 


The reactance part of the harmonic impedance for rotating machines and load components are adjusted 
linearly based on the order of harmonic. 


Harmonic Impedance for Branch Components 

Harmonic impedance of a branch component is computed from the impedance at the fundamental frequency 
by considering adjustments due to harmonic frequency. A linear adjustment is made to the reactive part for 
impedance branch, transformer, and reactor; whereas it is non-linear for transmission line. To account for 
the skin effect, a non-linear adjustment is made to the resistive part for transformer, reactor, and 
transmission line. 


Zero Sequence Impedance 

If triplen harmonics (3rd, 6th, 9th, etc.) exist in the system, then the zero sequence impedance of rotating 
machines and branch components is used in the calculation, adjusted to the harmonic frequency. For other 
components, their equivalent zero sequence impedances are assumed to be the same as their positive 
counterpart. It is very important to point out that for rotating machines, including the utility grid, 
transformers, and harmonic filters, the Delta or Wye connections, grounding methods, and grounding 
impedances will all affect the triplen harmonic flow in the system. 


Harmonic Indices 
The effect of harmonics is usually measured in terms of several indices that are defined below. 


Note: The definitions are applied to both voltage and current. 


Total Harmonic Distortion (THD) 

Total Harmonic Distortion (THD), also known as Harmonic Distortion Factor (HDF), is the most popular 
index to measure the level of harmonic distortion to voltage and current. It is a measure that shows the ratio 
of the mean-square-root of all harmonics to the fundamental component. For an ideal system, THD is equal 
to zero. THD is determined by: 


SF 
THD = +—— 


1 
where F; is the amplitude of the i harmonic, and F, is that for the fundamental component. 
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Individual Harmonic Distortion (IHD) 

Individual Harmonic Distortion (IHD) simply calculates the ratio of a given harmonic component to the 
fundamental component. This value is sometimes used to track the effect of each individual harmonic and 
examine its magnitude. IHD is determined by: 


THD =": 


1 


Root Mean Square (RMS) - Total 

This is the square root of the sum of the squares of the magnitudes of the fundamental, plus all harmonics 
in the system. For a system with no harmonics at all, the total RMS should be equal to the fundamental 
component RMS. The total RMS is determined by: 


RMS = |S. F? 
1 
Arithmetic Summation (ASUM) 


This is the arithmetic summation of the magnitudes of the fundamental and all harmonics. It adds the 
magnitudes of all components directly to have a conservative estimation of the crest value of voltage and 
current, and is useful for the evaluation of the maximum withstanding ratings of a device. ASUM is 
determined by: 


ASUM = >°F, 
1 


Telephone Influence Factor (TIF) 

Telephone Influence Factor (TIF) is a variation of the THD with a different weight given to each of the 
harmonics, based on its amount of interference to an audio signal in the same frequency range. Normally, 
the current TIF has a more significant impact on adjacent communication systems. The TIF is determined 
by: 


where W; is the TIF weighting factor. The values for the weighting factors for different 60 Hz harmonic 
frequencies are given in the IEEE Standard 519. For non 60 Hz harmonics systems, the weighting factors 
are linearly interpolated. 


I*T Product (I*T) 


I*T Index is known as ‘the inductive influence.’ It is a product of current components (fundamental and 
harmonics) and weighting factors, as shown in the formula below: 


[eT = |G, Fe 


where Ih = current component magnitude 
Th = weighting factor 


ETAP 27-40 ETAP 19.0 User Guide 


Harmonic Analysis Calculation Methods 


h = harmonic order (h=1 for fundamental) 
H = maximum harmonic order to account 


I*T, Product (I*Tg) and I*Tp Product (I*Tp) 

The balanced I*T product (I*Tp) is calculated the same as I*T but takes only the summation of positive 
and negative sequence harmonics. Similarly, the residual I*T product (I*Tp) takes only the summation of 
zero sequence harmonics. 


Total Interharmonic Distortion (TIHD) 
Total Interharmonic Distortion (TIHD) is the ratio of the RMS of all interharmonics to the fundamental 
component. 
allint erharmonics 
vr 
TIHD = +—_1—\_ 


1 
where F; are the interharmonic components, and F; is the fundamental component. 


Total Subharmonic Distortion (TSHD) 
Total Subharmonic Distortion (TSHD) is the ratio of the RMS of all subharmonics to the fundamental 
component. 
allsubharmonics 
pa 
TSHD = ——_—_—_ 


1 
where F; are the subharmonic components, and F; is the fundamental component. 
Group Total Harmonic Distortion (THDG) 


Ratio of the RMS value of the harmonic groups (g) to the RMS value of the group associated with the 
fundamental: 


THDG = 
where G = voltage or current 
Gon = harmonic group calculated based on IEC 61000-4-7, equation (8) 
n = harmonic order (n=1 for fundamental) 
H = maximum harmonic order to accounted for 


Subgroup Total Harmonic Distortion (THDS) 
Ratio of the RMS value of the harmonic subgroups (sg) to the RMS value of the subgroup associated with 
the fundamental: 
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where G = voltage or current 
Gsgn = subharmonic group calculated based on IEC 61000-4-7, equation (9) 
n = harmonic order (n=1 for fundamental) 
H = maximum harmonic order to accounted for 
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27.4.3 Harmonic Load Flow Study 


The Harmonic Load Flow Study first carries out a load flow calculation at the fundamental frequency. The 
results of the fundamental load flow sets the base for the fundamental bus voltages and branch currents 
which are used later to calculate different harmonic indices. Then, for each harmonic frequency at which 
any harmonic source exists in the system, a direct load flow solution is found by using the Current Injection 
Method. The frequencies considered are all frequencies from the 2”! to the 250" order, including both 
harmonics and interharmonics. Impedance of components is adjusted based on the harmonic frequencies 
and the types of components. For a triplen harmonic frequency, zero sequence impedance is adjusted to the 
actual frequency, and the zero sequence network is used. 


From the harmonic load flow calculation, the harmonic components for bus voltages and branch currents 
are found, and then all harmonic indices are computed accordingly. The computed bus voltage THD and 
IHDs are compared with their limits as specified by the user in the Bus Editor. If any violations are detected, 
they will be shown in Harmonic Load Flow Analysis Alert View and flags will be placed in the text report 
next to the associated bus in the Harmonic Information section. 


The Harmonic Load Flow Study generates output reports showing the system input data, fundamental load 
flow results, system harmonic information, and tabulation of bus voltages and branch currents with all 
harmonic contents. These results can also be viewed directly from the one-line diagram using the Harmonic 
Load Flow Slider and the Harmonic Display Options Editor. Along with the text report and one-line display, 
bus voltage and branch current plots are also available to show both voltage and current waveforms in time 
domain and the harmonic spectrums in a bar chart. 


27.4.4 Harmonic Frequency Scan Study 


One particular concern with harmonics is the resonance condition in the power system. Because of the 
existence of both inductive components and capacitive components in the system, at certain frequencies, 
resonance conditions might occur at some buses. If the resonance occurs at a bus where a harmonic current 
is injected into the system, an over voltage condition will be observed. 


The ETAP Frequency Scan Program is the best tool to investigate the system resonance problem. It 
calculates and plots the magnitudes and phase angles of bus driving point impedance over a frequency range 
specified by the user; thus, any parallel resonance condition and its resonance frequency can be clearly 
identified. The harmonic frequency scan study also allows users to tune their harmonic filter parameters 
and test the final results. Frequency Scan uses system positive sequence as base impedance. 


The frequency range for scanning is defined by the user, which starts from the fundamental frequency and 
can go as high as the user needs. 


The results from the Frequency Scan Study are reported in reports which include the system input data, the 
fundamental load flow results, and a tabulation listing bus driving point impedances. The same tabulated 
information is also given on the one-line diagram, as well as in a plot format. 


27.4.5 Harmonic Filter 


Harmonic filters are extensively used to mitigate harmonic problems. A properly designed harmonic filter 
can prevent the harmonic current from injecting into the system, or it can provide a low impedance path at 
the tuned frequency to remove a parallel resonance. 
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The Harmonic Filter Editor provides all the practical and popular filter structures to choose from. A Filter 
Sizing program is also available in this editor for the Single Tuned Filter Type, with which users can 
optimize the filter parameters based on different installation or operation criteria. 


Harmonic filter loading is usually a concern in practical application. Two loading conditions should be 
checked: capacitor Max. kV and inductor Max. I. Both of those values are specified in the Harmonic Filter 
Editor, Parameter page. The capacitor Max. kV is a peak value, calculated by considering voltage drop 
across the capacitor, and the inductor Max. I is an RMS value, calculated by considering current flow 
through the inductor. 


Note: When calculating these values, all voltage and current components of the fundamental and harmonics 
are included. If Filter Overloading is to be considered, check the Filter Overloading checkbox in the 
Harmonic Analysis Study Case Editor, Info page. Comparisons will be made between the calculated values 
and the specified values by Harmonic Load Flow study. The percentage of overloading is then computed 
and reported in the Filter Overloading report. 


27.4.6 Transformer Phase-Shift 


Properly configuring transformer phase-shift can be helpful for cancellation of certain harmonics, thus 
improving system power quality. 


The ETAP Harmonic Analysis Module uses transformer phase-shift to adjust network impedance phase 


angle in the Harmonic Load Flow study. Transformer phase-shift is specified in the 2-Winding Transformer 
Editor Grounding page and 3-Winding Transformer Editor Tap page. 
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27.4.7 Current Distortion Compliance Limits Evaluation 


This section provides information on how the harmonic analysis program determines the current distortion 
violations based on the limits provided in the harmonic current distortion compliance rulebook. 


The current distortion limit alerts are recommended for evaluation only at the point of interconnection (POD 
or at the point of common coupling (PCC) between two systems. This is done to evaluate the amount of 
harmonic distortion transferred from one system to another. In the majority of cases, the systems are a utility 
connection and an industrial load point. 


The next actions need to take place in order to evaluate the current distortion at the points designated as 
PCC / POI: 


1) Identify the branch to be used as the point of interconnection. 

2) Identify the “From Bus” as “PCC/POI”. Only “From” buses can be used to define PCC/POI points. 

3) Run a short-circuit simulation using the STAR short-circuit module to determine the available 
short-circuit current at the PCC/POI bus. Only three-phase short-circuit currents need to be 
considered. 

4) Determine if the short-circuit current is to be used as calculated or if it needs to be adjusted 
manually for conservatism (i.e. set the short-circuit current as user-defined). 

5) Activate the current distortion evaluation in the Alert page of the HA study case. 

6) Make sure that the branch designated as the exchange point for the PCC/POI is plotted. 


The steps are described graphically with a sample system. In the system below there are two light industrial 
points of interconnection where the current distortion limits are to be evaluated using IEEE 519-2014 
compliance limits. The transmission system serving both facilities operates with a nominal voltage of 34.5 
kV LL. It was determined that the PCC/POI points are the primary side of the incoming service main 
transformers with primary side turn ratio of 34.5 and secondary side turns ratio of 13.8 kV. The system 
under analysis is shown below: 
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In the image above, two locations are highlighted and two potential PCC/POI locations can be defined. For 
the purpose of this example, branches POJ-1 and POI-2 are indentified as the exchange points. The arrows 
indicate the harmonic current distortion which is of interest in the analysis. If buses PCC-1-BusA and PCC- 
2-BusA are set as the PCC/POI buses, then the program will evaluate the current distortion using branches 


POI-1 and POI-2. 


It is also possible to select buses PCC-1-BusB and PCC-2-BusB as the POI/PCC points. If this is done, the 
transformers Main Xfmr — Facility 1 & 2 will be used as the branches for the current distortion evaluation. 
The image below shows how this condition would be interpreted: 
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To select either set of buses as the PCC/POI points, simply open the individual bus Harmonics page to set 
the category change under the Harmonic Limit section as indicated in the image below: 


Bus Editor - PCC-1-BusA 
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Next a short-circuit calculation can be performed to update the available 3-phase short-circuit currents on 


the PCC/POI buses. To accomplish this, a STAR short-circuit calculation can be performed. The image 
below illustrates this process: 
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As can be observed from the previous images, the total available short-circuit current at PCC-1-Bus A and 
Bus B is 4.127 and 5.379 kA respectively. 


After determining the available short-circuit current, we can inspect the results and make any manual 


adjustment if needed (for additional conservatism). The harmonics pages of each bus store the available 
short-circuit currents for inspection: 
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Short-Circuit Current 


» Calculated 


@ User-Defined 


3-Phase Fault -kA 


4.127 


2 


(By (5) |) [Pcc-t-Busa 


J) 2 


Short-Circuit Curent 


@ Calculated 


) User-Defined 


(BS) (By () |) [poc-2-busa 


=) BHR) (oK)| [coe] 


In this case, a second “user-defined” set of values was added to the short-circuit current section of each bus. 
A value of 2,000 Amps was manually entered. The current distortion limits are then evaluated using the 
calculated short-circuit value, and using what could be considered a minimum available short-circuit current 
of 2 kA at each location. 


Next, the alerts page of the HA study case should be configured to allow the evaluation of the current limits. 
The IEEE 519-2014 current and voltage distortion compliance rulebook is selected and the current 
distortion limit evaluation is enabled with typical “Weekly 95" %” (100% of the limit) selections. 
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The last item needs to be checked if the points of interest are plotted. The Plot page shows that all the related 
branches are plotted. 


Info | Plot | Model | Adjustment | Alert 
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At this point, the harmonic load flow simulation can be executed to see if the current distortion limits of 
POI-1 and POJ-2 are exceeded. The simulation is performed by first using the calculated short-circuit 
currents option configured at the PCC/POI buses. 
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As can be observed, there are no current IHD or THD violations at POI-1 or POI-2. The violations shown 
in the alert view window are related to other elements and for other reasons. The reason there are no 
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current distortion limit violations is because the calculated distortion values are below the limits provided 
in IEEE 519-2014 for a 34.5 kV system. The limits are evaluated based on the following criteria: 


1) Determine the ratio of the available short-circuit current (Isc) to the fundamental load flow 
current (IL). 

2) Based on the system nominal voltage and the short-circuit current ratio, the proper set of limits is 
identified. 

3) Once the proper set of limits is identifed the total current distortion and each individual harmonic 
order distortion is compared against the limits. Critical (> max % value) and Marginal (> critical 
% value) alerts are generated accordingly. 


In our example the (Isc / IL) ratios are: 


e PCC-1-BusA is 4.127 kA / 0.109 kA = 37.9 
e PCC-2-BusA is 5.379 / 0.0924 kA = 58.2 


According to IEEE 519-2014 current distortion limits for nominal voltage greater than 1.0 kV but less 
than or equal to 69 kV the limits are: 


IsciIL for kV < 69 


20.000 
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None of the calculated harmonic distortion values at POI-1 branch (which falls under the “20<50” ratio 
column) or at POJ-2 branch (which falls under the “50<100” ratio column) exceed the limits. The 
fundamental currents are shown in the following image for information purposes: 


Next the same simulation can be repeated using the much lower user-defined available short-circuit 
values. For this second simulation short-circuit current values of 2.0 kA were manually entered at the 
PCC/POI buses. The new ratios are: 


e PCC-1-BusA is 2.0 kA / 0.109 kA = 18 
e PCC-2-BusA is 2.0 / 0.0924 kA = 21.27 


Once again, according to IEEE 519-2014 the limits for a system with nominal voltage greater than 1.0 kV 
but less than or equal to 69 kV the limits and Isc/IL ratios similar to the ones above are shown below: 


Isc/IL for kV < 69 


TH —> 


Since one of our ratios is less than 20 (<20), the THD and IHD limits are exceeded. The HA program 
calculated values of 6.86 % for the THD and 6.48 % for the 5" order current distortion at POI-1 branch. 
The image below shows the alerts generated for this violations of the compliance limits: 
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Marginal 


Device ID Type Condition Rating /Limit Operating % Operating Harmonic 


Clearly, it can be observed that the limits are 5 % for THD and 4% for 5" harmonic order when the ratio of 
available short-circuit current to maximum load fundamental current IL is less than 20. POI-2 does not 
incur a violation since its ration is between 20 and 50 and as such, the THD limits is 8% and 5" order is 7 
%. The HA program checked all the harmonic orders up to the 50" value and found no other violations, 
(even if not shown in the images). 


To summarize this example, it has been shown that with a few key pieces of information about the 
identification of the PCC/POI and the applicable rulebook at such location, that the HA program can 
perform an exhaustive current distortion compliance limit evaluation. If done manually for a large system, 
such evaluation could have taken several hours. 


Additional Notes on Current Distortion Limit Evaluation 
According to standards or recommended practices, the following should be considered when applying this 
evaluation: 


1) The short-circuit current is a 3-phase value. 

2) The fundamental load current should be the TDD value (that is, the maximum load demand value) 

3) The PCC/POI is determined only at the “From Bus” for each branch identified as a potential POI 
branch (point of interconnection or harmonic distortion interchange branch). 

4) The limits can be applied globally (such as the previous example) or can be applied locally using 
the bus harmonic page and study case to specify this condition. Local rules can only be applied 
when the option “Except if Local Rules Selected in Bus Editor.” This option would be rarely 
applicable to most evaluations performed from a consumer point of view, but may be useful when 
the analysis is being performed from a utility provider point of view since different sets of limits 
may apply to different geographical regions. 

5) Itis recommended to not apply the evaluation to all branches, since this may unnecessarily increase 
the size of the output report and slow down the calculation. 
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27.4.8 Voltage Distortion Compliance Limits Evaluation 


This section provides information on voltage distortion compliance limits alert evaluation using the global 
or local compliance rulebooks. Unlike the current distortion limit evaluation, the process of evaluating 
voltage distortion limits is far simpler. 


To evaluate the voltage distortion for a system all that is required is listed below: 


1) Select a global or individual compliance rulebook. If global, a selection at the study case alert 
page of a rulebook with voltage distortion limits is sufficient. If local or individual compliance 
rules need to be considered, then such must be specified at the individual locations and the option 
“Except if Local Rules Selected in Bus Editor” is enabled (alert page of study case). 

2) Specify the Weekly 95" % (100%), Weekly 99" % (150%) or Daily 99"" % (200%) multiplying 
factor. For the majority of cases a 100% value is sufficient. 

3) Run HA load flow simulation. 


The following is an example of evaluation of harmonic voltage distortions for two different locations 
using two different rulebooks. One rulebook is applied globally (from the study case), the other rulebook 
is applied only to certain locations (through local rules selection). 


The system shown in the image below is comprised of two small industrial facilities supplied by a 34.5 
kV transmission system. Facility 1 can only operate with a 2.0% or less voltage distortion at the 5" 
harmonic at the 13.8 kV power distribution bus. Facility 2 can operate using the voltage limits as defined 
in IEEE 519-2014 for all voltage levels. To analyze both systems, two separate rulebooks are utilized. 
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First, we can create a new custom rulebook. This rulebook will be applied to bus “Facility 1 — Power 
Sub”. The new rulebook element is called “ANSI/IEEE519-2014:Modified,” since only a few harmonic 
order voltage distortion limits are modified. 


Standard/Region 
IEEE 519-2014: Table 1 & 3 \ North America 


@ | ANSI/IEEE519-2014:North America 
IEC 61000-3-6:2008: European Harmonic € Description 


IEEE 5190-2014 - Voltage and Current Distortion Limits for 
(/Commercial/Industrial Systems for different voltage 
levels and short-circuit to load current ratios. 


Edited By Checked By 


Name — albert. marroquin Name 


Date 12-19-2017 j Date 


Next, the rulebook 5" harmonic order voltage limits is modified. The voltage of the system is 13.8 kV and 
thus the column group “kV < 69” is modified. The 5" harmonic current distortion limit is set to 2.0 %. 


KV < 161 kV > 161 


% % 
2.500 1.500 
1.500 1.000 
1.500 1.000 
1.500 1.000 


The next step is to link this customized rulebook to the particular location. The local rulebook can be 
specified at the harmonic page of bus “Facility 1 - Power Sub”. 
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The image below shows the selection made. The selected local compliance rule is displayed. 


[info PhaseV_ | Load | Motor/Gen | Rating | ArcAlash | Protection 
Harmonic Reiabity | Remarks | Comment 


| 13.8kV0 Amps Asymmetrical OkA 


Harmonic Limit 


Category 4 


© Global Compliance Rules (Study Case) 
@ Local Compliance Rules 
© IEEE 519-1992 (VTHD/Max VIHD) 


Rule ID 
| ANSI/IEEE519-2014:Modified 


Standard/Region 
IEEE 519-2014: Table 1 & 3 \ North America 


Short-Circuit Current 


@ Calculated 


© User-Defined 


(25 (By (W (Facty 1 Pomer So =>) a I 


The next step is to configure the study case alert page. Since the intent is to specify a global and an 
individual rulebook, the options should be selected as shown in the image below: 


Global Compliance Rules (Limits) 
Rule ID Standard/Region 


ANSI/IEEE519-2014:North America Y IEEE 519-2014: Table 1 & 3 \ North America 

[7] Except ff Local Rules Selected in Bus Editor [View Limits | 

Bus VTHD / VIHD [¥] Current Distortion Limits (TDD/IHD) 
Critical Marginal Critical Marginal 
% Fund kVx 100 % Fund Amp x 100 

@ Weekly 95th % @ Weekly 95th % 

© Weekly 93th % >) Weekly 99th % 

© Daily 9%h % [) Marginal Limit > Daily 99th % [[) Marginal Limit 
Frequency Scan Alert View Window 


Parallel Resonance (Aitto Display) 
ol = ie) |e) (ne 


The selections applied to the study case alert page tell the harmonic analysis program to evaluate all the 
buses in both systems using the IEEE 519-2014 rulebook (unmodified), except for locations where a 
different rulebook has been locally selected. 
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After running harmonic load flow analysis, the following results and alerts are generated accordingly. The 
image below shows the alert generated for bus “Facility 1 — Power Sub”. The limit for the 5" harmonic 
order appears to be 2 % and the calculated voltage distortion value is 2.77 %. 


POI-1 deg Por-2 18g 


PCC-1-BusB PCC-2-BusB 


| 

UJ =Main Xtmr - Facility 2 

YY 10 MVA 
| 


Facility 2 - Power Sub 


Facility 1 - Power Sub 
13.8 kv 


% 
13.8 kv 4.16 


Lines Basreh IMD Evcoed: Lent 28 2s 


HP 1000 HP 


Oevee ID Type Condtien Alatng fine Opesing x Opeuing Mamonc 


If the option “Except if Local Rules Selected in Bus Editor” is not checked, then the alert is not generated, 
since the IEEE 519-2014 limit for the 5" harmonic order is 3% for a 13.8 kV system. 


- “49 B 5 
1 Th > Tr. 
POI-1 2 4 por-2. < THD 
PCC-1-BusB + PCC-2-BusB + _ 
4109.6 A rms 492.5 A rms 
% TH 4.13 % THD 
Main Xfmr - Facility 1 Why Main Xfmr - Facility 2 


10 MVA my 10 MVA 
Facility 1 - Power Sub nah rms Pacility 2 - Power Sub a1 
13.8 kv 96-1 13.8 kV 91. 
3.4 
a 
THD t 
2.24 
‘Harmonk Load How Anatyys Alert View Output Report HALF Normal 
| Saady Cane: HA Data Revision Dave ao 7 | 
| contigs Mesma Date 12192017 Zone ane Miron | [433.3 a rms 
I Citeal J 0-057 & THD 
Dewee ID Type Ratna fume Operanng % Operating Mamonc 3 
roa Branch THO 5 66 13713 Toa 
Pata Biseeh INO 4 648 1615 500 Duss 


FL Mtzr2 
HP 1000 HP 


To summarize this example, voltage distortion limit alerts can be generated based on global rules, local 
rules or even specified at the bus level using only a single THD and IHD voltage limit value. Previously, 
this was the only approach available in ETAP 16.2.0 and earlier. With global and individual rulebooks, 
there is little value in using the previous approach. 
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Additional Notes on Voltage Distortion Limit Evaluation 
The process of evaluating voltage distortion compliance limits is very straightforward, but following are 
some additional notes: 


1) The voltage distortion alerts can be completely omitted by selecting the “None” option in the rule 
ID field of the alert page in the HA study case. 


2) The method of analysis of harmonic voltage distortion limits used in previous versions of ETAP 
can only be used when the option “IEEE 519-1992” is selected locally at a particular bus. When 


converting a project from ETAP 16.0.0 into ETAP 18.0.0 or higher, the option “Global Compliance 
Rules (Study Case) is used as default. 


Harmonic Limit 


Category Generel y 


Global Compliance Rules (Study Case) 
Local Compliance Rules 
@ IEEE 519-1992 (VTHD/Max VIHD) 


VTHD Limit 2.5 vy % 


VIHD Limit 1.5 7% 


3) The voltage distortion alerts are evaluated automatically for all harmonic orders available in the 
selected rulebook. 


4) Ifthe bus is selected as PCC/POI, then the selected local rulebook will also be used for local current 
distortion limit evaluation if the option “Except if Local Rules Selected in Bus Editor” is enabled. 


For the purpose of most harmonic analysis, a single global voltage distortion rulebook customized to 
individual needs may suffice. However, ETAP provides the option of selecting multiple rules if needed. 
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27.5 Required Data 


To run a Harmonic Analysis Study, you must provide all the data required for load flow and short-circuit 
calculations. Additionally, you must provide some harmonic related data; such as harmonic sources, 
modeling methods, and filters. A summary of these data for different types of components is given in this 
section. 


Note: Except for the harmonic library information, which is required only for the harmonic load flow study, 
all other data are mandatory for both the Harmonic Load Flow and the Harmonic Frequency Scan Studies. 


Bus Data 


Bus ID 

Nominal kV 

Load Diversity Factors (when Loading is set to Maximum or Minimum Diversity Factor) 
Harmonic Limit Category 

VTHD (Voltage Total Harmonic Distortion) Limit 

VIHD (Voltage Individual Harmonic Distortion) Limit 


Branch Data 


2-Winding and 3-Winding Transformers 
Transformer ID 

Bus connections 

Rated kV and MVA 

Positive and zero sequence impedance and X/R ratios 
Z Variation 

Z Tolerance 

Fixed Tap and LTC settings 

Winding connections for all windings 
Grounding type and parameters for all windings 
Phase Shift 

Harmonic Library Information, if any 


Cable 

Cable ID 

Bus connections 

Length, unit and tolerance 

# conductors per phase 

Cable type, rated kV and size if use library data 

Cable's positive and zero sequence resistance, reactance, and susceptance values if user entered data 
Impedance unit 

Base temperature and Max temperature 


Transmission Line 

e Transmission Line ID 

e Bus connections 

e Length, unit and tolerance 
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e Phase conductor, ground wire and configuration parameters (from library or user enter) if use calculated 
value 

e Line’s positive, negative and zero sequence resistance, reactance, and susceptance values if use user- 
defined value 

e Impedance unit 

e Base temperature and Maximum temperature 


DC Link 

DC Link ID 

Bus connections 

Status 

Rating parameters 

Rectifier Control parameters 
Inverter Control parameters 

AC control parameters 
Shut-Restart Control parameters 


Impedance 

e Impedance ID 

e Bus connections 

e Positive and zero sequence resistance, reactance, and susceptance values 
e Units and associated parameters 


Reactor 

e Reactor ID 

e Bus connections 

e Positive and zero sequence impedance and X/R ratios 
e Impedance Tolerance 


Protective Device Data 


e Protective Device ID 
e Bus and branch connections 
e Status 


Machine Data 


Power Grid Data 

Power Grid ID 

Bus connection 

Operating Mode (Swing, Voltage Control, Mvar Control or PF Control) 

Rated kV 

Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 
MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 
MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 
3-Phase and 1-Phase MV Asc and X/R values 

Grounding connection 
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e Harmonic Library information, if any 


Synchronous Generator Data 

Synchronous Generator ID 

Bus connection 

Operating Mode (Swing, Voltage Control, Mvar Control or PF Control) 

Rated MW 

Rated kV 

Rated %PF 

Rated MVA 

Rated %Eff 

Number of poles 

Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 
MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 
MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 
Negative Sequence Impedance X2 

Zero Sequence Impedance X0 

Machine Negative Sequence Impedance X/R Ratio X2/R2 

Machine Zero Sequence Impedance X/R Ratio X0/RO 

Negative Sequence Resistance R2 

Stator Winding DC Resistance Rdc 

Zero Sequence Resistance RO 

Winding connection 

Grounding connection type and parameters 

Harmonic Library information, if any 


Synchronous Motor Data 

Synchronous Motor ID 

Bus connection 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated power factors and power factors at 100%, 75%, and 50% Loadings 
Rated efficient and efficient factors and power factors at 100%, 75%, and 50% Loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 

Negative Sequence Impedance X2 

Zero Sequence Impedance X0 

Machine Negative Sequence Impedance X/R Ratio X2/R2 

Machine Zero Sequence Impedance X/R Ratio X0/RO 

Negative Sequence Resistance R2 

Zero Sequence Resistance RO 

Stator Winding DC Resistance Rdc 

Winding connection 

Grounding connection type and parameters 
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Induction Machine Data 

Induction machine ID 

Bus connection 

Application type (Motor or Generator) 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated power factor and power factors at 100%, 75%, and 50% loadings 
Rated efficient and efficient factors at 100%, 75%, and 50% loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 

Negative sequence impedance X2 

Zero sequence impedance Xo 

X/R Ratio 

Winding connection 

Grounding connection type and parameters 


Wind Turbine Generator Data 

Wind Turbine Generator ID 

Bus connection 

Type 

Control 

Status and the associated Demand Factors 

Quantity 

Rated MW/kW 

Rated kV 

Rated power factor 

Wind/Gen Category ID and %Generation for each category 
Negative sequence impedance X2 

Zero sequence impedance Xo 

X/R Ratio 

Grounding Connection, Grounding Type and parameters 


MOV Data 

MOV ID 

Bus connection 

Initial Status & associated Demand Factors 
Quantity 

Rated kW/HP 

Rated kV 

Rated Power Factor 

Rated Efficiency 

Loading Category ID and % Loading for each category 
Equipment cable data 
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Load Data 


Static Load Data 


Static Load ID 

Bus connection 

Quantity 

Status and associated Demand Factors 
Rated kV 

Rated kVA/MVA 

Rated Power Factor 

Loading Category ID and % Loading for each category 
Equipment cable data 

Grounding connection 

Harmonic Library information, if any 


Lumped Load Data 


Lumped Load ID 

Bus connection 

Status & associated Demand Factors 

Rated kV 

Model type 

Rated kVA/MVA and rated %PF or rated kW/MW and rated kvar/Mvar and Load Type (% Constant 
kVA and % Constant Z) for Conventional model 

Ratings for phase A, B, and C or phase AB, BC, and CA load in terms of kVA/MVA, kW/MwW, 
kvar/Mvar and %PF, and Load Type (% Constant MVA, % Constant Z and % Constant I) for 
Unbalanced load 

PO, QO, a, b, Kpf and Kaf for Exponential load 

PO, QO, p1, p2, p3, ql, q2, q3, Kpf and Kqf for Polynomial load 

PO, QO, al, a2, b1, b2, pl, p2, p3, p4, p5, ql, q2, q3, q4, q5, Kpfl, Kpf2, Kqfl, and Kqf2 for 
Comprehensive load 

Loading Category ID & % Loading for each category 

Grounding connection 

Grounding connection type and parameters 


Capacitor Data 


Capacitor ID 

Bus connection 

Status and associated Demand Factors 

Rated kV 

Mvar/Bank and # of Banks 

Loading Category ID and % Loading for each category 
Equipment cable data 

Grounding connection 


Static Var Compensator (SVC) Data 


SVC ID 
Bus connection 
Status 
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Voltage Rating parameters 

Inductive Rating parameters 

Capacitive Rating and parameters 

Max Inductive Rating and Slope parameters 
Max Capacitive Rating and Slope parameters 
Control Model and parameters 

Harmonic Library information, if any 


Panel Schedule 

e Panel Schedule ID 

Phase connection 

Rating per phase (circuit) for internal link (load) 

Connection and loads for each external link (load) 

Loading Category ID and % Loading for each loading category for each phase (circuit) 


Harmonic Filter Data 


Harmonic Filter ID 

Bus connection 

Status 

Filter Type 

Rated kV and 1-Phase kvar for capacitors 
X1 and Q factor for reactors 

R, if applicable 

Grounding connection 


AC-DC Device Data 


UPS 

UPS ID 

Bus connections 

Status & associated Demand Factors 

AC Ratings (including Operating Input PF selection) 

Load Flow Analysis Bypass Switch Status 

Loading Category ID & % Loading for each category OR 

Specify UPS Load Based on Connected Load 

Harmonic Library information, if any and Harmonic Library option is selected 
Harmonic related parameters, if any and UPS Parameters option is selected 


VFD 

VFD ID 

Input Bus and Load connections 

Input and Output ratings (including Operating Input PF selection) 

Load Flow Analysis Bypass Switch Status 

V/Hz in % 

Loading Category ID and % Frequency 

Harmonic Library Information, if any and User Library Data option is selected 

Harmonic related parameters, if any and Calculated Based on Parameters option is selected 
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Charger 

e Charger ID 

e Bus Connections 

e Status and Associated Demand Factor 

e AC Ratings 

e Loading Category ID and % Loading 

e Harmonic Library information, if any and Use Library Data option is selected 

e Harmonic related parameters, if any and Calculate Based on Parameters option is selected 


Inverter 


Inverter ID 

AC Bus connection 

DC Bus connection 

AC Ratings 

DC Ratings 

Efficiency 

AC Operating Mode and associated controls 

Harmonic Library information, if any and Harmonic Library option is selected 
Harmonic related parameters, if any and Inverter Parameters option is selected 


Study Case Parameters 


Study Case ID 

Initial Load Flow method 

Max. Iteration 

Precision 

Accel. Factor 

From frequency (for Harmonic Frequency Scan) 

To frequency (for Harmonic Frequency Scan) 

Step (df) (for Harmonic Frequency Scan) 

Plot Step (for Harmonic Frequency Scan) 

Loading Category 

Loading Condition (Operating P, Q flag) 

Load Diversity Factor (None, Bus Maximum, Bus Minimum, or Global) 
Const. kVA, Const Z, Const. I and Generic load for Global Load Diversity Factor 
Charger Loading condition (from Loading Category or from Operating Load) 
Devices/elements to be plotted 

Exclude Harmonic Source information 

Transmission Line/Cable information 

Adjustment information 

Alert information 
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27.6 One-Line Diagram Displayed Results 


The one-line diagram displays the study results after the current calculation is complete. Based on the study 
type and selected options from the Display Options, different results are displayed. 


27.6.1 Harmonic Load Flow Display 


By using the Harmonic Load Flow Slider and the Harmonic Analysis Display Options Editor, you can 
choose different results to be displayed on the one-line diagram for the harmonic load flow analysis study. 


Harmonic Order Slider 


The Harmonic Order Slider is located on the Harmonic Analysis toolbar. It will be shown automatically 
after a harmonic load flow study is done. To make it visible, you need to check the Harmonic Order Slider 
option under the View menu. This slider has three sections. They are: Total, 1 (fundamental frequency), 
and h (a harmonic order from 2 to 250). To set the slider to different positions, put your mouse pointer on 
top of the pointer, hold the left mouse button down, and then drag it to the desired location on the slider. 


Position Total 


bd 


Harmonic Order Slider ie 
Order Total 
At this position, harmonic information of buses and branches is displayed. The information displayed is: 


e Bus Voltage RMS or ASUM, and Bus Voltage THD or TIF 
e Branch Current RMS or ASUM, and Branch Current THD or TIF 


Position 1 (Fundamental Frequency) 


Harmonic Order Slider Lx) 


At this position, the fundamental load flow results are displayed. The information displayed is: 


Bus Voltage Magnitude in kV or in Percent of the bus nominal voltage base 
Bus Voltage Phase Angle in Degree 

Branch Current in Amperes 

Branch Current in Percent of fundamental current base 
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Positions Harmonic Order h (h from 2 to 250) 


At this position, the bus voltages and branch currents for the given harmonic order are displayed. The 
information displayed is: 


Bus Voltage Magnitude in kV or in Percent of the bus nominal voltage base 
Bus Voltage phase angle in degree 

Branch Current in Amperes 

Branch Current in Percent of the fundamental current base 


The following screen capture shows a one-line diagram display with the slide position at Total. 
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27.6.2 Harmonic Frequency Display 


By using the Harmonic Frequency Scan Slider and the Harmonic Analysis Display Options Editor, you can 
choose different results to display on the one-line diagram for the Harmonic Frequency Scan Analysis 
Study. 


Harmonic Frequency Scan Slider 


The Harmonic Frequency Scan Slider is located on the Harmonic Analysis toolbar. It is automatically 
shown after a harmonic frequency scan is done. To make it visible, check the Harmonic Frequency Slider 
option under the View menu. This slider goes from the From frequency to the To frequency with a step 
change of the Plot Step specified by the user. The values of From frequency, To frequency, and Plot Step 
are all specified in the Harmonic Analysis Study Case Editor. You can use the same technique as described 
for the Harmonic Order Slider to move the pointer to any available frequency and see the one-line diagram 
display changes. 


Harmonic Frequency Slider 
Freq 60 


The Harmonic Frequency Slider displays the magnitude and phase angle of the bus driving point impedance 
for the selected frequency. Only those buses, which are selected in the Harmonic Study Case Editor for 
plotting, are available to display. The following is a screen capture of a Harmonic Frequency Scan one-line 
display. 
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27.7 Output Reports 


Output Reports for Harmonic Analysis Studies are available in different levels and are arranged into three 


formats: Crystal Report, one-line diagram displays, and plots. 


27.7.1 View from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the Output Report listed in the Study Case toolbar with the selected format. In the 
picture shown below, the Output Report name is HA-LF and the selected Output Report is the Complete 


Crystal Report. 


ETAP 


Ges Hs 


27-68 


Adjustments 
Alert Freq Scan 
Alert-Complete 
Alert-Critical 
Alert-Marginal 
Branch 

Branch Zero Seq Z 
Bus 

Cable 

Cover 

Filter 
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27.7.2 Harmonics Output Report 


Click on the Report Manager button on the Harmonic Analysis toolbar to open the Harmonics Report. The 
Harmonics Report Manager provides five formats for report text. They are Crystal Reports™ format 
Viewer, PDF format, MS Word format, Rich Text format and MS Excel formats. The Harmonics Report 
Manager consists of four pages. 


Complete Page 


From this page you can select the report format that gives the Complete Output Report. 


G 7 
Harmonics Report Manager x=) 


@ Viewer 
» PDF 
© MS Word 
) Rich Text Format 


>) MS Excel 
| Set As Default 


Path 
C:\ETAP\Example-ANSI 
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A sample of the Complete Report is shown below: 


ETAP 


Number of Buses: 


Number of Branches: 


Number of Ham. Sources 


Number of Filters: 


Method of Solution: 
Maximum No. of Iteration: 


Pracision of Sohstion: 


System Frequancy: 
Unit System: 
Project Filename: 


Output Filename: 


Electrical Transient Analyzer m 


Harmonic Load Flow 


Loading Catezory(l): Desim 
Generation Categor{l): Desim 
Load Diversity Factor: None 


Swing VControl Load Total 
2 1 14 17 
XFMR2 XFMR3 Reactor Line'Cable Impedance TiePD Total 
7 1 0 5 0 1 14 
Current Voltage 
3 0 
0 
Adaptive Nevton-Raphson 
99 
0.0001000000 
60.00 Hz 
English 
ExamplANSI 
C:\Pecan64Rel\Example ANSI\HA-LF.HAIS 
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Input Page 


This page provides the reports for different input data. The following reports are available: 


Adjustments 
Branch Zero Seq Z 
Branch 

Bus 

Cable 

Cover 

Filter 

Harmonic Library 
Harmonic Source 
Impedance 

Line 

Machine 

Reactor 

SVC 

Transformer 


r 
Harmonics Report Manager 


Path 
C:\ETAP\Example-ANSI 


ETAP 


27-71 
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A sample of the Harmonic Library Report is shown below. 


Harmonic Library 


Current Harmonic Source in % 


Manufacturer: Typical-IEEE 


Model: 6 Pulsel 
Order Freq. Mag. Order Freq. Mag. Order ‘Freq. Mag Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. 
Hz % Hz % Hz % Hz % Hz % Hz % 
1.00 60.00 100.00 5.00 300.00 20.00 7.00 420.00 14.30 11.00 660.00 9.10 13.00 780.00 7.70 17.00 1020.00 5.90 


19.00 1140.00 5.30 23.00 1380.00 4.30 25.00 1500.00 4.00 29.00 1740.00 3.40 31.00 1860.00 3.20 35.00 2100.00 2.80 
37.00 2220.00 2.70 41.00 2460.00 2.40 43.00 2580.00 2.30 47.00 2820.00 2.10 49.00 2940.00 2.00 


Manufacturer: Typical IEEE 


Model: 12 Pulse2 
Order = Freq. Mag. Order Freq. Mag. Order Freq. Mag Order Freq. Mag. Order Freq. Mag. Order Freq. Mag. 
Hz % Hz % Hz % Hz % Hz % Hz % 


1.00 60.00 100.00 11.00 660.00 8.30 13.00 780.00 6.70 23.00 1380.00 2.80 25.00 1500.00 2.30 35.00 2100.00 0.80 
37.00 2220.00 0.60 47,00 2820.00 0.20 49.00 2940.00 0.20 


Result Page 
This page provides the formats for different calculation results. The following two formats are available: 


e Load Flow Report 
e = =Results 
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Samples of the Results Report for buses and branches are shown below. 


System Harmonics Bus Information 


Bus Voltage Distortion 
ID kV Fund. RMS ASUM THD TF TIHD TSHD THDG THDS 
% % % % % % % % 
#* Busl 0.480 97.89 98.56 143.49 11.74 877.81 0.00 0.00 11.74 11.74 
=* Bus2 0.480 93.69 95.31 163.34 18.68 1309.35 0.00 0.00 18.68 18.68 
Bus5 0.480 96.70 96.71 101.18 1.57 83.41 0.00 0.00 1.57 1.57 
Bus6 13.800 99.99 99.99 100.65 0.22 12.17 0.00 0.00 0.22 0.22 
Bus7 13.800 98.82 98.82 99.52 0.23 12.77 0.00 0.00 0.23 0.23 
Busd 4.160 o7.45 o7.47 103.15 1.96 107.33 0.00 0.00 1.96 1.96 
Bus23A 0.480 98.50 98.50 98.87 0.12 6.62 0.00 0.00 0.13 0.13 
LVBus 0.480 96.71 96.71 101.18 1.57 83.41 0.00 0.00 1.57 1.57 
Main Bus 34.500 100.00 100.00 100.88 0.29 16.15 0.00 0.00 0.29 0.29 
MCCl1 0.480 100.83 100.84 106.10 1.7. 96.36 0.00 0.00 1.75 1.75 
Svub2A 13.800 98.86 98.86 99.56 0.23 12.80 0.00 0.00 0.23 0.23 
Sub2B 13.800 100.00 100.00 100.66 0.22 12.17 0.00 0.00 0.22 0.22 
Sub 3 4.160 99.54 99.56 105.89 2.11 117.78 0.00 0.00 2.11 2.11 
Sub3 Swer 4.160 99.44 99.46 105.75 2.11 117.21 0.00 0.00 2.11 2.11 
Sub22 3.450 95.92 95.92 96.39 0.17 8.51 0.00 0.00 0.17 0.17 
Svub23 3.450 99.43 99.43 100.06 0.21 11.54 0.00 0.00 0.21 0.21 


* Indicates THD (Total Harmonic Distortion) Exceeds the Limit. 
= Indicates IHD (Individual Harmonic Distortion) Exceeds the Limit. 


System Harmonics Branch Information 


Bus Current Distortion 
From Bus ID To Bus ID Fund. RMS ASUM THD TIF IT ITs ITR TIHD TSHD THDG THDS 
Amp Amp Amp % Amp Amp Amp % % % % 
Busl Bus2 808.35 832.70 1421.50 24.73 759.40 632351.10 632351.10 0.00 0.00 0.00 24.73 24.73 
Sub 3 808.37 832.72 1421.52 24.73 759.38 632351.10 632351.10 0.00 0.00 0.00 24.7: 24.73 
Bus2 Busl 808.35 832.70 1421.50 24.73 759.40 632351.10 632351.10 0.00 0.00 0.00 24.73 24.73 
Bus5 LVBus 213.48 21348 216.94 0.57 21.69 4630.01 4630.01 0.00 0.00 0.00 0.57 0.57 
Bus6 Sub2B 29.59 29.59 29.67 0.09 4.50 133.04 133.04 0.00 0.00 0.00 0.09 0.09 
Sub23 29.53 29.53 29.60 0.09 451 133.03 133.03 0.00 0.00 0.00 0.09 0.09 
Bus7 Sub2A 152.81 152.81 153.42 0.14 6.90 1054.73 1054.73 0.00 0.00 0.00 0.14 0.14 
Sub22 153.00 153.00 153.62 0.14 6.89 1054.74 1054.74 0.00 0.00 0.00 0.14 0.14 
Bus? Sub3 Swer 90.75 90.77 95.50 1.75 96.00 8713.85 8713.85 0.00 0.00 0.00 1.75 1.75 
Bus23A Sub23 827.71 827.71 829.94 0.09 4.62 3823.50 3823.50 0.00 0.00 0.00 0.09 0.09 
LVBus Sub3 Swer 812.91 81296 837.46 1.02 53.62 4358830 43588.30 0.00 0.00 0.00 1.02 1.02 
Buss 21348 213.48 216.94 0.57 21.69 4630.01 4630.01 0.00 0.00 0.00 0.57 0.57 
Main Bus Sub2A 71.65 71.65 71.94 0.13 6.68 478.40 478.40 0.00 0.00 0.00 0.13 0.13 
Sub2B 25.82 25.82 25.82 0 0.50 12.91 12.91 0.00 0.00 0.00 0.00 0.00 
MCCl Sub3 Swer 60235 60237 616.61 0.77 39.68 23904.77 23904.77 0.00 0.00 0.00 0.77 0.77 
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Summary Page 


This page provides the formats for different summaries from both input data and calculation results. The 
following formats are available: 


Alert Freq Scan 
Alert-Complete 
Alert-Critical 
Alert-Marginal 
Filter Overloading 
Summary 

VIHD Report 
VTHD Report 


c = , 
Harmonics Report Manager Ex) 


@ Viewer 

© PDF 

© MS Word 

© Rich Text Format 
>) MS Excel 

Set As Default 


Path 
C:\ETAP\Example-ANSI 


\ 


A sample of the Summary Report is shown below: 
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VIHD (individual Harmonic Distortion) Report 


Bus Voltage Distortion 
Fund. VIHD 
ID kV % % Order 
Busl 0.480 97.89 2.41 5.00 
Bus2 0.480 93.69 4.49 3.00 
Busl 0.480 97.89 2.45 7.00 
Bus2 0.480 93.69 4.48 7.00 


Indicates buses with IHD (Individual Harmonic Distortion) exceeding the limit 
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27.7.3 Harmonic Frequency Scan Report 


If the last study you have run is the Harmonic Frequency Scan, then by clicking on the Report Manager 
button on the Harmonic Analysis toolbar you will be able to open and view the Crystal Report for the 
Harmonic Frequency Scan Study. 


The Harmonic Frequency Scan Report shares the same sections for Cover Page, Adjustments, Bus Input 
Data, branch input data, Branch Connections, Machine Input Data, as does the Harmonic Load Flow Report. 
It does not have Harmonic Library Data and Harmonic Source Data, since the harmonic frequency scan 
does not actually use any harmonic source information. The main results from the Harmonic Frequency 
Scan Study are listed in Frequency Scan section. 


Frequency Scan 


This section of the report shows the driving point impedance, and its magnitude and phase angle at each 
frequency point, as specified in the Harmonic Analysis Study Case Editor. 


Note: Only the buses that are selected for plotting are tabulated. Below is a sample from this section of the 
report. 


FREQUENCY SCAN 


Busl 

Freq. Mag. Angle Freq. Mag. Angle Freq. Mag. Angle Freq. Mag. Angle 
60.00 0.01 1.44 120.00 0.02 1.47 180.00 0.03 1.46 240.00 0.04 144 
300.00 0.05 1.42 360.00 0.06 1.40 420.00 0.07 1.38 480.00 0.08 133 
340.00 0.10 1.33 600.00 0.11 151 660.00 0.12 1.29 720.00 0.13 1.26 
780.00 0.15 1.24 840.00 0.16 1.21 900.00 0.18 1.19 960.00 0.20 1.16 
1020.00 0.22 1.12 1080.00 0.25 1.05 1140.00 02 0.95 1200.00 031 0.77 
1260.00 0.29 0.57 1320.00 0.25 0.54 1380.00 0.23 0.61 1440.00 0.23 0.69 
1500.00 02 0.74 1560.00 0.26 0.77 1620.00 27 0.79 1680.00 0.29 0.79 
1740.00 0.31 0.79 1800.00 0.33 0.79 1860.00 0.34 0.78 1920.00 0.36 0.78 
1980.00 0.38 0.77 2040.00 0.40 0.76 2100.00 0.42 0.75 2160.00 0.44 0.74 
2220.00 0.46 0.73 2280.00 048 0.72 2340.00 0.50 0.71 2400.00 0.52 0.70 
2460.00 0.54 0.69 2520.00 0.56 0.68 2580.00 0.58 0.67 2640.00 0.61 0.66 
2700.00 0.63 0.65 2760.00 0.65 0.64 2820.00 0.68 0.63 2880.00 0.70 0.62 
2940.00 0.72 0.61 3000.00 0.75 0.60 3060.00 0.78 0.59 3120.00 0.80 0.59 
3180.00 0.83 0.58 3240.00 0.86 0.57 3300.00 0.88 0.56 3360.00 0.91 0.55 
3420.00 0.94 0.55 3480.00 0.97 0.54 3540.00 1.00 0.53 3600.00 1.03 0.53 
3660.00 1.06 0.52 3720.00 1.09 0.51 3780.00 1.12 0.51 3840.00 115 0.50 
3900.00 1.18 0.49 3260.00 122 0.49 4020.00 1.25 0.48 4080.00 12 047 
4140.00 1.32 0.47 4200.00 1.35 0.46 4260.00 1.39 0.46 4320.00 1.42 0.45 
4380.00 1.46 0.45 4440.00 1.49 0.44 4500.00 1.53 0.44 4560.00 157 0.43 
4620.00 1.61 0.43 4680.00 1.64 0.42 4740.00 1.68 0.42 4800.00 1.72 041 
4860.00 1.76 041 4220.00 1.80 0.40 4280.00 1.84 040 5040.00 1.89 0.40 
3100.00 1.93 0.39 5160.00 1.97 0.39 3220.00 2.01 0.38 5280.00 2.06 0.38 
3340.00 2.10 0.38 5400.00 2.14 0.37 3460.00 2.19 0.37 3520.00 2.23 0.37 
3380.00 22 0.36 3640.00 2.33 0.36 3700.00 2.37 0.36 3760.00 2.42 0.35 
5820.00 2.47 0.35 5880.00 2.52 0.35 5940.00 2.56 0.34 6000.00 2.61 0.34 
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27.8 Plots 


Plots are available for both the Harmonic Load Flow Study and the Harmonic Frequency Scan Study. 


27.8.1 Harmonic Analysis Plot Selection 


The plot files share the same name as the output files. To select a plot, click on the Harmonic Analysis Plots 
button located on the Harmonic Analysis toolbar. 


Harmonic Analysis Plot Selection [pre 


®@ Harmonic Load Flow Frequency Scan 


Device Type Device ID 


Busl aia 

Cables Bus2 V! Waveform 
Transmission Lines LV¥Bus 
Impedances Main Bus 7) Spectrum 
Transformers MCC1 - 
Reactors Sub 3 
Harmonic: Filters 
Capacitors 


Display 
®@ Order 
Hz 


Close All Plots | | Help | Cancel 


Harmonic Load Flow 
Check this option button for plots of the Harmonic Load Flow Study. 


Frequency Scan 
Check this option button for plots of the Harmonic Frequency Scan Study. 


Device Type 
Select a device type from the list. 


Device ID 
Select the devices that you want to plot from the list. This box lists all the devices, which are selected in 
the Harmonic Study Case Editor, Plot page, for the selected device type. Multiple devices can be selected. 


Plot Type 


For Harmonic Load Flow plots, the following curves are available: 


Waveform 

Plot voltage or current waveforms for the selected devices. Curves are plotted in the time domain for one 
cycle duration. The scale for voltage waveform is in percent of the nominal bus voltage. The scale for 
current waveform is in percent of the fundamental branch current. 
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Spectrum 
Plot voltage or current harmonic spectrum. Voltage is in percent of the bus nominal voltage base and current 
is in percent of its fundamental component base. 


The following curves are available for harmonic frequency scan plots: 


Z Magnitude 
Plot the driving point impedance magnitudes for buses in Ohms. 


Z Angle 
Plot the driving point impedance angles for buses in radians. 


Display 


The harmonic plot X-axis can be set to the following: 


Order 
Display Harmonic Spectrum from Harmonic Load Flow or Z magnitude and Z Angle from Harmonic 
Frequency Scan with respect to harmonic order. 


Hz 
Display Harmonic Spectrum from Harmonic Load Flow or Z magnitude and Z Angle from Harmonic 
Frequency Scan with respect to harmonic frequency in Hz. 
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27.8.2 Harmonic Load Flow Plots 


A set of sample plots for a Harmonic Load Flow Study is shown below. 


=) Untitled - Waveform {rco=|[- [mE] 


Waveform 


4) Untitled - Spectrum o || & js 


iL Uwilt 


Harmonic Order 


g 
& 

g 
§2 
& 
3 

& 
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27.8.3 Harmonic Frequency Scan Plots 
A set of sample plots for a Harmonic Frequency Scan Study is shown below. 
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27.9 Alert View 


The functional objective of the Alert View is to provide an immediate list of all the alerts generated by the 
Harmonic Analysis calculation. The Alert View window may be configured to automatically display as 
soon as the Harmonic Analysis calculation is over by selecting the Auto Display checkbox in the Alarm 
page of the Harmonic Analysis Study Case. It may also be accessed by a left-click on the Alert View icon. 
The Alert View provides several tabulated sections of information about the reported alerts. 


Study Case: HA Data Revision. Base 

Configuration: = Normal Date: 07-24-2015 

Zone Filter |_| Area Filter (| Region Filter 

1 FS (ec) 1 = (a) 1 (ecm) 

Critical 
Device ID Type Condition Rating /Limit Operating % Operating Harmonic 
Bus Bus IHD Exceeds Limit 1.5 2.23 148.74 5.00 | 
Bus Bus IHD Exceeds Limit 1.5 2.27 151.19 7.00 
Bus Bus IHD Exceeds Limit 15 2.89 192.74 11.00 
Bus Bus IHD Exceeds Limit 1.5 2.96 197.31 13.00 
Bus1 Bus IHD Exceeds Limit 1.5 2.87 191.1 17.00 
Bus Bus IHD Exceeds Limit 1.5 3.28 218.92 19.00 
Bus Bus IHD Exceeds Limit 1.5 2.44 162.56 23.00 + 
4 | " len 


Marginal 


Device ID Type Condition Rating “Limit Operating % Operating Harmonic 


Heading 
Displays output report name, study case ID, data revision ID, configuration ID and report generated date. 


Zone, Area and Region Filters 
Display zone, area and region number and ID for selection. Based on selected filters, alarm view will be 
filtered out. 


Device ID 
The Device Identification group of the Alert View lists the names of all the components that qualified as 
alerts after the load flow calculation. 


Type 
The Type group of the Alert View displays information about the type of the device having the displayed 
alert. 
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Condition 
The Condition group of the Alert View provides a brief comment about the type of alert being reported. In 
the case of harmonic alerts exceeding such limits. 


Rating/Limit 
The Rating group of the Alert View provides the rating information being used by the Harmonic Analysis 
Module to determine whether an alert should be reported and of what kind. 


Operating 

The Calculated group of the Alert View displays the results from the Harmonic calculation. The results 
listed here are used in combination with those displayed in the ratings section to determine the operating 
percent values. These values are then compared to those entered in the Alert page of the Harmonic Analysis 
Study Case Editor. 


% Operating 

This group displays the percent operating values calculated based on the harmonic results and the different 
element ratings. The values displayed here are directly compared to the percent of monitored parameters 
entered directly into the Alert page of the Harmonic Analysis Study Case Editor. Based on the element 
type, system topology and given conditions, the Alert Simulation program uses these percent values to 
determine if and what kind of alert should be displayed. 


Harmonic 
Displays the Harmonic Order for which the alarm is generated. 


ETAP 27-83 ETAP 19.0 User Guide 


Harmonic Analysis Rulebook 


27.10 Harmonic Compliance Limits Rulebook 


This section provides information on the harmonic distortion compliance limits rulebook editor and 
describes how the program utilizes the information provided in the rulebook to aid in the evaluation of 
harmonic distortion limits for an entire system. 


To access the harmonic compliance rulebook go to Rules \ Harmonics... \ on the project toolbar. The image 
below shows the process: 


File Edit View Project Defaults RevControl Library Warehouse Real-Time Data 
ral 2 ye Star Auto... 


UGS... 


Auto Build... 


4 


Open... 


Save 

Save As... 
Create... 
Copy/Merge... 
Purge 


The selection of harmonic compliance rulebook can also be done from the System Manager by accessing 
the Rules and Libraries section. 


System Manager wx 


=)-4Sy Example-ANSI - C:\Pecan2-FG1- 


o-@ Libraries - C:\Pecan2-FG1-ADMS- 
[)-3y Rules - C:\Pecan2-FG1-ADMS-R 
|g Auto Build 
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Lastly, the harmonic compliance rulebook is also accessible in read-only mode from the harmonic alerts 
page and from the bus harmonics page. 


Equipment Harmonic Distortion Limits 


Critical [7] Marginal 
Filter 


CapacitorkV 100 


Inductor Amp 100 


Capacitor 
Total! 100 MaxkV 100 
Global Compliance Rules (Limits) 
Rule ID Standard/Region 
ANSI/IEEE519-2014:North America yv| IEEE 519-2014: Table 1 & 3 \ North America 


[-) Except if Local Rules Selected in Bus Editor 


[View tmts 


Bus VTHD / VIHD (¥] Current Distortion Limits (TDD/IHD) 


Harmonic Limit 


Category General ¥ 


© Global Compliance Rules (Study Case) 
@ Local Compliance Rules 
© IEEE 519-1992 (VTHD/Max VIHD) 


Rule ID 


ANSI/IEEE519-2014:North America Zs 


Standard/Region 
(EEE 519-2014: Table 1 & 3 \ North America 
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27.10.1 Rulebook Page 


This page allows the user to edit and copy existing rulebooks based on different regional or international 
standards. It provides a quick view of the references and the editor and checker information for the 
compliance rules. 


ID Standard/Region 
[| _ANSI/IEEE519-2014:North America @| IEEE 519-2014: Table 1 & 3 \ North America 


| @ _|IEC 61000-3-6:2008: European Harmonic 


Description 


Name Checker4 Name Henry.Radford 
Date 07-17-2015 Date 10-27-2017 


Rule 


This section displays the harmonic compliance rules in the selected rulebook. 


Lock 
Displays image to show if rule is Locked or Unlocked. 


ID 
Displays the ID of the rules. 


Used in Project 
Displays a check mark if the Rule has been used in the project (selected in study case). 


Edit 
Opens the Rule Editor for the selected rule from the list for edit if it is unlocked. 


Delete 


Deletes the selected rule from the list if they are not ETAP Default rules. This option is not available for 
ETAP created rules (i.e. locked rules). 
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Copy 
Opens an editor to Copy the selected rule to a new rule with the user-defined ID. For creation of new 


customized rule, you can make a copy of any existing rule and then edit the content. 


From EC 61000-3-6:2008: European Harmonic 


To 1EC 61000..| 


Standard/Region 
Displays the Reference for the rule. 


Description 
The Description of the rule is defined here. 


Edited By 
The Edited by Name and Date are displayed here. (Display only) 


Checked By 
The Checked by Name and Date are displayed here. (Display only) 


Locked By 
The Locked by Name and Date are displayed here. (Display only) 


Rule Editor 


Clicking on Edit in the Rule Book editor opens the Rule Editor. When the rule has been locked, all fields 
become Display Only. 


The harmonic compliance rulebook editor has the following pages: 


Info (for Information) 

Voltage (for Voltage Distortion Limits) 
Current (for Current Distortion Limits) 
Interharmonics 
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27.10.2 Info Page — Rule Book 


This page displays the general info about the rule and history of creation. 


c 


Harmonic Rulebook Editor: IEC 61000-3-6:2008: European Harmonic (ss) 
info [Votage | Curent | Inteshanmonics 
Rule Edited By 
Rule ID IEC 61000-3-6:2008: European Harmonic 8 Name Henry Radford 


Date 10/26/2017 12:23:50 PM 


Rule Info Checked By 
Standard! —_ IEC 61000-3-6:2008: European Harmonic Name  Checker4 
Region 


IEC 61000-3-6:2008 - Voltage and Current Date = 7/17/2015 3:51:00 PM 


Distortion Li 
For Utility/Commercial/Industrial Systems for different voltage 
levels and short-circuit to load current ratios. 


Description 


Name — Henry.Radford 


Date = 10/27/2017 1:53:12 PM 


Rule ID 
The ID of the Rule can be specified here. 


Lock 
Click on this to lock/unlock the rule. When locked the rule becomes display only. When unlocked, the rule 
can be edited. 


Standard/Region 
The reference of the rule can be specified here. 


Description 
The description of the rule can be defined here. 


Checked By 
The Checked by Name and Date are displayed here. (Display only) 


Locked By 
The Locked by Name and Date are displayed here. (Display only) 
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27.10.3 Voltage Page - Harmonic Compliance Rulebook 


This page was designed to allow the user to modify a new or copied rulebook item. The page contains a 
data grid editor which contains up to 100 harmonic orders. The editor also has several voltage levels. Note 
that for this version of ETAP (18.0.0), that the voltage levels are not editable. Future versions of ETAP will 
allow the user to create or edit the voltage levels. The voltage levels were aligned based on two different 


standards. The standards are: 


e ANSI/IEEE 519-2014 for North and South America 
e JEC 61000-3-6:2008: European Region 


Info Voltage Current _Interharmonics 


Data He 


Harmonic Rulebook Editor: ANSI/IEEE519-2014:North America 


Fund. Freq. | 60 Max Order |50 Harmonic Order All Voltage Range | 
Bus Nominal Voltage (kV) kVcl kV <69 kV<161 4 
h 4 He za % 
rd 120 5.000 3.000 wy 
3 180 5.000 3.000 4 
4 240 5.000 3.000 4 
5 300 5.000 3.000 is 
6 360 5.000 3.000 a 
7 420 5.000 3.000 4 
8 480 5.000 3.000 us 
9 540 5.000 3.000 i 
10 600 5.000 3.000 ud 
"1 RD on aon Hee 


Harmonic Rulebook Editor: IEC 61000-3-6:2008: European Harmonic 
Info Voltage Current _Interharmonics 
Data He 
Fund. Freq. 50 Max Order [50 Harmonic Order |All ||Woltage Range 8 
[ ateaee 
| 
Bus Nominal Voltage (kV) kV <35 kV < 230 kV<500 4“ 
VTHD 50 
2 100 
3 150 
4 200 
5 250 
6 300 
7 350 
8 400 
9 450 
10 500 
1 aR 
Help OK Cancel : 
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Fund. Freq. (Fundamental Frequency) 

This input field allows the user to select the nominal frequency for the region/ location of the compliance 
rule. In this case, for IEC a 50Hz nominal frequency is selected. Note that the harmonic analysis program 
may generate an error message if a rulebook with a nominal frequency different than the system frequency 
is used. No adjustments of any kind are made based on frequency and this value is used to establish the 
base value for the harmonic orders in Hz. 


Max Order 

This value can be used to limit the number of harmonic orders used in the particular rulebook. For IEEE 
519-2014, it may be necessary to consider only up to the 50 order. However, this value can be used to 
automatically create (insert) harmonic orders up to 100. For some 18 or 24 pulse IGBT drives there may be 
harmonic frequencies up to the 100 order and with this option limits up to that order can be specified. 


Harmonic Order 

This option allows the user to filter out even harmonic orders. The dropdown list has two options. The first 
option called “All” populates the data grid with both even and odd harmonic orders. Using the “Odd” option 
filters out all even harmonic orders. 


Voltage Range 
Voltage and current distortion limit voltage range in kV 


h — Harmonic Order Column 
This column allows the user to enter the harmonic order. Note that the very first row item on this column 
shows the VTHD. The top cell on this column is reserved for the total harmonic voltage distortion value. 


Hz — Harmonic Frequency (Hz) Column 


This column allows the user to view the equivalent harmonic frequency for a given order. This column is 
read-only and its value is dependent on the fundamental frequency value selected. 
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kV <1 to kV > X.XX — VTHD and VIHD Columns (%) 
These columns allow the user to enter the total and individual harmonic distortion limits in percent of the 
fundamental voltage. 


Delete 
This button allows the deletion of a harmonic order row. 


Insert 
This button allows the insertion of a new harmonic order row. 


Lock 


The lock icon is shown as unlocked for non-ETAP created rules. ETAP created rules are locked and can 
only be edited by ETAP. 


ETAP 27-91 ETAP 19.0 User Guide 


Harmonic Analysis Rulebook 


27.10.4 Current Page — Harmonic Compliance Rulebook 


This page is designed to allow the user to modify a new or copied rulebook item. The page contains a data 
grid editor which contains up to 100 harmonic orders. The editor also has several voltage levels. Note that 
for this version of ETAP (18.0.0), that the voltage levels are not editable. Future versions of ETAP will 
allow the user to create or edit the voltage levels. The voltage levels are aligned-based on two different 
standards. The standards are: 


e ANSI/IEEE 519-2014 for North and South America 
e IEC 61000-3-6:2008: European Region 


Note that harmonic current limits for IEC standard 61000-3-6:2008 rules are taken from IEEE 519-2014 
since this standard does not provide current limits. Such values if available, can be entered into a new 
rulebook item customized to individual needs. 


Harmonic Rulebook Editor: ANSI/IEEE519-2014:North America x 


Info Voltage Current Interharmonics 


Data hn He 


Fund. Current Fund. Freq. 60 | Max Order [50 Harmonic Order| All v | Voltage Range | 8 


Bus Nominal Voltage (kV) IsclIL for kV <1 


50<100 


2 
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Fund. Current (Fundamental Current) 

This input field allows the user to specify the fundamental current for the current distortion. This value is 
only for information purposes since the HA program uses the fundamental current as base for the harmonic 
current compliance limits in the rulebook. This value is used in similar fashion as the fundamental current 
field in the harmonic distortion library. 


Fund. Freq. (Fundamental Frequency) 

This input field allows the user to select the nominal frequency for the region/ location of the compliance 
rule. In this case, for IEC a 50Hz nominal frequency is selected. Note that the harmonic analysis program 
may generate an error message if a rulebook with a nominal frequency different than the system frequency 
is used. No adjustments of any kind are made based on frequency and this value is used to establish the 
base value for the harmonic orders in Hz. 
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Max Order 

This value can be used to limit the number of harmonic orders used in the particular rulebook. For IEEE 
519-2014, it may be necessary to consider only up to the 50™ order. However, this value can be used to 
automatically create (insert) harmonic orders up to 100. For some 18 or 24 pulse IGBT drives there may be 
harmonic frequencies up to the 100 order and with this option limits up to that order can be specified. 


Harmonic Order 

This option allows the user to filter out even harmonic orders. The dropdown list has two options. The first 
option called “All” populates the data grid with both even and odd harmonic orders. Using the “Odd” option 
filters out all even harmonic orders. 


Voltage Range 
Voltage and current distortion limit voltage range in kV 


h — Harmonic Order Column 
This column allows the user to enter the harmonic order. Note that the very first row item on this column 
shows the THD. The top cell on this column is reserved for the total harmonic current distortion value. 


Hz — Harmonic Frequency (Hz) Column 
This column allows the user to view the equivalent harmonic frequency for a given order. This column is 
read-only and its value is dependent on the fundamental frequency value selected. 


kV < 20 to kV > X.XX — THD and IHD Columns (%) 
These columns allow the user to enter the total and individual harmonic current distortion limits in percent 
of the fundamental current. 


Isc/IL for kV < 1 to X.XX — Column Group Header 


This column group header (read-only) provides information on the voltage level for the current distortion 
limits. Please refer to IEEE 519-2014 for current and voltage limit information. 
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Delete 
This button allows the deletion of a harmonic order row. 


Insert 
This button allows the insertion of a new harmonic order row. 


Lock 


The lock icon is shown as unlocked for non-ETAP created rules. ETAP-created rules are locked and can 
only be edited by ETAP. 
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27.10.5 Interharmonics Page — Harmonic Compliance Rulebook 


This page allows the specification of interharmonics voltage distortion limits. This page will be operational 
in a future release of ETAP. 


ETAP 27-95 ETAP 19.0 User Guide 


Chapter 28 


Optimal Power Flow Analysis 


The ETAP Optimal Power Flow (OPF) Module is an extremely powerful simulation program for power 
system design, planning, and operation. It solves power system load flow, but at the same time can optimize 
system operating conditions and automatically adjust control variable settings, while ensuring system 
operating constraints are not violated. The optimized system will reduce the installation and/or operating 
cost, improve system overall performance, and increases its reliability and security. Besides minimizing 
the operating and installation cost, the program also provides a variety of other choices of optimization 
objectives, which covers virtually all the optimization criteria for a real power system. Any practical control 
means in a power system such as transformer LTC, generator AVR control, shunt and series compensations, 
and load shed can all be considered in the calculation. Constraints for bus voltage, branch flow in different 
types (MVA, MW, Mvar, and Amp), as well as control variable adjustable bounds are also available for 
users to select and enforce. By using state-of-the-art optimization algorithms and advanced programming 
techniques, this program is proven very capable, robust, and effective. Systems with over 20,000 buses can 
be solved at incredible speed. 
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Some of the key features of the Optimal Power Flow Program are summarized below: 


Common and integrated database 

Fully inherited 3-D data structure, including infinite presentations, unlimited configurations, & multiple 
data revisions 

Handles Looped, Radial, or Combined Systems 

Systems with multiple swing buses 

Systems with isolated sub-systems 

Systems with zero impedance branches (tie circuit breakers) 

Systems with de-energized buses and branches 

Automatic adjustment of cable/line resistance according to operating temperatures 
Automatic adjustment of overload heater resistance according to tolerance 
Automatic adjustment of cable/line length according to their tolerance 
Automatic adjustment of transformer impedance according to tolerance 
Automatic adjustment of current limiting reactor impedance according to tolerance 
Multiple loading categories 

Multiple generation categories 

Load diversity factors 

Accurate AC modeling 

State-of-the-art Interior Point Algorithm 

Logarithmic Barrier Function (handles both equality & inequality constraints) 
Primal-Dual Direction Search Method 

Controlled solution parameters 

Minimize system real power losses 

Minimize system reactive power losses 

Minimize swing bus power 

Minimize shunt Mvar devices 

Minimize fuel cost 

Minimize series compensation 

Minimize generation cost 

Minimize control movement 

Minimize control adjustment 

Maximize voltage security indexes 

Maximize line flow security indexes 

Flatten voltage profile 

User-defined objective functions 

Bus voltage constraint 

Line flow constraint 

Control limit constraint 

Generator Var limit constraint 

Transmission interface limit constraint 

Smooth function of any variables 

Generator MW & Mvar control 

Transformer LTC control 

Transformer phase-shifter control 

Shunt compensation control 

Series compensation control 

Switching capacitor control 
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28.1 Study Toolbar 


The Optimal Power Flow Study toolbar will appear on the screen when you are in Optimal Power Flow 
Study Mode. This toolbar has the following function keys, as shown below: 


Opti... [ai 
Run Optimal Power Flow 
Display Options 
Report Manager 


Halt Current Calculation 
Get On-Line Data 


Get Archived Data 


Run Optimal Power Flow 

Select a Study Case from the Study Case toolbar when you are in Optimal Power Flow Analysis Study 
Mode. Click on the Run Optimal Power Flow button to perform an Optimal Power Flow Study. A dialog 
box will appear for you to specify the Output Report name if the output file name is set to Prompt in the 
Output Report drop-down list. The Optimal Power Flow Study results will appear on the one-line diagram 
and can be viewed in output report text and plot formats after the calculation completes. 


Display Options 


Click on the Display Options button to customize the one-line diagram annotation display options under 
the Optimal Power Flow Analysis Study Mode. See Display Options for more information. 


Report Manager 

Click on the Report Manager button to select a format and view Optimal Power Flow Output Reports. 
Optimal Power Flow reports are provided in Crystal Report Viewer, PDF, MS Word, Rich Text, MS Excel 
formats. A number of predefined reports are found from here in Complete, Input, Results and Summary 
pages, respectively. 


The Report Manager provides four pages (Complete, Input, Result, and Summary) for viewing the different 
parts of the report. Available formats for Crystal Reports are displayed on each page of the Report Manager. 
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Optimal Power Flow Report Manager 


@ Viewer 

© PDF 

© MS Word 

© Rich Text Format 
© MS Excel 

Set As Default 


Output Report Name 


Path 
C:\ETAP\Example-ANSI! 


Gael 


You can also select output files from the Output Report drop-down list. 


cable 


This list contains all the output files in the current project folder with the same file extension specified. To 
change output file extensions, you can click on the List Output Reports button next to the Output Report 
drop-down list, which will allow you to select a different output file extension. 
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2 List Output Report 
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LF Report (*.lfr,*.LF1S,*.LF1) 
ULF Report (*.UL1S,*.UL1) 
SC Report (*.shr,*.SA1S,*.SA1,*.SA2S,*.SA2,*.SA4S,*.SA4_,*.SILS, *.SIL,*.SI2S,*.S12,*.SBS,*.SB,*.SI4S,*.S14) 
GOST Report (*.SG1S,*.SG1,*.SG2S,*.SG2) 

MS Report (*.msr,*.MS1S,*.MS1) 

HA Report (*.har,*.HA1S,*.HA1) 

TS Report (*.tsr,*.TS1S,*.TS1) 

OPF Report (*.OP1S,*.OP1) 

RA Report (*.RA1S,*.RA1) 

OCP Report (*.CA1S,*.CA1) 

DCLF Report (*.DL15,*.DL1) 

DCSC Report (*.DS1S,*.DS1) 

BS Report (*.DB1S,*.DB1) 

CD Report (*.cdr,*.CD1S,*.CD1,*.CD25,*.CD2) 

Star Report (*.ST1S,*.ST1,*.ST2S,*.ST2,*.ST3S,*.ST3,*.ST4S, *.ST4,*.SQLS, *.SQ1,*.SQ2S,*.SQ2) 

Auto Star Report (*.AS1S,*.AS1,*.AS2S) 

Voltage Drop Report (*.vdr,*.VD1S,*.VD1) 

AC Voltage Drop Report (*.vdr2,*.VD2S) 

AF Report (*.AAFLS,*.AAF1,*.AAFS, *.AAF, *.IAFS, *IAF,*.UAFS,*.UAF) 

DCAF Report (*.DA1S,*.DA1) 

Voltage Stability Report (*.VS1S) 

All Files(*.*.*) 

Switching Optimization Report (*.SO1S) 

FMSR Report (*.FM1S) 

TD Unbalanced Load Flow Report (*.TU1S) 

Traction Power Report (*.TP1S) 

Unbalanced Short Circuit(*.SC5S) 

CA Report (*.CA2S) 

Text File (*.tct) 


The Output Reports for Optimal Power Flow Studies have an extension of .OP1 or .OP1S. 


Halt Current Calculation 


The stop sign button is normally disabled. When an optimal power flow has been initiated, this button 
becomes enabled and shows a red stop sign. Clicking on this button will terminate the current calculation. 
The one-line diagram displays and plots will not be available if you terminate the calculation before it 
completes, and the output report will be incomplete. 


Get On-Line Data 


This button is active when ETAP Real-Time Advanced Monitoring is enabled in your ETAP. Click this 
button to use Real-Time values such as loading, bus voltages, etc., as your initial conditions for OPF. 


Note: This function can allow you to optimize the existing operation of your system. EMS uses OPF 
calculations for optimization on-line. See the EMS chapter for more details. 
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Get Archived Data 


This button is active when ETAP Real-Time Event Playback is enabled in your ETAP. Click this button 
to use Archived values such as loading, bus voltages, etc as your initial conditions for OPF. 


Note: Using archived values gives you the opportunity to study previous operating conditions from any of 
ETAP Modules and define alternate solutions. 
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28.2 Study Case Editor 


The Optimal Power Flow Study Case Editor contains solution control variables, objective selections, 
constraint settings, control variable activation, system loading conditions, and report options. ETAP allows 
you to create and save an unlimited number of Study Cases for each type of study. Like any other study 
types, you can easily switch between different Optimal Power Flow Study Cases. This feature is designed 
to organize your study efforts and save you time. 


A Study Case can be used for any combination of configuration status, one-line diagram presentation, and 
Base/Revision Data. 


To create a new Optimal Power Flow Study Case, go to the System Manager, right-click on the Optimal 
Power Flow sub-folder inside the Study Cases folder, and select Create New. The program will then create 
a new Study Case, which is a copy of the default Study Case, and adds it to the Optimal Power Flow sub- 
folder. 
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When you are in Optimal Power Flow Study Mode, you can access the Optimal Power Flow Study Case 
Editor by clicking on the Study Case button on the Study Case toolbar. You can also access this editor 
from the System Manager by clicking on the Optimal Power Flow sub-folder under the Study Cases folder. 


The Optimal Power Flow Study Case Editor consists of the following nine pages: Info page, Objective page 


Bus Voltage Constraint page, and Branch Flow Constraint page, LTC page, Generator AVR page, 
Generator MW page, Shunt Comp page, and Adjustment page. 
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28.2.1 Info Page 


Optimal Power Flow Study Case 


Generator AVR Generator MW Shunt Comp Adjustment 
Objective Bus Voltage Constraint Branch Flow Constraint 


Study Case ID Solution Parameters 


[OPF Barrier Factor | 0.0000001 | Max. tteration{ 50 | 
Power Mismatch Advanced ... 


Loading Category Generation Category Charger Loading 
ee ae oi Category 
© Operating Load 
[_] Operating P,Q Operating P,Q, V 
Initial Condition 
Load Diversity Factor @) Use Bus Voltage 
@ None © Bus Maximum O Bus Minimum O Use Fixed Voltage 


O Global 

Update 
[_] Generator Voltage [_] Generator MW 
mae [_] Shunt Compensation 
[_] Generator var 


Study Remarks 
— line of remarks for "OPF" study case. 


ic OPF v Bl Copy| | New | Delete OK | Cancel 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by simply deleting the old 
ID and entering anew ID. The Study Case ID can be up to 12 alphanumeric characters. Use the Navigator 
button at the bottom of the editor to go from one Study Case to another. 


Solution Parameters 


Barrier Factor 
This is the fixed value of barrier factor used in the barrier function. It is defaulted to 0.0000001. The 
program starts the barrier factor at 1 and will automatically reduce it during the calculation iteration. 
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Power Mismatch 
This is the power flow mismatch. The default value is 0.001 per unit on 1 MVA base. 


Max. Iteration 
Enter the maximum number of iterations. If the solution has not converged at the specified number of 
iterations, the program will stop and inform the user. The recommended and default value is 50. 


Advanced 
Click on this button to open up the Advanced Solution Parameter Editor and set additional solution 
parameters for the Optimal Power Flow Study. 


Advanced Solution Parameter Editor 
Currently there is only one parameter available in this editor. 


Advanced Solution Parameter Editor |e S| 


Objective Precision 0.001 


Se =—s 


Objective Precision 
This parameter defines the precision for the objective function convergence. The default value is 0.001. It 
is recommended that you do not change this parameter in most cases. 


Loading Category 


Select one of the ten Loading Categories for this Study Case. With the selection of any category, ETAP 
uses the percent loading of individual motors and other loads as specified for the selected category. 


Note: You can assign loading to each one of the ten categories in the Nameplate page, Loading page, or 
Rating page for most load components. Harmonic filter loading is calculated from its parameters. 


Operating P,Q 
This option is available if your ETAP key has the online feature. When this box is checked, the operating 
loads updated from online data or a previous load flow study will be utilized in the Load Flow Study. 


Generation Category 


Select one of the ten generation categories for the current Optimal Power Flow Study. With the selection 
of any category, ETAP uses the generator controls for the selected category, as specified in the Rating page 
of the Generator and Power Grid Editors. The generator controls will be different depending on the 
Operating Mode that the generator and the power grid are operating under. The Operating Mode of a 
generator and a power grid is selected on the Info page of the Generator and Power Grid Editors. 
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The table below shows the generation controls with respect to the Operating Mode. 


Operating Mode | Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Note: In optimal power flow calculation, a generator or a power grid can be set as an AVR (voltage) control 
and/or a MW control. In such a case, the generation controls from the Generation Category will be 
superseded by the optimal power flow control settings. 


Operating P, Q, V 

This option is available if your ETAP key has the online feature. When this box is checked, the generator 
operating values update from the online data or a previous load flow study will be utilized in the load flow 
study. 


Charger Loading 


Load Category 
Select this option to use the P and Q specified in the Loading Category group of the Charger Editor for 
chargers. 


Operating Load 

Select this option to use the P and Q as specified in the Operating Load group of the Charger Editor. Note: 
If this option is selected, it is required that a DC load flow calculation is run first in order to estimate the 
charger load. 


Load Diversity Factor 


Apply appropriate load diversity factor(s) for the fundamental load flow as well as Harmonic Load Flow 
and Frequency Scan Analysis. The choices are: 


None 
Select ‘None’ to use the percent loading of each load as entered for the selected Loading Category, i.e., no 
diversity factor is considered. 


Bus Maximum 

When the Bus Maximum option is selected, the loading of all motors and other loads will be multiplied by 
the maximum diversity factor of the bus, which they are directly connected to. Using this option, you can 
define the initial loading for Harmonic Analysis Studies with each bus having a different maximum 
diversity factor. This study option is helpful when the future loading of the electrical system has to be 
considered. 


Bus Minimum 

When the Bus Minimum option is selected, the loading of all motors and other loads will be multiplied by 
the bus minimum diversity factor of the bus that they are directly connected to. Using this option, you can 
define the initial loading for Harmonic Analysis Studies with each bus having a different minimum diversity 
factor. 
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This study option may be useful in some cases where the effect of light loading condition needs to be 
investigated. 


Global 

Enter the diversity factors for all Constant kVA, Constant Z, Generic, and Constant I loads. When you 
select this option, ETAP will globally multiply all motors, static loads, constant current loads, and generic 
loads of the selected Loading Category with the entered values for the respective load diversity factors. 


Constant kVA 
Constant kVA loads include induction motors, synchronous motors, conventional and unbalanced lumped 
loads with % motor load, UPS’s, and chargers. 


Constant Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional and 
unbalanced lumped loads with % static load. 


Constant I 
Constant current loads include unbalanced lumped loads with % constant current load. 


Generic 
Generic loads include lumped loads modeled using either the exponential, polynomial, or comprehensive 
model. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Initial Condition 


Initial conditions for all bus voltages and angles can be specified in this section for load flow calculation 
purposes. 


Use Bus Voltage 
Select this option to use bus voltages and angles as entered in the Info page of the Bus Editor. Using this 
option, you can set load flow initial conditions to use bus voltages. 


Use Fixed Voltage 

This option allows you to set initial load flow conditions using a fixed bus voltage magnitude and phase 
angle for all buses. When you select the fixed initial condition option, you must enter the initial voltage 
value as the percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude 
and zero degree for bus voltage angle. 


Fuel / Energy Cost 


This section is for selecting a generator and/or a power grid fuel/energy cost category. 
Cost Profile 


Select a fuel/energy cost category from the list. The fuel/energy functions in the selected category will be 
used for fuel minimization calculation. 
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Update 


This section is for updating the control settings from Optimal Power Flow Study results. 


Note: Only those controls, which are activated for the present Study Case, will be updated if their settings 
are ever changed. 


Generator Voltage 
If this box is checked, the generator and the power grid operating voltage will be updated. 


LTC 
If this box is checked, the transformer operating LTC will be updated. 


Generator var 
If this box is checked, the generator and the power grid operating kvar/Mvar will be updated. 


Generator MW 
If this box is checked, the generator and the power grid operating kW/MW will be updated. 


Shunt Compensation 


If this box is checked, the operating kvar/Mvar for the shunt compensation components (capacitor and 
SVC) will be updated. 


Infeasibility Handling Editor 


Click on the Infeasibility Handling button to open this editor. 


Infeasibility Handling Editor 


Strategy 


Relax Generator Voltage Constraints 

Relax Load Bus Voltage Constraints 
®) Relax All Voltage Constraints 

Ignore and Continue 


Quit Calculation 


“a —s 


Strategy 


This section provides different strategies for handling infeasibility due to various conflicts in objective 
functions, constraints, and power balancing equations that might be encountered during the optimal power 
flow calculation. The selected strategy will be automatically enforced if an infeasible condition occurs 
during the calculation. 
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Relax Generator Voltage Constraints 
Select this option to remove constraints on the generator and the power grid voltages. 


Relax Load Bus Voltage Constraints 
Select this option to remove constraints on the load bus voltages. 


Relax All Voltage Constraints 
Select this option to remove voltage constraints on all buses, including the generator and the power grid 
buses and the load buses. 


Ignore and Continue 

Select this option to continue the optimization without any of the constraint relaxation. The calculation 
will continue until either a feasible solution is reached within the given number of iterations or the 
maximum number of iterations is reached. 


Quit Calculation 
Select this option to quit the calculation once infeasibility is encountered. 
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28.2.2 Objective Page 


This page is provided for you to choose the objectives for this Study Case. 


Optimal Power Flow Study Case 


LTC Generator AVR Generator MW 
Info Objective Bus Voltage Constraint 


Objective Selection 


Minimize Real Power Losses 
Minimize Reactive Power Losses 
[_] Minimize Swing Bus Power 

[_] Minimize Shunt var Devices 


[_] Minimize Fuel Cost 


Minimize Series Compensation 


Minimize Load Shedding 


[_] Minimize Control @ Movement 
© Adjustment 


[_] Optimize Voltage Security index 
Optimize Line How Security Index 
[_] Flat Voltage Profile 


v Bl Copy | | New | Delete 


Objective Selection 


Select objectives for this Study Case. You can select multiple objectives and use the weight factors to 
combine them. 


Minimize Real Power Losses 
Select this option to minimize the real power losses in the system. 


Minimize Reactive Power Losses 
Select this option to minimize the reactive power losses in the system. 
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Minimize Swing Bus Power 
Select this option to minimize the real power generation at the swing bus(es). 


Minimize Shunt var Devices 
Select this option to minimize the utilization of the var generation from available shunt var control devices. 


Note: When this objective is selected, you must specify some shunt devices (capacitors) on the Shunt Comp 
page. 


Minimize Fuel Cost 
Select this option to minimize the total generation cost from the available generators. 


Note: When this objective is selected, you must specify some generator MW controls on the Generator MW 
page. 


Minimize Series Compensation 
Select this option to minimize the utilization of the var generation from the available series var control 
devices. This objective is temporarily disabled. 


Minimize Load Shedding 
Select this option to minimize the load to be shed from the available bus load shed schedule. This objective 
is temporarily disabled. 


Minimize Control 

There are two ways to minimize controls. One is to minimize control movement. In this case, the total 
number of controls to be adjusted is minimized. Another way is to minimize the control adjustment. In 
this case, the overall adjustment from all controls is minimized. All the controls selected in the Study Case 
such as LTC, Shunt Comp., etc are affected. 


Optimize Voltage Security Index 
Select this option to optimize bus voltage security index. The following bus voltage security index function 


will be minimized: 
AllBuses (V7 — 2n 
J = oa i i,avg 
ail: ay, 


where 


Viavg= (Vimax + Vimin)/2 
dV; = (Vimax = Vimin)/2 
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Optimize Line Flow Security Index 
Select this option to optimize line flow security index. The following line flow security index function will 
be minimized by: 


where Pj is the line real power flow and F is the line (branch) flow constraint maximum limit. 


Flat Voltage Profile 
Select this option to optimize the system control variable settings for a flat bus voltage profile, i-e., the 
voltage magnitude differences for all the buses are minimal. 


Weight 
Assign weighting factors for the each objective. A larger weighting factor represents a higher weight and 


will be given to its associated objective. 


Exponent 
Variable n in the associated bus voltage and line flow index functions. 
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28.2.3 LTC Page 


This page allows you to choose the LTC and Voltage Regulator controls and set weighting factors. Min 
Tap and Max Tap are directly from the transformer LTC and Voltage Regulator parameters. 


Optimal Power Flow Study Case 


Objective Bus Voltage Constraint 
Generator AVR Generator MW 


Selection Option 
@AI 


By Category 


By Area 


v Bl Copy New Delete 


Active Controls 


This box lists the information on all of the selected transformer LTCs and Voltage Regulators (VR), 
including their associated transformer/voltage regulator ID, location (primary, secondary, tertiary for 
transformer, or VR for voltage regulator), maximum and minimum taps, and weighting factor. Only the 
selected LTCs and VRs are treated as active controls in the optimization process. 


ETAP 28-17 ETAP 19.0 User Guide 


Optimal Power Flow Study Case Editor 


Select / Deselect Buttons 


First highlight a transformer/voltage regulator from the box underneath the buttons. This box initially lists 
all the transformer/voltage regulator in the system for the specified Select option. Then click on the Select 
button to move the highlighted transformer/voltage regulator into the Active Controls box. Highlighting a 
transformer/voltage regulator in the Active Controls box and clicking on the Deselect button will move that 
transformer/voltage regulator into the box underneath the button to become an inactive control. 


Selection Option 


Specify a category to show all the available transformers/voltage regulators in that category. 


All / By Category 

Select the All option to show all of the available generators in the system. Select the By Category option 
to show the available generators by category. Either one or any number of combinations of the categories 
can be chosen. For generator AVR control, there are two categories available: By Area and By Zone. An 
area number needs to be given for By Area and a zone number for By Zone. The By Category option is 
temporarily disabled. 


Default Settings 


Weight 

This sets the weighting factors for the selected LTC controls. You need to set the weighting factor first 
before you click on the Select button to activate an LTC. This number determines the weight between 
different LTC controls, with 100% being the maximum and highest weight. 
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28.2.4 Generator AVR Page 


This page allows you to choose the generator voltage (AVR) controls and set weighting factors, Vmax and 
Vmin values. MVA rating is directly from the Generator Editors. 


Optimal Power Flow Study Case 


Info Objective Bus Voltage Constraint 
LTc Generator AVR Generator MW 


Active Controls 


Gen ID 
Gen1 


Selection Option 
Gen ID 
Utility @AI 


By Category 


By Area 1 


By Zone |1 


v Bl Copy; | New | Delete 


Active Control 


This box lists information on the entire selected generator AVR controls, including the generator ID, MVA 
rating, voltage control range, and weighting factor. Only the selected generators are treated as active 
controls in the optimization process. 


Select / Deselect Buttons 


First highlight a generator from the box underneath the buttons. This box initially lists all the generators in 
the system for the specified Select option. Then click on the Select button to move the highlighted generator 
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into the Active Controls box. Highlighting a generator in the Active Controls box and clicking on the 
Deselect button will move that generator into the box underneath the button to become an inactive control. 


Selection Option 


Specify a category to show all the available generators in that category. 


All / By Category 
Select the All option to show all of the available generators in the system. Select the By Category option 
to show the available generators by category. Either one or any number of combinations of the categories 
can be chosen. For generator AVR control, there are two categories available: By Area and By Zone. An 
area number needs to be given for By Area and a zone number for By Zone. The By Category option is 
temporarily disabled. 


Default Settings 


Vmax / Vmin 

This option sets the maximum and minimum voltage limits (in %) for the selected generator AVR controls. 
You need to set Vmax and Vmin first before you click on the Select button to activate a generator AVR 
control. 


Weight 

This option sets the weighting factors for the selected generator AVR controls. You need to set the 
weighting factor first before you click on the Select button to activate a generator AVR control. This 
number determines the weight between different generators AVR controls, with 100% the maximum and 
the highest weight. 
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28.2.5 Generator MW Page 


This page allows you to choose the generator and/or utility real power control and set weighting factors. 
MVA, Max MW and Min MW are directly for the Generator Editors. 


Optimal Power Flow Study Case 


Objective Bus Voltage Constraint 
Generator AVR Generator MW 


Selection Option 
Gen1 8.82 @AI 


By Category 


By Area 1 


By Zone |1 


v 5) Copy New Delete 


Active Control 


This box lists information on the entire selected generator/power grid MW controls, including the generator 
ID, MVA rating, MW control range, and weighting factor. Only the selected generators/power girds are 
treated as active controls in the optimization process. 


Select / Deselect Buttons 


First highlight a generator from the box underneath the buttons. This box initially lists all the generators in 
the system for the specified Select option. Then click on the Select button to move the highlighted generator 
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into the Active Controls box. Highlighting a generator in the Active Controls box and clicking on the 
Deselect button will move that generator into the box underneath the button and become an inactive control. 


Selection Option 


Specify a category to show all the available generators in that category. 


All / By Category 
Select the All option to show all of the available generators in the system. Select the By Category option 
to show the available generators by category. Either one or any number of combinations of the categories 
can be chosen. For generator MW control, there are two categories available: By Area and By Zone. An 
area number needs to be given for By Area and a zone number for By Zone. The By Category option is 
temporarily disabled. 


Default Settings 


Weight 

This option sets the weighting factors for the selected generator MW controls. You need to set the 
weighting factor first before you click on the Select button to activate a generator MW control. This number 
determines the weight between different generator MW controls, with 100% being the maximum and the 
highest weight. 
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28.2.6 Shunt Comp Page 


This page allows you to choose the shunt compensation controls and set their associated parameters. 


Optimal Power Flow Study Case 


Info Objective Bus Voltage Constraint 
LTC Generator AVR Generator MW 


Active Controls 


Shunt ID 


Selection Option Default Settings 
@Al Min. Mvar 
By Category Max. Mvar 


Initial Mvar 


Weight: 


v gl Copy; New | Delete 


Active Controls 


This box lists information on all the selected shunt compensation controls, including the device ID, Mvar 
range, initial Mvar, and weighting factor. Only the selected shunt compensation devices are treated as 
active controls in the optimization process. 


Select / Deselect Buttons 


First highlight a shunt compensation device from the box underneath the buttons. This box initially lists 
all the shunt compensation devices in the system for the specified Select option. Then click on the Select 
button to move the highlighted shunt compensation device into the Active Controls box. Highlighting a 
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shunt compensation device in the Active Controls box and clicking on the Deselect button will move that 
device into the box underneath the button and become an inactive control. 


Capacitor and SVC are the shunt compensation devices. 


Selection Option 


Specify a category to show all the available shunt compensation devices in that category. 


All / By Category 

Select the All option to show all of the available shunt compensation devices in the system. Select the By 
Category option to show the shunt compensation devices by category. Either one or any number of 
combinations of the categories can be chosen. For shunt compensation control, there are two categories 
available: By Area and By Zone. An area number needs to be given for By Area and a zone number for 
By Zone. This option is temporarily disabled. 


Default Settings 


Min Mvar 

This option sets the minimum Mvar limit for the selected shunt compensation controls. You need to set 
Min Mvar before you click on the Select button to activate a shunt compensation control. This value should 
be 0 or negative for the capacitive power compensation (reactive power into the system). 


Max Mvar 

The same as Min Mvar, but the Max Mvar option sets the maximum Mvar limit for the selected shunt 
compensation controls. This value should be negative for the capacitive power compensation (reactive 
power into the system). 


Initial Mvar 

The same as Min Mvar and Max Mvar, but the Initial Mvar option sets the initial Mvar for the selected 
shunt compensation controls. This value should be negative for the capacitive power compensation 
(reactive power into the system). 


Weight 

This sets the weighting factors for the selected shunt compensation controls. You need to set the weighting 
factor first before you click on the Select button to activate a shunt compensation control. This number 
determines the weight between different shunt compensation controls, with 100% being the maximum and 
the highest weight. 
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28.2.7 Bus Voltage Constraint Page 


This page allows you to set the bus voltage constraints and their associated parameters. 


Optimal Power Flow Study Case 


LTC Generator AVR Generator MW Shunt Comp Adjustment 
Info Objective Bus Voltage Constraint Branch Flow Constraint 


Enforced Constraints 


Bus ID 


By Category 


By k V 1 


v Bl ‘Copy! New Delete 


Enforced Constraints 


This box lists information on all the enforced bus voltage constraints for load buses, including the bus ID, 
bus kV rating, range of variation and weighting factor. Only the selected buses are constrained in the 
optimization process. 


Select / Deselect Buttons 


First highlight a bus from the box underneath the buttons. This box initially lists all buses in the system for 
the specified Select option. Then click on the Select button to move the highlighted bus into the Enforced 
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Constraints box. Highlighting a bus in the Enforced box and clicking on the Deselect button will move that 
bus into the box underneath the button and become an unconstrained bus. 


Selection Option 
Specify a category to show all the load buses in that category. 


All / By Category 

Select the All option to show all of the load buses in the system. Select the By Category option to show 
the load buses by category. Either one or any number of combinations of the categories can be chosen. For 
bus voltage constraints, there are three categories available: By Area, By Zone and By kV. An area number 
needs to be given for By Area, a zone number for By Zone, and a kV rating for By kV. This option is 
temporarily disabled. 


Default Settings 


Max. V 
This option sets the maximum voltage limit in percent of bus nominal voltage for the selected bus voltages. 
You need to set Max. V first before you click on the Select button to enforce that bus voltage constraint. 


Min. V 
The same as Max. V, but this option sets the minimum voltage limit in percent of bus nominal voltage for 
the selected bus voltages. 


Weight 

This option sets the weighting factors for the selected bus voltage constraints. You need to set the weighting 
factor first before you click on the Select button to enforce a bus voltage constraint. This number determines 
the weight between different bus voltage constraints, with 100% being the maximum and the highest 
weight. 
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28.2.8 Branch Flow Constraint Page 


This page allows you to set the branch (line) flow constraints and their associated parameters. 


Optimal Power Flow Study Case 


LTC Generator AVR Generator MW 
Info Objective Bus Voltage Constraint 


Enforced Constraints 


Branch ID Type 


Select Deselect 


Branch ID Type A 


Cable2 Cable 


Cable 14 Cable 
Cable22 Cable 
Cable23 


Reactor 


Impedance 


¥| >i) (copy) | New | |Deiste [Help || OK || Cancel 


Enforced Constraints 


This box lists information on all the enforced branch flow constraints for load buses, including the branch 
ID, branch type, constraint type, base rating, maximum and minimum allowable branch flow, and weighting 
factor. Only the selected branches are constrained in the optimization process. 


Select / Deselect Buttons 


First highlight a branch from the box underneath the buttons. This box initially lists all branches in the 
system for the specified Select option. Then click on the Select button to move the highlighted branch into 
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the Enforced Constraints box. Highlighting a branch in the Enforced box and clicking on the Deselect 
button will move that branch into the box undermeath the button and become an unconstrained bus. 


Selection Option 
Specify a category to show all branches in that category. 


All / By Category 
Select the All option to show all of the branches in the system. Select the By Category option to show the 


branches by category. Either one or any number of combinations of the categories can be chosen. For bus 
branch flow constraints, there are three categories available: Xfmr, Cable, and Reactor. 


Default Settings Button 


Click on this button to bring up the Branch Flow Constraint Editor. 


Branch Flow Constraint tl 


Constraint 


Transformer | MYA + 100 
Cable Amp 100 


Line | Amp 100 


Reactor Amp 100 


Impedance |Amp + 100 0 


eee 


From this box you can set and edit constraint parameters for different types of branches. All the parameters 
need to be set before clicking on the Select button to enforce constraints for any branches. 


Constraint 
Choose a type of branch flow to constrain. There are four types of branch constraints available: MW, Mvar, 
MVA, and Amp. 


Max. 
Maximum branch flow limit in percent of the base of branch rating for the given branch type and constraint 


type. 
Min. 


Minimum branch flow limit in percent of the base of branch rating for the given branch type and constraint 


type. 
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28.3 Display Options 
The Optimal Power Flow Display Options consist of a Results page and three pages for AC, AC-DC, and 
Colors info annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


28.3.1 Results Page 


This page controls the result annotations of the OPF which are displayed on the one-line diagram. 


Display Options - Optimal Power Flow |e Some) 


AC | AC-DC | Colors 


Voltage Power Flows 


\v] Bus @ kW +jkvar 
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Voltage 


Voltage 
From the dropdown list, select either % (percent of bus nominal kV) or kV. 


Bus 
Click on this checkbox to display bus voltages. 


Power Flows 


kVA or MVA 
Select kVA or MVA from the dropdown list. 


KW + jkvar, kVA, and Amp 
Select the kW + jkvar, kVA, or Amp option to display the corresponding power flows. 


%PF 
Check this box to display branch flow units. 


Meters 

Select from the checkboxes in this section to display readings for the corresponding meters. Meter readings 
available for display are: 

e Ammeter 

e Voltmeter 

e = Multi-Meter 


Show Units 
Check this box to show units for all flow displays. 


Required Setting 


Select options in this section to display the required control changes/updates. Controls whose required 
settings can be displayed are: 

e Generator V 

e Generator Mvar 

e LTC 

e Shunt Compensation 


Show Final Results 
Click on this option to display the final value of the control variables. 


Show Requested Changes 


Click on this option to display the delta changes of the control variables. This option is temporarily 
disabled. 


Elements 
Click on any or all of the checkboxes in this section to display annotation information. 
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28.3.2 AC Page 


This page includes options for displaying info annotations for AC elements. 


Display Options - Optimal Power Flow x 
Results AC AC-DC Colors 
™Meoeeeo 
ie ID Rating kV A D-Y Z 
Generator OoOoOodd 
Power Grid OoOoUd 
Motor FG) Ela 
Load / Panel Oo 
ComposteCSD[(] O) OF OJ 
Bs HY O OO 
Nee OOOO 4, 
ceBOOUdM 
be TO OOF 
swith OO OO 
Ground Switch [] 
pTacT OF OF 
Relay [] LJ 
Branch ae eH 
Transformer [¥] et EE 
Voltage Reg. J OOOO 
Size Type LathGND 
line 4] OM OO 
cale/BD/BWHM O Of OOD 
Pic Pin ID 
Composite Motor [¥] 
Composite Net J] 
aim aoa [] Equipment Cable 
OK | | cancel Cancel 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 


Select the checkboxes under this heading to display the ratings of the selected AC elements on the one-line 
diagram. 
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Device Type Rating 
Gen. (Generator) kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type (# of Phases - # of Wires) 
Transformer kVA/MVA 
Voltage Regulator kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay 50/51 for Overcurrent Relays 
PT & CT Transformer Rated Turn Ratio 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) of 
the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the selected elements on the 
one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 
Motor % LRC 


Transformer Positive Sequence Impedance (%Z) 

Voltage Regulator Impedance (%Z) if included 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
D-Y 


Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 
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For transformers, the operating tap setting for primary, secondary, and tertiary windings are also displayed. 
The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Motor 


Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 


Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be grayed 
out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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28.3.3 AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


Display Options - Optimal Power Flow |p 


Composite CSD 
Converter 


Bus 
Node 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 


Rating 


Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the one- 
line diagram. 
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Device Type Rating 
Charger AC kVA & DC kW (or MVA/MwW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 
VFD HP/kW 

kV 


Click on the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, output, & DC FLA 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the color 
in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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28.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram 
Display Options - Optimal Power Flow |p Soem| 


[Resuts | AC | AC-DC | Colors | 


Theme 


| Example Default 


Theme 
®) User-Defined 


AC i - 
oC i - 
AcC-DC x ~- 
Composite J ~ 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 
whenever the Global Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 


Theme 
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This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color theme 
is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


= Editor = 
Thene (Bane a =] Caler cat 
Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area _| Grounding/Earthing | Font _| 
Standard Element Colors 
AC DC Composite 
Energized | mE Os 
De-energized 
Pros J iz 
Selected |g | li 
Faulted Bus | |__| 
Annotation 
Jam | Hyperlink |i 
Warning [N) © Visited Hyperlink = ( ) 
No Tag Online Meter | 
Acknowledged (MIM) © Playback Meter | 
Bad Quality | 
Zoom Grid Faulted Bus 
cor coe (cae 
Transparency 80 mn Size 8 Symbol 
Style v 
Background 
Hap) (_SeeAe] (Bete) (Saiebs] (Aes) (0K) (ear 


Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the global color themes option has been previously 
selected. 
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28.4 Calculation Methods 


In traditional load flow studies, the final settings of many system control parameters are based on the 
engineer’s experience and judgment. Sometimes an iterative process is required to reach the final overall 
satisfactory settings. This process can be very exhaustive for large systems. These system control 
parameters are typically transformer LTC settings, generator MW generation or fuel cost, generator AVR 
settings or reactive power generations, series and shunt static var compensation device settings, the amount 
of load shed, and some others. In practice, any of those control settings or any combination of them can be 
used in a particular system. The Optimal Power Flow Study can be understood as an intelligent load flow. 
It employs an optimization technique to automatically adjust the power system control settings while it 
solves the load flow equation at the same time. Moreover, it allows you to specify a wide range of 
optimization criteria for your system and enforce limits on system quantities (bus voltage, line flow, etc.) 
during the optimization process. These optimization criteria are called objectives, usually the system 
performance indexes, and the limits are called constraints. 


Mathematically, the optimal power flow study can be expressed as: 
Min = f(x,uw) (1) 


subject to the equality constraints: 


2P(x,u) = 0 (2) 

2Q(x,u) = 0 (3) 
and the inequality constraints: 

Umin SUS Umax (4) 


Y(X,W)minSY(XU) SY(X,Wmax (5) 
where: 


= _ Bus voltage vector, called state variable set 

= System control vector, called control variable set 

= Objective functions, expressed in terms of x and u 

System output vector, a variable set typically including line flows, etc. 
as a function of x and u 

= Real power, expressed in terms of x and u 

Reactive power, expressed in terms of x and u 


Ow <Sas x 
I 


Equation (1) indicates the specified objective function to be minimized or optimized. Equations (2) and (3) 
show the system power balance equation (load flow equation) to be solved. Equation (4) specifies the 
control upper and lower limits, and equation (5) sets the upper and lower limits for output variables. 


The ETAP Optimal Power Flow Analysis uses the state-of-the-art interior point optimization technique 
with the logarithm barrier function and the prime-dual direction searching method. The algorithm is very 
efficient and robust, suitable for large size systems with both equality and inequality constraints. On the 
power system modeling side, a true AC model is used, which makes it possible for this program to achieve 
the ultimate accuracy and capability in solving power system optimal power flow problems of any size 
under any feasible conditions. 
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28.5 Required Data 


The Optimal Power Flow Study essentially requires all the data needed for a regular Load Flow Study, plus 
a few additional data specific for the optimal power flow calculation, and all the settings in the Optimal 
Power Flow Study Case Editor. A summary of the required data for different types of components for OPF 
calculations is given in this section. 


Bus Data 

e Bus ID 

e Nominal kV 

e Load Diversity Factors (Loading Option is Set to Max or Min Diversity Factor) 
e Area number & Zone number 


Branch Data 


2-Winding & 3-Winding Transformers 
Transformer ID 

Bus connections 

Rated kV 

Rated MVA 

Positive sequence impedance and X/R ratio 

Z Variation 

Z Tolerance 

Fixed tap settings 

LTC Settings, if the transformer LTC is used as a control 
Max MVA, if the transformer flow is constrained 


Voltage Regulator 

Voltage regulator ID 

Bus connections 

Rated kV 

Rated MVA 

Impedance and X/R ratio (if entered) 

Z Variation 

Fixed tap settings 

Auto Tap Settings, if the voltage regulator is used as a control 


Cable 

Cable ID 

Length, unit and tolerance 

# conductors per phase 

Cable type, rated kV and size if use library data 

Cable's positive sequence resistance, reactance, and susceptance values if use user entered data 
Impedance unit 

Base temperature and Max temperature 

Allowable Ampacity, if the cable flow is constrained 
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Transmission Line 

e Transmission Line ID 

e Bus connections 

e Length, unit and tolerance 

e Phase conductor, ground wire and configuration parameters (from library or user enter) if use calculated 
value 


e Line’s positive sequence resistance, reactance, and susceptance values if use user-defined value 
e Impedance unit 

e Base temperature and Maximum temperature 

e Allowable Ampacity, if the line flow is constrained 

Impedance 


e Impedance ID 

e Bus connections 

e Positive and zero sequence resistance, reactance, and susceptance values 
e Units and associated parameters 


Reactor 

e Reactor ID 

Bus connections 

Positive sequence impedance and X/R ratio 
Impedance Tolerance 

Amp Rating, if the reactor flow is constrained 


Machine Data 


Power Grid Data 

Power Grid ID 

Bus connection 

Operating Mode (Swing, Voltage Control, Mvar Control or PF Control) 

Rated kV 

Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 
MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 
MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 
Energy price data (Min MW, Max MW, MW and $/MWh points) 


Synchronous Generator Data 

Synchronous Generator ID 

Bus connection 

Operating Mode (Swing, Voltage Control, Mvar Control or PF Control) 
Rated MW 

Rated kV 

Rated %PF 

Rated MVA 

Rated %Eff 

Number of poles 
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Generation Category ID and associated data for each category 

%V and Angle for Swing mode 

%V, MW generation, and Mvar limits (Qmax & Qmin) for Voltage Control mode 

MW and Mvar generation, and Mvar limits (Qmax & Qmin) for Mvar Control mode 

MW generation, operating %PF, and Mvar limits (Qmax & Qmin) for PF Control mode 

Fuel cost data (Model Type, Profile category, Curve Type, Min MW, Max MW, MW, $/hr and $/MWh 
points) 


Synchronous Motor Data 

Bus connection 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated power factors and power factors at 100%, 75%, and 50% Loadings 

Rated efficient and efficient factors and power factors at 100%, 75%, and 50% Loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 


Induction Machine Data 

Induction machine ID 

Bus connection 

Application type (Motor or Generator) 

Status and the associated Demand Factors 

Quantity 

Rated kW/HP 

Rated kV 

Rated power factor and power factors at 100%, 75%, and 50% loadings 
Rated efficient and efficient factors at 100%, 75%, and 50% loadings 
Loading Category ID and % Loading for each category 

Equipment cable data 


MOV Data 

MOV ID 

Bus connection 

Initial Status & associated Demand Factors 
Quantity 

Rated kW/HP 

Rated kV 

Rated Power Factor 

Rated Efficiency 

Loading Category ID and % Loading for each category 
Equipment cable data 


Load Data 


Static Load Data 
e Static Load ID 
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Bus connection 

Quantity 

Status and associated Demand Factors 

Rated kV 

Rated kVA/MVA 

Rated Power Factor 

Loading Category ID and % Loading for each category 
Equipment cable data 


Lumped Load Data 


Lumped Load ID 

Bus connection 

Status & associated Demand Factors 

Rated kV 

Model type 

Rated kVA/MVA and rated %PF or rated kW/MW and rated kvar/Mvar and Load Type (% Constant 
kVA and % Constant Z) for Conventional model 

Ratings for phase A, B, and C or phase AB, BC, and CA load in terms of kVA/MVA, kW/MwW, 
kvar/Mvar and %PF, and Load Type (% Constant MVA, % Constant Z and % Constant I) for 
Unbalanced load 

PO, QO, a, b, Kpf and Kaf for Exponential load 

PO, QO, p1, p2, p3, ql, q2, q3, Kpf and Kqf for Polynomial load 

PO, QO, al, a2, b1, b2, pl, p2, p3, p4, p5, ql, q2, q3, q4, q5, Kpfl, Kpf2, Kqf1l, and Kqf2 for 
Comprehensive load 

Loading Category ID & % Loading for each category 


Capacitor Data 


Capacitor ID 

Bus connection 

Status and associated Demand Factors 

Rated kV 

Mvar/Bank and # of Banks 

Loading Category ID and % Loading for each category 


Harmonic Filter Data 


Harmonic Filter ID 

Bus connection 

Status 

Filter Type 

Rated kV and 1-Phase kvar for capacitors 
X1 and Q factor for reactors 

R, if applicable 

Grounding connection 
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AC-DC Device Data 


UPS 

UPS ID 

Bus connections 

Status & associated Demand Factors 

Rated AC kW/MW 

Rated AC Input and Output kV 

Rated % PF & % EFF 

Loading Category ID & % Loading for each category 


VFD 
e VFDID 
e Input Bus and Load connections 


Charger 
e Charger ID 


e Bus Connections 

e Status and Associated Demand Factor 
e AC Ratings 

e Loading Category ID and % Loading 
Inverter 


Inverter is not considered in the Optimal Power Flow Study. 


Study Case Parameters 

Study Case ID 

Barrier Factor 

Power Mismatch 

Max. Iteration 

Objective Precision 

Loading Category 

Loading Condition (Operating P, Q flag) 

Load Diversity Factor (None, Bus Maximum, Bus Minimum, or Global) 
Charger Loading condition (from Loading Category or from Operating Load) 
Generation Category 

Generation condition (Operating P, Q, V flag) 

Fuel / Energy Cost Profile 

Initial Voltage Condition 

Infeasibility Handling Option 

Objectives & Weight Factors; Exponents, if Applicable 
LTC Controls & Associated Parameters 

Generator AVR Controls & Associated Parameters 
Generator MW Controls & Associated Parameters 
Shunt Compensation Controls & Associated Parameters 
Bus Voltage Constraints & Associated Parameters 
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e Branch Flow Constraints & Associated Parameters 
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28.6 Output Reports 


The OPF calculation results are reported both on the one-line diagram and in the text format. You can use 
the Optimal Power Flow Report Manager (from the Study toolbar) or View Output Report button (from the 
Study Case toolbar) to view the Output Reports. 


28.6.1 Optimal Power Flow Report Manager 


Click on the Report Manager button on the Optimal Power Flow toolbar to open the Optimal Power Flow 
Report Manager. The Optimal Power Flow Report Manager provides five formats for report text. They are 
Crystal reports™ format Viewer, PDF format, MS Word format, Rich Text format and MS Excel formats. 
The Optimal Power Flow Report Manager consists of four pages. 


28.6.2 Complete Page 


From this page you can select the report format that gives you the Complete Output Report. 


a , 
Optimal Power Flow Report Manager =) 


Complete | input | Result | Summary | 


Complete ®) Viewer 
PDF 
MS Word 


Rich Text Format 
MS Excel 
[M Set As Defautt 


Output Report Name 
OPF 


Path 
C:\ETAP\Example-ANSI 


ie 
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A sample of the Complete Report is shown below. 


Electrical Transient er Pro: 
Op timal Power Flow 
Loading Category (1): Design 
Generation Category (1): Design 


FuelErergy Cost Profile (1): Fuel Cost 1 


Charger Loadimg Based on Loadimg Category 


Load Dmersity Factor: Nore 
Swing V-Comtrol Load Total 
Number of Buses: 1 1 l¢ 16 
XFMR2 XFMR3 Reactor Lime/Cable Impedance Tie PD Total 
Number of Branches: 7 1 0 5 0 0 13 
Barrier Factor: 0.0000001 
Maximum No.of Iteration: 50 
Power Mism atch: 0.001000 
Objective Pricision: 0.0000000 
System Frequency: 60Hz 
Unit System : English 
Project Filename: EXAMPLE- ANSI 
Output Fiknam e: C XETAP \Example-ANSTOPF opr 
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28.6.3 Input Page 


This page provides the reports for different input data. The following reports are available: 


Adjustments 
Branch 

Bus 

Cable 
Controls and Constraints 
Cover 

Fuel Cost 
Generator 
Impedance 
Objectives 
Power Grid 
Reactor 
SVC 
Transformer 


fi . 
Optimal Power Flow Report Manager =) 


@ Viewer 
© PDF 
© MS Word 


© Rich Text Format 
» MS Excel 
("| Set As Default 
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A sample of the Input Report is shown below. 


Controls and Constramts 


Transformer LTC Control 


LTC Tap 

ID Location Min. Max. Weight 
72 Primary 088 108 100° 
Generator AVR Control 

% Voltage 

ID MVA Mm. Max. Weight 
Genl 8.824 99.00 10100 100 
Utility 1200.000 100.00 100.00 100 
Bus Voltage Constraint 

% Voltage 

ID kV Mim. Max. Weight 
Bus1 0.480 98 102 ~ 100, 
Bus2 0.480 98 102 100 
LVBus 0.480 98 102 100 
MCC1 0.480 98 102 100 
Sub 3 4.160 98 102 100 
Sub24 13.800 98 102 100 
Sub3 Swe 4.160 98 102 100 
Branch Flow Constraint 

Branch Flow 

ID Type Unit Base Min. Max. 

T2 Xfmr MYA 12.000 0.000 12.000 
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28.6.4 Result Page 
This page provides the formats for different calculation results. The following two formats are available: 


e Load Flow Report 
e Optimal Settings 


a J 
Optimal Power Flow Report Manager = 


@ Viewer 

© PDF 

© MS Word 

© Rich Text Format 
» MS Excel 

Set As Default 


Path 
C:\ETAP\Example-ANS! 
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A sample of the Optimal Settings Report is shown below. 


Optimal Settings 


Generator/Power Grid 


Op erating Delta 
ID % Vo Ita ge MW Myvar MW Mvar 
Genl 100.20 6.300 0.095 0.000 0.095 
Utility 100.00 2.350 3.312 2.350 3.312 
LTC (Load Tap Changer) 
Tap 
Transfommer ID Tnutial Fimal Dela 
T2 -2.500 -4.250 -1.750 
Shunt Capacitor/SVC 
Mvar 
Device D Initial Final Dela 
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28.6.5 Summary Page 


This page provides the formats for different summaries from both input data and calculation results. The 
following formats are available: 


e Summary 


a 7 
Optimal Power Flow Report Manager x=) 


| Complete | Input | Result | Summary 


Summary ® Viewer 

> PDF 

© MS Word 

© Rich Text Format 
>) MS Excel 

Set As Default 


Path 
C:\ETAP\Example-ANS! 
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A sample of the Summary Report is shown below. 


SUMMARY OF TOTAL GENERATION , LOADING & DEMAND 


MW Mvar MY¥A % PF 
Source (Swing Buses): 2.860 2.402 3.734 66.75 PF Lagging 
Source (Non-Swing Buses): 6.300 1.125 6.400 98.41 PF Lagging 
Total Demand: 9.095 2.992 9.575 94.64 PF Lagging 
Total Line C harging: 0.000 0.000 
Apparent Losses: 0.064 0.535 
System Mismatch: 0.000 0.000 


Number of Iterations: 15 


28.6.2 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the output report listed in the Study Case toolbar with the selected format. In the picture 
shown below, the output report name is OPF and the selected output report is the Complete Crystal Report. 


- 3 fur By cane 


ULF 
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28.7 One-Line Diagram Displayed Results 


The one-line diagram display shows study results after the current calculation is completed. Different 
results can be chosen and displayed by setting appropriate options in the Optimal Power Flow Display 
Option Editor. A sample one-line diagram display for an Optimal Power Flow Study is shown here. 
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Optimal Capacitor Placement 


The majority of power systems operate at a lagging power factor due to inductive loads and delivery 
apparatus (lines and transformers). Power systems are inductive in nature, and require additional reactive 
power flow from the power grid. But excessive reactive power demands result in reduced system 
capacity, increased losses, and decreased voltage, as well as higher operating costs. Shunt capacitor banks 
are able to compensate for var requirements, but bank size, location, the capacitor control method, and 
cost considerations are important issues that need to be optimized during the design phase. An ideal 
solution would be a capacitor placement tool able to weigh all these factors and that considers load levels. 
This solution should also be able to place capacitors for voltage support and power factor correction, 
while minimizing the total cost of installation and operation. ETAP now provides just such an application 
in its Optimum Capacitor Placement (OCP) Module. 


As described in the IEEE Standard 1036-1992 (IEEE Guide for Application of Shunt Power Capacitors), 
the purposes of shunt capacitor applications are: 


Purpose Benefits 


Var support Yields a primary benefit for transmission systems and a 
secondary benefit for distribution systems. 

Voltage control Yields a primary benefit for both transmission and 
distribution systems. 

System capacity increase Yields a secondary benefit for transmission systems and a 
primary benefit for distribution systems. 

System power loss reduction Yields a secondary benefit for transmission systems and a 
primary benefit for distribution systems. 


Billing charge reduction Does not apply to transmission systems, but yields a 
primary benefit for distribution systems. 


To place shunt capacitors in power systems, it is necessary to: 


e Determine bank size in kvar 

e Determine connection location 

e Determine a control method 

e Determine a connection type (wye or delta) 


The capacitor size and the appropriate location for voltage support and power factor correction can be 
determined in different ways. A common method applies “rules of thumb” techniques, and then runs 
multiple load flow studies to fine-tune the size and location. Unfortunately, this method may not yield the 
optimal solution. And it can also be very time consuming and impractical for large systems. 
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It is also important to minimize cost, while mathematically determining the capacitor size and location. 
Because this is an optimization issue, an optimization approach should be employed. This is where the 
ETAP OCP module excels. It is an extremely powerful simulation tool specifically designed for this 
application. The OCP module allows you to place capacitors for voltage support and power factor 
correction while minimizing total cost. The advanced graphic interface provides the flexibility to control 
the capacitor placement process, while allowing you to view the results instantly. The precise calculation 
approach automatically determines the best location and bank sizes. In addition, it reports the branch 
capacity release and savings during the planning period due to var loss reduction. The capabilities of the 
OCP module are summarized below: 


Key Features 


e Calculate the most cost-effective installation locations and best bank size 
e Minimize total installation and operation cost 

e Consider voltage support and power factor correction 

e Evaluate Capacitor control method 

e Allow review of capacitor impact on the system 

e Employ most advanced optimum techniques 


Flexible Operation 


e Show available locations 

e Apply user-selected load categories 

e Utilize individual and global constraints 

e Handle unlimited network configurations 

e Use only user selected installation locations 

e Constrain maximum capacitors installed at a location to user specified quantity 


Capability 


e Advanced graphic user interface 
e User friendly input and output 

e Instantly view new capacitors 

e Speed and precision control 

e Integrated load flow results 

e Standard Crystal reports 


Plotting 


e Loss reduction savings during the planning period 
e Capacitor operation cost during the planning period 
e Profit during the planning period 


Reporting 


e Capacitor properties 

e Capacitor locations and sizes 

e Load flow results for maximum, average and minimum loads 
e Branch capacity release 

e Cost summary 
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29.1 Study Toolbar 


The Optimal Capacitor Placement (OCP) toolbar appears when ETAP is in OCP mode. The OCP toolbar 
command icons are shown and described below. 


Run Optimal Capacitor Placement 
Display Options 

Alert View 

Report Manager 

Optimal Capacitor Placement Plots 
Halt Current Calculation 

Get On-Line Data 


Get Archived Data 


Run Optimal Capacitor Placement 


Clicking this icon launches the OCP calculation. All required data must have been entered into the device 
and study case pages prior to running an optimal capacitor placement calculation; otherwise an error 
report will be generated. The error report will list the problems encountered. When these issues are 
resolved, the calculation will be processed automatically. 

To generate OCP reports for a study: 


In OCP Mode, select an output report name from the Output Report List, then select a report format from 
the Report Manager. 


Click the Report Manager button. 


Display Options 


You can customize the OCP one-line diagram annotation display options: 


e In OCP mode, click the Display Options button. 
e For detailed information on using these Display Options, section of this chapter. 


Alert View 


The Alert View button is not enabled for this release. 
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Report Manager 


Clicking on the OCP Report Manager icon provides access to the following report configuration pages: 


Complete 
Input 
Result 
Summary 


fa” 7 
OCP Report Manager =) 


@ Viewer 


PDF 
>) MS Word 
Rich Text Format 
MS Excel 
Set As Default 


For example, to open the OCP Report Manager and select a specific report for review, follow these steps: 


e Click the Report Manager button from the Study toolbar to display the OCP Report Manager. 
Select a format for the output files by clicking on its button in the right-hand column. 

e =Click the Result page. 

e Select one of the report types displayed. (Clicking “Set as Default” sets the selected format for all 
subsequent reports. 

e Click OK to display the output report. 


For a detailed explanation of the OCP Report Manager, see section 29.6, Output Reports. 


Optimal Capacitor Placement Plots 


To view optimal capacitor placement plots, follow these steps: 


e Click the OCP Plots button on the Study toolbar. The selection dialog box appears. 
e Select from the combination of plots to view; Loss Reduction Saving During Planning Period, 
Capacitor Operation Cost During Planning Period, and Profit During Planning Period. 
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Halt Current Calculation 
To stop the current OCP calculation, click the Halt Current Calculation button (a red circle with an X icon 
on the OCP toolbar). 


Note: The Halt Current Calculation button is normally disabled. When an OCP calculation begins, this 
button becomes enabled and appears as a button with a red circled X icon. If you terminate the calculation 
before it completes, one-line diagram displays will not be available, and the output report will be 
incomplete. 


Get On-Line Data 
This button is active when ETAP Real-Time Advanced Monitoring is online. Click on this button to use 
the current real-time data as initial conditions. 


Get Archived Data 
This button is active when ETAP Real-Time Event Playback is online. Click on this button to use the 
selected archived data as initial conditions for this analysis. 
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29.2 Study Case Editor 


The Optimal Capacitor Placement (OCP) Study Case Editor contains solution control variables. ETAP 
allows you to create and save an unlimited number of study cases for each type of study. Just as in other 
study types, it is possible to switch between different OCP Study Cases. This feature allows you to 
organize study efforts and save time. 


= Complete od 


In the OCP mode, the Capacitor Placement Study Case Editor can be accessed by: 
e Clicking on the Edit Study Case button on the Study Case toolbar shown above. 


Note: The Study Case Editor can also be accessed from the System Manager by clicking the Capacitor 
Placement subfolder in the Study Case folder. 


A Study Case can be used for any combination of configuration status; one-line diagram presentation, and 
base/revision data. The Capacitor Placement Study Case Editor consists of the following pages: 


Info 

Loading 

Bus kV Constraint 
Power Factor Constraint 
Capacitor 

Adjustment 


To create anew OCP study case, simply: 
e Go to the System Manager. 
e Right-click on the Capacitor Placement subfolder inside the Study Case folder. 
e Select “Create New”. 


Note: A new Study Case can also be created by clicking the New button on the OCP Study Case toolbar. 


The module creates a new Study Case, which is a copy of the default Study Case. This can be added to 
the Optimal Capacitor Placement subfolder. 


A graphic example of this is shown below: 
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ETAP 


~ <q Example-ANSI - C:\ETAP\Example-ANSI, 
-( Configurations 

-G Presentations 

a-<y Study Cases 


(4) Arc Flash -7 
(5 Battery Sizing - 2 

(5g Cable Derating -1 

; (Gg Contingency Analysis - 1 

(5g DC Arc Flash - 3 

(3g DC CSD Analysis - 1 

(5g DC Load Flow -1 

(5g DC Short Circuit - 1 

(59 Distribution Load Flow 

-( Distribution Short Circuit 

Failure Mode Analysis - 1 

~-(5j Fault Management and Service Restoration 
(5 Harmonic Analysis - 1 

:)- (Qj Intelligent Load Shedding - 1 

)-(Qg Load Flow - 5 

#)-(9g Motor Starting - 2 

<q Optimal Capacitor Placement - 


(+) 
ca 
i) 


as 
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29.2.1 Info Page 


The Info page of the OCP Study Case Editor lets you enter general solution parameters and Study Case 
information for the OCP study case. 


A graphic of the Info page and descriptions of the information required for these sections are presented 
below: 


Optimal Capacitor Placement Study Case 


Info ~—s Loading += Voltage Constraint Power Factor Constraint Capacitor Adjustment 
Study Case ID Objective Load Flow Parameters 
@ Voltage Support © Adaptive Newton-Raphson 
|OCP O Power Factor Corection © @ Newton-Raphson 


O Both Max. Bertin 
Pecion[ 00007 | 


Precision / Speed Ratio General Parameter 
© Source Energy Cost 
@ Average Eneray Cost 


Cost $/kWh 
Interest Rate [0 | % / Year 


Initial Condition 
@ Use Bus Voltages 
O Use Fixed Value [_] Apply XFMR Phase-Shift 


Study Remarks 
bia line of remarks for "OCP" study case. | 


| ocr ¥| [>I] | copy | | New | [Delete | Hep | [OK ])| cance 


Study Case ID 
The study case ID (OCP) is shown in the field in this example. To rename a study case, highlight the text, 


delete the old ID and enter a new ID. The study case ID field is limited to 25 alphanumeric characters. 
Use the arrow buttons at the bottom-right of the editor to go from one study case to another. 
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Objective 
In the Objective group select the capacitor placement objective. This allows the OCP module to place 
capacitors to perform voltage support, power factor correction, or perform both at the same time. 


Voltage Support 
With this option selected the OCP Module checks only voltage limits and places capacitors to meet the 
voltage limits when minimizing the cost. 


Power Factor Correction 
With this option selected the OCP Module checks only load power factor limits and places capacitors to 
meet the load power factor limits when minimizing the cost. 


Both 
With this option selected, the OCP Module checks voltage limits and load power factor limits, and places 
capacitors to meet the voltage limits and load power factor limits when minimizing the cost. 


Load Flow Parameters 
In this group you can set parameters for load flow calculations to control load flow solutions. 


Max. Iteration 

Enter the maximum number of load flow iterations used to attempt convergence. If the solution does not 
converge before the specified number of iterations completes, the load flow calculation will stop. If it is 
running initial load flow calculations, the OCP module will inform you, just as it does in the load flow 
analysis. However, during the capacitor placement process, the OCP module will abandon the solution if 
a reasonable capacitor placement does not result. 


Precision 
Enter the value for load flow solution precision. The OCP module uses this value to check for 
convergence. For more information, see Chapter 19, Load Flow Analysis. 


Precision / Speed Ratio 


Move the slider to adjust the precision to speed ratio of the OCP study case. Precision and speed are 
linked inversely. The precision setting decreases from 10 to 1 when the speed setting increases from 1 to 
10. The upper value shows the current speed setting. The lower value shows the current precision setting. 
Position the slider to the left to obtain the optimal solution. Moving the slider to the right will speed up 
the solution but may yield a less than optimal result. 


General Parameter 
You can specify cost and control parameters in the General Parameter group. 


Source Energy Cost 
If you select this option, the energy cost in $/kWh will be calculated from the generation sources. For 


more information, see the Energy Cost pages of Power Grid and Generator in Chapter 11, AC Elements. 


Average Energy Cost 
If you enable this option, an average energy cost value will be used. 


Cost 
Enter the value for average energy cost ($/kWh) in the Cost field. 
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Planning Period 
Enter the period (years) required to get the maximum benefit by installing capacitors. The OCP module 
analyzes the cost, saving, and profit achieved during these years. 


Interest Rate 
Enter the interest rate (%/year) that will be used to calculate the cost, saving, and profit by years. 


Initial Condition 
Initial conditions for all bus voltages and angles can be specified in this section. 


Use Bus Voltages 
Select this option to use the bus voltages and angles entered on the Info page of the bus editors. This 
option allows OCP studies with different initial voltage conditions for different buses. 


Use Fixed Value 

This option permits simulation of OCP studies using a fixed bus voltage and angle for all buses. When the 
fixed initial condition option is selected, the initial voltage value must be entered as a percent of the bus 
nominal voltage. The default values are 100% for bus voltage magnitude and zero degrees for bus voltage 
angle. 


Apply XFMR Phase-Shift 


Enable this option to consider transformer phase-shift in load flow calculations. The phase-shift of a 
transformer can be found in the transformer editor. 


Study Remarks 


Annotate your output pages in the Study Remarks group. Enter up to 120 alphanumeric characters in this 
field. Information entered here will be printed on the second line of every output page header line. These 
remarks can provide specific information for each study case. 


Note: The first line of the header information is global for all study cases and is entered in the Project 
Information editor. 
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29.2.2 Loading Page 


The Loading page is where you specify the system loading information. 


Optimal Capacitor Placement Study Case 


Info Loading Voltage Constraint Power Factor Constraint Capacitor Adjustment 


Loading Category Generation Category Charger Loading 
Average Load 
Design Design © Loading Category 
© Operating Load 
[_] Operating P,Q 


Load Diversity Factor 


O Individual Bus Min. & Max. 


@ Global 


Time Distribution of Load 


v 5) Copy | | New | fie OK 


Loading Category 
System loading can be specified by selecting a loading category in the Loading Category group of the 


OCP Study Case Editor. 


Average Load 
Select one of the loading categories from the Average Load drop-down list for the OCP Study Case. 


For any category selected, ETAP uses the percent loading of individual motors and other loads as 
specified for the selected category. 
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Note: Assign loading to each one of the ten categories from the Nameplate page of the Induction Machine 
editor and Synchronous Motor editor and from the Loading or Rating page of the other Load Component 
Editors. 


Operating P,Q 

This option is available if the ETAP installation has the Real-Time module activated. When this box is 
checked, the operating loads uploaded from on-line data, or the previous Load Flow Study, is utilized in 
the Load Flow Study. 


Generation Category 


Generation Category 
Select one of the ten-generation categories for the OCP Study Case. For more information, see Chapter 
19, Load Flow Analysis. 


Operating P, Q, V 

This option is available if the ETAP installation has the Real-Time Module. When this box is checked, 
the operating generations uploaded from on-line data, or the previous load flow study, is utilized in the 
load flow study. 


Charger Loading 


The option to use loading category load or operating load is available for chargers. 


Note: The operating load for a charger can only be updated from a DC Load Flow Study. 


Load Diversity Factor 


This group allows specific load diversity factors to be applied on the Loading Category load. 


Individual Bus Min. & Max. 
When this option is selected, the OCP module uses the individual bus Load Diversity Factor that is 
specified for each bus. For more information, see the descriptions of the Bus editor in Section 8.1, Bus. 


Global 
When this option is selected, the OCP Module uses a global load diversity factor for all buses. Enter the 
maximum and minimum global load diversity factor in percentage. 


Time Distribution of Load 
Enter the load duration for maximum and minimum load in a percentage of hours per year. The hour for 
average load is calculated, since the total hour percentage is 100. 


Note: You can use the load duration to investigate capacitor placement effects on a power system. When 
the maximum load duration is not zero, OCP places capacitors to meet a maximum load requirement and 
displays load flow results for maximum load. If maximum load duration is zero, OCP places capacitors to 
meet an average load requirement. OCP displays load flow results for an average load. If load durations 
for both maximum and minimum loads are zero, OCP places capacitors to meet the maximum load 
requirement, and displays load flow results for a maximum load. In all cases OCP outputs load flow result 
reports for maximum, minimum and average load. 
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Example for Using Load Duration to Investigate Capacitor Placement Effect 

The load duration may be set for minimum load to 100 so that OCP finds the fixed capacitor banks and 
sizes for minimum load conditions. Then, the setting may be changed to actual load durations for 
maximum, minimum, and average loads to find the switched capacitor banks for load levels above the 
minimum condition up to peak load. 
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29.2.3 Voltage Constraint Page 


The Voltage Constraint page allows you to specify the bus kV constraints. 


Optimal Capacitor Placement Study Case 


Info —- Loading Voltage Constraint + Power Factor Constraint Capacitor Adjustment 
Global Constraint 
] Global Constraint Max. Voltage} 110 | % Min. Voltage} 95 | % 


Individual Constraint 


Bus ID 


Available Bus 


@Al 
O High Voltage 


O Low Voltage 


(_] Include Nodes 


eg Bl Copy New | Delete 


General Constraint 
In this group, you can specify general voltage constraint for maximum and minimum voltages. 


General Constraint 
When General Constraint is selected, enter the percentage values for maximum and minimum voltages. 


Maximum Voltage 


The Maximum Voltage is the global limit (in percent) for the maximum voltage of all buses, except the 
ones selected for the Individual Constraint list. 
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Minimum Voltage 
The Minimum Voltage is the global limit (in percent) for the minimum voltage of all buses, except the 
ones selected for the Individual Constraint list. 


Individual Constraint 
This group displays information on all the selected buses, including the Bus ID, kV rating, and maximum 
and minimum voltage. The global constraint does not apply to these buses. 


Select/Deselect Buttons 


e Highlight a bus from the list box underneath the buttons. This box initially lists all the buses in 
the system for the specified Available Bus option. 
e Click the Select button to move the highlighted bus into the Individual Constraint box. 


Note: Highlighting a bus in the Individual Constraint box, and clicking the Deselect button, moves that 
bus into the list box underneath the button to let the bus use global constraints. 


Available Bus 


You can specify which of the available buses will be visible in this group. 


All 
Show all buses in the system. 


High Voltage 
Show all buses in the system whose rated voltage is higher than 1 kV. 


Low Voltage 
Show all buses in the system whose rated voltage is equal to or lower than 1 kV. 


Include Nodes 
Check this box to include nodes as buses. 


Default Settings 


This group sets the voltage limits for the buses that are selected for the Individual Constraint list. 


Max. Voltage 
This option sets the maximum voltage limit in percent. 


Min. Voltage 
This option sets the minimum voltage limit in percent. 
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29.2.4 Power Factor Constraint Page 
The Power Factor Constraint page allows a specific bus power factor constraint. 


Optimal Capacitor Placement Study Case 


Info — Loading + Voltage Constraint Power Factor Constraint Capacitor Adjustment 


Allow Over Compensation 
Global Constraint 


Global Constraint 


Individual Constraint 


Bus ID 


Available Bus Default Settings 


@Al Max. PF 


100 + 
O High Voltage — 


© Low Voltage Min. PF 


[Include Nodes 0 


v Bl Copy New Delete | Help OK || Cancel 


Allow Over Compensation 

If this option is selected, when it is economically justified the OCP Module may place capacitors to 
supply a level of reactive power that is more than the load’s reactive power demand at that bus. If this 
option selected, the maximum power factor constraint is not applied. 


General Constraint 


This group allows you to specify general constraints for the maximum and minimum power factor. By 
selecting General Constraint, you can enter the values for maximum and minimum power factors. 
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Max. PF 

The maximum power factor is the global limit for the maximum power factor of all buses, except the ones 
selected for the Individual Constraint list. Max Power Factor is not available when you enable Allow 
Over Compensation. 


Min. PF 
Min Power Factor is the global limit for the minimum power factor of all buses, except the ones selected 
for the Individual Constraint list. 


Individual Constraint 
This box lists information about all the selected buses, including the Bus ID, kV rating, and maximum 
and minimum power factor in percentage. The global constraint does not apply to these buses. 


Select/Deselect Buttons 


e Highlight a bus from the box beneath the buttons. This box initially lists all the buses in the 
system for the specified Available Bus option. 
e Click the Select button to move the highlighted bus into the Individual Constraint box. 


Note: Highlighting a bus in the Individual Constraint box and clicking the Deselect button moves that bus 
into the box beneath the button so that the bus uses global constraints. 


Available Bus 


Use this group to specify which of the available buses will be visible. 


All 
Shows all buses in the system. 


High Voltage 
Shows all buses in the system with rated voltage higher than 1 kV. 


Low Voltage 
Show all buses in the system with rated voltage equal to, or lower than 1 kV. 


Include Nodes 
Select this box to include nodes as buses. 


Default Settings 


This group allows the power factor limits for the buses which will be selected for the Individual 
Constraint to be specified. 


Max. PF 
Specify the maximum power factor limit (in percent). 


Min. PF 
Specify the minimum power factor limit (in percent). 
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29.2.5 Capacitor Page 


This page lets you specify the capacitor parameters. 


Optimal Capacitor Placement Study Case 


Info Loading Voltage Constraint Power Factor Constraint Capacitor Adjustment 


Capacitor Info 
Allow entering specific capacitor related information in this group. Each numbered row provides rating, 
bank size and pricing information organized from lowest to highest Max. kV for each type of capacitor. 


Max. kV 
Enter the maximum possible rated voltage level (in kV) to which this type of capacitor can be used. 


Bank Size (kvar) 
Enter the bank size in kvar for this type of capacitor. 
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Max#Banks 

Enter the maximum number of banks that can be installed at a bus using this type of capacitor. The 
default maximum value is 30. However, this limit can be increased using the MaxCapOCP setting 
accessible through ETAP Preferences. 


Purchase ($/kvar) 
Enter the purchase cost in $/kvar of this type of capacitor. 


Install ($) 


Enter the installation cost of this type of capacitor for one location. 


Operating ($/BankYr) 
Enter the operating cost in $ per bank, per year, of this type of capacitor. 


Note: The cost is for the current year and the Interest Rate is considered during the planning period. 


Add 


Add new capacitor information. 


Delete 
Delete the highlighted capacitor information. 


Bus Candidates 


Buses 
Shows all available buses in the Bus Category option. 


Bus Category 
All Buses Shows all buses in the system. 
HV Buses Shows all buses in the system whose rated voltage is higher than 
1kV. 
LV Buses Shows all buses in the system whose rated voltage is equal to or 
lower than 1 kV. 
HV SWGR Shows all switchgear buses in the system whose rated voltage is 
higher than 1 kV. 
LV SWGR/MCC Shows all switchgear and MCC buses in the system whose rated 
voltage is equal to or lower than 1 kV. 
Candidates 


Lists all candidates for capacitor installation. 


Note: Use the Add and Remove buttons to add or remove bus candidates. 
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29.2.6 Adjustment Page 


The page allows you to specify the adjustment settings. Adjustments are typically used for load flow 
studies. For more information, see Chapter 19, Load Flow Analysis. 


Optimal Capacitor Placement Study Case 


Info Loading Voltage Constraint Power Factor Constraint Capacitor ‘Adjustment 
Impedance Tolerance Length Tolerance 
Transformer Cable / Busway 
@ Individual O Individual 
O Global @Giobs | 20 |% 
Reactor Transmission Line 
@ Individual @ Individual 
O Global O Global 


Overload Heater 
@ Individual 
O Global 


Resistance Temperature Correction 
Cable / Busway 


@ Individual Max. Temperature 
O Global 


| [ocr ¥| [>l] | copy || New | [Delete | Help | [OK ||| Cancel 
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29.3 Display Options 


There are four pages in the Optimal Capacitor Placement (OCP) Display Options Editor: 


Results 

AC 

AC-DC 

Color annotations 


29.3.1 Results Page 


Assign display annotations for each study on the Results page. 


Show Units 


a 4 
Display Options - Optimal Capacitor Place... Sei) 
Resutts | AC | AC-DC_| Colors | 
[| Show Units 
Voltage Unit |kV ov) 2 
ae 
Voltage Power Flows 
en 
(] Bus Angle @ kW +jkver 
_ DKVA 
"| Load Term. Mag. 
) Amp 
Load Term. Base kV Flow Results 
@ Load Rated kV [] Branch 
Bus Nom. kV [-) Source 
Voltage Drop | Load 
(V] Line / Cable [| Composite Motor 
(¥] Load FDR [¥] Composite Network 
Branch Losses 
(| kW +jkvar 
Meters 
[| Ammeter 
|_| Voltmeter 
[] Multi-Meter 
Sree | 


Select this option to show units for displaying power flow and current on the one-line diagram. 
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Check All 


Select this option to show all available result annotations. 


Note: When this box is cleared, all previous settings are restored. 


Voltage 


This group defines how the voltage is displayed. 


Voltage 
To select how the voltages will be displayed on the one-line diagram, select either kV, or percent, from 
the drop-down list. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. 
Note: Bus voltages are displayed at 15 degrees. 


Bus Angle 
Select this option to display bus angle (in degrees) on the one-line diagram. 


Note: Bus voltage angles are displayed at -15 degrees. 


Load Term. Mag. 
Select this option to display load (motors, lump loads, and static loads) terminal voltages on the one-line 
diagram. 


Note: Load terminal voltages are displayed at 15 degrees. Load terminal voltages based on load rated kV 
or bus nominal kV can be displayed, depending on the selection in Load Term. Base kV. 


Load Term. Base kV 
This group allows a base kV for load terminal magnitude to be selected, when the voltage is displayed as 
a percentage. 


Note: This group will be disabled if kV is selected as the voltage display. 


Load Rated kV 
Select this option to use load rated kV as the base for load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for load terminal voltage display. 


Voltage Drop 


This group lets you configure how the voltage drop is displayed. 


Line / Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


Load FDR 
Select a unit for power flow, or current flow from the list to be displayed on the one-line diagram. 
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Power Flows 
This group lets you configure how the power flows are displayed. 


Units 
Select the unit (kVA or MVA) to be used to display power flow on the one-line diagram. 


kW + jkvar 
Select the kW + jkvar option to display power flow in kW+jkvar or MW+jMvar. 


kVA 
Select the kVA option to display power flow in kVA or MVA. 


Amp 
Select the Amp option to display current flow in amperes. 


%PF 
When either the kVA or Amp option selected; the power factor of power flow shows along with the 
current. 


Flow Results 
This group lets you configure how the flow results are displayed. 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at one end of a branch (the end that has a positive kW value flowing into the branch). For 3- 
winding transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 
Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select this option to display power flow into composite networks. 


Panel System 
Select this option to display results for panel systems on the one-line diagram, assuming the Calc. Panel 
System option is selected, in the study case when the load flow calculation was performed. 


Note: If the Calc. Panel System option was not enabled in the load flow study case, or in the Panel 


System display option, no result will be displayed on the one-line diagram. For more information, see 
Chapter 19, Load Flow Analysis. 


Branch Losses 
Select this option to display branch losses on the one-line diagram. 
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Note: Losses are displayed inside a bracket in [kW+jkvar] or [MW+jMvar]. 


Meters 
This group lets you configure how the meters are displayed. 


Ammeter 
Select this option to display the primary current for the branch to which an ammeter is attached. 


Voltmeter 
Select this option to display the primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 
Select this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 
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29.3.2 AC Page 


This page permits displaying specific information annotations for AC elements. 


Display Options - Optimal Capacitor Place... 


Resuts AC ACDC Colors 
Bmeowwo 
- ID Rating kV A DY Z 
Grerator MM OOOO 
PwerGd MM O OOO 
Mtr 4 YM OOOd 
Load/Panel M M O O 
ComposteCSD[(] O OF OJ 
BY OOD 
Nee 10 UO OU gy, 
ceOOOOsrl 
bee TO OOF 
swth 1] O OO 
Ground Switch C] 
PTacT O O 
Meter [] Tag 
Relay [] O 
Branch M] |] Tap py O 
Transfomer 4] O O OOD 
VotageRe MM O O OO 
Size Type LathGND 
irmM MOOOO 
Cable /BD / BW 4] OoOoOdod 
Pic Pin ID 
Composite Motor [] 
ComposteNet 4] MoM 
[_] Use Default Options [_] Equipment Cable 
Help [OK || | Cancel 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Generator kW /MW 
Power Grid (Utility) MVAsc 
Motor HP / kW 
Load / Panel kVA /MVA and connection type ( # of phases - # of wires) 
Transformer kVA/MVA 
Voltage Regulator kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous amps 
Cable / Line # of cables - # of conductor / cable - size 
Bus kA bracing 
Node Bus bracing (kA) 
CB Rated interrupting (kA) 
Fuse Interrupting (ka) 
Relay 50/51 for over-current relays 
PT & CT Transformer rated turn ratio 
kV 


Select the appropriate checkboxes under this heading to display the rated or nominal voltages of the 
selected elements on the one-line diagram. 


Note: For cables/lines, the kV checkbox is replaced by a ‘T’ button. Click this button to display the 
cable/line conductor type on the one-line diagram. 


A 

Select the appropriate checkboxes under this heading to display the ampere ratings (continuous or full- 
load ampere) of the selected elements on the one-line diagram. 

Note: For cables/lines, the Amp checkbox is replaced by an L button. Click this button to display the 
cable/line length on the one-line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 
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Device Type Impedance 

Generator Subtransient reactance Xd" 

Power Grid (Utility) Positive sequence impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive sequence impedance (%Z) 

Voltage Regulator Impedance (%Z) if included 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable / Line Positive sequence impedance (R + j X in ohms or per unit length) 


D-Y 
Select the appropriate checkboxes under this heading to display the connection types of the selected 
elements on the one-line diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Mtr 
Select this option to display the AC composite motor IDs on the one-line diagram, and then select the 


color for displaying the IDs. 


Use Default Options 
Select this option to use ETAP’s default display options. 
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29.3.3 AC-DC Page 


This page allows the display options to be specified for information annotations for 
AC-DC elements and composite networks. 


Display Options - Optimal Capacitor Place... Sail) 


Load 


Composite CSD 
Converter 


Bus 
Node 


ID 
Select checkboxes under this heading to display the IDs of the selected AC-DC elements on the one-line 
diagram. 
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Rating 
Select checkboxes under this heading to display the ratings of the selected AC-DC elements on the one- 
line diagram. 


Device Type Rating 

Charger AC kVA & DC kW (or MVA / MW) 
Inverter DC kW & AC kVA (or MW / MVA) 
UPS kVA 

VED HP / kW 


kV 
Select checkboxes under this heading to display the rated or nominal voltages of the selected elements on 
the one-line diagram. 


A 
Select checkboxes under this heading to display the ampere ratings of the selected elements on the one- 
line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, output, & DC FLA 


Composite Network 


ID 
Select this option to display the composite network IDs on the one-line diagram. 


Color 
Select the color for displaying the IDs. 


Use Default Options 
Select this option to use ETAP’s default display options. 
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29.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - O 


ptimal Capacitor Place... eS 


~) User-Defined 


Example Default 


Color Theme 


A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 


This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 


This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 


Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 


Click this button to make the Theme Editor appear. 


Theme Editor 


f- 
Theme Editor 


Theme | Example Default 


= 


Caer Cae 


= 


Standard Element Colors 
AC DC Composite 
Energized | mz | 6 
De-energized 
mt _| LE ey 
Selected | Eo 
Faulted Bus | ———— | 
Annotation 
Aan | Hyperlink | 
Warning |E) Visited Hyperlink |i 
No Tag Online Meter =z: 
Acknowledged |S) = Playback Meter | 
Bad Quality | 
Zoom Grid Faulted Bus 
Clo Color a ® Color 
Transparency 80 S Size 8 >) Symbol 
Style ¥ 
Background 
Help || Saveds.. | | Delete 


) (_Settobat_} [_Avely ] [OK] (__Cancet 


The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the color themes option has been previously selected. 
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29.4 Calculation Method 


ETAP currently utilizes the genetic algorithm for optimal capacitor placement. The genetic algorithm is 
an optimization technique based on the theory of natural selection. A genetic algorithm starts with a 
generation of solutions with wide diversity to represent characteristics of the whole search space. By 
mutation and crossover, good characteristics are selected and carried to the next generation. The optimal 
solution can be reached through repeated generations. 


OCP uses the present worth method to perform alternative comparisons. It considers initial installation 
and operating costs, which include maintenance, depreciation, and loss reduction savings. 


Objective Function of OCP 


The objective of optimal capacitor placement is to minimize the cost of the system. This cost is measured 
in four ways: 

Fixed capacitor installation cost 

Capacitor purchase cost 

Capacitor bank operating cost (maintenance and depreciation) 

Cost of real power losses 


Cost can be represented mathematically as: 


Min objective function = 

Nous Nioad ] 
» (x,Co; oe Qi Gi an B,C,,T) — C, > FP. 
i=l I=1 
N,,;- Number of bus candidates 


x; —0/1, 0 means no capacitor installed at bus i 


C Oi ~ Installation cost 


CG); —Per kVar cost of capacitor banks 


Q., - Capacitor bank size in kVar 

B, — Number of capacitor banks 

C,, — Operating cost of per bank, per year 
T - Planning period (years) 


C, - Cost of each kWh loss, in $/kWh 
| - Load levels, maximum, average and minimum 


T, - Time duration, in hours, of load level! 


P! - Total system loss at load level ! 
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Constraints 

The main constraints for capacitor placement are to meet the load flow constraints. In addition, all voltage 
magnitudes of load (PQ) buses should be within the lower and upper bars. Load Power Factor (PF) should 
be greater than the minimum. It may be a maximum power factor bar. 


The constraints can be represented mathematically as: 
1) Load Flow: F(x,u) =0 


View = SY, 


min — max ? 


PF, < PF < PF,,,, for all PQ buses 
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29.5 Required Data 


Bus Data 
The data required for optimal capacitor placement (OCP) is the same required for load flow calculations. 
Bus data must include: 


Nominal kV 

%V and angle (when the Initial Condition option is set to Use Bus Voltages) 

Load diversity factor (when the Loading option is set to Use Bus Diversity Factor on the Load 
page of the Study Case Editor) 


Branch Data 

Branch data is entered into the branch editors (Transformer, Transmission Line, and Cable, Reactor, and 
Impedance editors). The data required for OCP is the same as that needed for load flow calculations. Data 
for a branch must include: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Impedance base kV and base kVA/MVA 


Power Grid Data 
The data required for OCP calculations includes: 


Operating mode (Swing, Voltage Control, or Mvar Control) 

Nominal kV 

%V and angle for swing mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode of operation 

MW and Mvar loading for Mvar control mode 

Energy cost data (Min MW, Max MW, MW and $Cost Points, if the Use Source Energy Cost 
option is selected on the Info page of the Study Case Editor) 


Synchronous Generator Data 


The data required for OCP calculations for synchronous generators includes: 


Operating mode (Swing, Voltage Control or Mvar Control) 

Rated kV 

%V and angle for swing mode of operation 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode of operation 

MW and Mvar loading for Mvar control mode of operation 

Fuel cost data (Min MW, Max MW, Model Type, MW and $Cost Points, if the Use Source 
Energy Cost option is selected on the Info page of the Study Case Editor) 


Inverter Data 
The data required for OCP calculations for inverters includes: 


ETAP 


Inverter ID 
DC and AC rating data 
AC output voltage regulating data 
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Synchronous Motor Data 


The data required for OCP calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading category ID and % loading 

Equipment cable data 


Induction Motor Data 
The data required for OCP calculations for induction motors includes: 


e Rated kW/hp and kV 
e Power factors and efficiencies at 100%, 75%, and 50% loadings 
e Loading category ID and % loading 
e Equipment cable data 
Static Load Data 


The data required for OCP calculations for static loads includes: 


Static load ID 

Rated kVA/MVA and kV 

Power factor 

Loading category ID and % loading 
Equipment cable data 


Existing Capacitor Data 


The data required for OCP calculations for an existing capacitor includes: 


Capacitor ID 

Rated kV, kvar/bank, and number of banks 
Loading category ID and % loading 
Equipment cable data 


Lumped Load Data 


The data required for OCP calculations for lumped load includes: 


e Load ID 
e Rated kV, MVA, power factor, and % motor load 
e Loading category ID and % loading 


Charger and UPS Data 


The data required for OCP calculations for chargers and UPSs includes: 
e Element ID 


e Rated AC kV, MVA, and power factor, as well as DC rating data 
e Loading category ID and % loading 
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Other Data 


There are some study case related data that must also be provided. See the Study Case editor for study 
case data requirements. 


Note: On the Capacitor page, a bus candidate for the OCP module must be selected in order to run the 
simulation successfully. 
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29.6 Output Reports 


Optimal capacitor placement calculation results are reported on the one-line diagram and in Crystal 
Reports format. The one-line diagram displays bus voltages, branch flows and voltage drops, and load 
power consumption for maximum, minimum, or average load that are generated as a result of the 
calculation. 


Use the Display Options editor to specify the content to be displayed. The one-line diagram also displays 
new capacitor information, which includes the total number of banks, rated kV, rated kvar, operating 


kvar, and amps. 


The Crystal Reports format provides reports containing detailed information about capacitor installation 
and Load Flow Analysis. Use the OCP Report Manager to view the Output Report. 


29.6.1 Crystal Reports 


Study Case Toolbar 
The Study Case toolbar provides a shortcut for the OCP Report Manger options. 


e Click the List Output Reports button 
ETAP automatically opens the List Output Report dialog box, and displays the output report listed in the 


Study Case toolbar in your selected format. In the example toolbar shown below, the output report name 
is OCP and the selected format is Cable. 


. Cable , 


Report Manager 


The OCP Report Manager includes four pages, which represent different sections of the output report. 
They are as follows: 


Complete 
Input 
Result 
Summary 


Click the Report Manager button on the Optimal Capacitor Placement toolbar. The OCP Report Manager 
lets you select from the listed formats for each section of the report. 


Use the column of radio buttons on the right of the dialog to select the report format in which to view 
(Viewer, PDF, MS Word, and more). 


Several fields and buttons are common to every page. 
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Output Report Name 
This field displays the name you entered for the output report. 


Path 
This field displays the name of the project file, depending on which report was generated, along with the 
directory where the project file is located. 


Help 
Click this button to access Help. 


OK / Cancel 
Click OK to close the OCP Report Manager and display the Crystal Reports view. This shows the 
selected section of the output report. 


Note: the OCP Report Manager will close if no selection is made. 


Click Cancel to close the OCP Report Manager without viewing the report. 


Complete Page 


Selecting Complete in the left column of this page will cause all reports to be printed in the format you 
have selected. 


Input Page 


The input data is grouped according to the data types listed below. 


Adjustments 
Branch 

Bus Constraints 
Bus 

Cable 
Capacitor Info Data 
Cover 
Impedance 
Reactor 

SVC 
Transformer 


Sample 1: Input Data 

This section lists system input parameters for buses, transmission lines and cables, transformers, reactors, 
impedances, and all connections including tie circuit breakers, fuses, and switches. For more information, 
see Chapter 19, Load Flow Analysis. 
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Result Page 


This page allows different formats to be selected to view the result report. These formats include: 


e LF Report Average 
e LF Report Maximum 
e LF Report Minimum 
e OCP Results 

Bus Input Data 

Load 
Bus Initial V oltage Com tant VA Com tant Z Comtantl Gomme 
Dm iv Subeys % Mag. Ang. uw Mvar uw Mvar uw Mvar uw Mvar 
Bul 04) 1 1009 op 
Bus? 04 1 1009 on 0.47 03 
But 13.00 1 1009 ir) 
Bu? 13.a00 1 1000 ir) 
Bu23 hk 0400 1 1015 -12 0407 0233 0128 on 
LVEBw O49 1 91 35 o256 001s 0311 0162 
Main By 3+ 500 1 1009 on 
ueel 04 1 99 31 030+ 0137 0139 o.H00 
subl A 130 1 1015 -12 14s O73 
suv B 130 1 1009 lt 08 “0.616 
Sub 3 +160 1 BS “05 0.000 -0.450 
Subd Swe +160 1 Bs “05 O40¢ 01% 
Sub22 3450 1 1009 on 1785 1loé 1301 ome 
Sub23 3450 1 1009 on 
Total Namterof Burr: 1¢ cs 214 199 0597 0.000 0.000 0000 0.000 
Generation Bus Voltage Generation Mvar Limits 
ID iv Type Sab-syr % Maz. Angk KW Mvar % PF Max Min 

Main By 34500 Swing 1 100 oo 
subd B 1380 Volag Contol 1 1008 14 £300 523 oH00 


£300 0.000 


Sample 2: Load Flow Report 
This section of the report tabulates detailed load flow results. The results reported include: 


Bus ID and nominal kV 

Calculated voltage magnitudes and angles 

MW and Mvar generation and loading 

Branch flows from the bus to all buses connected to it 


Flows are given in MW and Mvar, amps, and %PF measured at the bus. Flows into 3-winding 
transformers are indicated as flows from one of the bus windings to the other two bus windings (from 
Main Bus to Sub 2B and Sub 3). 


The settings of tap-changing transformers are also indicated at buses to which a tap side is connected. 


These tap settings include the fixed taps and results from the LTCs. Regulated (voltage-controlled) buses 
are flagged with an asterisk (*). 
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Load flow results are reported for average, maximum, and minimum loads. 


Sample 3: OCP Results Report 
This section of the report tabulates capacitor placement results. The results reported include: 


Bus ID 
Nominal kV 
Calculated voltage magnitudes and angles 


number of banks installed, installation cost, total purchase cost, and total operation cost) 


Power factor and capacitor bank information (capacitor rated kV, rated kvar per bank, total 


[ etaPRepor-ocpvocpResuts ea om 


Project: Example 

Location: Irvine, California 

Contract OT112345678 

Engieer, Operation Technology, Inc. 


Study Case: OCP 
Filename: Example-ANSI 


This info ts printed on every output report, Ist remark line, (120 characters) 
Second line of remarks for “OCP” study case. 


Optimal Capacitor Placement Results 


Candidate Buses Capacitor Information 
Operating Voluge 
Nominsik¥ % Mag. Angle % PF kvarBack j sofBanks Toclkvar Teatallatior 


Rates 


0.480 93.417 3.71 98 100,000 
13.800 99.990 085 1000 
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Summary Page 


This page allows different formats to be selected to view the Result Summary Report. They are as 
follows: 


Branch Capacity Release 
Branch Loading 

Bus Loading 

Losses 

OCP Cost Summary 
Summary 


Sample 4: OCP Cost Summary Report 

This section of the report tabulates the system cost information. The information summarizes the cost for 
each year during the planning period. The costs include installation cost, operation cost, savings, and 
profit. 


Note: The interest rate is considered for the calculation. 


$ ETAP Report - OCP / OCP Results ; eanrct 


Project: Example 
Location: Irvine, California 
Contract OT1-12345678 
: Engmeer, Operation Technology, Inc. 


Study Case: OCP 
Filename: Example-ANSI 


This info is printed on every output report, Ist remark line, (120 characters) 
Second line of remarks for “OCP” study case. 


Optimal Capacitor Placement Results 


Candidate Buses Capacitor Information 
Operating Volage 
NominsikV % Mag. Angle % PF kvarBark J sofBanks Toclkvar Teatallatior 


Rates 


0.480 93.217 +3.71 998 100,000 
13.800 99.990 085 1000 
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Sample 5: Branch Capacity Release Report 
Branch capacity release is the MVA difference of the branch before and after the capacitors are installed. 


Project: Example 

Location: Irvine, California 
Contract OT1-12345678 

Engimeer, Operation Technology, Inc. 


Study Case: OCP 
Filename: Example-ANSI 


This info is printed on every output report, Ist remark line, (120 characters) 
Second line of remarks for “OCP” studycase. 


Optimal Capacitor Placement Results 


Candidate Buses Capacitor Information 
Operating Voluage 
NominsikY % Mag Angle % PF kvarBark i sofBanks Tomlkvar Inetallatior 


Rates 


0.480 93.417 +3.71 oes 100,000 
13.800 99.990 085 1000 
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29.7 Plots 


Report data can be plotted using three different curves. These curves consist of: 
e Loss Reduction Saving During Planning Period ($) 
e Capacitor Operation Cost During Planning Period ($) 
e Profit During Planning Period ($) 
Click the Plot button on the Optimal Capacitor Placement toolbar to plot report data. 


The Optimal Capacitor Placement Plot Selection dialog box appears. A combination of plots may be 
selected from the list of checkboxes. 


Optimal Capacitor Placement Plot Selection |_erre-Somm 


Plot Type 
|¥| Loss Reduction Saving During Planning Period ($) 


(¥) Capacitor Operation Cost During Planning Period ($) 


(¥) Profit During Planning Period ($] 


Close AllPlots | | Help | 
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Loss Reduction Saving During Planning Period 


This plot shows savings in dollars due to loss reduction vs. years. When interest is considered, the actual 
saving will increase as a function of time. 


Capacitor Operating Cost During Planning Period 


This plot shows the operating cost in dollars vs. years. When interest is considered, the actual cost will 
increase as a function of time. 
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Profit During Planning Period 


This plot depicts profit in dollars vs. years. The savings accrued each year will be used to pay off the 
operating cost and installation cost. Any unpaid dollars is considered as fixed cost for the following year. 


A positive profit can be yielded when the loss reduction saving is bigger than the operating cost for each 
year. 


Note: The purpose of placing capacitors is not entirely about making profit. It is possible that profit may 
be negative during the entire planning period for some systems. 
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29.8 One-Line Diagram 


When OCP finishes a capacitor installation calculation, the Calculation in Progress dialog box disappears. 
Capacitor installation and load flow results are then displayed on the one-line diagram. The loading 
condition depends on the load duration setting. 

For more information, see Section 29.2.2, Loading page. 


In the following example, one 4.16 kV, 200 kvar capacitor is installed at bus Sub 3. 


— ¥etap 


1200 ema, 
a Power at Your Fingertips® 


Main Bus Hyperlink for www.etap.com 


al: 
1S/LOsS MA ETAP STAR - 
Getting Started 


; apacitor Bank 
Sub 4 Total Bank: 


111.07 5 
4.16 Rated ki? 
200.00 Rated kvar 


$ynl | 
Mtr2 bias see 
47 


2500 HE 1250 HP Sub3 Net 3 
0.3404 | 
0. 440d 


DC System 
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Reliability Assessment Analysis 


Distribution system reliability assessment deals with the availability and quality of power supply at each 
customer’s service entrance. Analysis of customer failure statistics show that, compared to other portions 
of electrical power systems, distribution system failures contribute as much as 90% towards the 
unavailability of supply to a load. These statistics show how important the reliability evaluation of 
distribution systems can be. 


The basic reliability indices normally used to predict or assess the reliability of a distribution system 
consist of three reliability indices: 


e Load point average failure rate 
e Average outage duration r 
e Annual unavailability U 


In order to evaluate the severity or significance of a system outage, using the three basic indices 
mentioned above, two expanded sets of indices listed below must also be calculated. The two expanded 
sets of indices include the number and average load of customers connected at each load point in the 
system, and the customer interruption cost. The first set is the system reliability index, which consists of: 


System Average Interruption Frequency Index (SAIFI), 

System Average Interruption Duration Index (SAIDD), 

Customer Average Interruption Duration Index (CAIDI), 

Average Service Availability Index (ASAI), 

Average Service Unavailability Index (ASUI) 

System Customer Total Average Interruption Duration Index (CTAIDI) 

e System Average Connected kVA Interrupted per kVA of Connected Load Served (ALII) 
e System Average Customer Curtailment Index (ACCI) 

e Average Energy Not Supplied (AENS) 


These additional indices can be used to assess the overall behavior of the distribution system. The second 
set includes the reliability cost/worth index: 


e Expected Energy Not Supply (EENS), 
e Expected Interruption Cost (ECOST), 
e Interrupted Energy Assessment Rate (IEAR) 


The indices EENS, ECOST, and IEAR can be those specifically for each load point or for the overall 
system. All of these indices can be used to evaluate the reliability of an existing distribution system and 
to provide useful planning information regarding improvements to existing systems and the design of new 
distribution systems. Moreover, in order to analyze the sensitivity of a reliability index EENS or ECOST 
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with respect to failure rate of different elements, element contributions to that index and their rankings 
can be used. The rankings can be for a load point or the overall system. 


All of the indices and rankings given above can be evaluated using the ETAP Reliability Analysis 
module. This module provides you with the best tool to efficiently model various power system elements 
and devices to include their effects on the distribution system reliability, such as fault isolation and load 
restoration through the operation of switching devices. This module is suitable for reliability analysis of 
large-scale systems of general configurations. By using this module you can assess the distribution 
system reliability, and the merits of various reinforcement schemes that are available to the planner can be 
quantitatively evaluated to ensure that limited capital resources are used to achieve the greatest possible 
improvement in system reliability. 


Some of the main features of the ETAP Distribution System Reliability Analysis Study are summarized 
below: 


e Common & Integrated Database 

e Fully Inherited 3-D Data Structure, Including Infinite Presentations, Unlimited Configurations, & 

Multiple Data Revisions 

Looped, Radial, or Combined Systems 

Systems with Multiple Source Buses (Generators/Utilities) 

Systems with Isolated Sub-Systems 

Systems with De-Energized Buses & Branches 

Fault Isolation and Load Restoration 

Modeling of single and double contingencies 

Modeling of Single-Pole Double-Throw Switches 

Modeling of Normally Closed/Open Tie Circuit Connections 

User-Expandable Sector Interruption Cost Library 

Three Basic Reliability Indices (A, r, U) for each load point 

Overall System Reliability Indices (SAIFI, SAIDI, CAIDI, ASAI, ASUI, CTAIDI, ALI, ACCI, 

AENS ) 

Reliability Cost/Worth Indices EENS, ECOST and IEAR for each load point 

Reliability Cost/Worth Indices EENS, ECOST and IEAR for the Overall System 

Element Contributions to the Load Point EENS and ECOST and Their Rankings 

Element Contributions to the Overall System EENS and ECOST and Their Rankings 

Graphic One-Line Display of Study Results 

Graphic Plots of Element Contributions and Their Rankings for the Load Point EENS and ECOST for 

Viewing & Printing 

e Graphic Plots of Element Contributions and Their Rankings for the Overall System EENS and 
ECOST for Viewing & Printing 

e Tabulated Input Data, Load Point Reliability Indices, Overall System Reliability Indices, Element 
Contributions and their rankings 
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30.1 Reliability System Analysis Toolbar 


The Distribution System Reliability Analysis toolbar appears on the screen when you are in the 
Distribution System Reliability Analysis Study Mode. This toolbar has the following function keys as 
shown below. 


Relia...jEa 


Run Distribution System Reliability Analysis 
Distribution System Reliability Analysis Display Options 
View Distribution System Reliability Output File 
Distribution System Reliability Analysis Plots 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run Distribution System Reliability Analysis 

Select a study case from the Study Case toolbar when you are in Distribution System Reliability Analysis 
Study Mode. Click on the Run Distribution System Reliability Analysis button to perform a 
Distribution System Reliability Analysis Study. A dialog box will appear that allows you to specify the 
output report name if the output file name is set to the Prompt in the Output Report list box. The 
Distribution System Reliability Analysis study results will appear on the one-line diagram and can be 
viewed in an output report in both tabulated formats and plot formats. 


Distribution System Reliability Analysis Display Options 

Click on the Distribution System Reliability Analysis Display Options button to customize the one-line 
diagram annotation display options under the Distribution System Reliability Analysis Study mode, and 
to specify the load point reliability indices you wish displayed. See Display Options for more 
information. 


View Output File 

Click on this button to open up the Distribution System Reliability Analysis Report Manager dialog box, 
from which you can select a variety of pre-formatted output files. Select a file type and click on the OK 
button to bring up the output file. A detailed explanation of the Distribution System Reliability Analysis 
Output Report Manager is provided in section 30.6. 
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f Reliability Report Manager San) 


@ Viewer 
© PDF 
© MS Word 


© Rich Text Format 
© MS Excel 
[] Set As Defautt 


C:\ETAP\Example-ANS! 


a 


You can also select output files from the Output Report list box. 


Study Case 
Gh he vie fra) Ey rane : 


This list contains all the output files in the current project folder. 


Distribution Reliability Analysis Plots 


Click on this icon to view plots of EENS/ECOST rankings, and bring up a dialog box that allows you to 
select load points/buses/system from a list. 


Halt Current Calculation 


The Stop Sign button is normally disabled. Only when a distribution system reliability analysis has been 
initiated does this button becomes enabled as a red stop sign. Click on this button to terminate the current 
calculation. If you terminate the calculation before it completes one-line diagram displays will not be 
available, and the output report will be incomplete. 


Get Online Data 


This button is active when ETAP Real-Time Advanced Monitoring is online. Click on this button to use 
real-time data as initial conditions for this analysis. 
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Get Archived Data 


This button is active when ETAP Real-Time Event Playback is online. Click on this button to use 
archived data as initial conditions for this analysis. 
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30.2 Study Case Editor 


The Distribution System Reliability Analysis Study Case Editor contains solution control variables, report 
options, and permits component/system plot display selection. ETAP allows you to create and save an 
unlimited number of study cases for each type of study. Just like any other study types, you can easily 
switch between different distribution system Reliability Analysis Study Cases. This feature is designed to 
organize your study efforts and save you time. 


A Study Case can be used for any combination of any configuration status, one-line diagram presentation, 
and Base/Revision Data. 


To create a new distribution system reliability analysis study case, go to the System Manager, right-click 
on the Distribution System Reliability Analysis sub-folder inside the Study Case folder, and select Create 
New. The module will then create a new study case, which is a copy of the default study case, and it can 
be added to the Distribution System Reliability Analysis sub-folder. 


System Manager x 
S One-Line Components 

GS Distribution Components 

= Multi-Dimensional Database 


=)-q Study Cases a 
re} Arc Flash -7 
(+) Battery Sizing - 2 
(4) Cable Derating - 1 
(4) Contingency Analysis - 1 
(4) DC Arc Flash - 3 
(4) DC CSD Analysis - 1 
(4) DC Load Flow -1 
(4) DC Short Circuit - 1 
(4) Distribution Load Flow 
(4) Distribution Short Circuit 
( Failure Mode Analysis - 1 
(+)~-(j Fault Management and Service Restoration = 
(4)~-(j Harmonic Analysis - 1 
(4) Intelligent Load Shedding - 1 
4) Load Flow -5 
(4) Motor Starting - 2 
4)-(j Optimal Capacitor Placement - 1 
(+) Optimal Power Flow - 1 
(+) (yj Railway Traction - 1 
=)-q Reliability Analysis - 1 


-) RA - Default Create New 


(4) Short Circuit - 7 7 


ig Rules & Libraries 


When you are in the Distribution System Reliability Analysis Mode, you can access the Distribution 
System Reliability Analysis Study Case Editor by clicking on the Study Case button on the Study Case 
Toolbar. You can also access this editor from the System Manager by clicking on the Distribution 
System Reliability Analysis sub-folder under the Study Cases folder. 


The Distribution System Reliability Analysis Study Case Editor consists of three pages: Info page, 
Sensitivity Analysis Report page, and the Plot page. 
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30.2.1 Info Page 


This page permits you to specify general solution parameters and Study Case information. 


Reliability Analysis Study Case 


Info System Index Report Load Index Report Plot 
Study Case ID Method 


@ Single Contingency Level 
O Double Contingency Level 


RA 


Loading Max Momentary Duration 
Loading Category 


Design [_] Operating P.Q Mt 60 


Load Diversity Factor Charger Loading 


@None ©Bus Maximum © Bus Minimum @ Loading Category 
O Global ©) Operating Load 


Study Remarks 


Delete |Help | OK || Cancel 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by simply deleting the old 
ID and entering a new ID. Study Case ID can be up to 25 alphanumeric characters long. Use the 
Navigator button at the bottom of the editor to go from one Study Case to another. 


Method 


This section allows you to specify whether you wish to use the single or double contingency levels for the 
Distribution System Reliability Analysis. 


Single Contingency Level 
Check this box to use the single contingency for the Distribution System Reliability Analysis. 


Double Contingency Level 
Check this box to use the double contingency for the Distribution System Reliability Analysis. 
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Loading 


You can specify the system loading conditions for the Distribution System Reliability Analysis in this 
section. 


Loading Category 

Select one of the 10 loading categories for this study case from the pull-down list. Upon selection of any 
category, ETAP uses the percent loading of individual motors and static loads as specified for the selected 
category. 


Note: You can assign loading to each one of the 10 categories in the Nameplate page, Loading page, or 
Rating page for induction machines, synchronous motors, static loads, lumped loads, MOVs, capacitors, 
UPSs, inverters, and chargers, respectively. 


Operating P, Q,V 
Check this option to use operating P and Q as specified in the relevant Component Editors. 


Note: If this option is selected, you must run a load flow calculation first to obtain the operating load. 


Max Momentary Duration 


The editable field Mt is in second and defaulted to 60s (1 minute). This is the maximum allowed time for 
a failure been treated as a momentary failure. 


Load Diversity Factor 


You can specify the load diversity factors in this section. 
None 


Click on this button to select ‘None’ to use the percent loading of each load as entered for the selected 
loading category, i.e., no diversity factor is considered. 


Bus Maximum 

When the Maximum bus loading option is selected, the loading of all motors and static loads will be 
multiplied by the maximum diversity factor of the bus to which they are directly connected. Using this 
option, you can define the different loading for reliability analysis studies with each bus having a different 
maximum diversity factor. This study option is helpful when the future loading of the electrical system 
has to be considered. 


Bus Minimum 

When the Minimum bus loading option is selected, the loading of all motors and static loads will be 
multiplied by the bus minimum diversity factor of the bus to which they are directly connected. Using 
this option, you can define the different loading for reliability analysis studies with each bus having a 
different minimum diversity factor. 


This study option may be useful in cases where the effect of light loading condition needs to be 
investigated. 
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Global 

When this option is selected, ETAP will ask you to enter global diversity factors for motors and static 
loads, respectively. When you select this option, ETAP will globally multiply all motors and static loads 
of the selected loading category with the entered values. When using this option, you can define the 
different loading for reliability analysis studies with fixed diversity factors for all loads. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their values as specified by the selected loading category. This value can be smaller or greater 
than 100%. 


Charger Loading 


Load Category 
Select this option to use the P and Q specified in the Loading Category section of Charger Editor for 
chargers. 


Operating Load 
Select this option to use the P and Q as specified in the Operating Load section of the Charger Editor. 


Note: If this option is selected, it is required that a DC load flow calculation is run first in order to 
estimate the charger load. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this remarks box. Information entered here will be 
printed on the second line of every output report page header. These remarks can provide specific 
information regarding each study case. 


Note: The first line of the header information is global for all study cases and entered in the Project 
Information Editor. 
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30.2.2 System Index Report Page 


You can use this page to specify the numbers of elements that contribute most to system reliability indices 
EENS and ECOST and their rankings will be reported. 


Reliability Analysis Study Case [reo 


[Info _| System index Report | Load index Report | Plot _| 


System Contribution Ranking for Reporting 


No. of Most Contributing Hementsto EENS 10 


No. of Most Contributing Hementsto ECOST 9 


System Contribution Ranking for Reporting 


No of Most Contributing Elements to EENS 
Select the number of the elements that contribute most to the index EENS from the pull-down list. 


No of Most Contributing Elements to ECOST 
Select the number of the elements that contribute most to the index ECOST from the pull-down list. 
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30.2.3 Load Index Report Page 


Using this page, you can specify the numbers of elements that contribute most to load point reliability 
indices EENS and ECOST and their rankings will be reported. 


Reliability Analysis Study Case |_ 


| Info _| System index Report | Load index Report | Plot _| 


EHlement Contribution Ranking for Reporting 
No. of Most Contributing Hementsto EENS 9 [4 


No. of Most Contributing Hementsto ECOST 19 + 


| 7] | (se) Gos) (ees) 


Element Contribution Ranking for Reporting 


No of Most Contributing Elements to EENS 
Select the number of the elements that contribute most to the index EENS from the drop-down list. 


No of Most Contributing Elements to ECOST 
Select the number of the elements that contribute most to the index ECOST from the drop-down list. 
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30.2.4 Plot Page 


Select the elements you want to display in plot format. 


Reliability Analysis Study Case Ls 


| Info | System Index Report | Load Index Report | Plot 
System Index 


\V| Plot/Tabulate System Reliability Indices 


System Index 


Plot/Tabulate System Reliability Indices 
Check this box to plot/tabulate system reliability indices. 


Element Index 
You can specify the load points that will be plotted in this section. 


Element Type 


Select types of components or devices from the list. Only the components associated with the listed types 
can be selected for plotting/tabulating. 
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Plot Options 


Device ID 
This table provides a list of the devices or components for the given Device Type. Select a device or 
component and click next to it to place an X under the Plot/Tabulate column. 


Plot/Tabulate 

You also can include a device or component in the plot list by first selecting that device or component, 
and then checking this box. An X will be placed next to this device or component in the Plot/Tabulate 
column. 
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30.3 Display Options 
The Distribution System Reliability Analysis Display Options consist of a Results page and three pages 
for AC, AC-DGC, and DC info annotations. 


Note: The colors and displayed annotations selected for each study case are specific to that study 


30.3.1 Results Page 


Select the information annotations to be displayed on the one-line diagram. 
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Display Options - Reliability Analysis Display Options - Reliability Analysis 


Results = AC AC-DC Colors Results AC AC-DC Colors 


Show Units Show Units 


Load Point Reliability Index Load Point Reliability Index 


@ Average Failure Rate failure /yr) O Average Failure Rate failure/yr) 
@ Average Outage Duration (hr) 
O Annual Outage Duration (hr/yr) 


Average Outage Duration (hr) 
Annual Outage Duration (hr/yr) 
oO EENS (MW hr/yr) © EENS (MW hr/yr) 

Expected Energy Not Supplied Expected Energy Not Supplied 


ECOST (k$/yr) O ECOST k$/yr) 

Expected Interruption Cost Expected Interruption Cost 

IEAR ($/kWhr) © IEAR ($/«Whr) 

Interruption Energy Assessment Rate Interuption Energy Assessment Rate 


© Momentary Index O Momentary Index 


MAIFI [failure/yr MAIF 


failure/yr) 


MAIDI (min) MAIDI (min) 


Display Results Display Results 
M Buses Buses 
Sources 


Sources 


Load Points Load Points 
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Display Options - Reliability Analysis 


Results AC AC-DC Colors 


Show Units 


Load Point Reliability Index 


O Average Failure Rate failure /yr) 


uration (hr) 


O EENS (MW hr/yr) 
— Expected Energy Not Supplied 


@ Momentary Index 
MAIFI ffailure/yr) 


MAIDI (min) 


Display Results 


\“| Buses 


| Sources 


] Load Points 


Load Point Reliability Indices 


Average Failure Rate i 


Check this box to display the average failure rate for the Buses/Generators/Load Points checked from 
Display Results below. 


Average Outage Duration r 


Check this box to display the average outage duration for the Buses/Generators/Load Points checked from 
Display Results below. 


Annual Outage U 


Check this box to display the annual unavailability for the Buses/Generators/Load Points checked from 
Display Results below. 


Expected Energy Not Supplied EENS 


Check this box to display the EENS for the Buses/Generators/Load Points checked from Display Results 
below. 
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Note: The EENS for a bus is defined as the EENS of the loads that are directly connected to the bus 
owing to the interruption of this bus. 


Expected Interruption Cost ECOST 


Check this box to display the ECOST for the Buses/Generators/Load Points checked from Display 
Results below. Note that the EENS for a bus is defined as the ECOST of the loads that are directly 
connected to the bus owing to the interruption of this bus. 


Interruption Energy Assessment Rate IEAR 


Check this box to display the IEAR for the Buses/Generators/Load Points checked from Display Results 
below. 


Momentary Index 


MAIFI 
Check this box to display the Momentary Average Interruption Frequency Index for the 
Buses/Generators/Load Points checked from Display Results below. 


MAIDI 
Check this box to display the Momentary Average Interruption Duration Index for the 
Buses/Generators/Load Points checked from Display Results below. 


Display Results 


Buses 
Check this box to display the reliability indices checked from the section of Load Point Reliability Indices 
for buses. 


Sources 
Check this box to display the reliability indices checked from the section of Load Point Reliability Indices 
for sources. 


Load Points 


Check this box to display the reliability indices checked from the section of Load Point Reliability Indices 
for load points. 
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30.3.2 AC Info Page 


This page allows you to check the boxes for element and information annotations that you wish to be 
displayed on the one-line diagram. 


Display Options - Reliability Analysis |r 


ID Rating kV A DY Z 


v 
v 


v 
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ID 
Select the checkboxes under this heading to display the ID’s of the selected AC elements on the one-line 
diagram. 


Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 

Gen. (Generator) kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load/Panel kVA/MVA / Conn. Type (# of Phases - # of Wires) 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Switch 

PT & CT Transformer Rated Turn Ratio 

Meter 

Relay 50/51 for Overcurrent Relays 

Branch Base MVA 

Transformer kVA/MVA 

Line # of lines - # of conductor/ size 

Cable # of Cables - # of Conductor/Cable - Size 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the selected elements on the 
one-line diagram. 


D-Y 

Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 

Line/Cable: click on the appropriate checkboxes to display the size, type and length of the line or cable. 
Composite Motor 


Click on this checkbox to display the composite motor ID’s on the one-line diagram, then select the color 
in which the ID’s will be displayed. 
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Composite Network 
Click on this checkbox to display the composite network ID’s on the one-line diagram, then select the 
color in which the ID’s will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


Show Eq Cable 
Click this checkbox to display equivalent cables. 
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30.3.3 AC-DC Info Page 


Color 
Select the color for information annotations to be displayed on the one-line diagram. 


Display Options - Reliability Analysis |e) 


Open 
v 
v 
v 
z 


Size Type Lath 
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AC/DC 


ID 
Select the checkboxes under this heading to display the ID’s of the selected AC-DC elements on the one- 
line diagram. 


Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type 
Charger 
Inverter 

UPS 

VFD 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Z 
Select the checkbox under this heading to display the impedance values of the selected elements on the 
one-line diagram. 


Line/Cable: click on the appropriate checkboxes to display the size, type and length of the line or cable. 


Composite Network 
Click on this checkbox to display the composite network ID’s on the one-line diagram, then select the 
color in which the ID’s will be displayed. 


Use Default Options 
Click on this checkbox to use PowerStation’s default display options. 


DC 
Select the checkboxes under this heading to display the ratings of the selected DC elements on the one- 
line diagram. 


Device Type 
Battery 

Motor 

Load 
Composite CSD 
Converter 

Bus 

Node 
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CB 
Fuse 
Switch 
Branch 
Cable 


kV 

Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. Click on this button to display the cable/line conductor type on the one-line 
diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. Click on this button to display the cable/line length on the one-line diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the selected elements on the 
one-line diagram. 


Composite Motor 
Click on this checkbox to display the composite motor ID’s on the one-line diagram, then select the color 


in which the ID’s will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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30.3.4 Colors Page 


Color Theme 

Select the color theme for information annotations to be displayed on the one-line diagram from the drop- 
down list. If you wish to create a new theme click on the Theme button and a color palette will appear 
that permits you to assign colors and specify a name for this unique theme. You can also select an 
existing theme in the pull-down list, make modifications to the theme, and then save it under a new theme 
name. 


Display Options - Reliability Analysis [ene 


| Resuts | AC | AC-DC | Colors 


Theme 


| Example Defauit 7| 


Annotations 


@ Theme 
User-Defined 


Example Default 


Annotations 

Click on the Theme button to assign the ETAP theme for annotations, or click on the User-Defined button 
and select colors from the pull-down lists to assign your own unique theme to the annotations for AC, 
DC, Composite, AC — DC, and Results. 
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30.4 Modeling and Calculation Method 


Electric distribution system reliability analysis involves modeling different components of distribution 
systems, computing reliability indices at load points and for the overall AC system, and ranking the 
elements that contribute to the load point/bus/system indices EENS and ECOST. This section briefly 
discusses some fundamentals and underlying principles of the ETAP Distribution System Reliability 
Analysis Module. 


30.4.1 AC Component and System Modeling 


A two-state up/down representation is used for the operation/repair cycle of an element (such as lines, 
cables, transformers, breaks, fuses, switches, loads and bus bars). 

Normally open tie circuit connections can be taken into account. Currently, a normally open tie 
circuit connection is defined in the ETAP as the connection that satisfies: (i) the two buses that it is 
connected are energized (ii) it is composed of only the components of PD’s, (iii) the connection is in 
service and (iv) it contains at least one normally open PD. 

As a default option of a sector interruption cost library, a Standard Industrial Classification (SIC) is 
used to divide customers into seven categories: large user, industrial, commercial, agriculture, 
residential, government & institutions and office & buildings. You can modify this cost library. 

The sector interruption cost library gives the Sector Customer Damage Functions (SCDF), i.e., the 
interruption costs for several discrete outage durations. A log-log interpolation of the cost data is 
used where the interruption duration lies between two separate times. In the case of durations greater 
than the largest duration, a linear extrapolation with the same slope as that between the second largest 
and largest durations will be used to calculate the interruption cost. 

Any switching device, such as breaker, fuse, contactor, and switch, has the function of fault isolation. 
Only an overcurrent protective device (such as breaker and fuse) can interrupt fault currents. 

A fault in a radial sub-system is interrupted by the nearest overcurrent PD on its source side; a fault in 
a meshed sub-system is interrupted by its surrounding nearest overcurrent PD’s. The associated set of 
interrupted load points (LP’s) is called the “interrupted LP zone” of the faulted element. 

A fault in a radial sub-system is isolated by the nearest switching device of any kind on its source 
side; a fault in a meshed sub-system is isolated by its surrounding nearest switching devices. The 
associated set of isolated load points is called the “isolated LP zone” of the faulted element. 

The affected load points in the isolated LP zone of an element will be connected after the repair of the 
faulty component, while the ones contained in its interrupted LP zone but outside its isolated LP zone 
will have the supply restored after a short switching or sectionalizing time. 

The switching time for a load is internally set to the switching time of the component that is the 
nearest to this load. The component may be an equivalent cable, switching device, or bus. 

The EENS and ECOST for a bus are respectively defined as the Expected Energy Not Supply and 
Expected Interruption Cost of the loads that are directly connected to that bus due to the outage of 
that bus. 
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30.4.2 AC-DC Converter Models 


In the current version of ETAP, the distribution system reliability analysis involves only AC systems. 
The AC-DC converters are modeled below. 


Charger & UPS 


In the current version of ETAP, when performing AC Reliability Analysis, chargers and UPSs are 
considered as loads connected to their input AC buses. 


Inverter 
An inverter is treated as a power supply source like a generator or utility. 


Variable Frequency Drive (VFD) 


A VED can only be inserted between a motor or a lump load and its terminal bus, and is treated as a 
branch between the terminal bus and the motor. 


30.4.3 Modeling Assumptions/Limitations 


The current distribution system reliability analysis makes the following assumptions: 


e Only AC systems are considered. 

e All switching devices operate successfully when required. 

e Switching devices can be opened whenever possible to isolate a fault. Power supply can be restored 
to provide power to as many load points as possible using appropriate switching actions and available 
alternative supplies. 

e All failures are statistically independent. Second-order faults can be considered. 
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30.4.4 Distribution System Reliability Indices 


The distribution system reliability is usually measured in terms of several indices that are defined below. 
Average Failure Rate at Load Point I, Ai(f/yr) 
A= De Ae, 
jeNe 


Where Ae; is the average failure rate of element j; Ne is the total number of the elements whose faults will 
interrupt load point i. 


Annual Outage Duration at Load Point i, U;(hr/yr) 


U;= DiAethy 
jeNe 


where rj is the failure duration at load point i due to a failed element j. 


Average Outage Duration at Load Point i, r,(hr) 


Feu. fA, 


Expected Energy Not Supplied Index at Load Point i, EENS\|(MWhr/yr) 
EENS;= PU, 


where Pj is the average load of load point i. 
Expected Interruption Cost Index at Load Point i, ECOST;(k$/yr) 


ECOST, =P, ¥ f(r,)A., 


jJeNe 


where f(rjj) is the SCDF. 
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Interrupted Energy Assessment Rate Index at Load Point i, IEAR($/kWhr) 


ECOST, 


IEAR, = 
EENS, 


Momentary Average Interruption Frequency Index at Load Point i, MAIFI; (f/yr) 


MAIFI, = 5°, ,MR,+ > Ap, 
jeNA keNP 
Where Aa, is the active failure rate of element j, Ap; is the passive failure rate of element k, MR; is the 
momentary rate of element j, Na is the total number of the elements whose active faults will momentarily 
interrupt load point i, Np is the total number of the elements whose passive faults will momentarily 
interrupt load point i. 


Momentary Average Interruption Duration Index at Load Point i, MAIDI; (Min) 


> 44, MRF, + Dieu 
MAIDI. = JENA keNP 
' MAIFI, 


Where rj is the failure duration at load point i due to an active failed element j, rx is the failure duration at 
load point i due to a passive failed element k. 


System Average Interruption Frequency Index, SAIFI(f/customer.yr) 


i i AN. 
SAIFT = Total number of customer interruptions 7 », iN; 


Total number of customer served Sy N; 


where N, is the number of customers at load point i; the symbol 2 means the summation for all load 
points. 


System Average Interruption Duration Index, SAIDI(hr/customer.yr) 


i UN. 
SAIDI = Sum of customer interruption durations _ yy WN, 


Total number of customer served __ YN i 
Customer Average Interruption Duration Index, CAIDI(hr/customer interruption) 


U.N. 
CAIDI = Sumof customerinterruption durations _ Dy iN; 


Total number of customerinterruptions > NA, 


ETAP 30-28 ETAP 19.0 User Guide 


Reliability Assessment Analysis Modeling and Calculation Method 


System Customer Total Average Interruption Duration Index, CTAIDI (hr / customer.yr) 
System Customer Total Average Interruption Duration Index (CTAIDI) represents the total average time 
in the reporting period that average customers who actually experienced an interruption were without 
power. This index is a hybrid of CAIDI and is similarly calculated, except that those customers with 
multiple interruptions are counted only once. 


Sum of Customer interruption durations _ YUN ; 


CTAIDI = = 
Total number of Customers Interrupted ye Ni; 


Where N, is the number of customers and U, is the annual outage time for location i, and N,, is the 
number of customers at location i that were interrupted. 
Average Service Availability Index, ASAI(pu) 


Customer hours of availableservice 
ASAI = 


Customer hours demanded 


_ >IN, x8760—)>) NU, 
= >" N x8760 


Where 8760 is the number of hours in a calendar year. 


Average Service Unavailability Index, ASUI(pu) 


ASUI =1- ASAI 


Average Connected kVA Interrupted per kVA of connected load served, ALII (pu) 


Total load interruptions _ YP A, 


ALII = 
Total connected load >» P 
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Average Customer Curtailment Index, ACCI (kVA / customer) 


Total load curtailment 7 » PH, 


ACCI = = 
Total number of customer served YN ; 


System Expected Energy Not Supplied Index, EENS(MWhr/yr) 


EENS = Total energy not supplied by the system = » EENS, 


System Expected Interruption Cost Index, ECOST(k$/yr) 


ECOST = > ECOST, 


Average Energy Not Supplied Index, AENS(MWhr/customer.yr) 


Total energy not supplied by thesystem _ > EENS; 


AENS = 
Total number of customer served Ds N; 


System Interrupted Energy Assessment Rate Index, IEAR($/kWhr) 
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30.4.5 Distribution System Reliability Analysis Study 


The Distribution System Reliability Analysis employs a new analytical algorithm to assess the reliability 
indices of mixed radial and meshed distribution systems. This algorithm basically uses the algorithm for 
radial distribution systems since the meshed network, if any, is first converted to a radial network. 
Therefore, the employed algorithm is quite efficient and suitable for large-scale distribution systems of 
general configurations. 


The Distribution System Reliability Analysis Study generates crystal output reports showing the system 
input data, reliability indices results, element ranking information, and tabulation of the results. Some of 
these results can also be viewed directly from the one-line diagram using the Distribution System 
Reliability Display Options Editor. 
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30.5 Required Data 


To run a Distribution System Reliability Analysis Study, you need to provide reliability-related data, such 
as failure rates, repair times, and switching times of network elements. A summary of these data for 
different types of elements is given in this section. 


Note: Maintenance Outage Rate and Maintenance Outage Time are not used in reliability calculation for 
this version. 


Bus Data 

e Active Failure Rate 
e Repair Time 

e Switching Time 

e Replacement Time 


Branch Data 


2-Winding & 3-Winding Transformers 
e Active Failure Rate 

Passive Failure Rate 

Repair Time 

Switching Time 

Replacement Time 


Cable/Transmission Line 
Length 

Active Failure Rate 
Passive Failure Rate 
Repair Time 

Switching Time 
Replacement Time 


Impedance & Current-Limiting Reactor 
e Active Failure Rate 

Passive Failure Rate 

Repair Time 

Switching Time 

Replacement Time 


Power Grid (Utility) & Synchronous Generator Data 


Active Failure Rate 
Repair Time 
Switching Time 
Replacement Time 
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Synchronous Motor Data 


Active Failure Rate 
Repair Time 
Replacement Time 
Load Sector 

Quantity (No. of Loads) 


Induction Machine Data 


Active Failure Rate 
Repair Time 
Replacement Time 
Load Sector 

Quantity (No. of Loads) 


Static Load Data 


Active Failure Rate 
Repair Time 
Replacement Time 
Load Sector 

Quantity (No. of Loads) 


Lumped Load Data 


Active Failure Rate 
Repair Time 
Replacement Time 
Load Sector 

Quantity (No. of Loads) 


UPS Data 


Active Failure Rate 
Passive Failure Rate 
Repair Time 
Switching Time 
Replacement Time 
Load Sector 


VED Data 


Active Failure Rate 
Passive Failure Rate 
Repair Time 
Switching Time 
Replacement Time 


ETAP 30-33 ETAP 19.0 User Guide 


Reliability Assessment Analysis Required Data 


Charger Data 


Active Failure Rate 
Repair Time 
Switching Time 
Replacement Time 
Load Sector 


Inverter Data 


Active Failure Rate 
Repair Time 
Switching Time 
Replacement Time 


Study Case Parameters 
e Study Case ID 
e Report Option (for Plots and Crystal Reports) 
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30.6 Output Report 


Output reports for Distribution System Reliability Analysis Studies are available in different levels and 
are arranged into two formats: Crystal Output Report, One-Line Diagram Display. 


30.6.1 Distribution System Reliability Analysis Report Manager 


Click on the View Output File button on the Distribution System Reliability Analysis toolbar to open the 
Distribution System Reliability Analysis Report Manager. The Distribution System Reliability Analysis 
Report Manager provides different formats for Crystal Reports and consists of four pages. 


Complete Page 


This page allows you to select the Complete Output Report. All four pages give you the option of viewing 
the selected reports in Crystal Reports, or creating a file for printing or emailing in PDF, MS Word, Rich 
Text Format, MS Excel format. You can set this choice as the default format for any reports that are 
generated. 


Input Page 


This page provides the formats for different input data. 


Result Page 


This page provides the formats for different calculation results. 


Summary Page 


This page provides the summary from calculation results. 


f y 
Reliability Report Manager =) 


[Complete | Input | Resuit | Summary | 


Summary @ Viewer 
PDF 
MS Word 
Rich Text Format 
MS Excel 
Set As Default 


Output Report Name 
RA 


Path 
C:AETAP\Example-ANS! 


= 
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30.6.2 Distribution System Reliability Crystal Report 


If the last study run is the distribution system reliability analysis, then if you click on the Report Manager 
button on the Study Case toolbar or by select the Crystal Report format from the Reliability Analysis 
toolbar, you will be able to open and view the Crystal Output Report for the distribution system reliability 
analysis study. The Distribution System Reliability Analysis Study Crystal Report contains the following 
major sections: 


Cover Page 


This is the first page of the Distribution System Reliability Analysis Study Crystal Report. It includes the 
information from a number of different types of buses, branches, unit system, project file name, and the 
output file name and its location. 


Ekctrical Transient Analyzer Program 


Reliability Analysis 
Loadimg Category (1): Design 
Load Diversity Factor: None 
Total 
Number of Buses: 15 
XFMR2 XFMR3 Reactor Lime/Cable Impedance Tie PD SPDT Total 
Number of Branches: 7 1 0 5 0 1 0 14 
Synchronous Power 
Generator Grid Inverter Total 
Number of Sources: 1 1 1 3 
Synchronous Induction Static Lumped 
Motor Machines Load Load Total 
Number of Loads: 2 7 2 4 15 
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Bus Input Data 


This section reports the input data related to system buses, including their ID, nominal kV, failure rate, 
repair time, switching time and replacement time. 


BUS Input Data 


Switch Replacement 
Bus ha MTTR Time Avail Time 
ID kV¥ f fyr hour hour YesiNo hour 

Busl 0480 00010 200 200 No 1000 
Bus2 0480 00010 200 200 No 10.00 
Bus3 13.800 00010 200 200 No 10.00 
LV Bus 0480 00010 200 200 No 1000 
Mam Bus 34500 0.0010 200 200 No 10.00 
mMccl 0480 00010 200 200 No 1000 
Sub24 13.800 00010 200 200 No 10.00 
Sub2B 13.300 00010 200 200 No 10.00 
Sub 3 4.160 00010 200 200 No 1000 
Sub3 Swe 4.160 00010 200 200 No 10.00 


Load Input Data 


This section reports the input data related to system loads that include synchronous motor, induction 
machine, static load, lumped load, UPS, charger, capacitor, and filter. The input data reported are load ID 
and type, connected bus ID, average load, user sector ID, # of loads, failure rate, repair time and 
replacement time. 


Load Input Data 


—Replacement, 

ee ee eS Le ee ee 

TO gO act Be Wate oes hoe eo: oe 

UPS-1 UPS Bus2 0.00 Nore 1 0.0200 50.00 No 10.00 
LUM P+ LumpLd Bus234 $81.10 Govt. & Inst. 1 0.0200 50.00 No 10.00 
LUMP2 LumpLd Sub22 3085.64 Residential 1 0.0200 50.00 No 10.00 
LUMP1 LumpLd LVBus 196.50 Nore 1 0.0200 50.00 No 10.00 
LUMPS LumpLd Bus9 425.00 Nore 1 0.0200 50.00 No 10.00 
Mtl Ind. Mtr. Bus23.4 109.05 Commercal 1 0.0200 50.00 No 10.00 
Mtré Ind. Mtr. mccl 97.61 Nore 2 0.0200 50.00 No 10.00 
Mtr+ ied. Mtr. mccl 100.77 = Nore 1 0.0200 50.00 No 10.00 
Mtr3 Ind. Mtr. mccl 60.47 None 1 0.0200 50.00 No 10.00 
Mtrs ied. Mtr. mccl 40.98 Nore 1 0.0200 50.00 No 10.00 
Pump 1 hud. Mtr. Sub3 Swer 407.45 Nore 1 0.0200 50.00 No 10.00 
Mtr2 ied. Mtr. Sub2B 1907.88 None 1 0.0200 50.00 No 10.00 
Syn Syn Mtr. LVBus 121.59 Agricubml 1 0.0200 50.00 No 10.00 
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Source Input Data 


This section reports the input data related to system sources that include power grid (utility) and 
synchronous generator. The input data reported are source connected bus ID, source ID and type, failure 
rate, repair time, switching time and replacement time. 


Source Input Data 


Swatch Replacement 


Source ha MTITR Time Avail Time 

Dd Type Cormected Bus ID ffyr hour hour Yes/No hour 

Genl Syn Gen Sub2B 0.0010 2.00 2.00 No 10.00 
Utility Syn Gen Man Bus 0.0010 2.00 2.00 No 10.00 


Branch Input Data 

This section reports the input data related to system branches that include cables, transmission lines, 
impedances, reactors, and 2-winding and 3-winding transformers. The input data reported are branch ID, 
branch type, length (if any), total failure rate, active failure rate, repair time, switching time, and 
replacement time. 


BRANCH Input Data 


Cab ke/Line rr es MITR Time Avail Time Unit Length 

ID Type fiyt fiyr hour hour YesiNo hour for ka & Ap Length Unit 
Cablell Cable o0s00 00500 800 800 No 800 km 1350.00 ft 
Cable2 Cable 0.0500 00500 800 800 No $00 km 25100 ft 
Cablel4 Cable onso0 00500 $00 800 No 800 km 100,00 ft 
Cable¢ Equin Cable 00500 00500 800 800 No 800 km 65000 ft 
Cablel0 Equin Cable 00500 00500 800 800 No $00 km 567.00 ft 
Cablel2 Equiv Cable o0s00 00500 800 800 No 800 km 59.00 ft 
Cable? Equi Cable 00500 00500 800 800 No 800 km 125000 ft 
Cable13 Equiv Cable o0s00 00500 800 800 No 800 km 6700 ft 


Transformer ha ke MITTR Time Avail Time 

ID Type ffyr ffyr hour hour Yes/No hour 

T3 2W XFMR 00150 00150 200.00 20000 No 10,00 
XFMR3 2W XFMR 00150 00150 200.00 200,00 No 10.00 
T2 2W XFMR 00150 00150 200.00 200.00 No 10.00 
T4 2W XFMR 00150 00150 200.00 20000 No 1000 
Tl Xfmr3 00150 00150 200,00 200,00 No 1000 
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Branch Connection 


This section reports branch connection information for all branches in the system. It shows the branch 
ID, the branch type, and the bus that it originates from and to which bus it is connected. 


BRANCH CONNECTIONS 


CKT ‘Branch Connected Bus ID 
ID Type From Bus To Bus 
Cablell Cable Sub24 Bus3 
Cable2 Cable Sub 3 Sub3 Swe 
Cablel4 Cable Busl Bus2 
T3 2W XFMR Sub3 Swe L¥ Bus 
KFMR 3 2W KFMR Sub3 Swe mMccl 
T2 2W XFMR Mam Bus Sub24 
T4 2W XFMR Sub 3 Busl 
Tl Xfmr3 Mam Bus Sub2B 
Mam Bus Sub 3 

Cable4 Equin Cable Sub3 Swe Pump 1 
Cablel0 Equi Cable Bus3 Syn4 
Cable1l2 Equin Cable L¥ Bus Syn2 
Cable? Equin Cable Sub2B Synl 
Cablel3 Equir Cable LV¥Bus Loadl 
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Sector Interruption Cost Library Data 


This section lists the library data of sector interruption cost. 


SECTOR INTERRUPTION COST 


Interrup tion 
Duration Cost 
Sector Name hour SW 

Agricultural 1.00 006 
20.00 034 

60.00 065 

240.00 206 

480.00 412 

Commercial 1.00 038 
20.00 297 

60.00 855 

240.00 3132 

480.00 8301 

Govt. & Inst. 1.00 004 
20.00 037 

60.00 149 

240.00 656 

480.00 26.04 

Industrial 1.00 163 
20.00 387 

60.00 909 

240.00 25.16 

480.00 5581 
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Switching Device Input Data 


This section reports the input data related to protective devices. The input data reported are switching 
device ID, switching device type, active failure rate, passive failure rate, repair time, switching time and 
replacement time. 


Switching Device Input Data 


Swatch Replacement 


Swite hing Device ha a MITR- Time Avail Time 

ID Type Status fiyr fiyr hour hour Yes/No hour 
CB4 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CBl HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB42 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB28 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CBl? LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB1S LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB? LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB16 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CONT1 Cortactor 0.0030 0.0030 200.00 200.00 No 10.00 
CB13 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB6 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB4l LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB21 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB43 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
Fase? Fase 0.0030 0.0030 200.00 200.00 No 10.00 
SPST1 Swith 0.0030 0.0030 200.00 200.00 No 10.00 
CB1s HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB44 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB12 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB24 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB9 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB23 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB31 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB20 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB27 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB26 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CBl4 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB40 LVBreaker 0.0030 0.0030 200.00 200.00 No 10.00 
CB3 HV Breaker 0.0030 0.0030 200.00 200.00 No 10.00 


ETAP 30-41 ETAP 19.0 User Guide 


Reliability Assessment Analysis Output Report 


Load Point Report 


In the Load Point Report section, the load point ID, user sector, load point connected bus ID (if any), 
average (active) failure rate, average outage duration, annual outage duration, EENS, ECOST and IEAR 
are reported. 


Note: Only the buses that are selected for plotting in the Reliability Analysis Study Case Editor are 
tabulated. 


Load Point Quip ut Report 
Average Average Annual 


Interrupting Outage Outage 
Bus Rate Duration Duration EENS ECOST IEAR 

DPD Load Sector Cormected Bus ID fiyr hour be yr MW hr / yr $fyr $ /kW hr 
Bul NiA 0.0980 195.96 19.2040 0.0000 0.00 0.000 
Bud NIA 0.1271 175.53 22.3109 14.4401 0.00 0.000 
Busé NiA 0.0475 141.14 6.7040 0.0000 0.00 0.000 
Bus? NiA 0.0965 168.97 16.3060 0.0000 0.00 0.000 
Bud NiA 0.2567 60.57 15.5473 9.3284 0.00 0.000 
Bw23 Nia 0.1265 151.05 19.1080 11.2767 70651.18 6.265 
L¥Bus NiA 0.2282 110.01 25.1057 14.2261 1569.30 0.110 
Main Bus NiA 0.0100 180.20 1.8020 0.0000 0.00 0.000 
MCCl NiA 0.2312 111.18 25.7057 12.4165 0.00 0.000 
Suba NiA 0.0620 193.61 12.0040 11.9759 91436.25 7.635 
Sib2B NIA 0.0130 184.97 2.4020 4.5827 0.00 0.000 
Sib 3 NIA 0.0550 196.40 10.8020 0.0000 0.00 0.000 
Sub3 Swer NiA 0.1762 84.58 14.9037 6.0726 0.00 0.000 
Sub22 NiA 0.1355 154.30 20.9080 64.5146 —:171376.20 2.656 
$ub23 NiA 0.0845 164.57 13.9060 0.0000 0.00 0.000 
LUMP4 Govt.& Inst.  Bus23.4 0.1265 151.05 19.1080 9.1929 43999.41 4.786 
LUMP2 Residential Svb22 0.1355 154.30 20.9080 64.5146 —171376.20 2.656 
LUMP1 None L¥Bus 0.2512 106.31 26.7057 §.2497 0.00 0.000 
LUMP6 None Bud 0.2567 60.57 15.5473 6.6076 0.00 0.000 
Mtrl Commercial = Bw234 0.1534 135.16 20.7396 2.2617 29891.21 12.774 
Mtré None MCC1 0.2542 107.41 27.3057 2.6652 0.00 0.000 
Mtrt None MCCl 0.2542 107.41 27.3057 2.7515 0.00 0.000 
Mtr3 None MCCl1 0.2542 107.41 27.3057 1.6513 0.00 0.000 


Load Point Momentary Report 


In the Load Point Momentary Report section, the load point / bus ID, Load Sector, load point connected 
bus ID (if any), Momentary Average Interruption Frequency Index (MAIFI), and Momentary Average 
Interruption Duration Index (MAIDI) are reported. 


Note: Only the buses that are selected for plotting in the Reliability Analysis Study Case Editor are 
tabulated. 
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Load Point Momentary Report 


Bus MAIFI. MAIDI 
ID Load Sector Connected Bus ID f/yr minute 
1-P Air Drop N/A 0.0078 3.92 
240 V PNL N/A 0.0078 3.92 
Busl N/A 0.0078 5.08 
Bus2 NA 0.0078 5.08 
Bus+ NA 0.0078 5.08 
Bus5 N/A 0.0078 3.92 
Bus6 N/A 0.0000 0.00 
Bus7 N/A 0.0000 0.00 
Bus9 NA 0.0078 3.92 
Bus23A N/A 0.0000 0.00 
LVBus NA 0.0078 3.92 
Main Bus NA 0.0000 0.00 
MCC1 N/A 0.0078 3.92 
Sub2A NA 0.0000 0.00 
Sub2B N/A 0.0000 0.00 
Sub 3 NA 0.0048 4.50 
Sub3 Swer NA 0.0078 3.92 
Sub22 NA 0.0000 0.00 
Sub23 NA 0.0000 0.00 
LUMP4 Govt. & Inst. Bus23A 0.0000 0.00 
LUMP2 Residential Sub22 0.0000 0.00 
LUMP1 None LVBus 0.0078 3.92 
LUMP6 None Bus9 0.0078 3.92 
LUMP3 None Bus4 0.0078 5.08 
Mtr1 Commercial Bus23A 0.0000 0.00 
Mtr6 None MCC1 0.0078 3.92 
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EENS Sensitivity Analysis 


In the EENS Sensitivity Analysis section, the system/bus/load point ID and type, corresponding 
contributing element ID, type and EENS are reported. 


Expected Energy Not Supplied (EENS 
Sensitivity Analysis 


System/Bus/Load Point Contributing E lement EENS 

ID Type ID Type MWhr / yr 

Busl BUS: $§ 8 #  - séessasraacssccnasaasacsaccaasescsacscccsscnsonaend bakvssesasuaesaaisasseace ono 
Bus2 DWE «(Cis fahdvieccuesvdcbucessecnsiusvevissseeudecsecesued  Geusrteransessvescuceades 14.00 
Tl Xfmr3 194 

Tl Xfm r3 194 

T4 Xfmr2 194 

Bus3 EUs -==§ _——_-»abbsassasoaecevovucdsserevounsunsssesesissusatvasn) sasssserucasstioseansecis 46.65 
T2 Xfmr2 972 

T2 Xfmr2 972 

Syn4 Syn. Mtr. 3.24 

LUMP1 Tum pL. ——. tastasiceseccissvasavavesstancastatcasescivaesiont, aaxevecktendexccsmaseasie 995 
Tl Xfmr3 134 

Tl Xfmr3 134 

T3 Xfmr2 134 
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ECOST Sensitivity Analysis 


In the ECOST Sensitivity Analysis section, the system/bus/load point ID and type, corresponding 
contributing element ID, type and ECOST are reported. 


Expected Interrupting Cost (EC OST) 
Sensitivity Analysis 


$System/Bus/Load Point Contrib uting E lement ECOST 
ID Type ID Type $ yr 
Busl BUS === = dbsiicocscdassasgasiacnatuacsteaaiacescdateausacen, cohopadeassasaaisabeansace 000 
Bus2 BUS =-§ =  suvocuseuseidecwsdaccessasduccousnvseisaxcudnauash! -audasunvcntpansaxoaapenes 24.484.15 
Tl Kfmr3 3397 48 
Tl Xfmr3 3397 48 
T4 Ximr2 3397 48 
Bus3 BUE- -=§ _  wdakasindavendnadnavendcsduasadckancdoavbadsadnan: -asdwssnacssnassasueauaaus 136,419 40 
T2 Kimr2 19,717 40 
T2 Kimr2 19,717.40 
Syn4 Syn. Mtr. 12,786 62 
LUMP1 EWM DE sessccsinnctencanstsstnvveestenennesvnsstusesetonce!, “dneexnscteumesureesteaaes 136.933.18 
Tl Ximr3 16.994 88 
Tl Ximr3 16.994 88 
T3 Xfmr2 16.994 88 
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Summary 


The Summary section incorporates the information from a number of different types of buses, branches, 
system frequency, unit system, project file name, output file name, and its location. 


SUMMARY 


System Indexes 


SAIFI 0.1232 f /customer yr 
SAIDI 19.5013 hr /customer.yt 


CAIDI 158.229 hr / customer interruption 


ASAI 0.9978 pu 
ASUI 0.00223 pu 
EEN 5 99.537 BM Whr /yr 


ECOST 509 946.14 $ifyr 


AENS 5.8551 MWhr /customer.yr 


IEAR 5.123 $/kWhr 
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30.6.3 Distribution System Reliability Analysis Display 


You can choose how the results are displayed on the one-line diagram for the Distribution System 
Reliability Analysis Study by using the Distribution System Reliability Analysis Display Options Editor. 
The following screen capture shows a one-line diagram display. 


You can insert OLE objects directly on the One-Line Diagram. 


Utility 4 
elap’ 
4 
9.9 


Main Bus 


0.0040 £/yr 
150.50 hr 


£1x* 


Sub2B 


Lb. 9620 
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30.7 Plots 


Plots are available for EENS ranking and ECOST ranking of system/load points. Click on the Reliability 
Analysis Plots button located on the Reliability Analysis toolbar to select a plot. 


Reliability Analysis Plot Selection [=e | 


Device Type Device ID 


Plot Type 


System 
Buses 
Power Grids 


Generators = 
Syn.Motors (¥] ECOST 


(¥] EENS 


MOVs 

Static Loads 

Lumped Loads 

Capacitors 

Filters 
Inverters 


Close AlPlots | | Help | 


Device Type 


Select a device type. 


Device ID 


Select the devices that you wish to plot. This box lists all the devices that are selected in the Reliability 
Study Case Editor, Plot page, for the selected device type. Multiple devices can be selected. 


Plot Type 


For Reliability Analysis plot, the following curves are available. 


EENS 
Plot EENS ranking for the selected devices. 


ECOST 
Plot ECOST ranking for the selected devices. 
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A set of sample plots is shown below. 


=) RA - Sensitivity Analysis For Expected Energy Not Supplied (EENS) [--||-|feESa) 


Sensitivity Analysis For Expected Energy Not Supplied (EENS) 


z 
2 
>. 
=o 
3 


= | RA- Sensitivity Analysis For Expected Interrupting Cost (ECOST) “|| Clete] 


Sensitivity Analysis For Expected Interrupting Cost (ECOST) 
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Transformer MVA Sizing 


In power systems, there are many devices whose proper size is critical to the design of a power delivery 
system. One of the most important is the power transformer. There are several factors involved in the 
process of sizing a transformer. ANSI and IEC Standards provide a set of guidelines that list these factors 
and how they can be used to determine if a transformer can handle its required operating load. 
Inadequately sized transformers may shorten the equipment’s operating life or cause overloading failures. 


ETAP has compiled the information contained on standards ANSI/IEEE C57, IEC 60076-2 & 60726 into 
a program that can easily determine the proper size of a power transformer. The method used by the 
program considers several factors like ambient temperature, altitude, cooling stage and type (dry or liquid 
fill). When sizing a transformer, it is also very important to consider the expected future growth of the 
required load. The MVA sizing module uses adjusting factors to take this into account. The transformer 
short-circuit requirement “transformer impedance and basic impulse level (BIL)”, are also considered by 
the MVA sizing module. The module has built in functions that compare the calculated size and 
impedance against the minimum values recommended by the standards. 


The ETAP Transformer Sizing Module provides two sizing calculations. One calculation is to size the 
transformer MVA rating (rated, 1 and 2" stage ratings when applicable) and %Z along with X/R ratio 
for single-phase, three 1-phase and 3-phase 2-winding transformers, based on ANSI and JEC standards. 
Another calculation is to optimize a generator unit transformer tap ratio based on ANSI standards. The 
first calculation is hereafter referred to as Transformer MVA Sizing, whereas the second calculation is 
referred to hereafter as Transformer Tap Optimization. Transformer Tap Optimization is explained in 
detail in Chapter 32. 


This chapter describes the interfaces, input, and output data involved in running the Transformer MVA 
Sizing Module. Other associated operations including data update will also be explained. A brief view of 
the related standards is included as well. 


The Transformer MVA Sizing chapter describes how to start the transformer MVA sizing calculation, the 
input data and output results of the calculation, and how to use the sizing results to update the transformer 
editor. The section on calculation methods provides some technical background on the calculations 
involved with transformer MVA sizing. 
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31.1 2-Winding Transformer MVA Sizing 


The 2-Winding Transformer MVA Sizing calculation sizes the transformer rated MVA, 1° and 2" stage 
MVA (when applicable), %Z, and X/R based on the transformer loading, installation, insulation level, and 
short-circuit duties. Load variation factors can also be included in the sizing calculation. This section 
describes how to access the Transformer MVA Sizing calculation, sizing options, required input data, and 
available results. 


To access the Transformer MVA Sizing Module, double-click on the transformer icon in the one-line 


diagram to access the Transformer editor. Next, select the Sizing page. 


You may access the Transformer editor from the System Manager as well. 


On the Sizing page, you can select or enter the transformer loading data, transformer installation, and 
transformer insulation data to run the sizing calculation, select the recommended sizing results and update 
the transformer ratings based on the calculated size. 


ETAP 


r 
2-Winding Transformer Editor - T2 


— 


Transformer Loading 


Growth Factor 435 7% 


Load Factor 90 % 


Result 
Update MVA 


Ts 
[ae 
Ea 


Other 55 


Attitude 3300 


Ambient Temp. 39 


[se 
[5205 
[aa 


Other 65 


ft 


Cc 


BIL Limit 


Limit Short-Circuit kA 


@Prim. @ Sec. 


Growth Factor 
for Max. MVA 


Bes we 


7D) BB Ox) (oe) 


Reliability | Remarks —| | 
Info |Rating | Impedance | Tap | Grounding | Sizing | Protection | Harmonic | 
10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 


~ kV 


6.063 
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Transformer Loading 

The Transformer Loading group allows you to find the operating load or the connected load to this 
transformer and then use either load for sizing purposes. Also, you can manually enter a loading for the 
transformer. 


MVA 

Enter the loading seen by the transformer. The loading MVA can be entered manually or updated 
automatically by clicking on the Operating or Connected Load buttons. This value is used as the 
transformer load MVA in the sizing calculations. 


Operating MVA, MW and Mvar 

If you run Load Flow Analysis and select the option to update Operating Load & Voltage from the Load 
Flow Study Case Editor, the transformer operating MVA, MW and Mvar will be updated and displayed in 
these fields and the Operating button will be enabled. 


The operating MVA is the maximum value of the MVA calculated on the From or To side of the two- 
winding transformer. 


Load Flow Study Case Info Page 


Update 
Initial Bus Voltages Cable Load Amp ¥| Operating Load & Voltage 
Inverter Operating Load Transformer LTCs 


Two Winding Transformer Sizing Page 
Transformer Loading 


MVA MW Mvar 
MVA (Opecting | [4280 [4 [rsa 
0 

| Connected | [4.155 [397 [1227 


¥| Spare Loads 


Clicking on the Operating button will update the MVA field and at the same time run the sizing 
calculations. 


Connected MVA, MW and Mvar 

If the loading on a transformer is due to a radial system, the connected loading can then be automatically 
computed, displayed in these fields, and the Connected button will be available for selection. If a non- 
radial or looped configuration is encountered, a message displaying “Loop configuration detected. No 
Calculations!” will appear. 


Click on the Connected button to update the load MVA field and run the sizing calculations. 
Spare Loads 
You can use this option while calculating the total connected load downstream to a transformer to include 


all spare loads to determine the final connected load to the transformer. A spare load is defined as having 
a configuration status set to spare in the respective Element Editor. 
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Configuration Demand Factor 


Normal Continuous Intermittent Spare 
= 100 (eo! | o |z 
Status v : | 


Configuration Status Demand Factor 


Load Variation 
This section defines load variation factors that affect MVA sizing calculation. 


Load Yariation 


Growth Factor | 150 |% 


LoadFactor 95 | % 


Growth Factor 

The growth factor is an allowance for future growth. This percent value indicates how much of a future 
load increase should be expected for the given transformer. The growth factor is used for calculating the 
required Rated MVA of the transformer. If you select the option Use GF for Max. MVA, then the growth 
factor will be used for calculating the maximum MVA size. 


Load Factor 
The load factor is defined as the ratio of the average load to the peak load over a designated period of 
time. You may calculate the Load Factor as a percentage from the following relation: 


Gases 
%Load Factor =100* WET 
kWp * Tt 
where: 
i Interval of time when the load is non-zero 
kWi Load at interval i 
Ti Number of hours of interval i 
kWp Peak load 
Tt Ton + Toff 
Ton Total hours when the load is on 
Toff Total hours when the load is off 


If the transformer carries load at every interval, then the relationship may be simplified to: 


Ton 
Tt 


%Load Factor =100* 


The Load Factor is equal to 100% if the transformer carries the required load continuously all the time. 


Installation 
This group defines the transformer installation conditions that affect MVA sizing calculations. 
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Altitude 
Enter the altitude of the transformer installation in feet or meters. ETAP adjusts the calculated Required 
MVA ratings based on this altitude value. 


ETAP uses the following derating factors, per Standards C57.92-1981 and C57.96-1986, for every 330 ft. 
(100 m) above 3300 ft. (1000 m), for transformers installed at an altitude greater than 3300 ft. (1000 m). 


Types of Cooling Derating Factor (%) 
Liquid-immersed air-cooled 0.4 
Liquid-immersed water-cooled 0.0 
Liquid-immersed forced-air-cooled 0.5 
Liquid-immersed forced-liquid-cooled 

With liquid-to-air cooler 0.5 
Liquid-immersed forced-liquid-cooled 

With liquid-to-water cooler 0.0 
Dry type, Self-Cooled (AA) 0.3 
Dry type, Forced-Air-Cooled (AA/FA and AFA) 0.5 


For IEC rated transformers, naturally cooled, the limit of average winding temperature rise is reduced by 
1k for every 400m above 1000m. For forced cooled transformers, the reduction shall be 1k for every 
250 m. 


Ambient Temp. 
Enter the ambient temperature of the transformer location in degrees Celsius. ETAP adjusts the Required 
MVA ratings based on the ambient temperature value. 


Impedance 


This data section defines the transformer Basic Impulse Level (BIL) and primary and secondary short 
circuit duties that affect calculations of the transformer impedance. 


BIL Limit 
Enter the Basic Impulse Level of the transformer. ETAP utilizes this value for determining the 
transformer minimum impedance according to ANSI/IEC standards. 


Limit Short-Circuit kA 
If you select this option, ETAP will use the short circuit current contribution, the BIL value, and the 
transformer type to determine the impedance of the transformer. 


@ Prim. 

Enter the primary winding short-circuit current requirement in kA. ETAP will use this value to calculate 
the transformer impedance. This value indicates the short circuit current contribution for the transfer from 
secondary to primary. 


@ Sec. 


Enter the secondary winding short circuit current requirement in kA. This value indicates the short circuit 
current contribution for the transfer from primary to secondary. 


ETAP will determine either the primary or secondary short circuit current contribution if either value is 
known based on the rated voltage ratio. 
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Options 


This group defines additional options used for Transformer MVA Sizing calculation. 


Use GF for Max. MVA 
If you select this option, ETAP will use the Growth Factor to adjust the required maximum MVA value 
calculated by the program. 


Result 
This data section displays all the results from the Transformer MVA Sizing calculation. 


Result 
Update MY, Z 


A x/R 

Gece) OF OT a 0 a 
[Required | [4284 [5998 [74a [ 7 1214 Required Size (Non-Standard) | 
\Smaller Size] | 3.75 5.25 6563 | 7 141 One Size Smaller (Standard) _| 


04 55 FA 65 FOA 65 04 55 04 55 


x 


Larger Size 

The calculated Rated MVA, 1° stage MVA (where applicable), 2"' stage MVA (where applicable), %Z. 
and X/R will be displayed in these fields for the One Size Larger Transformer. ETAP first will calculate 
the Required MVA ratings, %Z and X/R. Then, based on the ANSI or IEC Standard Tables, ETAP will 
select a standard larger size from the required values. 


You can update the Transformer Ratings using the calculated Larger Size values by pressing on the 
Larger Size button. 
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Result 


Opdate 


Larger Size 


Per Standard 
| Required | 4.284 ® User-Defined 
|SmallerSize| [ 375 [ 525 [6563 [ 7 1.41 Derated [~ 79 a [72 

04 55 FA, 65 FOA 65 04 55 04,55 fy) Fan? 
¥) Fan Wl bump 
Impedance 
latias KK %R 
0.043 6.893 0.3 
0.043 6.893 0.3 


TypicalZ &X/R_ | | Typical X/R 


Required Size 
ETAP calculates the required Rated MVA, 1% stage MVA (where applicable), 2" stage MVA (where 
applicable), %Z and X/R. And then, the calculated values are displayed in these fields. 


You can update the Transformer Ratings using the calculated Required Size values by pressing on the 
Required Size button. 


Smaller Size 

Calculated Rated MVA, 1° stage MVA (where applicable), 2"! stage MVA (where applicable), %Z and 
X/R will be displayed in these fields for the One Size Smaller Transformer. ETAP first will calculate the 
Required MVA ratings, %Z and X/R. Then, based on the ANSI or IEC Standard Tables, ETAP will select 
a standard smaller size from the required values. 


You can update the Transformer Ratings using the calculated Smaller Size values by pressing on the 
Smaller Size button. 
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31.2 Calculation Method 


Standard Compliance 


ETAP Transformer MVA Sizing calculation complies with the following standards: 


= ANSI/IEEE C57-1994 
= IEC 60076-2 (liquid) 
= IEC 60726 (Dry) 


Calculation Procedure 


ETAP Transformer MVA Sizing Module follows recommended transformer sizing procedures as 
described in ANSI/IEEE C57, IEC 60076-2, and IEC 60726. The standard transformer sizes used by the 
program are taken from transformer size tables described by these standards. The MVA sizing module 
determines the transformer required size based on the use of several multiplying factors. The different 
multiplying factors are based on the transformer installation altitude, ambient temperature, and insulation 
/encapsulation type, number of phases, cooling stage, and transformer size. For example, a transformer 
installed at an ambient temperature of 20 degrees Celsius will have a higher MVA capacity than a 
transformer installed at a 30 degrees Celsius location. ANSI/IEEE Standards require that the transformer 
be sized based on the output MVA requirement. IEC Standards require that the transformer be sized based 
on the output MVA requirement plus the transformer losses. This means that when you size a transformer 
based on IEC Standards, the losses of the transformer are included in the calculated required size. 


ETAP will show N/A for the next larger MVA or next smaller MVA if the value is not available from the 
standard ANSI/IEC transformer sizes. 


For a (3) 1-phase transformer connection, the sizing calculations are performed for the equivalent 3-phase 
bank assuming all three transformers are identical. 


The Transformer MVA Sizing module also provides the user with the typical percent impedance and X/R 
ratio values for the calculated required size, next larger size, and next smaller size. For an IEC 
transformer, the typical percent impedance and X/R ratio values pertain to the largest MVA rating. If the 
Limit Short-Circuit kA option is enabled, the %Z value is determined based on the primary short circuit 
current and the full load current of the required MVA load. The BIL rating of the transformer is used to 
determine the minimum impedance that the transformer should have in case the required short circuit 
current is too high. 
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31.3 Required Data 


Input Data 


The input data required for the Transformer MVA Sizing calculation is found in the Transformer Editor. 
The data is located in three pages. 


2-Winding Transformer Editor Info page: 
e Standard 
e Connection 


2-Winding Transformer Editor Rating page: 
e Primary Winding kV rating 

Type 

Subtype 

Class 

Temp. Rise 


2-Winding Transformer Editor Sizing page: 
Growth factor 

Load Factor 

Altitude 

Ambient Temperature 

BIL 

Primary/Secondary SC kA requirement 
Operating load 

Connected load 
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Transformer Tap Optimization 


The purpose of the ETAP Transformer Tap Optimization is to optimize a step up generator unit 
transformer tap ratio based on ANSI/IEEE Standard C57.116-1989. This module is used to determine the 
optimal transformer tap (turns ratio) so that the transformer is capable of delivering the maximum Mvar 
output range within the expected system and generator operating voltage variation ranges. This module 
can also be used to check the Mvar delivering range for a given transformer tap setting (turns ratio). 


This chapter describes the interfaces, input, and output data necessary to run the Transformer Tap 
Optimization Module. Other associated operations including data update, plotting, and printing will also 
be explained, along with a brief view of the related standard. The calculation method and the data 
required for the Transformer Tap Optimization calculation will be outlined as well. 


Unit Transformer Bus9 tay roe 


Bus4 and Tap 4.16 kV Load2 
13.8 kV 1 MVA 
Cablel8 Cablel9 
4 
PG1 a 
1500 MVAsc Transformer T? Transformer 


Primary 5S MVA Secondary Gend 


Cable Cable 5S MW 
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32.1 Transformer Tap Optimization 


The Transformer Tap Optimization calculation optimizes a unit transformer tap, or equivalently, its turn 
ratio, to ensure that the generator unit voltage remains within its upper and lower variation range 
(typically 95% to 105%), while producing its full MW and Mvar capability under the system voltage 
variation. 


The following sections describe how to perform the Transformer Tap Optimization calculation, enter 
required input data, and view available output results. To access the Transformer Tap Optimization 
calculation go to the Tap page within the 2-Winding Transformer editor. Check the Unit Transformer for 
Generator check box and the Tap Optimization... button will appear on the right of this page. Select a 
generator from the pull-down list, and then click on the button to launch the Transformer Tap 
Optimization Editor. 


2-Winding Transformer Editor - T2 [Se 


| Reliabity i Remarks if Comment : 
Info| Rating | Impedance | Tap | Grounding | Sizing | Protection |  Hanmonic 


10 MVA ANSI Liquid-Fill Other 55/65 C 345 13.8kV 


Fixed Tap LTC / Voltage Regulator 
Per Unit Manual or See 
5 kV Ti i Operating ‘ 
% Tap ap Tum Ratio AVR Tie Siecaul es 


0 * [345 1 Pim. [ate] 0 * ° oO Transient Tas 
; Optimization 
Sec... o 4 | 138 1 Sec. [F] | LIC 0 fz 0 


Power Station 


[¥] Unit Transformer for Generator Gen1 + | Tap Optimization ... 


B85 we =D) AB OK) [cores | 


The Transformer Tap Optimization editor has two pages: 


e Tap Optimization 
e Mvar Delivery Curve 
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32.2 Tap Optimization Page 


Transformer Tap Optimization - TRO_T2 |S) 


Tap Optimization | Mvar Delivery Curve | 
Transformer System 
ae aga a SystemkV % Variation (+) % Variation () 
: 345 5 45 
10 6.9 23 


= a Get Data [ManBus | 
Get Data 12 


Generator 
Primary Side Cable Impedance (Ohms) Rated kV % Variation 
R 


0 


Get Data None 


Secondary Side Cable Impedance (Ohms) 
R x 
0.0164 0.01476 


Cab? 


Optimization and Results 


(@) Optimize Primary Tap 


(© Use Existing Primary Tap 


Transformer 


Enter the transformer data or click Get Data to select the transformer rated MVA, % Z, and X/R to be 
used in the optimization calculation. The Update button will only be enabled if there is an existing 
difference between the values shown on this page and the values contained on the Rating page. 


Use Z Tolerance 
Check this box to include the Z tolerance for the selected transformer in the calculation. 


Step Sizes... 


This button opens the Tap Optimization Step Editor to enter the Min, Max, and Step values for the tap. 
These parameters are initially defaulted to the following values. 
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Transformer Tap Optimization Tap Optimization Page 


Tap Optimization Step |p| 
Tap Optimization 
Min. 52 
Max. 10 ns Ht of 
Taps 
Step 0.1 an |}— 


ce) CR) (Eo 


Rated MVA 
Enter the transformer Rated MVA or click Get Data to enter the transformer rated MVA from the Rating 
page. 


%Z 
Enter percent impedance or click Get Data to enter the transformer positive sequence impedance from the 
Rating page, with the transformer rated MVA and kV ratings as the base values. 


X/R 
Enter transformer X/R ratio or update X/R ratio from the Rating page. 


Get Data 
Click the Get Data button to substitute the Rated MVA, % Z, and X/R into these fields. The transformer 
ID is displayed alongside this button. 


Primary Side Cable Impedance (Ohms) 


Enter or click Get Data to select the transformer primary side cable impedance. 


R 

Enter or click Get Data to automatically select the transformer primary side cable resistance in Ohms. 
Note that this value should include the following factors: 

e Actual primary side cable resistance 

e Any equivalent system internal resistance 


xX 

Enter or click Get Data to automatically select the transformer primary side cable reactance in Ohms. 
Note that this value should include the following factors: 

e Actual primary side cable reactance 

e Any equivalent system internal reactance 


Get Data Button 

Click the Get Data button to substitute cable R and X values into the Primary Side Cable Impedance 
section from the connected primary cable. The primary cable ID is displayed alongside this button. None 
will be displayed if there is no cable connected to the primary side of the transformer. 
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Secondary Side Cable Impedance (Ohms) 


Enter or select the transformer secondary side cable impedance. 


R 
Enter or click Get Data to automatically select the transformer secondary side cable reactance in ohms. 
Note that this value should include the following factors: 


e Actual secondary side cable resistance 
e Any equivalent system internal reactance 


xX 
Enter or click Get Data to automatically select the transformer secondary side cable reactance in ohms. 
Note that this value should include the following factors: 


e Actual secondary side cable reactance 
e Any equivalent system internal reactance 


Get Data Button 

Click the Get Data button to substitute cable R and X values into the Secondary Side Cable Impedance 
section from the connected secondary cable. The secondary cable ID is displayed alongside this button. 
None will be displayed if there is no cable connected to the secondary side of the transformer. 


System 


Enter the data or click Get Data to automatically update the system kV. 


System kV 
Enter or update the system voltage in kV. This voltage is also the transformer primary bus voltage if the 
primary side cable does not exist. 


% Variation (+) / % Variation (-) 

Enter the system voltage variations in percent. These two values are used to generate Mvar delivery 
curves corresponding to the upper and lower voltage variation from the system operating voltages. The 
default value is +/- 5. 


Get Data Button 
Click the Get Data button to substitute the transformer primary side bus nominal kV into the System kV. 
The transformer primary side bus ID is displayed alongside this button. 


Generator 
Enter or click Get Data to update the generator rated kV, MW, Max, and Min Mvar. 


Rated kV 
Enter or update the generator rated voltage in kV from the one-line diagram. 


% Variation 


Enter the generator voltage variation in percent. This value is used to calculate the upper and lower 
voltage variation from the rated voltage. The default value is 5. 
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MW 
Enter or update generator MW rating from the generator Rating page. 


Max Mvar 
Enter or update generator Max Mvar limits from the generator Rating page. 


Min Mvar 
Enter or update generator Min Mvar limits from the generator Rating page. 


Get Data Button 

Click the Get Data button to substitute the generator rated kV, MW, Max Mvar, and Min Mvar fields into 
the Generator group of this page. The generator ID is displayed alongside this button, if there exists a 
generator connecting to the transformer secondary side through no more than one cable. If there is no 
generator that matches the criteria, then ‘None’ will be displayed. 


Auxiliary Load 


Enter the generator unit auxiliary load. The auxiliary load is treated as a motor load (constant power). The 
generator unit auxiliary load MVA is computed from the MW and Mvar and is a display-only field. 


MW 
Enter the generator unit auxiliary load MW. 


Mvar 
Enter the generator unit auxiliary load Mvar. 


MVA 
MVA is computed from MW and Mvar and is a display-one filed. 


Optimization and Results 


ETAP displays the calculation results if the calculation succeeds in this group. 


Optimization and Results 


iad % Tap kV Tap 
@) Optimize Primary Tap Prim £5 32.2575 


Seis, 


Use Existing Primary Tap Sec. 


Optimization Primary Tap 
Select this option to calculate the optimal transformer primary tap and generate the Mvar delivery curve. 


Use Existing Primary Tap 

Select this option to generate the Mvar delivery curve using the existing transformer primary tap. When 
this option is selected, the existing transformer primary tap will display in the Prim % Tap and kV Tap 
fields. 


% Tap 

This column displays the calculated optimal transformer tap on the primary side and the tap used in the 
calculation on the secondary side, both in percent. Note that the transformer tap on the secondary side 
used in the calculation is always zero. 
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Transformer Tap Optimization Tap Optimization Page 


kV Tap 

This column displays the calculated optimal transformer tap on the primary side and the tap used in the 
calculation on the secondary side, both in kV. Note that the transformer tap on the secondary side used in 
the calculation is always zero. 


Calculate 

Click this button to run the calculation once all required input data has been entered. Successful 
calculation returns the optimized transformer % Tap and kV Tap on the primary side in the %Tap and kV 
Tap fields and the Mvar delivery curve if the Optimize Primary Tap is selected, or just generates the Mvar 
delivery curve if the Use Existing Primary Tap option is selected. 


Update Button 


Click this button to update the Transformer Tap page with the calculation results, as shown below. 
Transformer Tap Optimization Page 


Optimization and Results 
kV Tap 


32.2575 
Use Existing Primary Tap Sec. i [ 


Fixed Tap 


@) Optimize Primary Tap Prim 


Per Unit 


% Tap kV Tap Tum Ratio 
£5 |* [32257 [0935 


(sa) 0 + Pes 7 


Transformer Tap Page 
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Transformer Tap Optimization Tap Optimization Page 


Mvar Delivery Curve Page 


This page displays the results of the Transformer Tap Optimization calculation in a graphical format. The 
plot depicts generator voltage vs. the generator reactive power output. This format is also called the 
generator reactive power (Mvar) delivery capability, because it shows the generator reactive power output 
range at the calculated transformer tap and system operating voltages. The plot below contains three 
delivery curves at three different system-operating voltages. The first voltage is the actual system rated 
voltage while the other two plots are based on the voltage variation (max and min) specified in the editor. 


Transformer Tap Optimization - TRO_T2 [prom 


Tap Optimization | Mvar Delivery Curve 


Generator Vokagze vi. Mvar Outpost 


Print Graph 


Click this button to send a copy of the Delivery Curve to the default printer. The default printer can be 
configured in your Windows Operating System. 
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32.3 Calculation Method 


Standard Compliance 


The ETAP Transformer Tap Optimization calculation complies with the latest ANSI/IEEE Standard, cited 
below: 


- ANSI/IEEE Standard, C57.116-1989, IEEE Guide for Transformers Directly Connected to Generator 


ANSI/IEEE Std. C57.116-1989 requires that the generator be capable of operating at a rated KVA, 
frequency, and power factor within a defined rated voltage range, typically +5%. This program addresses 
the optimal selection of the generator unit transformer tap in order to let the generator fully utilize its 
reactive power generation capability. The program performs a series of load flow calculations for the 
system under consideration, including the system voltage level, transformer primary and secondary 
cables, transformer rating and impedance, generator design MW and Mvar range, as well as generator unit 
auxiliary power. As a result, the program calculates a transformer tap setting on the transformer primary 
side that will allow the generator to acquire the widest range of reactive power generation. This result is 
corresponding to the line in the Mvar Delivery Curve marked for Vs = System Nominal kV. To check the 
conditions while the system varies, two additional lines in the Mvar Delivery Curve marked for Vs = 
System Nominal kV + Variation and Vs = System Nominal kV — Variation are also given. 


Note: The final calculation result depends on the user-defined tap step. If the tap step is specified as 1%, 
then the final optimal tap will be calculated to 1% precision, e.g., 4.0%, 5.0%, 6.0%, etc. On the other 
hand, if the tap step is chosen as 0.5%, then the final optimal tap will be calculated with 0.5% precision, 
e.g., 4.0%, 4.5%, 5.0%, 5.5%, 6.0%, etc. The tap step is set in the Tap Optimization page of the 2- 
Winding Transformer Editor. 


Transformer 
|W] Use Z Tolerance 
Rated MVA i A/F 
10 6.9 23 


Get Data _| T2 


Tap Optimization Step 


Tap Optimization 


Min. -10 % 

Max. 10 % Ht of 
Taps 

Step 0.1 2 |= 


| Help | [OK | | Cancel | 
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32.4 Required Data 


The input data for the Transformer Tap Optimization calculation includes system, transformer, and 
generator unit (including the auxiliary load) data, as listed below: 


System 

e Nominal kV System nominal operation voltage 

e % Variation (+) System operating voltage positive variation 

e % Variation (-) System operating voltage negative variation 
Transformer 

e Rated MVA Transformer rated MVA 

© %Z Transformer rated positive sequence impedance 
e X/R Transformer rated positive sequence X/R ratio 
e Use Z Tolerance Flag to use or not use Z Tolerance along with the values of Z Variation 
e Step Sizes Transformer step sizes including Min, Max, and Step 
Cables (Optional) 

e Primary Cable R Transformer primary side cable resistance 

e Primary Cable X Transformer primary side cable reactance 

e Secondary Cable R Transformer secondary side cable resistance 

e Secondary Cable X Transformer secondary side cable reactance 
Generator 

e Rated kV Generator rated voltage 

e kV % Variation Generator voltage variation 

e MW Generator design active power generation 

e Max Mvar Generator maximum reactive power generation 
e Min Mvar Generator minimum reactive power generation 


Auxiliary Load (Optional) 
e §6Auxiliary Load MW Generator unit auxiliary real power 
e §=Auxiliary Load Mvar Generator unit auxiliary reactive power 
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32.5 Output Reports 


The Transformer Tap Optimization calculation results are reported both in the Transformer editor as well 
as in Crystal Reports format. The Crystal Reports format provides you with the detailed information of a 
Transformer Turn Optimization calculation. The Transformer Tap Optimization Report Manager gives 
you access to the Output Reports. 


Update | | 7T2 4 [Hep | [0K }| (Cnet 


32.5.1 Transformer Tap Optimization Report Manager 


Click on the Transformer Tap Optimization Report Manager button to open the Report Manager. The 
report manager allows you to select formats available for different portions of the report and view it via 
Crystal Reports. The editor includes three pages (Complete, Input, and Result) representing different 
sections of the Output Report. 


Complete Page 


You can select the Complete Output Report from this page. The complete report consists of input and 
result sections of the report. 


fe , 
Turn-Ratio Optimization Report Manager =) 


@) Viewer 
PDF 
>) MS Word 
Rich Text Format 
MS Excel 
|| Set As Default 


T2 


Path 
C:\ETAP\Example-ANS! 


ra" 


XL 


You can view the report in the viewer, or select a format to print to e-mail by clicking one of the selection 
buttons (PDF, MS Word, Rich Text Format, or MS Excel). 
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The first page of the Complete Report gives the system input data and other cover page information as 
shown below: 


Electrical Transient A r Program 


Uni Transformer Tap Optimization 


Inp ut Parameters 
Z Variation % Tap Settimr 
Raed MVA Prim. kV Sec. kV %Z KR + 5% - 5% % Tol. Prim . Sec 
Transformer: 10,000 34,500 13,800 6.900 23.00 “15 21 tt) i) 0.000 
Primary Sile Secondary Side 
R (ohm } X (ohe ) R (ohm } X (ohm ) 
Cable: 6 0 0.01640 0.01476 
Nom aalkV % Variation (+) = % Variation {-) 
Sy stem : 34.500 5.00 -5.00 
Rated k V Y Variation Raed MW Max. Mvar Min. Mear 
Caerator: 13.800 +500 6.300 5.286 +2.534 
MW Moar MVA 
Auxiliary Load : 7.000 3.000 10,630 
System Frequemy: 60 Hs 
Unit System ; Exglish 
Project Filmame: EXAMPLE-ANSI 
Output Filename: CHETAP Examp he: ANSIN2 XS1 
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The second page of the Complete Report displays the calculated optimal transformer tap both in % and in 
kV. It then tabulates the system operating conditions under different system voltage and generator 
voltage. The covered system operating voltage range is from 95% to 105% of its nominal operating 
voltage, and the covered generator operating voltage range is also from 95% to 105% of its rated voltage. 
In this table, generator MW and Mvar generation, generator terminal voltage, and the transformer input 
power and output power are reported at the optimal tap setting. 


Cak ulation Method: Primary Tap Optimization 


Optimal T ap Positiore 

System Voltage 

kV % 
36.225 105,00 
35.363 =: 102.50 
34.500 100.00 
33.638 97,50 
32.775 95,00 

ETAP 


“Tap 
-6.50 
Generator Voltage 

kV ” 
14.503 105.10 
14,503 105.10 
4,503 105.10 
14.490 = 105.00 
14.107 = 102.22 
14.107 102.22 
4.490 = 105.00 
13.800 =: 100.00 
13.708 99.33 
14.125 102.35 
13.800 =: 100.00 
13.307 96.43 
13,748 99.63 
13,748 99.63 
13,110 95.00 


timal Transformer Ratio 


kV Tap 
32.258 
System Power Flow 
at 
Generator Output 
mw Moar % PF 
6,300 +2.334 92,78 
6,300 +2.334 92,78 
6,300 +2.534 92,78 
6.300 1.255 98.07 
6.300 +2.534 92,78 
6.300 -2.534 92.78 
6.300 5.197 77.26 
6.300 -1.672 96.65 
6.300 2.534 92.78 
6.300 5.286 76.61 
6.300 2.063 95.03 
6.300 2.534 92.78 
6,300 5.236 76,61 
6,300 5.286 76,61 
6,300 0,725 99,34 
32-13 


Transformer Output 
mv Moar % PF 
0,740 11,256 6.56 
0,740 11,256 6.56 
0,740 11,256 6.56 
0.716 7.044 10.12 
0.742 11.298 6.55 
0.742 11.298 6.55 
0.703 2.878 23.73 
0.737 10.345 7 
0.745 11.343 6.56 
0,703 2.768 24.63 
0.714 6.192 1146 
0.747 11.392 6.55 
0,703 2.771 24.69 
0,702 2.771 24.57 
0,733 9333 783 


Transformer Inp ut 

Mw Moar % PF 

-0,700 10,534 6.63 
-0,700 10,534 6.63 
0,700 10,534 6.63 
-0.700 6,745 10,32 
-0.700 -10,534 6.63 
-0.700 -10,.534 6.63 
-0.700 -2.823 24.07 
-0.700 -9.672 7.22 
-0.700 -10.534 6.63 
-0.700 2.714 24.97 
-0.700 5.937 171 
-0.700 10.534 6.63 
-0,700 “2,714 24,97 
-0,700 2.74 24.98 
-0,700 -8,725 8,00 
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Input Page 


This page provides the data format for input data. You can view the report in the viewer, or select a 


format to print to e-mail by clicking one of the selection buttons (PDF, MS Word, Rich Text Format, or 
MS Excel). 


f 7 
Turn-Ratio Optimization Report Manager x=) 


® Viewer 
») PDF 
») MS Word 


») Rich Text Format 
» MS Excel 
[] Set As Default 


T2 


Path 
C:\ETAP\Example-ANSI 


. 


The Cover Data Report gives the input data. This report is the same as the first page of the the Complete 
Report. 
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Result Page 


This page provides different data formats for calculation results. 


c ’ 
Turn-Ratio Optimization Report Manager ==) 


© Viewer 

© PDF 

© MS Word 

© Rich Text Format 
») MS Excel 

Set As Default 


C\ETAP\Example-ANS] 
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The following is a sample of the Results Report: 


Op timal Tap Position: 


System Voltage 
kV % 


36.225 105.00 


35.363 102.50 


34.500 100.00 


33.638 97.50 


32.775 95.00 


ETAP 


% Tap 
-6.50 
Generator Voltage 

kV % 
14.755 106.92 
14.755 106.92 
14.755 106.92 
14.490 105.00 
14.365 104.10 
14.365 104.10 
14.490 105.00 
13.975 101.27 
13.975 101.27 
14.125 102.35 
13.800 100.00 
13.584 98.43 
13.748 99.63 
13.748 99.63 
13.190 95.58 


Generator Out ut 


MW 
6.300 
6.300 


6.300 


6.300 
6.300 


6.300 


6.300 
6.300 


6.300 


6.300 
6.300 


6.300 


6.300 
6.300 


6.300 


Myar 
0.000 
0.000 


0.000 


1.255 
0.000 


0.000 


5.177 
0.000 


0.000 


5.286 
2.063 


0.000 


5.286 
5.286 


0.000 


32-16 


% PF 
100.00 
100.00 


100.00 


98.07 
100.00 


100.00 


77.26 
100.00 


100.00 


76.61 
95.03 


100.00 


76.61 
76.61 


100.00 


ystem Power Flow 


at the Op timal Transformer Ratio 


Transformer Oud ut 


Mw 
0.722 
0.722 


0.722 


0.716 
0.724 


0.723 


0.703 
0.725 


0.725 


0.703 
O714 


0.727 


0.703 
0.702 


0.728 


Mvyar 
8.404 
8.404 


8.404 


7.044 
8.426 


8.426 


2.878 
8.450 


8.450 


2.768 
6.192 


8.477 


2.771 
2.771 


8.505 


% PF 
8.56 
8.56 
8.56 


10.12 
8.56 


8.55 


23.73 
8.55 
8.55 


24.63 
11.46 


8.54 


24.60 
24.57 


8.53 


Transformer Input 


Mw 
-0.700 
-0.700 


-0.700 


-0.700 
-0.700 


-0.700 


-0.700 
-0.700 


-0.700 


-0.700 
-0.700 


-0.700 


-0.700 
-0.700 


-0.700 


Mvyar 
-8.000 
-8.000 


-8.000 


-6.745 
-8.000 


-8.000 


-2.823 
-8.000 


-8.000 


-2.714 
-5.937 


-8.000 


-2.714 
-2.714 


-8.000 


% PF 
8.72 
8.72 
8.72 


10.32 
8.72 


8.72 


24.07 
8.72 
8.72 


24.97 
1171 


8.72 


24.97 
24.98 


8.72 
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DC Short-Circuit Analysis 


To assure the safe operation of DC systems, whenever there are any changes in the system related to 
sources, loads, and power transmission components, a DC Short-Circuit Analysis must be carried out to 
evaluate system conditions under a fault and assess protective device ratings. A complete short-circuit 
calculation should provide details of fault current variations at the fault location as well as for 
contributing branches, from the initiation of the fault to its end. Due to the complexities involved in 
source behaviors and the nonlinearity characteristics of the equipment, such calculations are very 
extensive and therefore the maximum short-circuit current is often calculated for examination of 
protective device ratings. 


rc : 
% Study View=>DC System (DC Short-Circuit Analysis) - ETAP 14.0.0 (64-bit) Srey) 
File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 
Bea 2&8 & H®*QqeaSkh oa BRB Ss & AA @. | & eample detaut > Phase -S7. 
3K Base > "By study view > DC System + “& Normal > [Fy ee, im BB csc + tf vesc > ERS Battery ao 
PQ + CO eel a fits qa PQ HK <5 1p 
— EF ArT Ww oo tPHA BR hy 22 eo Sf N2 


ices 


tem (DC Short-Circuit Analysis) 
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For Help, press Fi ie + || Base 
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In compliance with IEEE Standard 946, the ETAP DC Short-Circuit Module calculates the total fault 
current, current contributions from different sources, and the rise time constant of the total fault current. It 
can conduct calculations on both radial and looped systems. The fault under consideration is a short- 
circuit between the positive and the negative terminals at the fault location. The contributing sources to 
the short-circuit current include charger/rectifier, UPS, battery, and DC motor. These sources can be 
modeled as a constant current source or a constant voltage source behind an impedance. For a 
charger/rectifier source, the AC system equivalent impedance on the AC side can also be considered. 


For each DC protective device, ETAP calculates the bus fault current as well as the maximum current that 
flows through the device and flags the user in a prominent color for underrated devices. 


The calculation results are reported in a Crystal Reports format as well as in a one-line diagram display. 
The Crystal Reports format provides detailed information about the study, including all the input data 
used in the calculation, fault current, contributions from different sources, and device rating validation 
summary, etc. The user can customize the format and content of the Crystal Reports output report. The 
one-line diagram display provides you with a direct visual representation of the system under fault 
conditions. It displays the short-circuit current at the faulted bus, fault current contributions on 
surrounding branches, as well as the system voltage profile under the fault. 
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33.1 Study Toolbar 


The DC Short-Circuit Study toolbar will appear on the screen when you are in DC Short-Circuit Study 
Mode. 

Run DC Short-Circuit Analysis 

DC Short-Circuit Display Options 

DC Short-Circuit Report Manager 


Halt Current Calculation 


Get Online Data 


Get Archived Data 


Run DC Short-Circuit Analysis 


Click on this button to run a DC short-circuit calculation. 


Display Options 


Click on this button to customize the information and results annotations displayed on the one-line 
diagram in DC Short-Circuit mode. 


DC Short-Circuit Report Manager 


Click on this button to open the DC Short-Circuit Report Manager. You can specify the Crystal Reports 
format for your output reports here. A detailed explanation of the DC Short-Circuit Report Manager is in 
the Output Reports section. 


Halt Current Calculation 
Click on the Stop Sign button to halt the current calculation. 


Get Online Data 


If the ETAP key installed on your computer has the online feature, you can copy the online data from the 
online presentation to the current presentation. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature, you can copy the archived data to the 
current presentation. 
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33.2 Study Case Editor 


The DC Short-Circuit Study Case Editor contains parameter settings required to perform a short-circuit 
calculation. The calculation results are dependent on these settings. When a new study case is created, 
ETAP provides you with the default parameters. However, you should check these parameters to make 
sure that they are set as required. 


33.2.1 Info Page 


On the Info page, you can select faulted buses and specify contribution level, etc. On the Info page, you 
can select faulted buses and specify contribution level, etc. 


DC Short-Circuit Study Case 


Info Source Model 


Study Case ID Report 
Contribution Level 


DCSC 


Update 
TCC Clipping Current 


Dont Fault 


DC Collector1 
LJ All Buses DC Collector 2 
dcBus3 


<< Fault 


~Fault >> 


Study Remarks 
Second line of remarks for "DCSC" study case. 


ig] (nese 


Study Case ID 


Enter a unique alphanumeric ID with a maximum of 12 characters. 


Report 


Specify the contribution level the report should encompass. 


Update 


TCC Clipping Current 
Check this to update TCC clipping current and base voltage in TCC kA page of DC protective devices. 
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Bus Selection 


Use this area to select which buses to Fault, Don’t Fault, or click on the All Buses checkbox to fault all 
buses. 


Note: You can fault buses (or remove faults) directly from the one-line diagram by right-clicking on the 
desired bus. 


Study Remarks 

You can enter up to 120 alphanumeric characters in this remark box. The information entered here will be 
printed on the second line of every output report page header. These remarks can provide specific 
information regarding each study case. The first line of the header information is global for all study cases 
and entered in the Project Information editor. 
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33.2.2 Source Model Page 


In the Source Model page, you specify the type of model for chargers and batteries, as well as what loads 
need to be considered in a study. 


DC Short-Circuit Study Case 
Info Source Model 
Charger Contribution Battery Contribution 
@ Editor Selection @ Editor Selection 


rt 


©) Constant Current © Constant Current 


O AC System Short Circuit Impedance O Voc Behind Battery Impedance 


Motor Intemal Voltage Short-Circuit Contributions Based on 
@ 100% of Motor Rated Voltage @ Load Status 
© Percent of Motor Rated Voltage O Loading Category 


© Both Above Options 


Ig} [pese 


Charger Contributions Based on 


A charger can be represented as a constant current source or a constant voltage source behind impedance. 
As a constant current source, it injects a constant current into the system when a fault occurs. 


Editor Selection 
Click on this option to select the model type as specified in the editor for individual chargers. 


Fixed SC Contribution 
Click on this option to use the constant current model for all the charges in the system. 


AC System Impedance 
Click on this option to use the constant voltage model for all the charges in the system. 


Battery Contributions Based on 


A battery can be represented as a constant current source or a constant voltage source behind impedance. 
As a constant current source, it injects a constant current into the system when a fault occurs. The current 
injected into the system is equal to a constant multiplied by its 1-minute discharge rate. 
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Editor Selection 
Click on this option to select the model type as specified in the editor for individual batteries. 


Constant Current (K*1-Min-Rating*String) 
Click on this option to use the constant current model for all the batteries in the system. 


Voc Behind Battery Impedance 
Click on this option to use the constant voltage model for all the batteries in the system. 


Motor Internal Voltage 


A motor, or the motor load portion of a lump load, is modeled as a constant voltage source behind an 
impedance. You can specify the internal voltage value by selecting one of the following two options: 


100% of Motor Rated Voltage 
Click on this option to use the motor rated voltage as the internal voltage. 


Percent of Motor Rated Voltage 
Click on this option to specify the motor internal voltage in percent based on the motor rated voltage. 


Short-Circuit Contributions Based on 


This group provides you with an option to skip certain load elements in a short-circuit analysis. 
Static loads are also considered in a DC Short-Circuit Analysis and their presence reduces total fault 
current. 


Load Status Only 

Select this option to include loads in the Short-Circuit Study based on load status. For the current system 
configuration, loads that have either the Continuous or Intermittent status will be considered in the study. 
Loads that have the Spare status will be excluded from the study. When this option is selected, all of the 
Composite CSD loads will be included in the study. 


Load Category Only 

Select this option to use the loading percent to determine which loads will be included in the short-circuit 
calculation. Once this option is selected, you can specify a loading category in the Loading Category 
selection box. All loads that have non-zero loading percent for the selected Loading Category will be 
included in the short-circuit calculation. 


Use Both Above Options 

Select this option to use both load status and loading category to determine loads to be included in the 
short-circuit calculation. When this option is selected, all the loads that satisfy either or both of the above 
two criterions will be included in the Short-Circuit Study. 
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33.3 Display Options 

The DC Short-Circuit Analysis Display Options consist of a Results page and three pages for AC, AC- 
DC, and Color information annotations. The colors and displayed annotations selected for each study are 
specific to that study. 


33.3.1 Results Page 


Display Options - DC Short-Circuit |p Sve 


Display Faulted Bus 
(©) Fault Current Rise Time-Constant (ms) 
(@) Equivalent Fault R (ohm) 

Display Contribution 

(| Converter 


wy 


wv 


Show Units 
When this box is checked the unit for the calculation results will be displayed on the one-line diagram 
along with the results. 
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Voltage 


Bus 
Click on this checkbox to display bus voltage on the one-line diagram. 


Bus Voltage Unit Selection 
From the drop-down list you can select to display bus voltage as a percentage or in volts. 


Display Faulted Bus 


Fault Current Rise Time-Constant 
Click on this option to display the fault current rise time-constant in ms for faulted buses. 


Equivalent Fault R 
Click on this option to display the equivalent fault resistance in ohms for faulted buses. 


Display Contribution 


Converter, Battery, & Load 
Click on any or all of these checkboxes to display short-circuit contribution from these components on the 
one-line diagram. 
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33.3.2 AC Page 


This page includes options for displaying info annotations for AC elements. 


. 
Display Options - DC Short-Circuit les 


Cable / Bus Duct 


Composite Motor 
Composite Net [¥] [¥] [¥I 


[] Use Default Options {¥] Show Equipment Cable 


Ca) [ice 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Gen. (Generator) kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type Number of Phases - Number of Wires) 
Transformer kVA/MVA 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line Number of Cables - Number of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay 50/51 for Overcurrent Relays 
PT & CT Transformer Rated Turn Ratio 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 
Motor % LRC 


Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 
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D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 


For transformers, the operating tap setting for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Motor 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 


color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options 
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33.3.3 AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 
Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 
VFD HP/kW 

kV 


Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, output, & DC FLA 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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33.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - DC Short-Circuit |p 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 


Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


a 
Theme Editor a 


Theme | ETAP (Default) x| Color Code | Phase 


[ Layer | 3Phase | 1-Phase | Fomats | Voltage | Feeder | Area _| Grounding/Earthing | Font 


Standard Bement Colors 
Composite 


Energized 


De-energized 
Pins 


Selected 


Hh) 'T: 
IT 


| 
as | 
| 
Faulted Bus [x 
a 
| 
a 
=| 


Annotation 
Alarm Hyperlink = 
Warning Visited Hyperlink =a) 
No Tag Online Meter | 
Acknowledged Playback Meter | 
Bad Quality 
Zoom Grid Faulted Bus 
Color Color Color 
Transparency 80 Size 16 Symbol 
Style |————— 
Background 


fap) (Sete Saco] (eo) (5K) (eee 


Theme Editor 

The Theme Editor allows you to select existing color themes or define a new color theme. Note that color 
themes are applied globally within a project file. Changes made on a color theme displayed on this page 
may also affect other modes and presentations if the color themes option has been previously selected. 
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33.4 Calculation Methods 


The ETAP DC Short-Circuit module can perform fault analysis for a radial or a looped system. It 
calculates the maximum system fault current and contributions from individual sources. The fault under 
consideration is assumed to be a short-circuit between the positive and negative terminals at the fault 
location. Fault current contributing sources include chargers/rectifiers, UPS, batteries, and DC motors. 
These sources can be modeled either as constant current sources or constant voltage sources behind 
impedance, as specified by the user. It is assumed that these sources will reach their maximum 
contribution level at the same time, which results in a conservative solution. ETAP also calculates the rise 
time of fault current based on the equivalent R and L at the fault location. When calculating short-circuit 
current, inductance values for all of the system components are neglected. These inductance values are 
used in calculating fault current rise time. 


33.4.1 Procedure for DC Short-Circuit Calculation 


In a DC short-circuit calculation, a contributing source may be represented by different models, either as a 
voltage source or as a current source. Even the sources that are represented as constant voltage sources 
may have different per unit values. This is different from the AC short-circuit calculation by the IEEE 
method, where a prefault voltage is specified and a circuit network is solved to find the fault current. In 
the DC short-circuit calculation, a two-step procedure is adopted that applies the superposition theorem to 
calculate fault current. The two steps are voltage profile calculation and short-circuit current calculation. 


In the first step of the calculation, the short-circuit current sources such as charger, UPS, battery, and 
motor are modeled as specified in the study case editor and individual element editors. They may be 
modeled as constant current sources or as constant voltage sources behind impedance. Based on this 
system, a load flow calculation is conducted to determine system voltage profile and current flows. These 
voltage values will be used in the second step as the prefault voltage for short current calculation. 


In the second step of the calculation, the program calculates fault current and contributions for each bus to 
be faulted with the bus voltage calculated in the first step as the prefault voltage. 


In addition to fault current, the program also calculates the equivalent R and L at the faulted bus, based on 
the separate R and L network. Using the equivalent R and L, it calculates the current rise time constant for 
the fault. 


33.4.2 Short-Circuit Current Rise Time Constant Calculation 


The short-circuit current reaches its maximum value at a rate depending on the system configuration and 
the resistance and inductance values of all the elements in the system. For a radial system, it depends on 
the system R/L ratio, which is simple to calculate. However, for a looped network with multiple sources, 
it is rather complicated to determine the rise time constant of the short-circuit current. 


ETAP calculates the rise time constant based on the equivalent R and L at the fault location. 
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33.4.3 Device Rating Evaluation 


One of the major purposes of conducting a short-circuit calculation is to evaluate the device rating under 
fault conditions, such as bus rating and protective device ratings. For each DC protective device, ETAP 
calculates the bus fault current and the maximum current that flows through the device. The program then 
compares the device rating against the maximum through current. If an underrated condition occurs, 
ETAP will flag the underrated condition in the text report as well as in the one-line display. 


33.4.4 Component Models 


Charger 


A charger can be represented as a constant current source or a constant voltage source behind an 
impedance. As a constant current source, it injects into the system a constant current equal to its rated 
current multiplied by the Imax specified in the Rating page of the charger editor. 


When modeled as a constant voltage source behind impedance, the rated voltage is used as the internal 
voltage. The AC system Z specified in the Short-Circuit page of the Charger editor is converted to the DC 
side and used as the impedance in the model. 


UPS 


A UPS (Uninterruptible Power Supply) is represented as a constant current source. It injects into the 
system a constant current equal to its rated current multiplied by the Imax specified in the Rating page of 
the UPS editor. 


Battery 


A battery can be represented as a constant current source or a constant voltage source behind impedance. 
As a constant current source, it injects into the system a constant current equal to its 1 minute discharging 
current multiplied by a K factor specified in the Short-Circuit page of the Battery Editor. 


When modeled as a constant voltage source behind impedance, the internal voltage depends on the option 
selected in the Battery Editor. These options include using the rated voltage or the value calculated based 
on the battery specific gravity and minimum operating temperature. 


DC Converter 


A DC converter is used to change the voltage level in a DC system. If a fault occurs on the output side of 
the system, the DC converter is modeled as a constant current source injecting into the system a constant 
current. This current is equal to its rated current multiplied by the Imax specified in the Rating page of the 
DC Converter Editor. 


When calculating fault current contributions, the calculation does not extend into the input side of the 


system. In case a DC converter has the same input and output rated voltage values and is involved in any 
loop as the only DC converter, the calculation will stop and post a message to inform the user. 
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DC Motor 


A DC motor is modeled as a constant voltage source behind impedance. The internal voltage value can be 
specified in the DC Short-Circuit Study Case Editor. The impedance is specified in the Short-Circuit page 
of the DC Motor Editor. 


DC Lumped Load 


The constant power portion of a DC lumped load is modeled as a constant voltage source behind an 
impedance. The internal voltage value can be specified in the DC Short-Circuit Study Case editor. The 
impedance is specified in the Short-Circuit Imp page of the DC Lumped Load editor. 


Note: Only the motor loads of the lumped loads contribute short-circuit currents, i.e., if the percent motor 
load of a lumped load is greater than zero, the motor load part will be modeled the same as a DC motor. 
The static load part will be represented as a static load and the constant current load portion will be 
ignored in the short-circuit calculation. 


DC Static and Composite CSD Loads 


DC static loads are included in short-circuit calculations. The presence of static loads provides shunt paths 
for short-circuit current and hence reduce the total fault current. A Composite CSD (CCSD) load is 
treated the same as a Static load. 


DC Cable 


In order to achieve conservative results, in a DC short-circuit analysis, the cable resistance is calculated at 
the minimum temperature entered in the Cable editor. Note that ETAP automatically doubles the cable R 
& L values for calculations to represent both the positive and negative cables. 


Photovoltaic (PV) Panel 


The short circuit contribution of a PV panel is based on Voc, Isc, Vmp, and Imp. If the PV panel is the 
only source in a sub-system, one PV will be constant V source and its internal V is adjusted to meet the 
short circuit curve. All other PV panels will be modeled as a constant current (I) source with short circuit 
current injection determined by the panel terminal voltage and short circuit curve. The following table 
lists consideration of PV panel and inverter in DC Short Circuit: 


Element Type Modeling Comment 

PV Array N/A SC Source | It is modeled by a 3-point curve. PV panel short circuit 
contribution depends on its terminal voltage. It requires 
iterative short circuit calculation. 

Inverter | All Types Not Inverter will not be included in DC short circuit 
Included calculation. 


ETAP 33-19 ETAP 19.0 User Guide 


DC Short-Circuit Analysis Required Data 


33.5 Required Data 
33.5.1 Source 


Charger 


Info Page 
e Charger ID 
e Bus connection data 


Rating Page 
e All data in this page is required for DC Load Flow calculations 


SC Page 
e Data in the SC Contribution for DC System section 
e AC System Z data is required if the Based on AC System Z option is selected 


UPS 


Info Page 
e UPSID 
e Bus connection data 


Rating Page 

e AC rating data 

e DC rating data 

e Auction diode option 


SC Imp Page 
e SC Contribution to DC System section data 


Battery 


Info Page 

e Battery ID 

e Bus connection data 
e Number of strings 


Rating Page 
e Number of cells 


SC Page 

e Battery Library type data: Rp, time constant, SG, VPC, and 1-min-rating 
e Short-circuit model data 

e External impedance data 

e Voc per cell data 
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33.5.2 Load 


DC Motor 


Info Page 

e Motor ID 

e Bus connection data 
e Configuration status 
e Quantity 


Rating Page 
e Rating data 
e Load category data 


SC Page 
e SC parameters 


Lump Load 


Info Page 

e Lump load ID 

e Bus connection data 
e Configuration status 


Rating Page 

e Rating section data 

e Motor/static load percent 
e Load category data 


SC Imp Page 
e SC parameters 


Static Load 


Info Page 
e §©Static load ID 


e Bus connection data 
e Configuration status 
e Quantity 

Rating Page 


e Rating section data 
e Load category data 
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CCSD Load 


Info Page 
e CCSD load ID 
e Bus connection data 


Rating Page 
e Rating section data 
e Load category data 


33.5.3 Branch 


DC Cable 


Info Page 

e Cable ID 

e Bus connection data 

e Cable length 

e Number of cables per phase 


Impedance Page 

e Cable resistance and inductance 

e Units section data 

e Base and minimum operating temperature 


DC Impedance 


Info Page 

e DC impedance ID 

e Bus connection data 

e Impedance resistance and inductance 


DC Converter 


Info Page 
e DC converter ID 
e Bus connection data 


Rating Page 


e Rating section data 
e SC contribution data 
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33.5.4 Protective Device 


If the data for a protective device has been entered by the user, the DC short-circuit calculation will 
compare the short-circuit current against device rating and flag the user if the device is underrated. 


DC CB 

Info Page 

e ID 

e Bus connection data 
e Rated V 

e SCkA 

DC Fuse 

Info Page 

e ID 


e Bus connection data 
Rating Page 


e Rated V 
e Interrupting kA 


DC Single-Throw Switch 


Info Page 

e ID 

e Bus connection data 
e Rated V 

e Momentary kA 


DC Double-Throw Switch 


Info Page 

e ID 

e Bus connection data 
e Rated V 

e Momentary kA 
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33.5.5 Bus 


DC Bus 


Info Page 
e ID 
e Nom. V 
e Initial Voltage 


33.5.6 Study Case 


Similar to any other study, you are always required to run a DC short-circuit calculation. When a DC 
short-circuit calculation is initiated by the user, ETAP uses the study case currently showing in the study 
case editor in the calculation. Every field in a study case has its default value. However, it is important to 
set the values in the study case correctly to meet your calculation requirements. 
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33.6 Output Reports 


The DC short-circuit calculation results are reported both on the one-line diagram and in the Crystal 
Reports format. The graphical one-line diagram displays the calculated fault currents, time constant for 
current rise, equivalent resistance at the faulted bus, as well as fault contributions from neighboring buses. 
You can use the Display Options editor to specify the content to be displayed. It also flags underrated 
protective devices in red. 


The Crystal Reports format provides you with detailed information for a DC Short-Circuit Analysis. You 
can utilize the DC Short-Circuit Report Manager to help you view the output report. 


33.6.1 DC Short-Circuit Report Manager 


To open the DC Short-Circuit Report Manager, click on the Report Manager button on the DC Short- 
Circuit toolbar. The editor includes four pages (Complete, Input, Result, and Summary) representing 
different sections of the output report. The Report Manager allows you to select formats available for 
different portions of the report and view it via Crystal Reports. There are several fields and buttons 
common to every page, as described below. 


Output Report Name 
This field displays the name of the output report you want to view. 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will close the editor. Click on the Cancel button to close the 
editor without viewing the report. 
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Complete Page 


On this page there is only one format available, Complete, which opens the complete report for the DC 
Short-Circuit Study. The Complete Report includes Input Data, Results, and Summary Reports. 


f , 
DC Short-Circuit Report Manager (eS 


@) Viewer 
© PDF 
MS Word 
© Rich Text Format 


© MS Excel 
("| Set As Default 


DCSC 


Path 
C:\ETAP\Example-ANS! 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 


Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type. They 
include: 


Battery 
Branch 
Bus 

Cable 
Converter 
Cover 
Impedance 
Loads 


Gi 
DC Short-Circuit Report Manager (eS 


© Viewer 

© PDF 

© MS Word 

© Rich Text Format 


» MS Excel 
[] Set As Defautt 


DCSC 


Path 
C:\ETAP\Example-ANS! 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 


Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Result Page 


This page allows you to select formats to view the short-circuit result portion of the Output Report. 


f~ 
DC Short-Circuit Report Manager (wml 


@ Viewer 
» PDF 
© MS Word 


>) Rich Text Format 
») MS Excel 
[] Set As Default 


XM 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Summary Page 


This page allows you to select formats to view summary reports of the Output Report. The only summary 
report format available is the Interrupting Current format. 


fo , 
DC Short-Circuit Report Manager (wom 


® Viewer 
© PDF 
MS Word 
© Rich Text Format 


© MS Excel 
("| Set As Default 


DCSC 


Path 
C:\ETAP\Example-ANS! 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


M 
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33.6.2 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the output report, which is listed in the Study Case toolbar with the selected format. 
In the picture shown below, the output report name is DCSC and the selected format is Complete. 


Interrupting Current 
Loads 

PV Array 
Short-Circuit Report 


33.6.3 Input Data 


Input data are grouped together according to element type. The following are some samples of input data. 


Cable & Impedance Data 


The cable and impedance input data page prints resistance and inductance values for these branches, 
along with connection information. The resistance value for cables has been adjusted to the minimum 
operating temperature. The inductance value is used to calculate time constant for fault current rise. 
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CABLE Input Data 


Cable Connected Buses Ohms or Micro H / 1000 fiper Conductor 

1D From To Lift) ph T(C) R L 
Cable 15 De Busl De Bus2 100.0 1 25 0.01554 101.06 
Cable 16 Dc Bus2 De Bush 200.0 1 25 0.01554 101.06 


Lire / Cable resistance are listed at the specified temperature. 


IMPEDANCE Input Data 


Impedance Connected Buses Impedance 
D From To (Cm) (2100 Mab 
DChp 1 De Bus3 Dc Bus4 0.00155 1984.00 


Converter Input Data 

The converter input data section includes converter rating and the model used in the study. UPS and DC 
converters are always represented as constant current sources. A charger may be modeled as a constant 
voltage source behind system Z or a constant current source, depending on the selection in the DC Short- 
Circuit Study Case Editor and the Charger Editor. When modeled as a constant V behind system Z, the 
constant V is the charger AC input bus voltage converted to the DC side based on the rated voltage ratio. 
The value is printed in the V.,; column. 


CONVERTER Input Data 


Converter Info. Rating Const. I Model Const. V Behind System Z 
D Type kVA VaukV) Vout) Kec (es) FLA Iéc eR tet SR Voy 
DCComvl DC Converter 250.00 250.00 125.00 150.0 1800.0 2700.0 
Chargerl Charger 500.0 0.480 250.00 166.6 4997.2 30.0 100.0 
Upsl UPS 222.00 0.480 0480 kV 150.0 1688.9 2533.33 
Load Data 


The load data section prints input data for motors, lump loads, static loads, and CCSD loads. The Vin 
column shows the internal voltage of motors and the motor load portion of lump loads. 
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LOADS Input data 


Load Rating Z (Ohm / Micro Henry) 
ID Type Cormected Bus ¥ HPA W MTRR MTRL St. LdR Vint 
DCLumpl Limp Load DcBus4 125.0 100.000 0.01953 0.00000 0.78125 125.00 
DC StLoadl Static Ld = DecBus3 125.0 20.000 0.78125 
DCED1 ED Load DcBus2 250.0 50.000 1.25000 
DCMachl Motor DeBush 250.0 25.000 0.22500 135.00003 250.00 
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33.6.4 Short-Circuit Report 


This section of the report shows the calculation results, arranged in such a way that each faulted bus is 
started from a new page. It shows the total fault current as well as bus voltage and short-circuit 
contributions from the neighboring buses up to the level specified in the DC Short-Circuit Study Case 
editor. It also prints the equivalent R and L at the faulted bus and the time constant for fault current rise. 


Short-Circuit Report 


Faulted Bus; DeBus2, Nominal ¥= 250.00 
Conirib ution Fault Current 
From Bus ID To D % Vf From But kA (To Bus) 

De But2 Total 0.00 15.26 
DCED1 Dc Bus2 0.00 0.00 
Battery1 Dc Bus2 0.00 0.84 
De Busl Dc Bus2 7.07 5.69 
De Buss Dc Bus2 21.72 8.74 
De Bus4 Dc Bus2 165.54 0.00 


EquivalentR = 1 899E-002 ohm 
EquivalentL = 1.548E-005 Henry 


Time Constant forCurrent Rise = 7.097E-0045 econd 
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33.6.5 Short-Circuit Summary 


The Summary page presents the comparison between fault current and protective device capability. In 
order for the program to make the comparison, the interrupting capability has to be entered from the 
editors of individual protective devices. The kA Fault Current column prints the total bus fault current as 
well as the maximum fault current flowing through the protective device. If the device capability is less 
than the maximum fault current for a device, a flag will be raised for the device. 


Interrupting Current 


Bus Info. Device Info kA Fault Current Device Cap ability 
D v ID Type Bus Fault Max F kA 
Dc Bus2 250.000 None 15.263 15.263 
Dc Bus2 250.000 DCCB3 CB 15.263 15.263 18.000 
Dc Bus2 250.000 DCCBE2 CB 15.263 15.263 19.000 
Dc Bus2 250.000 DCRFite 1 Fate 15.263 14.423 22.000 
De Buss 250.000 None 16.360 16.360 
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DC Arc Flash 


The ETAP DC Arc Flash analysis module uses several methods to determine the level of incident energy 
which can be generated by different direct-current electric circuits. The program is fully compatible with 
the ETAP DC Short-Circuit calculation program which has been an industry standard for the analysis of 
DC equipment faults for many years. The program can be used to determine the arc flash energy for 
industrial, nuclear, data centers, electrochemical, petrochemical and any other DC electrical applications. 


The DC arc flash incident energy and arc flash boundaries are determined based on the equations and 
methodology presented in the following documents 


e National Fire Protection Agency (NFPA) 70E-2018 
e DC Arc Models and Incident Energy Calculations Paper No. PCIC-2009-07 


e Arc Flash Calculation for Exposures to DC Systems, IEEE Transactions on Industry Applications 
Vol. 46 NO. 6 November / December 2010 


ETAP DC Arc Flash is a fully integrated module that takes advantage of all the capabilities already built 
into ETAP. The program automatically determines the DC Short-Circuit current. It also calculates the 
individual DC arcing current contributions and arc fault clearing time of all the protective devices 
involved in the arc fault by interfacing with ETAP Star (Protective device selectivity and coordination 
module). In addition, ETAP considers the equipment construction (enclosed or open air) to determine 
the level of energy exposure. 


With DC arc flash, you can perform arc flash analysis for a single bus or multiple buses at a time. It has 
built-in tools like the DC Arc Flash Report Analyzer and summarized results at every DC bus or node. 
ETAP also includes typical boundaries, equipment gap between conductors and working distances from 
IEEE 1584 and NFPA 70E to minimize the data entry requirements. 


ETAP DC arc flash provides sophisticated reporting which literally shows the arc flash results for every 
location on the one-line diagram or in comprehensive analysis reports for every location. The program 
gives you the ability to print or create custom MS Excel report by using the export feature from the DC 
AF Report Analyzer. It also includes built-in Summary Crystal Reports for all the faulted buses in the 
systems, which include the arc flash boundary and energy level. The final analysis results can be shown 
on arc flash labels that can be placed on the equipment. The labels contain the necessary information to 
convey the arc flash energy level in multiple languages or unit systems. 
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34.1 DC Arc Flash Toolbar 


The DC Arc Flash Study toolbar will appear on the screen when you are in DC Arc Flash Study Mode. 


Run DC Arc Flash Analysis 
Create Star View 

Star View Manager 

Display Options 

Report Manager 

DC Arc Flash Result Analyzer 
Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run DC Arc Flash Analysis 


Click on this button to run a DC Arc Flash calculation. 


Create Star View 


Click this button to generate a new Star presentation. A Star View is a presentation that may contain 
network paths (a set of one or many elements that reside in the one-line diagram) and their specific plots. 


To activate the Create Star View toolbar button, select an element or a group of elements on the one-line 
diagram. This is called rubber-banding a zone for a selected Configuration. Composites (nested networks) 
can be opened up, rubber-banded, and grouped with their external connecting elements for coordination. 


Star View Manager 


Click this button to launch the Star View Manager editor. 


Display Options 


Click on this button to customize the information and results annotations displayed on the one-line 
diagram in DC Arc Flash mode. 


Report Manager 


DC Arc Flash Output Reports are provided in Crystal Report format. The Report Manager provides five 
pages (Complete, Input, Label, Result, and Summary) for viewing the different parts of the output report. 
Available formats for Crystal Reports are displayed in each page of the Report Manager for DC Arc Flash 
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studies. You can open and save the report in PDF, MS Word, Rich Text Format, or Excel format. If you 
wish this selection to be the default for reports, click the Set As Default checkbox. 


DC Arc Flash Result Analyzer 

Click on this button to open the DC Arc Flash Result Analyzer. The purpose of the DC Arc Flash Result 
Analyzer is to provide an easy way for the electrical engineer to analyze arc flash results from several 
scenarios. 


Halt Current Calculation 
Click on the Stop Sign button to halt the current calculation. 


Get Online Data 


If the ETAP key installed on your computer has the online feature, you can copy the online data from the 
online presentation to the current presentation. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature, you can copy the archived data to the 
current presentation. 
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34.2 DC Bus Editor 


The DC Bus Editor contains all the input data fields needed for the DC Arc Flash calculation. The pages 
that have information related to arc flash are the Info page, AF Parameters page, and the Arc Flash page. 


34.2.1 Info Page 


The only parameter which is related to arc flash on the DC Bus Info page is the Bus nominal Voltage. 
ETAP uses the nominal V value to allow you to select the right set of typical data. The Equipment ID and 
Equipment name may be displayed on certain arc flash label templates as well. 


34.2.2 AF Parameters Page 


The AF Parameters page contains information about equipment type (i.e., Panelboard, LV switchgear, 
Battery Rack, etc.). It also contains typical data for approach boundaries. This page contains some typical 
values to describe the Box (enclosed) equipment construction. The typical values were obtained from the 
DC arc models and incident energy calculations paper. The AF Parameters page also includes information 
about the required insulated glove class for DC Voltage. 


Info AF Parameters Arc Flash Loading Remarks Comment 


—_ 


Equipment Properties 
Type |Panelboard v| Open Air @ Box 
Width 305 Height 356 mm Depth 191 mm 
Reflectivity Coefficients a 100 mm k} 0.127 
Conductor/Electrode Properties 
Gap Between Conductors/Hectrodes 20 mm 
Orientation Vertical v Termination | Open Tips v 
Conductor Type Copper v 
Shock Protection (NFPA 70E) 
© Limited Approach Boundary 10°0" |ftin Exp. Movable Conductor 
Print on Label 
@ Limited Approach Boundary 36" = | Rn Fixed Circuit Part 
Restricted Approach Boundary 10" | Ran 
insulating Glove Class [00 | V-Rating| 750 |V Typical Data 
Shock Hazard when _ [covers removed v 


Automatically Update Arc Flash Parameters 


BOs Wax 1) BHD) [0% | [co 
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Equipment Properties 


Type 
The Type dropdown list allows you to select or enter the DC equipment type being model for DC arc 
flash Analysis. The list has been pre-populated with the following options: 


Panelboard 

LV Switchgear 

MV Switchgear 
Junction Box 
Exposed Conductors 
Battery Rack 
Battery Terminals 
Battery Disconnect 
Overhead Conductor 


The option to type in and define the actual type of equipment being modeled is also available. 


Note: The equipment type is used for information only and it does not affect the calculation; however, 
entering the correct equipment type description is useful for label printing and reporting purpose. 


If the option “Automatically Update Arc Flash Parameters” is enabled, the fields in the DC bus editor 
related to arc flash are immediately populated with typical IEEE 1584 and NFPA 70E boundaries and 
working distances. 


Note: The Gap between Conductors / Electrodes, Width, Height, Depth, and Reflectivity coefficients are 
not listed in IEEE 1584 or NFPA 70E Standards. The typical values for these parameters come from the 
DC Arc Models and Incident Energy Calculations Paper. 


Width 

If the equipment is enclosed, this field displays the width of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


Height 

If the equipment is enclosed, this field displays the height of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


Depth 

If the equipment is enclosed, this field displays the depth of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


a&k 


The reflectivity constants are used when determining the incident energy. They are properties of the 
enclosure and are determined based on the dimensions of the box/enclosure. These constants are used 
when determining the incident energy based on the Stokes & Oppenlander or Paukert methods. 
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Please refer to "DC Arc Models and Incident Energy Calculations Paper No. PCIC-2009-07" for below 


typical data. 


: *Enclosure Dimension Default Values 
Sample Equipment Width Height 
Type a (mm) k ‘anu (ca Depth (mm) 
Panelboard 100 0.127 305 356 191 
LV Switchgear 400 0.312 508 508 508 
MV Switchgear 950 0.416 1143 762 762 


Conductor/Electrode Properties 


Gap Between Conductors / Electrodes 

The gap between conductors for DC equipment is not defined in IEEE 1584 or NFPA 70E documents. 
The main reason is that the most common analysis method, which is called “Maximum Power Method”, 
does not utilize the gaps. In ETAP, the default value has been set to 20 mm. This default value was 
selected based on the DC arc models and incident energy calculations reference. It was also selected as a 
default value because DC arcs can be generated at this gap distance for lower voltages (120 ~ 250 Volts 
dc). 


ETAP has two additional calculation methods which are called “Stokes & Oppenlander” and “Paukert”. 
For these methods the gap between conductors is a critical parameter to determine the arcing current. It is 
highly recommended that a proper value be selected based on the actual equipment distance between the 
Anode and Cathode as shown in the image below. 


|-Gap betwen conductors _ 


| Cathode 


Orientation 

This is the orientation of the conductors / electrodes. The orientation field will be used as an input field as 
future calculation methods become available. In this version of ETAP it is used for information purposes 
only. 


Termination 

This field allows the user to enter the type of conductor / electrode termination. The termination field will 
be used as an input field as future calculation methods become available. In this version of ETAP it is 
used for information purposes only. 
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Conductor Type 

This field allows the user to enter the material of the conductor / electrode. The conductor type field will 
be used as an input field as future calculation methods become available. In this version of ETAP it is 
used for information purposes only. 


Typical Data 
This button works in similar way as AC arc flash. It provides the ability to update the typical approach 
boundaries to energized conductors or circuit parts for shock protection. 


Note: The Gap between Conductors / Electrodes, Width, Height, Depth, and Reflectivity coefficients are 
not updated when using this option. There are no available typical values in the standards for these 
parameters at this time. 


The Typical Data button brings in default values and ranges for the Limited, Restricted, and Prohibited 
Approach Boundaries. 


Limited Approach Boundary to Exp. Movable Conductor 

The Limited Approach Boundary (LAB) is defined according to NFPA 70E-2018, as the approach limit at 
a distance from an exposed energized electrical conductor or circuit part within which a shock hazard 
exists. 


The LAB for exposed movable conductors is the distance, which unqualified persons may not cross when 
approaching a conductor that is not properly braced in a fixed position. The value should be entered in 
feet-inch format or meters. The default value is the minimum value allowed in NFPA 70E-2018 table 
130.4 (D)(b) (Shock Protection Approach Boundaries to Exposed Energized Electrical Conductors or 
Circuit Parts for Direct, Direct Current Voltage Systems). 


Limited Approach Boundary to Fixed Circuit Part 

The Limited Approach Boundary for Fixed Circuit Parts is the distance, which unqualified persons may 
not cross when approaching a conductor that is fixed (not movable). The value should be entered in feet- 
inch format or meters. 


Defaults for Limited Approach Boundaries 

The range and default values for the Limited Approach Boundaries are defined according to the values 
listed in NFPA 70E-2018 table 130.4 (D)(a) (Shock Protection Approach Boundaries to Exposed 
Energized Electrical Conductors or Circuit Parts for Direct, Direct Current Voltage Systems). If you click 
the Typical Data button, the values will be automatically updated according to the values listed in the 
table below. If you change the Bus nominal kV, the values will be reset back to the default boundaries. 
The table below lists the default limited approach boundaries. 
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Limited Approach Boundary for Different Voltage Levels (NFPA 70E 2018) 


Limited Approach Boundaries 
Bus Nominal kV Exposed Movable Boundary Exposed Fixed Circuit Part 
Range 
Default (ft-in) Range (ft-in) Default (ft-in) Range (ft-in) 
<0.001kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.001 kV to 0.300 kV 10’ 0” 10’ 0” to 30’ 0” 3” 6” 3’ 6” to 30’ 0” 
0.301 kV to 1 kV 10’ 0” 10’ 0” to 30’ 0” 3b” 3’ 6” to 30’ 0” 
1.1kV to 5kV 10’ 0” 10’ 0” to 30’ 0” 5’ 0” 5’ 0” to 30’ 0” 
5.1kV to 15kV 10’ 0” 10’ 0” to 30’ 0” 5’ 0” 5’ 0” to 30’ 0” 
15.1kV to 45kV 10’ 0” 10’ 0” to 30’ 0” 8’ 0” 8’ 0” to 30’ 0” 
45.1kV to 75kV 10’ 0” 10’ 0” to 30’ 0” 8 0” 8’ 0” to 30’ 0” 
75.1kV to 150kV 10’ 8” 10’ 8” to 45’ 0” 10’ 8” 10’ 8” to 45’ 0” 
150.1kV to 250kV 11’ 8” 11’ 8” to 45’ 0” 11’ 8” 11’ 8” to 45’ 0” 
250.1kV to 500kV 20’ 0” 20’ 0” to 45’ 0” 20’ 0” 20’ 0” to 45’ 0” 
500.1kV to 800kV 26’ 0” 26’ 0” to 45’ 0” 26’ 0” 26’ 0” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 
800 kV 
Print On Label 


The print button is no longer available in ETAP. Labels can only be printed from the report manager and 
the arc flash result analyzer. 


Restricted Approach Boundary 

The Restricted Approach Boundary (RAB) is defined according to NFPA 70E-2018 as the approach limit 
at a distance from an exposed live part within which there is an increased risk of shock due to electrical 
arc over combined with inadvertent movement. The value should be entered in feet-inch format or meters. 


Defaults for Restricted Approach Boundary 

The range and default values of the Restricted approach boundaries are defined according to the values 
listed in NFPA 70E-2018 table 130.4 (D)(b) (Shock Protection Approach Boundaries to Exposed 
Energized Electrical Conductors or Circuit Parts for Direct, Direct Current Voltage Systems). If you click 
the Typical Data button, the values will be automatically updated according to the values listed in the 
table below. If you change the bus nominal kV, the values will be reset back to the default boundaries. 
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Restricted Approach Boundary for Different kV levels (NFPA 70E 2018) 


; Restricted Approach Boundary 
Bus Nominabky Rauee Default (ft-in) Range (ft-in) 
<0.001kV 1’ 0” 1’ 0” to 30’ 0” 
0.001 kV to 0.300 kV 1’ 0” 1’ 0” to 30’ 0” 
0.301 kV to1 kV 1’ 0” 1’ 0” to 30’ 0” 
1.1kV to 5kV 15” 1’ 5” to 30’ 0” 
5.1kV to 15kV Jnr 2’ 2” to 30’ 0” 
15.1kV to 45kV 2’ 9” 2’ 9” to 30’ 0” 
45.1kV to 75kV 3” 6” 3’ 6” to 30’ 0” 
75.1kV to 150kV 3’ 10” 3’ 10” to 45’ 0” 
150.1kV to 250kV 57 3” 5’ 3” to 45’ 0” 
250.1kV to 500kV 11’ 6” 11’ 6” to 45’ 0” 
500.1kV to 800kV 16’ 5” 16’ 5” to 45’ 0” 
* Note: If the Bus kV is higher than 800 kV, the boundary distances remain the same as those for the 


800 kV 


Note that ETAP no longer supports the PAB for NFPA 70E 2018. The PAB was removed from NFPA 
70E 2015. 


Insulating Glove Class 

The insulating glove class field shows the insulating glove class and voltage rating determined based on 
the bus nominal kV. This information is updated automatically as soon as the bus nominal voltage is 
known. The Table below shows the nominal bus voltage ranges and the corresponding insulating glove 
classes and voltage ratings according to ASTM D120 Standards. 


Table 6: ASTM Insulated Glove Voltage Classes: (ASTM D120-14a) Standard 


Maximum use Class ETAP Bus nominal kV range 
voltage rating DC 
750 00 BuskV<0.750 
1500 0 0.750 kV < Bus kV < 1.5 kV 
11250 1 1.5 kV < Bus kV < 11.250 kV 
25500 2 11.250 kV < Bus kV < 25.5 kV 
39750 3 25.5 kV < Bus kV < 39.75 kV 
54000 4 39.75 kV < Bus kV < 54.0 kV 
N/A N/A Bus kV > 54.0 kV 


Note: ASTM does not define the insulating glove voltage rating or class for voltage higher than 54000 
Volts. As a result of this, the voltage rating is set to the bus nominal kV if the bus nominal voltage is 
higher than 54 kV and the glove class is omitted in the labels. 


Shock hazard when 

The “Shock hazard when” field may be used to provide additional information about the shock hazard so 
that it may be printed on some label templates or the MS Excel Arc Flash Report. You can use it to adda 
description about when there is a shock hazard present. You can type up to 50 alphanumeric characters 
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and define your own informational message. The following table contains three possibilities that have 
been built into the program. 


Note: This information is only to be displayed on certain arc flash label templates and will not cause any 


effect on the arc flash results (i.e., effect of covers open or closed, etc.). The default for this field is 
“covers removed”. 


Possible additional descriptions of the “Shock Hazard” for the AF labels 


Field Default Comments 
Shock Hazard when covers removed This could read “doors are open” 
enclosure doors are closed This could read “covers are on” 
hinged covers are open This could read “opening hinged 
doors” 


Automatically Update Arc Flash Parameters 

This option configures the bus editor to automatically update the protection boundaries every time the bus 
nominal voltage or the equipment type is modified. Selecting this checkbox saves you an extra click to 
update the typical values for each bus that is configured. This option is selected by default. 


ETAP 34-10 ETAP 19.0 User Guide 


Arc Flash Analysis Bus Editor 


34.2.3 Arc Flash Page 


The DC Bus Arc Flash page contains the quick incident energy calculator, which is a powerful analysis 
tool that allows you to perform a quick AF analysis at the bus level for different working distances. This 
page is different from its AC counterpart. The main difference is that the DC Bus Arc Flash only allows 
calculations inside the bus for different working distances and not for any other parameters like fault 
clearing time. 


The main purpose of the DC Bus Arc Flash page is to display the calculated DC Arc Flash analysis results 
from the global calculation. The main features of this page are displayed below: 


e Perform “What if scenarios” for incident energy calculations for different working distances. 
e Setup user-defined parameters for the DC arc flash global calculation. 
e Plot incident energy points on the TCC views. 


: — 
DC Bus Editor - B1 =a) 


User-Defined Source PD ¥ 


Source PD DCCB5 
Source PD Ibf 10.26 kA 
Source PD larc 5.131 kA 
FCT 0.044 Sec [7] Fixed FCT 
Incident Eneray 
Calculated Energy 0.403 calm? @ 18 * inch 
Arc Flash Boundary 0.869 ft 
Energy Level Level A ——— 
Alerts TCC Plot 
Allowable Eneray - cal/cm ? [MTCC Plot - Calculated Eneray 


Energy Level Level C [| TCC Plot - Allowable Energy 


See (cass >) BB) (|[cree | 
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DC Arc Current 


This section displays the results of the global DC arc flash calculation. It is dedicated to the calculation of 
the DC arc current. 


Method 

This read-only field displays the calculation method used to determine the arcing current and incident 
energy. The available methods are the Maximum Power, Stokes & Oppenlander and Paukert. The 
method displayed is selected from the DC Arc Flash Study Case. 


Ibf 
This is the total DC Short-Circuit current in kA available at the bus. This field is display only and is 
updated from the global DC Arc Flash calculation. 


Tarc 
This is the total arcing current in kA at the point of the fault. This field is display only and is updated by 
the global arc flash calculation. 


Varc 
This is the calculated total arc voltage in Volts dc. This field is display only and is updated by the global 
arc flash calculation. 


Disable Update 
This check box disables the update of results into the DC Arc Flash page. 


Source PD 


This section is dedicated to the display of the source protective device results and selections. 


User-Defined Source PD 
This droplist allows the selection of the source protective device which will be used for the determination 
of the fault clearing time. 


Source PD 

This is the ID of the source protective device determined by the global DC arc flash calculation to be the 
device which clears the fault at the bus (last operating device to de-energize the fault). If there are 
multiple source branches with protective devices, ETAP will select the one that takes the longer to trip 
(clear the fault). 


The ID of the source PD is passed to the DC Bus Arc Flash page if the update options are selected in the 
Method page of the DC Arc Flash Study Case. The source PD ID is updated only upon a successful 
global DC arc flash calculation. 


Source PD Ibf 

The fault current shown in this field is the actual available short-circuit current in kA which would pass 
through the source protective device in the event of a bolted fault. This current value is used to determine 
the equivalent arcing current through the source protective device. 


Source PD Iarc 


The fault current shown in this field is the actual arcing current in kA which would pass through the 
source protective device for a fault at the bus. 
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Fault Clearing Time (FCT) 

The arc duration is defined in ETAP as the Fault Clearing Time (FCT). This is the calculated time in 
seconds, which is needed by the protective device to completely open and clear the arc fault (extinguish 
the arc). The FCT value is calculated by the global DC arc flash calculation and is updated into this field. 


Fixed FCT 
If this checkbox is selected, then the global DC arc flash calculation uses the User-Defined Fault Clearing 
Time (FCT) value to determine the incident energy of this bus. 


If this checkbox is selected, the fields “Source PD ID drop List” and “Source PD Arcing Current” will be 
hidden since they are not applicable. The program will indicate that it used the Fixed FCT on the reports 
by showing a flag next to the bus FCT field. 


Incident Energy 


This section displays the incident energy and arc flash boundary information. 


Incident Energy 

This is the calculated incident energy based on the system calculated parameters. The units for the 
incident energy are cal/cm?. This display only field shows the incident energy calculated using any of the 
three DC arc flash calculation methods. The “Method” display only field indicates which one is being 
used to determine the incident energy in this field. 


Arc Flash Boundary 

The Arc Flash Boundary is the distance from the arc source at which the onset of a second-degree burn 
could occur. This value is determined based on second-degree burn criteria of 1.2 cal/cm’. This is 
determined from the incident energy and fault clearing time. The unit of this field is in feet (meter). This 
value is empty unless the calculation is performed and you have logged into the current project with the 
access level to run the Arc Flash Module. 


Note 1: The Arc Flash Boundary calculated in the Bus Arc Flash page may be different from the global 
arc flash calculated results if the Eg value (Parameters Page of the DC Arc Flash Study Case editor) is set 
to a value higher than 1.2 cal/cm’, or if notes 1 & 2 from the incident energy section apply. 


Note 2: The bus Arc Flash page always uses Eg = 1.2 cal/cm? to determine the flash protection boundary. 
Please also note that the equations used to determine the Arc Flash Boundary are different from the 
empirical method or Lee method in AC arc flash calculation. Depending on which method is used, the 
program automatically determines the right equation to use. 


Energy Level 

The Energy Level is determined based on the incident energy. This is nothing more than a method to sort 
the incident energy results. The program has different sets of levels which can be used to sort the energy 
results. 


Note: The energy levels are used simply to sort and group the incident energy for different locations. 
They are not meant to be used for PPE ATPV or Ez: ratings for personal protective equipment (PPE). 
Other factors involved in the task need to be considered to perform a “Risk” analysis to determine the 
actual PPE ratings to be used. NFPA 70E 2018 can be used as a starting point in designing a PPE system 
adequate for the task. 
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Allowable Energy 

This incident energy value can be used to plot a reference point on the TCC views. It can be used as a 
reference point to set the overcurrent protective device settings. In the future, this value will be used as an 
alert in similar fashion as the AC Arc Flash calculation does. 


Working Distance 

Enter the distance from the possible arc point to the person in inches (centimeters). This distance is 
defined as the distance between the arc point and the persons face and torso. This value has a range of 1 to 
999. This is the distance value used to determine the incident energy. Typical working distances to DC 
equipment have not been established yet in the standards and guidelines for arc flash calculations. The 
default value in ETAP is 18 inches, but consideration of the work procedures and task requirements 
should be made in order to ensure that a conservative working distance is used for the calculation. 


TCC Plot 


This section allows you to plot the incident energy curves on ETAP Star. 


TCC Plot-Calculated Energy 

This checkbox allows you to display the system calculated or user-defined incident energy curve point in 
the ETAP Star View TCC. If you select this checkbox, the corresponding point will appear in the Star 
View that contains the same bus. 


TCC Plot-Allowable Energy 


This checkbox allows you to display the Allowable Incident Energy point in the ETAP Star View TCC. If 
you select this checkbox, the corresponding point will appear in the Star View that contains the same bus. 
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34.3 DC Arc Flash Study Case 


34.3.1 Info Page 


On the Info page, you can select faulted buses and specify contribution level, etc. 


DC Arc Flash Study Case 


Info Source Model Method Parameters 


Study Case ID Report 
Contribution Level 


DCAF 


Update 
[_] TCC Clipping Current 


Dont Fault 


DC Collector1 
DC Collector 2 
|dcBus3 


Study Remarks 
Second line of remarks for "DCSC" study case. 


<|| {DCAF aE Copy | | New | (iia OK ||| Cancel 


Study Case ID 


Enter a unique alphanumeric ID with a maximum of 12 characters. 


Report 


Specify the contribution level the report should encompass. 


Update 


TCC Clipping Current 
Check this to update TCC clipping current and base voltage in TCC kA page of DC protective devices. 


Bus Selection 


Use this area to select which buses to Fault, Don’t Fault, or click on the All Buses check box to fault all 
buses. 
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Note: you can fault buses (or remove faults) directly from the one-line diagram by right-clicking on the 
desired bus. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this remark box. The information entered here will be 
printed on the second line of every output report page header. These remarks can provide specific 
information regarding each study case. The first line of the header information is global for all study cases 
and entered in the Project Information editor. 
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34.3.2 Source Model Page 


In the Source Model page, you specify the type of model for chargers and batteries, as well as what loads 
need to be considered in a study. 


DC Arc Flash Study Case 
Info Source Model Method Parameters 
Charger Contribution Battery Contribution 
@ Editor Selection @ Editor Selection 


© Constant Current © Constant Current 


O AC System Short Circuit Impedance © Voc Behind Battery Impedance 


Motor Intemal Voltage Short-Circuit Contributions Based on 
@ 100% of Motor Rated Voltage @ Load Status 
© Percent of Motor Rated Voltage O Loading Category 


© Both Above Options 


ls] [bear 


Charger Contribution 


A charger can be represented as a constant current source or a constant voltage source behind impedance. 
As a constant current source, it injects a constant current into the system when a fault occurs. 


Editor Selection 
Click on this option to select the model type as specified in the editor for individual chargers. 


Constant Current 
Click on this option to use the constant current model for all the charges in the system. 


AC System Short Circuit Impedance 
Click on this option to use the constant voltage model for all the charges in the system. 


Battery Contribution 


A battery can be represented as a constant current source or a constant voltage source behind impedance. 
As a constant current source, it injects a constant current into the system when a fault occurs. The current 
injected into the system is equal to a constant multiplied by its 1-minute discharge rate. 
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Editor Selection 
Click on this option to select the model type as specified in the editor for individual batteries. 


Constant Current (K*1-Min-Rating*String) 
Click on this option to use the constant current model for all the batteries in the system. 


Voc Behind Battery Impedance 
Click on this option to use the constant voltage model for all the batteries in the system. 


Motor Internal Voltage 


A motor, or the motor load portion of a lump load, is modeled as a constant voltage source behind an 
impedance. You can specify the internal voltage value by selecting one of the following two options: 


100% of Motor Rated Voltage 
Click on this option to use the motor rated voltage as the internal voltage. 


Percent of Motor Rated Voltage 
Click on this option to specify the motor internal voltage in percent based on the motor rated voltage. 


Short-Circuit Contributions Based on 


This group provides you with an option to skip certain load elements in a short circuit analysis. 
Static loads are also considered in a DC arc flash analysis and their presence reduces total fault current. 


Load Status 

Select this option to include loads in the arc flash study based on load status. For the current system 
configuration, loads that have either the Continuous or Intermittent status will be considered in the study. 
Loads that have the Spare status will be excluded from the study. When this option is selected, all of the 
Composite CSD loads will be included in the study. 


Load Category 

Select this option to use the loading percent to determine which loads will be included in the arc flash 
calculation. Once this option is selected, you can specify a loading category in the loading category 
selection box. All loads that have non-zero loading percent for the selected loading category will be 
included in the short circuit calculation. 


Both Above Options 

Select this option to use both load status and loading category to determine loads to be included in the arc 
flash calculation. When this option is selected, all the loads that satisfy either or both of the above two 
criterions will be included in the arc flash study. 
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34.3.3 Method Page 
The structure of the DC Arc Flash Method page is shown below: 


DC Arc Flash Study Case 
Info Source Model Method Parameters 


Arc Flash Method Update AF Results to Buses 


@ Maximum Power @ Update 


O Paukert O No Update 


O Stokes & Oppenlander © Update if Result is More Conservative 


FCT (Fault Clearing Time) 
@) Auto Select Source Protective Device (PD) 
Except if PD is Selected in Bus Editor 
Limit Maximum FCT sec 


© User-Defined FCT from Bus Editor 


Arc Flash Method 


This section is used to select which method to use when determining the incident energy for a faulted DC 
bus. There are three methods available and they were developed from the reference information listed 
below: 


e National Fire Protection Agency (NFPA) 70E-2018 
e DC Arc Models and Incident Energy Calculations Paper No. PCIC-2009-07 


e =©Arc Flash Calculation for Exposures to DC Systems, IEEE Transactions on Industry Applications 
Vol. 46 NO. 6 November / December 2010 


Maximum Power 

This method of estimating DC arc flash incident energy was presented at the 2007 IEEE Electrical Safety 
Workshop. This method is based on the concept that the maximum power possible in a DC arc occurs 
when the arcing voltage is equal to half of the system prefault voltage. Please see NFPA 70E 2018 Annex 
D.5.1 for more information. 


Stokes and Oppenlander 


This method is based on an exhaustive study of free-burning vertical and horizontal arcs between series 
electrodes in open air. A.D. Stokes and W.T. Oppenlander modeled the arc voltage and current above the 
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transition point. Their set of data totaling two million current and voltage points was re-assembled to 
current-voltage characteristics. These characteristics were compiled into empirical equations which are 
used by ETAP to determine the arcing current using an iterative method. 


Paukert 
This method is based on J Paukert’s compilation of arcing fault data from seven researchers who 
conducted a wide range of arc tests. Paukert generated equations from the compiled results for both low- 
current and high-current arcs. Only the high-current arc equations have been implemented in ETAP DC 
arc flash. 


Update Arc Flash Results to Buses 

This group of the Method page is dedicated for the update of the calculation results into the faulted 
locations. The main purpose of this section is to provide tools to update the “worst-case” incident energy 
results into the faulted location. 


Update 
This option always updates the arc flash results into the faulted buses. 


No Update 
Does not update any result into the faulted buses. 


Update if Result is more Conservative 

The arc flash results will be updated into the faulted buses if the incident energy value is higher than the 
current value in the faulted locations. This ensures that the most conservative result or “worst-case” is 
updated into the bus. 


Note: If the “Disable Update” is selected (DC Bus -DC Arc Flash Page), then the arc flash results will 
never be updated into the bus. 


FCT (Fault Clearing Time) 


This group of the Method page is used for the options to be considered in the determination of the DC arc 
duration or arcing time. 


Auto Select Source Protective Device (PD) 

If this option is selected, the Arc Flash Module will automatically determine the FCT from the available 
TCC curves of the source protective devices that can clear the fault. If no element TCC information is 
available, ETAP will display the message “TCC not found” or “FCT not determined”. 


If there is more than one protective device that needs to open to clear the fault, ETAP will select the FCT 
of the element that takes the longest to open. 


Except if PD is Selected in Bus Editor 

If this checkbox is selected, the Arc Flash Program will determine the Fault Clearing Time (FCT) based 
on the User-Defined Source Protective Device defined in the DC Bus DC Arc Flash page. The program 
calculates the FCT automatically for those buses that do not have a selection. If this option is not checked, 
the program automatically calculates the FCT for all the faulted buses. 
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Limit Maximum FCT 

This option allows you to set a maximum fault clearing time for all the buses. If the FCT determined is 
longer than this value, then it is clipped to this value. The program determines the incident energy based 
on the maximum FCT if the actual FCT exceeds it. 


Limit Maximum FCT field in Seconds. 
Enter the maximum FCT allowed to determine the incident energy for any element in the system (Buses 
and Source Protective Devices). The range is from 0.01 to 99 seconds. The default value is 2 seconds. 


User-Defined FCT 
If this option is selected, the DC Arc Flash Module uses the FCT values specified in the DC Bus Editor 
DC Arc Flash page to calculate the incident energy for all the buses in the system. 
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34.3.4 Parameters Page 


This page provides a set of options for the selection of global or individual AF input data for the 
calculation. Also select a global selection for the incident energy level system to be used to sort the 
results. Please note that the global parameters option will be available in a future release of DC arc flash. 


DC Arc Flash Study Case 
Info Source Model Method Parameters 
Bus Gap, Coefficients & Working Distance Arc Flash Boundary 
@ Individual @ 1.2 cal/cm? 


Global O User-Defined 


Incident Energy Levels 
O NFPA 70E 2000 
© NFPA 70E 2004 
O NFPA 70E 2009 


@ NFPA 70E 2012 to 2018 / User-Defined 


Edit/Approve PPE 


Gl 


Bus Gaps, Coefficients & Working Distance 


Select the source of the arc flash parameters to be used in the global DC AF calculation. The data can be 
defined in every single bus or it can be selected for all the buses depending on the nominal voltage of the 
equipment from a global location (this option will be available in a future release). 


Individual 
If this option is selected, the program will use the gaps, coefficients and working distances defined in 
each bus editor. 


Global 
This option will be available in a future release of the program. 


Incident Energy Levels 


This section allows you to select the set of PPE requirements which can be printed on the arc flash labels 
or reports. There are four basic options to select. All four sets of PPE descriptions 
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NFPA 70E 2000 
If this option is selected the PPE description is determined based on annex H of NFPA 70E-2000 and the 
incident energy sorting range values come from Table 3-3.9.3. 


NFPA 70E 2004 
If this option is selected the PPE description is determined based on annex H of NFPA 70E-2004 and the 
incident energy sorting range values come from Table 130.7 (C)(11). 


NFPA 70E 2009 
If this option is selected the PPE description is determined based on annex H of NFPA 70E-2009 and the 
incident energy sorting range values come from Table 130.7 (C)(11). 


NFPA 70E 2012 to 2018 / User-Defined 
If this option is selected the PPE descriptions are determined based on the user-defined settings. In NFPA 
70E 2018, this option should be used in conjunction with a power system analysis program method. 


Note: The PPE Requirements provided by ETAP are only samples and are based on different versions of 
NFPA 70E. It is recommended that all PPE Requirements be approved prior to implementation on any arc 
flash labels or reports. 


Edit/Approve PPE 
This button opens the PPE Requirements editor. This editor can be used to modify and approve the PPE 
Requirements which can be used to be printed on the arc flash labels. 


Note: The PPE Requirements will not be printed on the arc flash labels or in the reports or arc flash 
analyzer until they have been approved by the engineer in charge or the facility safety manager. 


Arc Flash Boundary 
Select the energy value to use to find the arc flash boundary. The default value is 1.2 cal/cm*. This is 
based on the category 1 level from NFPA 70E 2009. 


1.2 cal/cm? 
Select to use 1.2 cal/cm*as given by NFPA 70E 2009. 


User-Defined Ez 

Enter a user-defined energy value to use to find the arc flash boundary. If your safety program requires 
everyone at all times to wear PPE rated for an energy value higher than 1.2 cal/cm’, then based on 
engineering supervision, the value of Eg can be set to a higher value than 1.2. this will reduce the required 
Arc Flash Boundary to a smaller distance. The program only allows you to set this value to a maximum of 
40.00 cal/cm?. 
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34.4 DC Arc Flash Display Options 


This section describes the display of DC arc flash results on the one-line diagram (in DC arc flash mode). 
The Arc Flash Display Options are shown below: 


7 
Display Options - DC Arc Flash 
Resutts | AC | AC-DC | Colors | 


[(¥] Show Units 
Voltage 
|¥| Bus ot, ¥ 
This section provides ; 
the Thevenin Display Fauted Bus 
equivalent fault @ Fault Current Rise Time-Constant (ms) 
resistance 
Equivalent Fault Resistance (ohm) 
Arcing Current Contribution 
(¥] Converter 
(¥] Battery/PV Array 
(W] Load 
Arc-Flash Arc Fault Location 
# Energy Level Bus 
DC Arc Flash results a . 
shown on the one-line J] Arc Flash ‘ie 
diagram Boum 
¥) Incident Energy 
(¥] FCT 
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Arcing Current Display 


The individual arcing currents are displayed on the one-line diagram. They are calculated as shown 
below: 


I 
arc _ Total ; toe eee 
I ie ve = —_——__—__*] , DC arcing current individual contribution 


lag _ total 


Where: 


I rae Individual arcing current contribution (i.e. branch contribution) 


I total arcing current at the fault location 
arc _ Total 


I total short - circuit current at the fault location 
bf _ Total 


I P individual short - circuit contribution (i.e. branch contribution) 


bf _ 
Arc Flash 


This group provides display options for calculated DC arc flash results. The results are provided for every 
faulted DC bus in the system. The program shows only the arcing current on the display. This is different 
from AC Arc Flash. To view the available DC Short-Circuit contributions on the one-line you have to run 
the DC Short-Circuit calculation. 


Incident Energy 
If this checkbox is selected, then the incident energy is displayed in cal/cm?. 


AFB 

If the AFB (Arc Flash Boundary) option is selected, the Arc Flash Program will display the calculated 
Boundary on the one-line diagram. The results are placed next to the faulted bus. The units for this value 
are ft or meters. 


Energy Level 

This is the energy level assigned to each bus based on the selection from the Parameters page of the DC 
Arc Flash Study Case editor. The energy levels help the engineer sort the incident energy and focus on the 
higher values for detailed analysis. The energy level sorting is not to be confused with personal protective 
equipment ratings and selection. 


FCT 
This option can be used to display the final fault clearing time (FCT) for every faulted bus (FCT of the 
bus only). The unit for the FCT is seconds. 


The following image shows the displayed values on the one-line diagram. 
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UPS Battery Bank 


Utility <Yy 1650 AB (=) 
25 MVAsc - 


Bl: Incoming i. 
0.6 kV —— 


039% ve 


Level 1 

= 1.77 £t 
= 1.68 cal/cm? @18" 
= 0.200 sec 


DCCAB: 1 || 
350 V 


B2: UPS Output 
0.6 kV —— 


Arc Fault Location 
This group provides display options for calculated results from an Arc Flash Hazard Analysis. The results 


are provided for every faulted bus in the system. Select to determine whether arc flash results should 
show at the selected location. 


Bus 
This check box allows you to show the arc flash analysis results for a fault right at the buses. Typically, 
the incident energy results for a fault at the load protective device are set the same as those as the bus. 


Source PDs 
This option will be available in a future release of the program. In this version a node needs to be inserted 
on the line side of the source PD to see the results on the one-line diagram. 


Load Terminals 


This option will be available in a future release of the program. In this version a node needs to be inserted 
on the line side of the source PD to see the results on the one-line diagram. 
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34.5 Running DC Arc Flash Analysis 


The global DC arc flash calculation is started by clicking one of the arc flash calculation buttons on the 
DC Arc Flash toolbar. This button runs an arc flash calculation for all the faulted buses. 


Setting Up the DC Arc Flash Study Case 


To open the DC Arc Flash Study Case, click the study case button shown below (single suitcase icon). 


> Es |cable 


Info Page 

To begin, set up an arc flash calculation by selecting the buses to be faulted. You do this by right-clicking 
the buses and selecting the Fault option while in DC arc flash mode. Or, you can open the DC Arc Flash 
Study Case, click the Info page, and select the buses to be faulted. 


Source Model Page 

The arc flash calculation can be performed using the DC Short-Circuit calculation. The modeling of the 
DC sources is very important for arc flash calculations. This page is the same as the one in DC short- 
circuit. 


Note: It is recommended that the voltage behind impedance model be used whenever possible. This is 
especially true for battery and battery charger models. ETAP allows these elements to be modeled as 
constant current injection for the purpose of obtaining conservative DC Short-Circuit results. However, 
for DC arc flash the voltage behind impedance model should be always used to represent these models as 
much as possible. Please refer to the calculation methodology section for more information. 


Note: Please note that DC-DC converters and the UPS DC Output are only modeled as constant current 
sources. Please refer to the calculation methodology section of this chapter for special handling 
conditions. 


Method Page 

There are three methods for running DC arc flash calculation. The method to be used can be selected from 
this page. The simplest and most popular method is the Maximum Power method. It is the one that 
requires the least amount of input data. It is the default calculation method in ETAP. It is considered to 
yield conservative results. 


Starting the Global DC Arc Flash Calculation 
To start the calculation, click the Arc Flash button on the DC arc flash toolbar. 


DC Arc Flash x 


& Lik@ 
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34.6 DC Arc Flash Calculation Methodology 


34.6.1 Guidelines / Standards / Reference Information 


The following documents were consulted in the development of DC arc flash calculations: 


e National Fire Protection Agency (NFPA) 70E-2012~2018 Annex D.5 

e DC Arc Models and Incident Energy Calculations Paper No. PCIC-2009-07 

e =©Arc Flash Calculation for Exposures to DC Systems, IEEE Transactions on Industry Applications 
Vol. 46 NO. 6 November / December 2010 


The DC Short-Circuit calculations were developed based on other additional standards. Please consult the 
DC Short-Circuit chapter of this user-guide for more information on other reference material. 


34.6.2 Determination of the DC Arcing Current Contributions 


Once the bolted DC Short-Circuit current is calculated by the DC Short-Circuit Analysis Module, the DC 
arcing current is determined using the equations listed in the previous reference documents. (See the 
previous section). The general steps are described below: 


1. The total bus bolted DC Short-Circuit current is used to calculate the total bus DC arcing current. 
2. The individual DC arcing currents are determined by distributing the arcing current proportionally 
among all the contributing sources (branches, motor loads, sources, and etc.). 


The process ends up being similar to the process described in section 18.8.2 of this user-guide. Please 
refer to that section for more information. 


Fundamental Concept for DC Arc Flash 

The DC sources can be modeled as constant current or voltage behind impedance. It is recommended to 
use the voltage behind impedance model whenever possible to obtain more accurate results. The image 
below represents a battery with a source resistance and a fault at its terminal: 


23.03kA 
® DC A O 


The arc resistance is added to the circuit to represent an actual arc fault scenario. The image below shows 
the arc resistance and the calculation of the arcing current. 
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13.44kA 


SoA SO 
® DC V 8 


The biggest task is to determine the arc resistance and/or voltage to be used to solve the circuit above. 
ETAP has three methods which can be used to determine the arc resistance and voltage. They will be 
discussed in more detail later in this section. 


Once the arc resistance, voltage and current are known, then the arc power and energy can be easily 
calculated. The following basic equations apply 


Power =V,. x14, 


2 
a _ ve x i ~~ | x Rare 


2 
Ee. a Les - Pg = bw 


13.44kA 


® pc A 6 
® Dc v 6 


|? 58V Are Power = 1.44 MW 


The image above shows the arcing current and arc power calculation. The energy calculation would 
follow once the arc duration is determined. This is another major step in the calculation methodology 
which will be covered in this section. 


The incident energy is calculated using different methods as described in the references section. The main 
factor to be considered for this step would be the type of equipment (enclosed or open air types). 
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34.6.3 Maximum Power Method 


This method of estimating DC arc flash incident energy was presented at the 2007 IEEE Electrical Safety 
Workshop. This method is based on the concept that the maximum power possible in a dc arc occurs 
when the arcing voltage is equal to half of the system prefault voltage. The equations which represent the 
maximum power method fundamental concept are displayed below: 


Le = 0.5x Ihe 


Ri = 0.5 x Voie 


bf 


Where: 
Tarc DC arcing current 
Ibe DC Short-Circuit current 
Rare Arc Resistance 


Vsource DC Voltage at the point of the fault 


This method is simple since the arc fault current in principle is determined to be half of the DC Short- 
Circuit current available at the fault location. 


This method is easy to use and it has the benefit of easy arcing fault current calculation. Please refer to the 
reference material for information on the calculation of the incident energy. The calculation of the 
incident energy should be the most conservative of all three methods available in ETAP. 


The main problem with this method is that it does not yield accurate arcing current values. In fact it may 
be better to assume a fault clearing time or incident energy exposure time (i.e. fixed FCT) with this 
method to determine the energy. Regardless, ETAP still uses the arcing current predicted from this 
method to determine the clearing time. 


This calculation is not recommended for system nominal voltages higher than 1000 Volts dc. 
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34.6.4 Stokes & Oppenlander Method 


This method is based on an exhaustive study of free-burning vertical and horizontal arcs between series 
electrodes in open air. A.D. Stokes and W.T. Oppenlander modeled the arc voltage and current above the 
transition point. Their set of data totaling two million current and voltage points was re-assembled to 
current-voltage characteristics. These characteristics were compiled into empirical equations which are 
used by ETAP to determine the arcing current using an iterative method. 


The main equation used by ETAP to determine the arcing current is shown below: 


Ir=10+ 0.22, 


Vic = (20x 0.534 29) XI o0 
— (20x 0.534 x Zg) 


Ri I 0.88 
arc 
Where: 
Vare arc voltage (volts dc) 
Tore arc current (amps) 
Zg gap between conductors (mm) 
Rare arc resistance (ohms) 
I; transition current 


The only way to solve the equations above is iteratively because of their non-linear nature. ETAP only 
calculates the arcing currents above the transition current J;. If arcing current is below transition point, a 
solution cannot be reached and the program will flag this condition. 


If the gap, voltage and system impedance are within the limits of the equations, the model can predict if 
the arc is sustained. If the gap is too long, a solution may not be found. With this method, the arcing 
current and arc fault duration calculation is more accurate. The incident energy calculated as a result of 
this method should be more accurate rather than over conservative. 


This method requires an iterative solution and because of this it is not easy to calculate manually unlike 
the maximum power method. 
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34.6.5 Paukert Method 


This method is based on J Paukert’s compilation of arcing fault data from seven researchers who 
conducted a wide range of arc tests. Paukert generated equations from the compiled results for both low- 
current and high-current arcs. Only the high-current arc equations have been implemented in ETAP DC 
arc flash. The resulting equations are shown below: 


28.35 I,,,01%4 28.35 I,,,-0895 
34.18 1,041 34.18 1,079 
52.63 I,,.0264 52.63 1,,<%735 


ETAP determines the arcing current from the equations listed above for different gap values. The 
following table describes how these equations are selected based on the equipment gaps: 


Equations used for 
Gap Range V.candR.. 

0<Zg<2.5 mm 1 mm equations 
2.5 <Zg <7.5 3 mm equations 
7.5 <Zg < 15 10 mm equations 
15 < Zg < 37.5 20 mm equations 
375 572575 50 mm equations 
75 < Zg < 150 100 mm equations 
150 < Zg < 200 200 mm equations 
Zg > 200 200 mm equations. 


The compiled test data included DC arcs with both vertical and horizontal electrode configurations. The 
test also included arcing currents ranging from 0.3A to 100kA and electrode gaps from 1 to 200mm. 


Similar to the Stokes and Oppenlander method, if the gap voltage and/or system impedance are within the 


range of the equations, the model can predict if the arc can occur. The arcing current and arc duration 
from the TCCs is also more accurate when compared to the maximum power method. 


The Paukert method may not be applicable for electrode gaps more than 200 mm. however ETAP uses the 
200 mm equation to obtain the results. The arcing current used for this model should not exceed 100 kA. 
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34.6.6 DC Arc Flash Page Calculation Method Limits and Warning 


This section provides information on the warning messages which may be generated in the DC Arc Flash 
page or by the global DC arc flash calculation as results of method limitations. 


The following special condition messages can be generated: 


Method Message / Warning Condition 
; The Maximum Power Method may not 
Maximum _ ‘i : 
Dower Bus Nom Voltage > 1000 V dc be accurate to use for voltages higher 


than 1000 V de 
The Stokes and Oppenlander Arc 


“Tarc < transition current point” Current value is below the transition 

current limit. No solution is possible 
Stokes and No Solution can be obtained for the Arc 
Oppenlander Current or Voltage at this bus. It is 
“Tarc not determined” possible that the gap between conductors 


is too big or the system voltage is too 
low to generate or sustain a DC arc 

The Paukert method arc current value is 
“Tarc < 100 A” below 100 Amps. A solution is not 

possible or may not be accurate enough. 

The Paukert method arc current value is 
“Tarc > 100 kA” above 100 kA. A solution is not possible 
Paukert or may not be accurate enough. 

No Solution can be obtained for the arc 
current or voltage at this bus. It is 
“Tarc not determined” possible that the gap between conductors 
is too big or the system voltage is too 
low to generate or sustain a DC arc. 
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34.6.7 DC Arc Flash Analysis Assumptions — Thevenin Equivalent 


The DC arc flash calculation is performed with the assumption of a Thevenin equivalent system which 
represents the source resistance and voltage. This model is recommended for DC Arc flash calculation. 
Please refer to the section for DC Arc Flash Source Model settings. 


The arcing current is difficult to obtain for systems energized only or main by constant current sources. 
For these locations, ETAP will use the bus nominal voltage and equivalent fault resistance to create the 
Thevenin equivalent circuit. 


The program will detect the “Constant Current Source” condition by showing a flag in the DC Arc Flash 
Report Analyzer. The name of the flag is “Calc. Warnings”. The following image shows how this 
condition can be detected through the analyzer. 


Protective Dé... 


Load Terminals 
fo 


V\Yoltage [¥olts] 

"| Type 

[ “| Open/Box < 

| Width (rm) 
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Results (@ Worst Case () Min 

_| Cale. Method Limits a ; 

\_| FCT Not Determined Fiker Results By 


|: Source PD ID | FCT Not Determined 
ssrateenye FCT | Cale. Method Limits 


[_] Source PD Ibf (ki) (¥) Cale. Warnings 
(ca rac ne | Exceeds Max. FCT 


mW 


The program will use a multiplier value which can be user-defined to obtain the equivalent source 
voltage. The multiplier can be defined in the ETAPS.INI file as follows: 


Under the [ETAP PowerStation] section of the INI file place the following entry: 
DCAFVoltageMultiplier=1.0 

The value of this entry can be changed from 0.1 to 2. Its default value is 1.0 

There is also an internal check to detect the constant current source condition. The check consists of 
multiplying the short-circuit current by the equivalent source resistance. The program identifies the 


condition by checking if the result is higher than the specified value (1.5 times the bus nominal voltage). 
This limit may also be modified by adding the following INI entry: 
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DCAFVoltageLimitFactor=1.5 


The value of this entry can be changed from 0.1 to 2. Its default value is 1.5. Lowering this limit may be 
desirable to detect the constant current condition at lower voltages. 


The incident energy calculation will be more conservative for systems which exhibit this condition since 
the source voltage driving the DC arc will be higher. 


34.6.8 DC Arc Current Calculation Methods 


Starting with ETAP 14.0.0, DC arc flash has two fundamentally different methods to model and 
determine the dc arc flash current for different types of sources, and in particular for DCPV array systems 
(Photovoltaic systems). 


DC Arc Current Calculation — Method 1 


The first calculation method described in sections 34.5.2 & 34.5.7 is the calculation method used as 
default by ETAP DC arc flash to represent the source arc current. This first method works well for 
systems where the dc arc current is mostly coming from voltage behind impedance sources. However, this 
method may not be accurate enough for systems where the majority of the dc arc current comes from 
constant current sources. 


DC Arc Current Calculation — Method 2 


This method was first introduced at the 2015 IEEE / IAS electrical safety workshop in Louisville 
Kentucky in the form of a tutorial session (“AC & DC Arc Flash Analysis for Renewable Energy 
Systems”). This method was added to ETAP dc arc flash in response to a large number of requests for 
higher accuracy models for DC PV array systems. The main benefits of this method are: 


1) Itreduces the over conservative approach of the maximum power method since it allows for an 
actual arc current operating point determined from the PV array P-V short-circuit curves. 


2) It is combined with the Stokes and Oppenlander and Paukert methods; which by themselves are 
considered a “rigorous” or “detailed” calculation method for de arc flash current. 


The previous two benefits make this method a preferred choice for PV array dc arc flash calculations. The 
method essentially introduces the constant current limits of the PV arrays and general constant current 
sources and iteratively finds the operating point of the dc system after the arc fault has been introduced 
into the system. 


The following image illustrates the concept of this method. The arc voltage and resistance are determined 


iteratively by the program. The iterative routine utilizes the PV characteristic short-circuit curves and the 
(Paukert / Stokes & Oppenlander) equations to determine the final value of the dc arc current. 
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Rs 
0.0112 


V PV term 


—— E=10+0.22, 
z V,. =(20x0.534xz,)x J, oY 
he \« p= 620%0.534x24) 


‘arc Fj oa3 
are 


The resistance of the arc causes the operation of the PV arrays to settle at a lower power operating point 
than what is considered a maximum power point. If the dc fault were to be completely bolted, the output 
current of the PV arrays would be the Isc current rating on the left axis at approximately 1.3 Amps. The 
added resistance of the arc causes the operating point to move away from a bolted fault but settle towards 
a slightly higher power output. 


1 Current (A) 
Rsys + Rarc — — Power (W) 


120 


80 


Current Power 


0 50 100 150 
Voltage 


The short-circuit characteristic curve used by ETAP is simplified to a pair of linear regions with a knee 
point represented by the (Impp, V mpp) point. 
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Depending on the gap between conductors and the distance (electrical resistance of the system Rs) from 
the PV array sources, the power dissipated by the arc fault may change. Note that it is assumed that the 


MPPT controller can maintain and operate the PV arrays near the maximum power point only within a 
limited operating voltage. 


Switching between Arc Current Calculation Methods 


The DC arc flash program allows the user to switch between the arc current calculations methods at will. 
All that is needed is to add an INI file entry which indicates the method selection. 


The entry is 
DCAFEngineCalcArcR= 0 or 1 
The entry needs to be placed below the [Etap PowerStation] header. 


The default of the entry is Method 1 (value of 0). If the entry is not present in the INI file, then the 
program still uses method 1. 


If the entry is added and it has a value of 1, then the program will use method 2 to calculate the arc 
current. 
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34.6.9 Determination of the Fault Clearing Time (FCT) 


The FCT is one of the major factors which affect the calculation of the incident energy. The FCT is the 
time required to clear the fault (arc to get extinguished by opening protective devices). This time is 
determined from the time current characteristic curves (TCCs) or the definite times of each protective 
device that is considered to be a source protective device (source PD). 


ETAP classifies protective devices (PDs) as of two types. The first and most important are the source 
PDs. These are the protective devices that energize the faulted bus, and once disconnected, completely 
isolate the system from any power source. The other type of protective devices is Load PDs. These are 
the PDs which carry power to the loads or subsystems connected to a faulted bus, but do not provide 
power from a source (i.e. battery, battery charger, converters, and etc). 


ETAP takes the most conservative approach when determining the fault clearing time (FCT). If there are 
several parallel source PDs feeding the bus, it will select the longest FCT (or the time at which the last 
source PD opens). If there is multiple source PDs in series on the same branch, it will take the shortest 
opening time of such PDs. The FCT is then used to calculate the incident energy for the bus and load 
PDs. 


The process of obtaining the fault clearing time is dependent on the method selected to determine the 
results. The program determines the arcing current contribution passing through each source PD and 
based on its TCC settings, the program automatically determines the estimated fault clearing time of each 
PD. 


Effect of L/R time constant 


The L/R time constant plays a role in the determination of the fault clearing time. The time that takes the 
protective device to trip will most likely increase for higher time constant values since it takes longer for 
the fault current to reach its full magnitude. The effect of the rise time of the circuit is ignored at this time 
by the arc flash calculation. In general, the time constant of battery banks may be relatively low and thus 
it may be possible to ignore the time constant effect on the fault clearing time. In current ETAP release, if 
the time constant is higher than 10 ms, then it is possible to add the time constant effect on top of the fault 
clearing time to yield more conservative results. The user-defined or fixed FCT options can be used to 
define the fault clearing time. 


For some circuits ETAP provides the time constant value of the circuit. Please refer to the DC Short- 
Circuit chapter for more details on how this value can be obtained. 


Rules for Determination of the Fault Clearing Time 
The determination of the fault clearing time is bounded by several special rules and assumptions for 
different types of protective devices. Also the program can determine the fault clearing time if it can find 
it within a specified range or electrical distance from the fault location. 


The following applies to the process of determining the FCT at a fault location: 
e ETAP determines the FCT for a faulted bus by searching up to 50 branch levels away from the 
faulted bus. The program will search for source PDs as far away from the fault location as 


specified in the option “Bus Levels Away To Find Source PD”. This option can be configured 
from the project preferences window under the Arc Flash section. 
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| Options (Preferences) x 
pz 24 me Bo 
v. ArcFlash A 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels Away To Find Source PD 10 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash False 
Export Results to Excel False 
Extend IEEE-1584 method for Equipment up to 36 kV False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 


The default value of the “Bus Levels Away To Find Source PD” entry is 10. The maximum level 
is 50. It is recommended that this entry be left as default unless the protection for the faulted bus 
resides in location that is more than 10 bus levels away (reducing this number speeds up the 
calculation). If you know that the protection for all the buses can be found within 5 or less bus 
levels away, then reducing this number of levels to search may speed up the calculation 
considerably. 


e If ETAP cannot determine the FCT for any of the connected source protective devices which are 
capable of de-energizing the fault, then it displays a warning message on the one-line diagram 
and reports “TCC not Found”. 


e Protective devices which are considered as Load PDs are not considered in the determination of 
the FCT for the bus. Load PDs are not considered for determining the bus FCT since such devices 
cannot isolate the fault at the bus 


e Protective devices need to have their proper TCC curves selected from the ETAP Library to be 
considered in the determination of the FCT. The reason for this requirement is to limit human 
error when entering settings into a protective device editor directly. Also the analysis is far more 
accurate if you use the actual TCC curves. 


e This version of DC arc flash only handles low voltage breakers and fuses. No relay operation is 
considered for DC systems at this time. 


e Fuse total clearing time cannot be less than 0.010 sec. If the fuse does not have a total clearing 
time curve (i.e., average time curve only), the program adds an additional 10 or 15% time from 
the average melt time determined from the manufacturer fuse curve. 


e You may also use the User-Defined Source PD from the DC Arc Flash page of DC Bus editor to 
efficiently determine the FCT. You may select the ID of the source PD that should be used for the 
determination of the FCT in the bus editor. The option “Except if PD is Selected in Bus Editor” 
from the Method page of the DC Arc Flash Study Case needs to be selected as well. ETAP will 
automatically determine the arcing current passing through this protective device for a fault at the 
specified bus. Based on this arcing current, the program finds the FCT and uses it to calculate the 
bus and load PD incident energy. 


e The way the Arc Flash calculation handles fuses which have only the average melt time curves 
has been modified. The new method is described below: 


If Fuse has only average melt time curve, then 
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A)If Fuse has Average Melt Time Curve ,then 
FCT = Time from Curve + 10% of Time from Curve + 0.004 seconds 


If Fuse has average melt time curve or both total and minimum clearing time curves, then 


B)If Arcing Current is to the right of the Total Clearing Time or Average melt Time 
then FCT = 0.01 seconds 


Fuse4 


Fast 0.6 kV 
304 


302.1 A, 0.0632 s 


Case A Arcing Current 
Case B Arcing Current 


P a A, 0.01s 


5 10 1] x 100 R11) 00 
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Troubleshooting “TCC not Found” (FCT not determined) Problems 


There are several reasons why the DC arc flash Program may not determine the fault clearing time fora 
fault at a particular bus. The following are the seven most common issues which can cause this message 
to be generated by the program: 


1) There are no source protective devices properly configured to protect the arc fault location: 
If you have not added the protective devices which actually de-energize the equipment in the 
event of a fault, the program may display this error message. 


2) Arcing current is too Low and Source Protective Device does not trip: The arcing current 
could be much smaller in magnitude than the available bolted DC Short-Circuit current for some 
equipment. Because of this phenomenon, the protective devices may not trip at all under an 
arcing fault (i.e., arcing current is below the long time pickup). If ETAP detects that the source 
protective device does not trip, then it will display the “TCC not found” message. 


3) The Source Protective Device is outside the Search Bus Level Number: In order to reduce the 
calculation speed and computer system requirements, certain limits are set by ETAP. The 
limitation consists of reducing the number of bus levels required in the search of the source 
protective device. 


4) The source protective device is completely outside the search area of the program: For some 
very special cases, the DC arc flash program may not be able to determine the Fault Clearing 
Time since the source protective device cannot be located. This means that the system does not 
have protection within the searchable area of the system. It is possible that the source PD selected 
(user-defined source PD) is located in an isolated part of the system and thus it is impossible for it 
to de-energize the fault. It is possible that the source protective device may be part of a highly 
complex loop configuration in which not all paths energizing the fault are cleared. 


ETAP 34-41 ETAP 19.0 User Guide 


Arc Flash Analysis DC Arc Flash Calculation Methodology 


Force “FCT not Determined” to use Limit Max FCT = False (default) 


Options (Preferences) x 
e2t|/oaes oo 
f sh A 
Bus Levels Away To Find Source PD 10 
Calculate Load PD Load Side Arc Flash True 
Calculate Load Terminal Arc Flash True 
Export Results to Excel False 
Force ‘FCT Not Determined’ to use Max Limit FCT False 


This option allows the arc flash program to use the maximum fault clearing time to calculate the incident 
energy of all the locations for which the program failed to find an FCT (i.e. “TCC not found”). The 
default is “False” which means the locations will be reported as TCC not found. Setting the option to 
“True” would calculate and report the incident energy using the maximum fault clearing time specified in 
the study case. This option can be configured from the project preferences window under the Arc Flash 
section. 


Note: If this option is enabled (set to True) along with the Maximum FCT limit option (from the AFC 
FCT page of the Arc-Flash study case, then no “TCC not found” message would be generated at all. All 
locations for which the program could not calculate an actual FCT would return incident energy values 
determined using the maximum FCT. 


It is recommended that the FCT be determined for all locations even if the maximum FCT option is used. 
The following images illustrate the behavior for some cases when the FCT is not determined and when 
the FCT is determined but limited to the max value. 


Case 1: FCT is determined for all locations but it exceeds the max FCT 

This case is simple. The program determines that the operating time of the protective devices upstream is 
longer than the maximum time (i.e. 2.0 sec). The image below shows the results without the “Limit 
Maximum FCT = 2.0 sec” option selection in the study case. The FCT for the faulted buses found to be 
8.241 and 8.248 seconds for each bus respectively 
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Once the study case is enabled with this option, the incident energy results at all locations are determined 
based on the maximum FCT time. This only occurs since the FCT was determined for the faulted 
locations. The FCT has been limited at all locations with an FCT no higher than 2.0 seconds. 
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Case 2: FCT not determined for all locations 
In this case the program cannot find the FCT for the Bus and the Source PD fault locations. 
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In this case since there is no FCT at all, the fault location at the bus can be user-defined to 2.0 seconds 
(using the user-defined FCT or Fixed FCT options). 
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If the option Force “FCT not Determined” to use Limit Max FCT = True, then the program will use the 
maximum FCT time to determine the incident energy for faulted buses. The image below shows the 
results: 
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34.6.10 Determination of the Incident Energy 


After the fault clearing times have been determined, the next step is to determine the incident energy for 
the fault location. ETAP is capable of determining the incident energy for a fault at any location in the 
equipment by simply specifying a fault at the bus. The locations are categorized as follows: 


1) Fault at the main bus 

2) Fault on the source protective devices (will be handled in the future for DC arc flash, for now 
insert a node or a bus). 

3) Fault on load protective devices (typically the same as the bus fault) 


The process of determining the incident energy is simple and it uses the following equations for the 
maximum power method: 


cL 
TE open = 9.01 V,,, x Line XS 


open S 2 
T 
TEx =3%x0.01x Vo. xT. x “3 


Please refer to NFPA 70E 2018 Annex D.5 for more information. 


ETAP DC arc flash uses the following equations to calculate the arc power for the Stokes & Oppenlander 
and Paukert methods: 


Power = V,,. x [,. 


Pe = Vix x Lic = Ti : x R 


Cc arc 
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arc arc 


Once the arc power is known, the incident energy is determined using the equations below: 


E 
E arc 


Eid 


The NFPA 70E 2018 guidelines do not address how complex electrical system with multiple sources 
should be handled. These guidelines only indicate that the incident energy can be determined based on the 
fault clearing time of the first upstream protective device which de-energizes the fault. This methodology 
is simple enough for radial systems; however, there is no mention on how to handle looped or meshed 
systems with multiple source protective devices energizing the fault location. 


ETAP AC Arc Flash has two methods of handling the calculation of the incident energy for power 


systems which have more than one energizing source protective device. The first method takes the total 
bus arcing current and determines the energy using the fault clearing time of the last protective device to 
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de-energize the fault. For most power systems having multiple sources, it is likely that the operating time 
of each source is similar and thus it is acceptable to use the entire arcing current up to the final fault 
clearing time. The DC arc flash program only utilizes this method at this time and it will handle the 
Incident Energy Subtraction method (refer to Chapter 18) in a future release. 


DC Arc Flash Incident Energy Points in ETAP Star 


ETAP has the capability of showing the incident energy curves on the Star Views. The calculated incident 
energy can be shown as a function of the fault clearing time and the arcing current. Any combination of 
clearing time and arcing current that lies below the calculated incident energy curve can be considered to 
yield less incident energy. 


ETAP can also show the allowable incident energy level point on the Star Views. The calculated incident 
energy curve should always be below the allowable incident curve since this would mean that the 
equipment protection ATPV rating is adequate for protecting personnel working on this equipment. 


The calculated and allowable incident energy points can be shown on the TCCs if you select them from 
the DC Bus Editor’s DC Arc Flash page. The image below shows the calculated and allowable incident 
energy points. 
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Energy Level Determination 


The energy level is determined by comparing the calculated incident energy in cal/cm* against the 
selected range. The selection depends on the option selected in the AF Parameters page of the DC Arc 
Flash Study Case editor. 
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ETAP gives the option of defining your own incident energy levels or to use those defined by NFPA 70E. 
You can define up to 10 levels, but in the majority of the cases it proves impractical to define more than 
three levels. 


The “Incident Energy Levels” editor can be accessed from the Project menu by pointing to Settings — Arc 
Flash and selecting PPE Requirements or via the DC Arc Flash Study Case editor “Edit/Approve PPE” 
button in the AF Data page. 


The “Incident Energy Levels” editor is displayed below: 


Incident Energy Levels x 
Standard Personal Protective Equipment 
ONFPA 70€ 2000 User-Defined 


© NFPA, 70E 2004 


ONFPA 70€ 2008 eS 
Level A ¥ 
@ NFPA 70E 2012 to 2018/User-Detined 
ONESC C2-2017/User-Defined Description 
Non-melting or untreated natural fiber long-sleeve 
Level shirt and long pants 
ID cal/ont 
Level 4 2 
Level B 4 
Disclaimer 
Level C 8 Changes in equipment settings or system 
configuration will invalidate the calculated values and 
Level D 2 PPE requirements which may result in a hazardous 
condition. 
Level E 40 
Level F 100 User-Defined Text 
Level G 120 
Level H 0 
Level | Oo 
eile uy Approve PPE 


Help Cancel 


The Incident Energy Levels window has the following sections: 


1. Standard: which includes four pre-defined PPE requirements as described in NFPA 70E 2000, 
2004, and 2009 and a user-definable set of descriptions for NFPA 70E 2012 to 2018. 


2. Personal Protective Equipment: where you can specify the personal protective equipment list 
for each level. 
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3. Disclaimer / User-Defined Text section: Where you can enter text that can be used as a 
disclaimer about the Arc Flash Analysis results that are printed on a label 


NFPA 70E-2000 Incident Energy Levels 
These ranges are listed on Table 3-2.9.3 of NFPA 70E-2000. 


Hazard/Risk Categories based on NFPA 70E 2000 


Incident Energy Level 
Exposure cal/cm* 


0 < cal/em?<1.2 0 
5 > cal/cem*> 1.2 1 
8 > cal/em’> 5 2 
25> cal/cm?> 8 3 
40 > cal/em?> 25 4 
cal/cm?> 40 N/A 


NFPA 70E-2004 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2004. 


Incident Energy Levels based on NFPA 70E 2004 


Incident Energy Level 
Exposure cal/cm? 


0 < cal/em?<2.0 
4 > cal/cm?> 2.0 
8 > cal/cm*> 4 
25> cal/cm’> 8 
40 > cal/em?> 25 

cal/cm?> 40 N/A 


BRwWN FO 


NFPA 70E-2009 Incident Energy Levels 
These ranges are listed on Table 130.7 (c)(11) of NFPA 70E —2009. 


Incident Energy Levels based on NFPA 70E 2009 


Incident Energy Level 
Exposure cal/cm* 


0 < cal/em?<1.2 0 
4 > cal/cm?> 1.2 1 
8 > cal/cm*> 4 2 
25> cal/cm*> 8 3 
40 > cal/em?> 25 4 
cal/cm*> 40 N/A 
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User-Defined / NFPA 70E 2012 to 2018/User-Defined 
The User-Defined levels are interpreted by the Arc Flash Module as described in the following table: 


User Defined Incident Energy Levels 


Level Range (example) Defaults 
A 0 < cal/cm*<CO 2 
B C1 > cal/cem*> CO 4 
C C2 > cal/cem*> C1 8 
D C3> cal/em?> C2 25 
E C4 > cal/cem*> C3 40 
F C5 > cal/cem*> C4 100 
G C6> cal/em’> C5 120 
H C7> cal/cm?> C6 0 
I C8> cal/cm?> C7 0 
J C9> cal/cm’> C8 0 


The level ranges are always from low values to higher values. For example, this means that the level 4 
value cannot be equal to or higher than the value in level 3. This is true for all the levels. 


If any level (6, 7, 8, and 9) is left as zero, the module ignores it and uses the 5™ level for any value higher 
than the maximum value in the 5" level. This will also apply if level 6 is the last one and 7, 8, and 9 are 
left as zero. You cannot skip a level. 


The Incident Energy Levels editor has the following properties and behavior: 


a) The NFPA 70E 2000, NFPA 70E 2004 and NFPA 70E 2009 Incident energy ranges are not 
customizable and follow the definitions published by NFPA 70E Standards. The items that can be 
customized are the Level ID and the list of PPE equipment (requirements) for each level. It is 
recommended that these “Legacy” options not be used for new arc flash analysis studies. 


b) If you select the User-Defined Values option, you can define a name for each level, which can be 
composed of up to 12 alphanumeric characters (i.e., a Level0 or Level1, etc.). 


c) If you select the User-Defined Values option, the Incident Energy range fields become editable 
and you may type the different limits in cal/cm’. 


d) You have the option to type in some text for a disclaimer statement. This disclaimer statement 
may appear in some selected label templates. This field holds up to 250 alphanumeric characters. 


e) You have the ability to create a user-defined text field, which may be used to type in custom 
information (such as engineering company name and address). This information is included in 
certain label templates or is stored in the output report database. This field holds up to 125 
alphanumeric characters. 


f) You may navigate using the scroll arrows which allow you browse the different PPE descriptions 
for each level. 


g) There are four sets of PPE descriptions. One for each of the options “NFPA 70E 2000” (5 
descriptions), “NFPA 70E 2004” (5 descriptions), “NFPA 70E 2009” (5 descriptions), and one 
for the “NFPA 70E 2012 to 2018/User-Defined” (10 descriptions). The description fields hold up 
to 250 alphanumeric characters. 
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Note: The defaulted descriptions are provided only as examples of PPE requirement descriptions as 
described by NFPA 70E Standards. These descriptions are not recommendations made by ETAP on how 
to protect personnel from Arc Flash or Shock Hazards. Please exercise caution in applying these 
descriptions and follow all the remaining recommendations made in NFPA 70E 2018. 


In previous versions of ETAP the incident energy levels were defined as incident energy categories. For 
the purpose of keeping older projects or versions compatible, the word category is maintained and still 
used for the 2000, 2004 and 2009 sets of energy levels. 


Note: Starting with NFPA 70E 2012_2018, a new set of PPE descriptions specifically designed to be used 
with for arc flash analysis has been approved and added. It is important to understand that the energy 
levels or “categories” as they used to be called in previous versions are nothing more than a method of 
sorting (filtering) incident energy results and do not imply that the table method from NFPA 70E is being 
used. 


These ranges have been used in the past versions of ETAP as a method of rationalizing or analyzing the 
incident energy found at different locations in the system. It was convenient to use the incident energy 
breakdown from the table method of NFPA 70E as a starting range to sort or present the incident energy 
results. 


PPE Approval 

The PPE requirements must be approved prior to printing any reports or printing arc flash labels. For this 
reason, starting with ETAP11, an approval checkbox has been added to raise the awareness towards the 
review and approval of the PPE which will be reported. 


The PPE requirements can be approved from the PPE Requirements editor by clicking on the “Approve 
PPE” button. The following message window appears: 


PPE Approval 


The PPE Requirements need to be approved before being 
printed on the safety labels. It is recommended that these 
requirements be approved by the facility safety manager or 
person in charge of PPE selection 


Furthermore, it is recommended to use the LATEST version 
of NFP& 7O0E to perform the arc flash hazard calculations 
and/or to make PPE requirement selections. 


The default PPE requirements that are provided by ETAP 
are only samples and must be reviewed and approved. 
Checking the box below indicates approval of PPE 
requirements 


(_] PPE Requirements have been Approved 


OK Cancel 


ETAP 34-50 ETAP 19.0 User Guide 


Arc Flash Analysis DC Arc Flash Calculation Methodology 


Logic for PPE Approval: 


e Once the PPE Requirements have been approved, the message window closes, and the PPE 
requirements become display only (read-only). This is done to prevent further changes or 
undesired PPE requirements once the approval has been done. If modifications are needed then 
the PPE approval box should be unchecked. 


If the PPE requirements have not been approved, the arc flash calculation will not write them into the 
output reports or label databases. 
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34.7 DC Arc Flash Required Data 


The data required for an arc flash calculation is in essence the same data required for a DC Short-Circuit 
analysis minus the device short-circuit capability ratings (i.e., device duty evaluation ratings) 


34.7.1 Bus 


DC Bus 


Info Page 
e Nom. V 


DC AF Parameters Page 
e Relativity coefficients a, k 
e Gap between Conductors / Electrodes 


DC Arc Flash Page 

e User-Defined Source PD 
e FCT 

e Fixed FCT 

e Working Distance 

e Allowable Energy 


34.7.2 Source 


Charger 


Info Page 
e Charger ID 
e Bus connection data 


Rating Page 
e All data in this page is required for DC Load Flow calculations 


SC Page 
e Data in the SC Contribution for DC System section 
e AC System Z data is required if the Based on AC System Z option is selected 


UPS 


Info Page 
e UPSID 
e Bus connection data 


Rating Page 


e AC rating data 
e DC rating data 
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e Auction diode option 


SC Imp Page 
e SC Contribution to DC System section data 


Battery 


Info Page 

e Battery ID 

e Bus connection data 
e Number of strings 


Rating Page 
e Number of cells 


SC Page 


e Battery Library type data: Rp, time constant, SG, VPC, and 1-min-rating 


e Short-circuit model data 
e External impedance data 
e Voc per cell data 


34.7.3 Load 


DC Motor 


Info Page 

e Motor ID 

Bus connection data 
Configuration status 
Quantity 


Rating Page 
e Rating data 
e Load category data 


SC Page 
e SC parameters 


Lump Load 


Info Page 

e Lump load ID 

e Bus connection data 
e Configuration status 


Rating Page 
e Rating section data 
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e Motor/static load percent 
e Load category data 


SC Page 
e SC parameters 


Static Load 


Info Page 

e Static load ID 

e Bus connection data 
e Configuration status 
e Quantity 


Rating Page 
e Rating section data 
e Load category data 


CCSD Load 


Info Page 
e CCSD load ID 
e Bus connection data 


Rating Page 
e Rating section data 
e Load category data 


34.7.4 Branch 


DC Cable 


Info Page 

e Cable ID 

e Bus connection data 

e Cable length 

e Number of cables per phase 


Impedance Page 
e Cable resistance and inductance 


e Units section data 
e Base and minimum operating temperature 


DC Impedance 


Info Page 
e DC impedance ID 
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e Bus connection data 
e Impedance resistance and inductance 


DC-DC Converter 


Info Page 
e DC converter ID 
e Bus connection data 


Rating Page 


e Rating section data 
e SC contribution data 
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34.8 Arc Flash Reports 


34.8.1 Opening the Arc Flash Report 
To open the Arc Flash Report, do the following: 


1. Click the Report Manager Button on the DC Arc Flash toolbar. ETAP displays the Arc Flash Report 
Manager. 


2. Click the Summary page tab, select Arc Flash Summary, and click OK to generate the report. 


DC Arc Flash Report Manager 
[Complete | Input _| Label-English | Resuit | Summary 


Arc Flash Summary 


Interrupting Current 


Path 
C:\ETAP\Example-ANS! 


You may also start the Arc Flash Crystal Reports by selecting them from the Report Manager located on 
the upper right-hand corner of ETAP as shown below: 


+ AQ DCAF-STOKES >| Ee] Cable 


ETAP 34-56 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Reports 


34.8.2 Types of DC Arc Flash Output Reports 


DC arc flash calculations are performed using DC Short-Circuit reports. 
has Crystal Report databases with extension *.DA1 or *.DA1S. 


The DC Arc Flash calculation 


There is no input data report for DC arc flash. There is no Arc Flash analysis report. The only report that 
is readily available is the Arc Flash Summary report. However any input or output report can be easily 
created by exporting the input/output results from the DC Arc Flash report analyzer into MS Excel®. 


34.8.3 Structure of the Arc Flash Report Manager 


The Report Manager is structured into different sections and each one of them contains some information 


about the arc flash calculation. 


Input 


The Report Manager’s Input section shows the input data for the DC Arc Flash calculations. 


ETAP 


ia 
DC Arc Flash Report Manager 


Lx 


[Complete | Input | Label-Enalish | Resutt | Summary | 


Output Report Name 
Stokes 


Path 
C:\ETAP\Example-ANSI 


®) Viewer 
PDF 
MS Word 
©) Rich Text Format 
>) MS Excel 
(-) Set As Default 
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Complete 
The Report Manager Complete page shows the Complete DC Arc Flash report with an extra appended 
page that contains the Arc Flash Summary report. 


ETAP 


cc hetonteponiwer 


("| Set As Default 


Path 


C:\ETAP\Example-ANSI 


Goal 
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Summary 
From the DC Arc Flash Report Manager Summary page, you can generate the Arc Flash Summary report. 


7 ——— Ie 
DC Arc Flash Report Manager x=) 


| Complete | input | Label-English | Resutt | Summary 


@ Viewer 
Interrupting Current © PDF 

© MS Word 

© Rich Text Format 
© MS Excel 

[) Set As Default 


XM 


The DC Arc Flash Summary report is shown below: 


Summary - DC Arc Flash Hazard Calculations 


Faulted Bus Fault Current Are Flash Incident — Working 
Gap _ Bolted Fault (kA) PD Are Total FCT Boundary Energy Distance Energy 
ID Nom.kV Equip. Type (mm) Bus PD Fault (KA) Source Trip Device ID (seconds) (ft) (caVem2) (inches) Level 
0.125 Panelboard 20 0.780 0.780 0.453 Fuse 1D13-2 0.010 0.010 18.00 0 
0.125 LV Switchgear 20 0.889 2.000 2.10 2.337 18.00 1 
0.125 Exposed bs 0.247 0.247 0.176 Fuse 1D13-8 0.149 0.22 0.039 18.00 0 
Conductors 
0.125 MV Switchgear 5 0.316 0.316 0.224 Fuse 1D13-10 0.062 0.11 0.021 18.00 0 
0.125 Junction Box 10 1.202 1.455 0.921 Fuse DC-13-Main 16.365 ye P 3 26.855 18.00 4 


It contains the following sections: 


1) Faulted Bus: Provides information on the identification “ID” of the DC Faulted bus, its nominal 
voltage, equipment type and gap between energized conductors or circuit parts. 

2) Fault Current: This section provides information on the DC Short-Circuit fault current (total fault 
current), the equivalent total arc current and the portion of the arcing current which passes 
through the source protective device. 

3) Source Trip Device ID: This is the ID of the last source protective device to de-energize the fault. 
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4) Total FCT (seconds): This is the time it takes the source protective device to trip or completely 
clear the fault. 

5) Arc Flash Boundary: AFB (ft / meters). 

6) Incident Energy (cal/cm’): Total faulted bus incident energy 

7) Working Distance (inches / centimeters): This is the working distance from the energized 
conductor or circuit part to the face and or torso. 

8) Energy Level: This is the level used to sort, filter and group the incident energy results. 

Result 


This section of the report manager does not contain any information specific to DC arc flash. It only 
contains the DC Short-Circuit results (which are the base for the DC Arcing current calculation). 


ETAP 


, — 
DC Arc Flash Report Manager x=) 


Complete | input | Label-English | Result | Summary 


Short-Circuit Report @) Viewer 
PDF 


») MS Word 
» Rich Text Format 
» MS Excel 

(| Set As Default 


Path 
C:\ETAP\Example-ANS! 
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34.9 DC Arc Flash Labels 


The DC arc flash label templates can be accessed through the DC Arc Flash Report Manager Label page. 
These templates are pre-designed. If you select the template that you want, all the buses will be displayed 
with the same label template. 


DC Arc Flash Report Manager x 


Complete Input Label-English Result Summary 


4X6 Brady-Bus A @ Viewer 
4X6 Danger1-Bus 
4X6 DuraLabel-Bus O POF 
4X6 DuraLabelW Lines-Bus OMS Word 
4X6 Waming1-Bus 
Avery-6579 Danger1-Bus O Rich Text Format 
Avery-6579 Danger-Bus 
Avery-6579 Waming-Bus OMS Excel 
Avery-6878 Danger-Bus re [_] Set As Default 
Averv-R72 Waminn-Riie 
Output Report Name 
DCAF-PAUKERT 
Path 
D:\Pecan2-FG1-ADMS-Rel\Example-ANS! 


Help Cancel 


ETAP labels can be printed to different types of labels printers and to different media types. Please refer 
to the AC Arc Flash chapter for more information of printing arc flash labels. 


34.9.1 Arc Flash Label Formats 


This section describes some of the features of the arc flash label templates available in ETAP 11.1.0. 
Please refer to the AC Arc Flash chapter for more information on available label templates and printer 
information. 
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34.10 DC Arc Flash Result Analyzer 


The purpose of the DC Arc Flash Result Analyzer is to provide an easy way for the electrical engineer to 
analyze the arc flash results from several scenarios. It is a difficult task to determine which scenario 
produces the worst-case results and thus manipulation of the results from several reports is needed in 
order to find the desired final results to be placed on arc flash labels or summaries. 


The Arc Flash Result Analyzer has the ability to present the results of all the different output reports and 
to filter them based on different conditions of special interest. The analyzer is a powerful tool for 
MS Excel in any fashion that you want since it allows you to select different 


exporting results to 
input/output fields. 


© Output Report 
Uncheck All 
Ref. | Select 


Scenatios 


Reports 
DCAF-MAXPOWER 
DCAF-PAUKERT 
[¥] | DCAF-STOKES 


© y 
(@) ] 


oO 


Project Report 
OOAll Project in Active Directory 
@ Active Project 


Example-ANS| 


Check All 


M Voltage [Volts] a 
Type 

| Bus Gap 

Working distance 

Open/Box 

‘Width (mm) v 


Results 
Check All 
Total Energy (cal/cm}) 
Vare (Volts) 
Rare (Ohms) 


PPE Description 
AFB 
Energy Levels 


ETAP 


ID J — ,| Type _| BusGap || DCAF-MAXPOWER DCAF-PAUKERT || DCAF-STOKES | 

pI 250 Panelboard 30 7 

2 DCBus2 250 Panelboard 20 

«| DCBus3 125 Panelboard 20 

4 DCBus4 125 Panelboard 20 i 

5 DCBus5 250 DC MCC Panel 20 
Copy Sot | $4 Al 

Incident Energy . 

| Filter Reports by Energy Levels Display Options Reporting 
NFPA 70E 2012 to 2018 /UD ay. Actual Value Standard = Custom 
5 Label Label 
Filter Results By cal/ent Differe! 
= \E 
FCT Not Determined lV] | Level A 2 Skip If Same 
4 
Calc. Method Limits © {level B |4 ae Work Permit 
nit 
Calc. Warnings | |Levelc |8 
© | Level D | 25 Seconds Es 
Exceeds Max. FCT 7 |tevelE 140 
| | Level F | 100 
] Show Colors Expott... Find Help Close 
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34.10.1 Report and Result Selections 


The report and result section of the DC Arc Flash Result Analyzer has identical behavior as that of its AC 
counterpart. Please refer to the AC Arc Flash Report analyzer section for more details. 


Bus 
Select the “Bus” check box to display the DC bus arc fault results in the display window. 


Source Protective Device 
This option will be available in a future release of DC arc flash. 


Load PD (Bus Side) 


This option will be available in a future release of DC arc flash. 


Load Terminal 
This option will be available in a future release of DC arc flash. 


Info 


View general information pertaining to the devices selected. This information is typically the information 
that is reported in the input and summary pages of the study reports. The information displayed for the 
protective devices and loads may come from the connected bus of that device. Please also note that when 
multiple reports are selected, the info fields are taken from the reference report. The following image 
shows you how to select the reference report. Of course, it is highly unlikely that the input AF properties 
like the Bus Gap will be set differently for different scenarios. Most likely the variations occur on 
protective device settings and/or fault current levels or system configurations. This is why it is practical to 
include only the reference report input data when comparing multiple reports. 


@ Output Report Scenarios 
Uncheck All 
Ref. Select Reports 
® DCAF-MAXPOWER 
DCAF-PAUKERT 


DCAF-STOKES 


Voltage 
Display the voltage rating of the element. This may be the bus nominal voltage, protective device rated 
voltage or the load rated voltage. 


Type 
Display the specific type of DC equipment, such as LV Switchgear, Battery Rack, Panelboard, etc. 


Bus Gap 
This is the gap between conductors/electrodes in mm. 
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Working Distance 
Display the working distance, which is used to calculate the incident energy, for each bus or connected 
bus. 


Open / Box 
This field indicates if the equipment is enclosed or open. 


Width 

If the equipment is enclosed, this field displays the width in mm of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


Height 

If the equipment is enclosed, this field displays the height in mm of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


Depth 

If the equipment is enclosed, this field displays the depth in mm of the enclosure which contains the DC 
energized conductors. This field is used for information only and is not used in the calculation of the 
incident energy at this time. 


a&k 

The reflectivity constants are used when determining the incident energy. They are properties of the 
enclosure and are determined based on the dimensions of the box/enclosure. These constants are used 
when determining the incident energy based on the Stokes & Oppenlander or Paukert methods. 


Orientation 

This is the orientation of the conductors / electrodes. The orientation field will be used as an input field as 
future calculation methods become available. In this version of ETAP it is used for information purposes 
only. 


Termination 

This field allows the user to enter the type of conductor / electrode termination. The termination field will 
be used as an input field as future calculation methods become available. In this version of ETAP it is 
used for information purposes only. 


Conductor Type 

This field allows the user to enter the type of material of the conductor / electrode. The conductor type 
field will be used as an input field as future calculation methods become available. In this version of 
ETAP it is used for information purposes only. 


Equipment Name 
Display the equipment name of the device. 


LAB to Exp. Mov. Conductor 

Display the limited approach boundary of exposed movable conductors for each bus or connected bus. 
This is the approach limit at a distance from an exposed energized conductor or circuit part that is 
movable within which a shock hazard exists. 


ETAP 34-64 ETAP 19.0 User Guide 


Arc Flash Analysis Arc Flash Result Analyzer 


LAB to Fixed Part 
Display the limited approach boundary of fixed circuit parts for each bus or connected bus. This is the 
approach limit at a distance from an exposed live part that is fixed within which a shock hazard exists. 


RAB 

Display the restricted approach boundary of the bus or the connected bus. This is the approach limit at a 
distance from an exposed live part within which there is an increased risk of shock due to electrical arc 
over combined with inadvertent movement. 


PAB 

Display the prohibited approach boundary of the bus or the connected bus. This is the approach limit at a 
distance from an exposed live part within which work is considered the same as making contact with the 
live part. 


Glove V-rating 

Maximum Insulated glove voltage rating per ASTM D120-14a (2014) standard. Please note that if your 
safety program requires a higher voltage rating to be used, then the user-defined voltage-rated glove 
feature can be used. 


Glove Class 
Insulated glove class per ASTM D120-14a (2014) standard 


Results 


This section determines which calculation values are displayed in the results windows. The results 
displayed are determined by either the output reports selected or the different analysis filters selected. 


The following are descriptions of each field which can be displayed in the results window: 


Total Incident Energy 
Display the total incident energy (cal/cm’). This value is the most important piece of information which is 
obtained from the calculation. It represents the total energy released by the fault up to the final fault 
clearing time (Final FCT). 


Varc 
This is the arc voltage in Volts dc. 


Rarc 
This is the arc resistance in ohms. 


PPE Description 
Description of the required Personal Protective Equipment required for performing energized work based 
on the determined energy level. This PPE is determined based on the total incident energy accumulated 
during the arc fault. 


AFB 

The Arc Flash Boundary (ft-inch/m) is the distance at which the energy exposure is less than or equal to 
1.2 cal/cm? (typically the onset of a second degree burn). This boundary is always determined based on 
the total incident. 
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Energy Level 
This is used to sort the results using different energy levels. Typically the values from NFPA 70E tables 
have been used as reference points for energy values. 


Final FCT 

The Final Fault Clearing Time (FCT) is the time at which the final source protective device operates to 
completely de-energize the arc fault. ETAP assumes that all sources must be completely de-energized 
before the arc fault can be completely extinguished. 


Total Ia 
Total arcing fault current for a fault at the DC bus (kA) 


Calc. Method Limits 

This field is used to display information about the limitations of the calculation methods. Please refer to 
the calculation methodology section for explanation into each of the limits which can be flagged through 
this field. 


FCT Not Determined 
This field is used to flag the locations for which the DC arc flash program failed to obtain a fault clearing 
time or arc duration. 


Source PD ID 
This is the ID of the last source protective device to operate to de-energize the fault. For radial systems, 
this is the first device which operates which is capable of de-energizing the fault. 


Exceeds Max FCT 
This is a warning flag which indicates if the final fault clearing time exceeds the maximum allowed value 
which was entered by the user in the Method page of the DC Arc Flash Study Case editor. 


Total Ibf 
Total bolted fault DC Short-Circuit current for a fault at the DC bus (kA) 


Source PD Ibf 
DC Short-Circuit current which would flow through the source protective device for a bolted fault (kA) 


Source PD Ia 
Arcing current which flows through the source protective device (kA) 


Calc. Warning 


This flag identifies which locations are energized by a large amount of constant current sources. Please 
refer to the calculation methodology section for more information on this field. 


Incident Energy 


Incident Energy 
Filter the results based on incident energy values. Only available if multiple reports are being compared. 


Worst-case 


Show only the results of the scenario which produced the worst-case incident energy exposure for each 
location. 
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Min 
Show only the results of the scenario which produced the minimum incident energy exposure for each 
location. 


The following logic applies to the incident energy filter: 


1) Ifthe check box “Incident Energy” is selected, then the Max and Min Radio toggle field should 
be enabled. The default position of the Incident Energy check box should be as unchecked. 
Selecting this box should enable the Max/Min filters. 


2) The default position of the filter is set to Max. This means that the filter will find the highest 
incident energy values for every bus, protective device and or load terminal amongst all the 
different output reports (scenarios). 


3) The Min Incident Energy Filter is designed to do exactly the opposite of the Max filter. It is 
looking for the minimum incident energy value (not including “0”) amongst all the selected 
output reports for every faulted element. 


4) When the Incident Energy Filter Max or Min filters are enabled, the name of the configuration 
and the output report ID are always displayed. This helps to identify which configuration or 
scenario produces the worst or minimum incident energy values. 


5) Ifthe Incident Energy Filter is selected, the “Ref.” toggle radio box on the Output Report window 
is hidden. However, if you choose to show information from the “Info” window, it will come 
from the reference report. 


Filter Results By 


This section allows you to filter results based on special conditions which the program determined during 
the calculation. 


FCT Not Determined 
Indicate which arc fault locations are potential hazards because the protective device did not operate. This 
applies to arc faults at the bus, source protective devices or load terminals. 


The following logic applies to the FCT Not Determined filter: 


1) Ifthe “FCT Not Determined” filter is enabled and the “Bus” result selection check box is 
selected, then the program only shows the bus elements for which the program failed to find a 
fault clearing time (FCT). 


Exceeds Max. FCT 

The arc flash analysis “Exceeds Max. FCT” filter is designed to easily filter out any bus, protective 
device or load terminal fault which has a Fault Clearing Time higher than the maximum allowed. The 
maximum FCT can be defined in the DC Arc Flash Study Case Method page. Typically the maximum 
value is set by default to 2.0 seconds. 


Calc. Method Limits 


This filter determines if any calculation method is out of range. Please refer to the calculation 
methodology section for a list of the calculation limits. 
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Calc. Warnings 
This filter determines if any calculation warning related to constant current source modeling is present at 
any faulted bus. Please refer to the calculation methodology section for a list of the calculation limits. 


Filter Reports by Energy Levels 


The incident energy filter allows the user to filter out and color the incident energy results according to 
the level ranges defined in NFPA 70E 2000, 2004, 2009 guidelines or user-defined. Please note that this 
is nothing more than a tool for sorting, grouping and filtering the incident energy results and is not an 
evaluation of the Risk for working on the energized equipment. 


Energy Level Drop List 
This drop list allows the user to select which group of category definitions to use and show in the filter 
selection window below. 


Show Colors Check Box 
The show colors check box enables the coloring of the results according to the selected filter colors from 
the category filter selection window. If this checkbox is not selected, then the coloring is not enabled. 


NFPA 70E 2000 
Show only the results for the scenarios which were categorized using NFPA 70E 2000 energy levels. 


NFPA 70E 2004 
Show only the results for the scenarios which were categorized using NFPA 70E 2004 energy levels. 


NFPA 70E 2009 
Show only the results for the scenarios which were categorized using NFPA 70E 2009 energy levels. 


NFPA 70E 2012 to 2018 /User-Defined Values 
Show only the results for the scenarios which were categorized using user-defined risk levels. 


Level A 
Show the incident energy results for locations with energy level “0” 


Level B 
Show the incident energy results for locations with energy level“1” 


Level C 
Show the incident energy results for locations with energy level“2” 


Level D 
Show the incident energy results for locations with energy level“3” 


Level E 
Show the incident energy results for locations with energy level“4” 


Level F 
Show the incident energy results for locations with energy level“5” 


Level G 
Show the incident energy results for locations with energy level“6” 
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>Level G 
Show the incident energy results for locations with energy level higher than last level specified. 


Not Det. 
Show the incident energy results for locations for which a hazard/risk assessment could not be 
determined. 


Show Colors 
Display the colors for each category in the results window of the analyzer. 


Filter Reports by Energy Levels 


NFPA 70E 2012 to 2018 /UD v 


cal/cné 


Level A |2 
Level B |4 
Level C |8 
Level D | 25 
Level E | 40 
Level F | 100 


Show Colors 


Energy Level Selection Window 
This window displays the category ID, the Category Max limit (cal/cm’) and the color selection buttons 
for each energy level. To enable the colors, click in the color box to open the color selection editor. 


The default colors for the each of the energy levels are displayed in the following table: 
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Default Category ID (cal/cm?) Color 
NFPA 70 2009 
Level 0 1.2 
Level 1 4 
Level 2 8 
Level 3 25 
Level 4 40 
> Level 4 > 40 
Not Det. N/A 
NFPA 70 2004 
Level 0 2 
Level 1 4 
Level 2 8 
[¥] Level 3 25 
Level 4 40 
iv] > Level 4 > 40 
iv] Not Det. N/A 
NFPA 70 2000 
iv] Level 0 1.2 
[¥] Level 1 5 
Iv] Level 2 8 
Level 3 25 
) Level 4 40 
> Level 4 > 40 
Not Det. N/A 
NFPA 70E 
2012~2018 User- 
Defined Values 
i] Level A 12 
] Level B 5 
[¥] Level C 8 
[v] Level D 25 
[¥] Level E 40 
i] Level F 100 
Level G 120 
ad Level H 0 (disabled) No Color 
C] Level I O (disabled) No Color 
CI Level J 0 (disabled) No Color 
[¥] > Last Enabled 
Level 
| Not Det. N/A [Red 


The following specific logic applies to the incident energy filter: 
1) The results window filters out any result which does not match with the levels selected in the 


incident energy level drop list. This means that if you ran some studies with the NFPA 70E 2000 
and and some other studies with the NFPA 70E 2004 energy levels, but the drop list selection is 
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NFPA 70E 2009, then the program only displays the reports which were generated using the 
NFPA 70E 2009 selection in the Parameters Page of the DC Arc Flash Study Case editor. 


2) The “Not Det” option of the filter shows all the results for which the incident energy level could 
not be determined. One common cause of this condition is when the program fails to determine 
the fault clearing time (i.e. “FCT not determined” condition). This means that enabling the results 
of the FCT not determined filter will most likely produce similar results to those of this filter 
option. 


Display Options 
This section will be enabled in a future release of the program. 


Actual Value 
Actual operating values of the incident energy results 


Differences with Ref 
Show the result difference between two scenarios 


Skip if Same 
Do not show results if they are the same in multiple scenarios. 


FCT Unit 


This section determines the measurement unit used to display the fault clearing time. 


Seconds 
Display the fault clearing times in seconds. 
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34.10.2 DC AF Result Analyzer Reporting Tools 


Standard Label 


This tool works in similar fashion as its AC Arc Flash counterpart. Please refer to the AF Report Analyzer 
Reporting Tools section for more information. 


Custom Labels 

Labels are the end result of Arc Flash Studies. Many labels need to be customized according to different 
regulations or preferences (i.e. CSAZ462, NFPA 70E, NEC, ANSI Z535, etc). The DC arc flash custom 
labels work in similar fashion as their AC counterparts. Please refer to the AC Arc Flash chapter of this 
user-guide for more information on how to open, modify or create custom labels. 


Work Permit 


A work permit is part of the NFPA 70E Guidelines. It is required when performing work on energized 
equipment. It contains information about the shock hazard and the arc flash analysis results. The work 
permit needs to be generated for individual bus arc flash results. It is launched from the Arc Flash Report 
Analyzer. Customize the report analyzer to fit the requirements of each project. 
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34.11 DC Arc Flash Calculator 


The tab labeled “DC Arc Flash” contains arc flash calculations for dc systems. The calculator contains 
three calculation methods and provides plots to visualize the incident energy results. The dc arc flash 
calculator is meant to supplement the engine dc arc flash calculations. This section of the user-guide 
provides information on some design, assumptions and simplifications which may cause slight differences 
in the results. The DC Arc Flash calculator is displayed below: 


Power and AF Calculator ~ x 
PowerFlow AC ArcAlash DC Arc Alash AycFault 
Method and Fault Type — Arc Flash Boundary —— LAB —— RAB = Working Distance 
Method Fault Type =— Arc Flash Plasma 
STOKES v Shunt v 
Input Parameters 
Source Voltage (dc Volts) Source Ibf (kA) 
480 20.000 l 
System R (Ohm) Load R (Ohm) 
0.002 10 
Hectrode Gap (mm) Working Distance (inch) 0 10 20 30 40 50 60 70 
32.0 24.0 Distance (inch) 
& : @ @ LE. vs. FCT O LE. vs. Working Dist. 


Incident Energy Mill |.E.@ FCT 
Equipment Type Height (mm) — Width (mm) —_ Depth (mm) 


Faetosd |__| : 
25 
a k 

Typical 100 0.127 ~ 
15 

Fault Clearing Time 
User-Defined FCT (sec) * 
5 
0 

0 0.5 1 15 2 2 


< 


& M 5 
FCT - (sec) 
DC Arc Flash Results 
Arcing Current (kA) Incident Energy (cal/cm2) Arc Flash Boundary (inch) Calculation Wamings 
14.00 12.98 79.89 
Help 


34.11.1 Method and Fault Type 


This group of fields allows the user to select the calculation method and the type of dec arc fault (shunt or 
series). 


Method 


This dropdown list allows the user to select the calculation method. For calculation details on each 
method please refer to the DC Arc Flash Calculation Methodology section of the user-guide. The 
available methods are: 
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e Maximum Power 
¢ Stokes & Oppenlander (Stokes) 
¢  Paukert 


Fault Type 

The dc arc flash calculation is performed using the basic assumption of a voltage behind impedance 
model. Furthermore, the shunt calculation assumes that the arc fault occurs between the anode and 
cathode of the system supply in shunt with the system load. A series arc fault is introduced in series with 
the system load. 


34.11.2 Input Parameters 


This group of input fields allows the user to define the input parameters for the dc arc flash incident 
energy calculation. 


Source Voltage (dc Volts) 


This input field has a range of 1 to 1000 Volts dc if the Maximum power method is selected. The voltage 
can be higher than 1000 V dc if the Stokes or Paukert methods are selected. Higher values of voltage can 
be entered directly. 


Source Ibf (kA) 


This input field represents the available dc short-circuit current used to determine the Thevenin equivalent 
resistance of the source. The source voltage and current are used to represent an equivalent of the source 
voltage and resistance. 


System R (Ohm) 


This input field represents the total resistance between the equivalent voltage source and the point of the 
arc fault. 


Load R (Ohm) 


This field represents the load resistance that can be used to limit the arc current when series arc faults are 
modeled. 


Electrode Gap (mm) 


This field represents the gap between anode and cathode (gap between conductors). 


Working Distance (inch) 


This field represents the working distance. Typical values are used in similar fashion to IEEE 1584-2002. 


Equipment Type 

This field is used to determine if the equipment is open-air or enclosed. The selection is also used to 
establish the typical height, width and depth of the enclosure along with Wilkin’s reflectivity factors a and 
k. 


Height (mm), Width (mm), and Depth (mm) 


These three fields are included for reference only. Please refer to the AF Parameters Page subsection of 
the DC Bus Editor for more details. 
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a (mm 


This is one of the Wilkin’s reflectivity factor. Please refer to the AF Parameters Page subsection of the 
DC Bus Editor for more details. 


k 


This is one of the Wilkin’s reflectivity factor. Please refer to the AF Parameters Page subsection of the 
DC Bus Editor for more details. 


Typical 


This button activates the typical values for working distance, gap and reflectivity factors. 


34.11.3 Fault Clearing Time 


This group of options is used to provide the expected duration of the dc arc faults. 


User-Defined FCT (sec) 


This field allows the user to enter the fault clearing time or user-specified expected arc fault duration. The 
range is 0.01 to 2.0 sec, but smaller and longer time durations can be entered directly. 


34.11.4 DC Arc Flash Results 


This group of display only text fields provides the results of the incident energy calculations. 


Arcing Current (kA) 


This display only field shows the arc current in kA. The field is blank when no arc current can be 
calculated. 


Incident Energy (cal/cm2) 


This display only field shows the incident energy in cal/cm’*. This field is blank when the arc flash 
calculator cannot find a dc arc flash solution. 


Arc Flash Boundary (inch) 


This display only field shows the arc-flash boundary results in inch. It is blank when the AFB cannot be 
determined or is not applicable. 


Calculation Warnings 


This display only text window displays messages about calculation warnings or conditions where input 
parameters may be out of method range. 


34.11.5 Arc Flash Plots 


Arc-Flash Boundary, LAB, RAB, Working Distance and Arc Flash Plasma 


This plot panel shows the limited approach boundary per NFPA 70E 2018, restricted approach boundary 
per NFPA 70E 2018, the working distance plane and the arc-flash boundary plot. The arc plasma plotted 
as a function of the gap length (i.e. its diameter is twice the gap length). 
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The plot panel charts are shown below: 
=e Arc Flash Boundary —— LAB —— RAB) === Working Distance 
=— Arc Flash Plasma 


0 5 0 15 2 2 30 35 40 45 50 55 60 
Distance (inch) 


Incident Energy vs FCT and Incident Energy vs Working Distance Plots 


This plot panel shows the plots for incident energy (cal/cm2) against the fault clearing time (sec) if the 
radio box position is set to “I.E vs. FCT”. The arc flash calculator provides a plot of the incident energy 
vs the working distance when the radio box “I.E. vs. Working Dist.” is selected. 


The image below shows both plots: 
@© 1.E. vs. FCT © LE. vs. Working Dist. 


Incident Energy Mill |.E.@ FCT 


8 8 6 8 


0 05 1 15 2 25 
FCT - (sec) 
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© 1. vs. FCT © |.E. vs. Working Dist. 


=— Incident Energy 


20 
10 
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DC Load Flow Analysis 


The DC power system is an integral part of the entire electric power system, providing power to control 
circuits and backup power during emergency conditions. It includes DC power sources, their distribution 
systems, and vital supporting systems that supply power to critical equipment. 


Due to lack of analytical tools in the past, DC power system design and validation studies have been 
mainly done by hand-calculations, limited to simplified calculations on simple system configurations. 
Such simplified hand-calculations cannot meet today’s requirement for DC system analysis, especially for 
the nuclear power industry. The ETAP Load Flow Analysis Module is the perfect tool to perform DC 
system studies. It provides a diversity of DC components and calculations required for conducting DC 
power system design and validation studies. It can handle any system configuration at ease, including 
radial system; loop system and AC-DC interconnected system. 


A variety of DC components and AC-DC power conversion components are available for you to model 
the DC power system, including: 


DC battery 

DC bus and node 

DC cable 

DC machine, static load, lumped load, and Composite CSD (CCSD) load 

DC protective devices, such as circuit breaker, fuse, switch, and contact 

DC composite network and DC composite motor 

DC-DC converter 

AC-DC power conversion components, such as charger/rectifier, inverter, and UPS 


DC load flow analysis is an essential study for DC system design and operating condition assessment. 
The ETAP Load Flow Program calculates bus voltage profile and branch power flows for a user-specified 
loading category. It validates the calculated operating conditions against element operating limits, such as 
bus maximum/minimum operating voltage, branch allowable current, and source maximum output, etc. In 
case any abnormal operating condition occurs in the system, ETAP flags the user in the one-line diagram 
by showing the element in an outstanding color. 


In order to simulate correctly various operating modes for AC-DC interface components in actual 
operations, ETAP provides different models to represent them in load flow studies. It automatically 
selects the one that is suitable for the actual operating condition. For example, a charger may be operating 
in constant voltage, constant current or non-effective modes, depending on its terminal bus voltage and 
loading conditions. 


The calculation results are reported in a Crystal Reports format as well as in the one-line diagram display. 
The Crystal Reports format provides detailed information about the study, including all the input data 
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used in the calculation, system voltage profile, branch power flows, and overloading validation results, 
etc. The one-line diagram display provides you with a direct visual representation of system operating 
conditions. 
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35.1 Study Toolbar 


The DC Load Flow Study toolbar will appear on the screen when you are in DC Load Flow Study Mode. 


DC L...\a) 


Run DC Load Flow Studies 


DC Load Flow Display Options 
DC Load Flow Report Manager 
Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run DC Load Flow Studies 


Click on this button to run a DC load flow calculation using the parameters currently selected in the DC 
Load Flow Study Case Editor. ETAP will give you error message list indicating missing information if 
your system is not set up properly. 


DC Load Flow Display Options 
Click on this button to customize the information and results annotations displayed on the one-line 
diagram in DC Load Flow Mode. 


DC Load Flow Report Manager 


Click on this button to open the DC Load Flow Report Manager. The Report Manager allows you to 
select the Crystal Reports format for your output reports. A detailed explanation of the DC Load Flow 
Report Manager is in the Output Reports section. 


Halt Current Calculation 
Click on the Stop Sign button to halt the current calculation. 


Get On-Line Data 


If the ETAP key installed on your computer has the online feature, you can copy the online data from the 
online presentation to the current presentation. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature, you can copy the archived data to the 
current presentation. 
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35.2 Study Case Editor 


The DC Load Flow Study Case Editor allows you to specify variables related to DC load flow 
calculations and Output Reports. 


35.2.1 Info Page 


DC Load Flow Study Case 


Info Loading 


Study Case ID Solution Parameters 


DCLF Max. Iteration | 99 


Update 


Initial Bus Voltage Charger/UPS Operating Load § [_]Cable Load Amp 


Report Initial Condition 


Unit 
Critical Voltage Operating Voltage | % 


@ Use Bus Voltage 


©) Use Fixed Value 


] Marginal Voltage Power kW v 


Study Remarks 
line of remarks for "DCLF" study case. 


ic DCLF Bl Copy | | New | (BRE | Heip | [OK 1] | Cancel 


Study Case ID 


Enter a unique alphanumeric ID with a maximum of 12 characters. ETAP automatically assigns a unique 
ID, which consists of the letters DCLF plus an integer, starting with the number 1 and increases as the 
number of study cases increases. 


Solution Parameters (Newton-Raphson) 


The ETAP DC load flow study uses the Newton-Raphson Method for calculation. 
Max. Iteration 


Enter the maximum number for iterations. If the solution has not converged before the specified number 
of iterations, a message will show up to flag the user. 
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Precision 

Enter the value for the solution precision to be used to check for convergence. This value determines how 
precise you want the final solution to be. A load flow solution is considered reached if, between two 
iterations, the maximum bus voltage difference in per unit is less than the specified precision value. 


Initial Condition 


Use Bus Voltage 
Select this option to use the initial voltage value in the Bus editor as the initial voltage in a load flow 
calculation. The bus initial voltage can be updated automatically in load flow studies. 


Use Fixed Value 
This option allows you to specify a flat initial voltage for all buses in a load flow calculation. 


Report 


Critical Voltage 
Select this option and enter the minimum and maximum voltages that any bus may achieve before it is 
flagged and included in the critical undervoltage and overvoltage bus summary report. 


Marginal Voltage 
Select this option and enter the minimum and maximum voltages that any bus may achieve before it is 
flagged as a marginally undervoltage or overvoltage bus. 


Bus Voltage 
Calculated bus voltages seen in the output report can be printed in kV or in percent of the bus nominal 
voltages. Select your preference by clicking on Percent or kV. 


Power 
Power seen in the output report can be printed in W, kW or in MW. Select your preference by clicking on 
W, kW or MW. 


Update 


The selected options will be updated after the subsequent load flow run. 


Initial Bus Voltage 
Select this option to update the values of the bus voltage magnitudes with the result of this load flow run. 


Charger/UPS Operating Load 

Select this option to update the load provided by chargers/rectifiers. When a UPS is operating as a source 
to the DC system, its operating load will also be updated. The AC loads for these sources are calculated 
based on the DC power they provide, the losses involved, and their operating power factor. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this remark box. Information entered here will be 
printed on the second line of every output report page header. These remarks can provide specific 
information regarding each study case. The first line of the header information is global for all study cases 
and entered in the Project Information editor. 
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35.2.2 Loading Page 


DC Load Flow Study Case 


Info 
DC Loading Category Inverter AC Loading 
Design 
© Operating Load 


PV Array Generation Category @ Loading Category Load 


Design 


Load Diversity Factor Motor Load 
@) None 
© Bus Minimum 
© Bus Maximum 


O Global Vin Vmax 
80 iy 120 


Constant kW 
if Vis within Range 


Bl Copy | | New Delete [Help | OK ||| Cancel 


Loading 


DC Loading Category 
Select one of the 10 DC Loading Categories for this Load Flow Study. The selection applies to all DC 
load elements and UPS. 


Load Diversity Factor 


None 
Select None to use the percent loading of each load for the selected Loading Category. 


Bus Max. 


When the maximum loading option is selected, each load will be multiplied by the Maximum Load 
Diversity Factor entered in the Bus editor for the bus where the load is connected. 
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This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Bus Min. 
When the minimum loading option is selected, each load will be multiplied by the Minimum Load 
Diversity Factor entered in the Bus editor for the bus where the load is connected. 


The minimum bus loading study option may be used to check system voltages under a minimum (light) 
loading condition. 


Global Diversity Factor 
When this option is selected, the Constant kVA and Constant Z edit boxes will be enabled, allowing you 
to enter the diversity factors in percent for constant kVA and constant impedance loads. 


These factors are global throughout the whole system. A motor load multiplying factor of 125% implies 
that the motor loads of all buses are increased by 25% above their nominal values. This value can be 
smaller or greater than 100%. 


Constant kVA 
Enter the global diversity factor in percent for constant kVA loads. 


Constant Z 
Enter the global diversity factor in percent for constant impedance loads. 


Inverter Loading 


There are two options for including inverter loads: Operating Load and Loading Category. 


Operating Load 

Select this option to use the load displayed in the operating load section on the Loading page of the 
Inverter Editor. When the operating load is used, the diversity factor will not be applied to the inverter 
load. These operating loading values can only be updated by running an AC load flow calculation. They 
cannot be edited directly by the user. 


Loading Category 
Select this option to use the loading category selected in the Category list. 


Motor Load 


A motor normally behaves as a constant power load when its terminal voltage is close to its rated voltage. 
However, when its terminal voltage deviates considerably from its rated voltage, its behavior becomes 
similar to a static load. This group allows you to set the voltage range within which you want a motor to 
be modeled as a constant power load. 


Constant kW if V is within Range 

Click on this checkbox for setting VMin and VMax. If this box is not checked, all of the motor loads will 
be modeled as constant power loads regardless of their terminal voltage. Please note that when only 
constant current sources in the system are present, this can prohibit load flow calculations from reaching a 
solution. 
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Vmin 
Enter the minimum voltage as a percentage of its rated voltage, below which the motor load will be 
modeled as a constant impedance load. 


Vmax 


Enter the maximum voltage as a percentage of its rated voltage, above which the motor load will be 
modeled as a constant impedance load. 
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35.3 Display Options 
The DC Load Flow Analysis Display Options consist of a Results page and three pages for AC, AC-DC, 


and Color information annotations. The colors and displayed annotations selected for each study are 
specific to that study. 


35.3.1 Results Page 


Display Options - DC Load Flow |e) 


AC | AC-DC | Colors 


Voltage [- | 
1 [stew Ue 


Voltage Power Flows 


(V] Load / UPS 


(¥| Composite Motor 


(¥| Composite Network 


Show Units 
When this box is checked the unit for the calculation results will be displayed on the one-line diagram 
along with the results. 
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Voltage 


Bus 
Click on this checkbox to show the bus voltage in the one-line diagram. 


Bus Display Unit 
From the drop-down list box, you can select to display the bus voltage in percent or in volt. 


Power Flows 


Power Flow Display Units 
Select to display the power flow in kW or MW. 


kW and Amp 
Select the kW to display power flow Amp to display current in ampere. 


% Voltage Drop 


Click on the Cable/Z checkbox to display voltage drop across cables and impedance. 


Branch Losses 
Click on the kW checkbox to display branch losses in kw. 


Flow Results 


Click on these checkboxes to display load flow results for different types of elements, including Branch, 
Source, Load/UPS, Composite Motor, and Composite Network. 
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35.3.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


GS OSBs8 


| 

| 

ia 
ia 
al 
ial 
[¥] 


ES 


Line | 
Cable / Bus Duct [! 


Composite Motor [¥] 
Composite Net [¥] 


[] Use Default Options [7] Show Equipment Cable 


fats} i (scam 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 

Gen. (Generator) kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# of Phases - # of Wires) 
Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay 50/51 for Overcurrent Relays 


kV 
Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 


Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Impedance in % 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 


D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 
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For transformers, the operating tap setting for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Motor 
Click on this checkbox to display the AC composite motor IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be 
grayed out. 


Show Eq. Cable 

Click on this checkbox to display equipment cables symbols. This option does not display cable 
information. Double-click on the equipment cable symbol to open up the Cable Editor for the selected 
cable. 
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35.3.3 AC-DC Page 


This page includes options for displaying info annotations for AC-DC elements and composite networks. 


¥ 
Size Type Lath 
[¥] | i 


[] Use Default Options 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 

Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 
Click on this checkbox to display the AC Composite Network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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35.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements on the one-line diagram. 


Display Options - DC Load Flow |p 


[Resuts [AC | ACDC | Color | 


Theme 


| ETAP (Defautt) 7| 


Annotations 


Theme 


®@) User-Defined 


Color Page Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 
whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 
G >» 
Theme Editor x 
Theme | ETAP (Defautt) y| Color Code | Phase 
[ Layer | 3Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font _| 
Standard Element Colors 
AC DC Composite 
Energized mE 
De-energized 
Pins I | 
Selected [x | cc lec 
Faulted Bus = 
Annotation 
‘an Hyperlink i 
Warning |B) = Visited Hyperlink | 
No Tag Online Meter i 
Acknowledged (I Playback Meter EE) 
Bad Quality | 
Zoom Grd Faulted Bus 
Color Color Color 
Transparency 80 Size 16 Symbol 
Style 
Background 
[ Help || Saveds... SetGlobal | | Apply | Cancel 
Theme Editor 


The Theme Editor allows you to select existing color themes or define a new color theme. 
Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 


on this page may also affect other modes and presentations if the Set Global option has been previously 
selected. 
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35.4 Calculation Methods 


The ETAP DC Load Flow calculation is an iterative process, due to the presence of constant power loads 
and power converter components. The objective of a load flow calculation is to find bus voltage values 
with specified system loads and sources. Based on the obtained bus voltage results, branch flows can then 
be calculated. The Newton-Raphson method is used in solving DC load flow calculations. This method is 
fast in convergence speed, bus it has a relatively high requirement on initial bus voltage values. 


In a DC load flow calculation, the loads involved in the system are constant power loads and constant 
impedance loads. The sources include constant voltage source and constant current source. A constant 
voltage source maintains its terminal bus voltage at a fixed value, while a constant current source injects a 
fixed value of current into the system. 


Because a converter component, such as a charger, has a maximum current limit, it is a constant voltage 
source only when its output current is not larger than its current limit. Once the output current is over the 
limit, it becomes a current source. Therefore, the operating mode of a converter component and its model 
cannot be predefined. It varies depending on system loads and configurations, and is determined during 
the process of calculation. 


Newton-Raphson Method 


The Newton-Raphson method formulates and solves iteratively the following load flow equation: 
JxAV=AI 


where AI is a vector for bus current injection mismatch between the specified value and the calculated 
value. Here the constant power loads are converted to current injections using the calculated voltage. AV 
is a vector for bus voltage incremental and J is a coefficient matrix called the Jacobian Matrix. 


The Newton-Raphson method possesses a unique quadratic convergence characteristic. It usually has a 
very fast convergence speed compared to other load flow calculation methods. However, the method is 
highly dependent of the initial value of bus voltages. A careful selection of bus voltage initial values is 
strongly recommended. 


When the system contains constant power loads and a charger (or a UPS) is the only source in the system, 
and the source is overloaded and changes to a constant current source, there may be problems in reaching 
a solution. This can occur when the source switches to a constant current source; it provides less current 
than it would as a constant voltage source. For a constant power load, its terminal voltage increases when 
it draws less current in order to maintain a constant power. It can lead to abnormally high voltage values 
as the calculation resolves. At such high voltage values, the motor loads actually behave as constant 
impedance loads. In order to resolve this situation, you may check the option of Constant kW if V within 
Range in the study case and properly set the VMin and VMax values. 
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Charger 


Model 
In DC load flow calculations, a charger can be represented in one of three models: constant voltage source 
model, constant current source model, and inactive mode model. 


A charger is normally operating as a constant voltage source, maintaining its terminal bus voltage at the 
regulated value specified in the Charger editor. However, when the current drawn from the charger is 
more than Imax, the maximum current it can provide while keeping its terminal voltage constant at the 
same time, it becomes a constant current source. The current drawn from the charger is then kept at Imax, 
while the terminal voltage drifts, depending on system loads and other sources. 


Whenever the terminal bus voltage is lower than the regulated voltage of a charger, it will try to raise the 
voltage to the regulated value until the charger current reaches Imax. On the contrary, if for some reason, 
such as other sources being connected to the same buses, the terminal bus voltage is higher than the 
charger regulated voltage, the charger becomes inactive as if it is switched off from the system. 


Operating Mode 
As a constant voltage source, a charge can operate in either the Constant Vdc Mode or the Fixed Firing 
Angle mode, depending on the selection made in the Rating page of the Charger Editor. 


In the Constant Vdc Mode, the charger output voltage is regulated at either the floating voltage or the 
equalizing voltage, as selected in the Rating page of the Charger Editor. 


In the Fixed Firing Angle Mode, the output voltage depends on the firing angle and the input bus voltage 
value. When the load to the charge varies, its output voltage should change accordingly. However, since 
the internal voltage drop of a charger is not considered in the calculation, the charger output voltage is 
assumed to be constant in the load flow studies. 


Converter 

From the Information page of the Charger Editor, you may select the type of charger as Converter, which 
means it is actually a rectifier. As a rectifier, it behaves almost the same as a charger, except that it does 
not have floating and equalizing voltage values. When operating in the Constant Vdc Mode, the regulated 
voltage is equal to its rated output voltage. 


UPS 


UPS as Source or Load 

To the DC system, a UPS (Uninterruptible Power Supply) can be a source or a load. When a UPS is 
connected to an energized input AC bus and it does not have an auction diode (the Auction Diode option 
in the Rating page of the UPS Editor is not checked), it is considered as a source to the DC system. 


When a UPS is not connected to an energized AC input bus, it becomes a load to the DC system. 


When a UPS is connected to an energized input AC bus, but it has an auction diode, the diode prevents 
the flow from entering into the DC system, so the UPS will not be a source to the DC system. In this case, 
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either the DC system or the AC input bus may provide the power to loads connected to the UPS output 
AC bus, depending on the voltage values of the AC input bus and the DC bus. After converting to the 
UPS AC output terminal using the UPS rated voltage ratio, if the DC bus voltage is higher than the AC 
bus voltage, the DC system will provide the power to the UPS output load; otherwise, the AC input bus 
provides the power to the load. 


UPS as Source to the DC System 

A UPS behaves very similarly to a charger when operating as a source to the DC system. It can be 
represented in one of three models: constant voltage source model, constant current source model, and 
inactive mode model. 


As a source, a UPS is normally operating as a constant voltage source, maintaining its terminal bus 
voltage at its rated voltage. However, when the current drawn from the UPS is more than Imax, the 
maximum current it can provide while keeping its terminal voltage constant at the same time, it becomes 
a constant current source. The current drawn from the UPS is then kept at Imax, while the terminal voltage 
drifts, depending on system loads and other sources. 


Whenever the terminal bus voltage is lower than the regulated voltage of a UPS, it will try to raise the 
voltage to the regulated value, until the UPS current reaches Imax. On the contrary, if for some reason, 
such as other sources being connected to the same buses, the terminal bus voltage is higher than the UPS 
regulated voltage, the UPS becomes inactive as if it is switched off from the system. 


Constant Voltage Source Operating Mode 
As a constant voltage source, a UPS can operate in either the Constant Vdc mode or the Fixed Firing 
Angle mode, depending on the selections made in the Rating page of the UPS Editor. 


In the Constant Vdc mode, the UPS output voltage is regulated at its rated DC voltage. 


In the Fixed Firing Angle mode, the output voltage depends on the firing angle and the input bus voltage 
value. When the load to the UPS varies, its output voltage should change accordingly. However, since the 
internal voltage drop of a UPS is not considered in the calculation, the UPS output voltage is assumed to 
be constant in Load Flow Studies. 


UPS as Load to the DC System 
When a UPS is a load to the DC system, it is a constant kW load. The loading category load is used in 
Load Flow Studies. 


Battery 


Under normal operation conditions, a battery serves as a backup source. It actively provides power to 
loads only when other sources, such as chargers, become de-energized or fail to maintain system voltage 
at the required level. 


In DC load flow analyses, a battery can be represented in one of two models: a constant voltage source 
model or an inactive mode model. When the terminal bus voltage is higher or equal to the rated voltage of 
a battery, it is in the inactive mode and is not supplying any power to the system. A battery that has just 
been discharged is actually a load to the DC system. Due to the complexity in determining quantitatively 
the load for a charging battery, it is not considered as a load in the DC load flow analysis. It is considered 
in the battery sizing calculation. 


ETAP 35-20 ETAP 19.0 User Guide 


DC Load Flow Analysis Calculation Methods 


When the terminal bus voltage of a battery is lower than its rated voltage, the battery becomes an active 
source. It is represented by a constant voltage source (at battery rated voltage) behind battery resistance. 


DC Converter 


A DC converter can change DC voltage from one level to another, either increasing or decreasing the 
voltage value. It has the capability of regulating the output voltage as long as it is not overloaded. It is 
unidirectional in terms of power flow, allowing the current flowing from the input terminal to the output 
terminal only. 


In DC load flow calculations, a DC converter can be represented in one of three models: constant voltage 
source model, constant current source model, and inactive mode model. 


A DC converter is normally operating as a constant voltage source, maintaining its terminal bus voltage at 
the regulated value specified in the DC converter editor. However, when the current drawn from the DC 
converter is more than Imex, the maximum current it can provide while keeping its terminal voltage 
constant at the same time, it becomes a constant current source. The current drawn from the DC converter 
is then kept at Imax, while the terminal voltage drifts, depending on system loads and other sources. 


Whenever the terminal bus voltage is lower than the regulated voltage of a DC converter, it will try to 
raise the voltage to the regulated value, until the DC converter current reaches Imax. On the contrary, if for 
some reason, such as other sources being connected to the same buses, the terminal bus voltage is higher 
than the DC converter regulated voltage, the DC converter becomes inactive as if it is switched off from 
the system. 


When a DC converter is operating as a source, either a constant voltage source or a constant current 
source, it is a constant power load to its input bus, with a load equal to output power plus converter losses. 


DC Cable and Impedance 
ETAP automatically doubles the R and L values of DC Cable and DC Impedance for calculations to 
represent both the positive and negative conductors. 
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Photovoltaic Panel 
Inverter and PV Array Model is based on the connection scenarios: 


# | Element aie kes i Model Comment 
Inverter Connection 

1 | Inverter No PV Array Constant Load Same as existing inverter 
Connection 

2 | Inverter Has PV Array Variable Voltage Source | 1. Inverter becomes a _ constant 
Connected DC Voltage Source 


Only absorbs real power | 2. MPPT control based on 
Inverter editor selection 

3. If MPPT at inverter, it adjusts 
DC bus voltage to maximize 
the DC input power to inverter 
and take all the slack power 

4. The voltage operating range 
will be limited by the MPPT 
voltage range. 

5. If MPPT at PV Array, it will 
fix DC voltage per AC bus 
rating converted to DC voltage 

and it will take all slack power. 

3 | PV Array | No inverter Source by curve 1. PV Array modeled by curves 

connected without MPPT control. 

2. One PV array behaves as 
voltage source and others as 
constant current source. The 
voltage and current source 


values are iteratively 
determined. 
4 |) PV Array | Has inverter Source by curve 1. PV Array modeled by its 
connected and MPPT curves and terminal voltage. 
at inverter They are handled as constant 


current sources with current 
values based on calculation 
terminal voltage. 


5 | PV Array | Has inverter Constant Power Load PV Array is modeled as constant 
connected, MPPT at power source. 
PV Array 
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35.4.2 Factors Considered in DC Load Flow Calculations 


Load Flow Convergence 


DC load flow may have convergence problems for some ill-conditioned systems and some special 
operating conditions due to the iterative process used for solving load flow and the Newton-Raphson 
Method used. 


You should consider a system that contains motor loads and a charger (or a UPS) as the only source in the 
system. If the source is overloaded and it changes to a constant current source, there may be problems in 
reaching a solution. This is because when the source switches to a constant current source, it provides less 
current than it would as a constant voltage source. For a constant power load, its terminal voltage 
increases when it is drawing less current in order to maintain a constant power. It can lead to abnormally 
high voltage values and causes the calculation process to fail to converge. 


In the real world, at such high voltage values, the motor loads actually behave as constant impedance 
loads. In order to resolve this situation, the DC load flow study case provides you with the opportunity to 
set a voltage range for motor loads to be modeled as constant power loads. In the DC Load Flow Study 
Case Editor, you can check the option of “Constant kW if V within Range” and properly set the VMin 
and VMax values. Once the motor terminal voltage is outside this range, the motor will be modeled as a 
constant impedance load. However, inverter or UPS loads are always modeled as constant power loads. 
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35.5 Required Data 
35.9.1 Source 


Charger 


Info Page 
e Charger ID 
e Bus connection data 


Rating Page 
e All data in this page are required for DC load flow calculations 


UPS 


Info Page 
e UPSID 
e Bus connection data 


Rating Page 
e All data in this page are required for DC load flow calculations 


Loading Page 

e Loading data. If a UPS is a load to the DC system, that is, when it is not connected to an energized 
AC input bus or the Auction Diode option in the Rating page is checked, the data entered is used to 
determine the UPS load to the DC system. 


Battery 


Info Page 

e Battery ID 

e Bus connection data 

e Number of strings 

e Battery Library type data. The resistance per positive plate (Rp) is used to calculate battery internal 
resistance. 


Rating Page 
e Number of cells 
e =6Rated voltage 


SC Page 
e External resistance R 
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35.5.2 Load 

DC Motor 

Info Page 

e Motor ID 

e Bus connection data 
e Configuration status 
e Demand factor 

e Quantity 

Rating Page 


e Rating section data 
e Load category data 


Lumped Load 


Info Page 

e Lumped load ID 

e Bus connection data 
e Configuration status 
e Demand factor 


Rating Page 

e Rating section data 

e Motor/static load percent 
e Load category data 


Static Load 


Info Page 
e §©Static load ID 


e Bus connection data 
e Configuration status 
e Demand factor 

e Quantity 

Rating Page 


e Rating section data 
e Load category data 


CCSD Load 


Info Page 
e CCSD load ID 
e Bus connection data 
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Rating Page 
e Rating section data 
e Load category data 


Inverter 


Info Page 

e Inverter ID 

e Bus connection data 
e §©Configuration status 
e Demand factor 


Rating Page 
e AC rating section data 
e DC rating section data 


Loading Page 
e Loading Category data 


35.5.3 Branch 


DC Cable 


Info Page 

e Cable ID 

e Bus connection data 

e Cable length 

e Number of cables per phase 


Impedance Page 

e Cable resistance 

e Units section data 

e Base and maximum operating temperature 


DC Impedance 


Info Page 

e DC impedance ID 

e Bus connection data 
e Impedance resistance 


Tie PD (CB, Fuse, Single-Throw, and Double-Throw Switches) 


Info Page 
e ID 
e Bus connection data 
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e Configuration status 


DC Converter 


Info Page 
e DC converter ID 
e Bus connection data 


Rating Page 
e Rating section data 
e Operating Vout 


35.5.4 Bus 


DC Bus 


Info Page 

e ID 

e Nom. V 

e Initial Voltage 

e Load Diversity Factor 


35.5.5 Study Case 


Similar to any other study, you are always required to run a DC load flow calculation. When a DC load 
flow calculation is initiated by the user, ETAP uses the study case currently showing in the Study Case 
Editor for the calculation. Every field in a study case has its default value. However, it is important to set 
the values correctly in the study case to meet your calculation requirements. 
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39.6 Output Reports 


The DC load flow calculation results are reported both on the one-line diagram and in the Crystal Reports 
format. The graphical one-line diagram displays the calculated bus voltages, branch flows and voltage 
drops, load power consumption, etc. You can use the Display Options Editor to specify the content to be 
displayed. It also flags abnormal operating conditions, such as overloaded cables and over or under 
voltage buses, in different colors. 


The Crystal Reports format provides you with detailed information for a DC Load Flow Analysis. You 
can utilize the DC Load Flow Report Manager to help you view the output report. 


35.6.1 DC Load Flow Report Manager 


To open the DC Load Flow Report Manager, click on the View Report File button on the DC Load Flow 
toolbar. The editor includes four pages (Complete, Input, Result, and Summary) representing different 
sections of the output report. The Report Manager allows you to select formats available for different 
portions of the report and view it via Crystal Reports. There are several fields and buttons common to 
every page, as described below. 


Output Report Name 
This field displays the name of the output report you want to view. 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will close the editor. Click on the Cancel button to close the 
editor without viewing the report. 


Viewer and File Options 

You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Complete Page 


On this page there is only one format available, Complete, which opens the complete report for the DC 
Load Flow Study. The Complete Report includes Input Data, Results, and Summary Reports. 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


G \ 
DC Load Flow Report Manager x=) 


(@ Viewer 

© PDF 

>) MS Word 

© Rich Text Format 
» MS Excel 

"| Set As Default 


Path 
C:\ETAP\Example-ANS! 
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Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type. They 
include: 


Battery 
Branch 
Bus 

Cable 
Charger 
Cover 

DC Converter 
Impedance 
Inverter 
Loads 
UPS 


@® Viewer 

© PDF 

© MS Word 

© Rich Text Format 
© MS Excel 

Set As Default 


Path 
CAETAP\Example-ANS| 


(ot 
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Result Page 


This page allows you to select formats to view the load flow result portion of the Output Report. 


C:\ETAP\Example-ANSI 


<a) 
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Summary Page 


This page allows you to select different portions of the load summary to view. Note that some portions of 
the summary are available only when you selected specific options in the study case, such as Critical and 
Marginal Voltage options. 


Branch Flow Summary 
Overvoltage & Undervoltage Buses 
Summary 

Total Sources and Demands 


a \ 
DC Load Flow Report Manager (we Sm 


| Complete | Input | Result | Summary 


Branch How Summary (@ Viewer 
Over&Undervoltage Buses PDF 
Total Sources and Demands ® MS Word 


© Rich Text Format 


© MS Excel 
(") Set As Default 


Path 
C:\ETAP\Example-ANS! 
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35.6.2 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manger. When you click on the View Output Report button, ETAP 
automatically opens the Output Report, which is listed in the Study Case toolbar with the selected format. 
In the picture shown below, the output report name is DCLoadFlow and the selected format is Cable. 


+ *P DCLoadFlow 


DCConverter 
Impedance 
Inverter 
Load Flow Report 

Loads 

Lumped Load 
Over&Undervoltage Buses 
PV Array 

Summary 

Total Sources and Demands 
UPS 


35.6.3 Input Data 


Input data are grouped together according to element type. The following are some samples of input data. 


Bus Input Data 


BUS Input Data 


Bus Info. & Nominal V Initial V Nominal Load (k¥WV} 
1D Type v % Mag. Motor Static 
DeButl Voltage Reg. 250.00 100.0 
DeBus2 Load 250.00 100.0 50.00 
DeBus3 Load 125.00 100.0 20.00 
DeBust Voltage Reg. 125.00 100.0 20.00 20.00 
DeBuss Load 250.00 100.0 80.56 
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Cable and Impedance Input Data 


Cable Connected Buses Ohms or Micro H / 1000 fiper Conductor 
D From To Lit) #iph TC) R L 
Cable 15 De Busl Dc Bus2 100.0 1 25 0.01554 101.06 
Cable 16 De Bus2 De Buss 200.0 1 25 0.01554 101.06 
Lire / Cable resistance are listed at the specified temperature. 
IMPEDANCE Input Data 
Impedance Connected Buses Impedance 
1D From To (Oln) (100 MVAb 
DChp1 De Bus3 Dc Bus4¢ 0.00155 1984.00 
Charger, UPS and DC Converter Input Data 
CHARGER Input Data 
Rating Parameters 
Charger AC pc Operating Parameters 
D Type kVA vats kw Vv Imax % EFF % PF Op. Mode Vieg. 
Chargerl Charger 500.0 0.48 382.50 250.00 150.0 90.00 85.00 Constant. Vae 250.25 
UPS Input Data 
Rating Parameters 
UPS AC pe Operating Parameters 
D kVA Vin kV out kw Vv FLA Imax % EFF % PF Op. Mode Vieg. kw 
Ups] 222.00 0.48 0.48 200.00 ©125.00 1688.89 150.0 90.00 90.09 Constant Ved 125.00 0.00 
DC CONVERTER Input Data 
DC Converter Rating Parameters Operating 
D Vin V out kW FLA FLA out max % EFF Vieg. 
DCComvl 250.00 125.00 250.00 1000.00 1800.00 150.0 90.00 125.00 
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Load Input Data 


LOADS 
Load Info. Connected Bus Rating Parameters Operating Load (kW) * 
1D Type D Nom. ¥ v HPRAW FLA % MTR %Load* Motor Static Quantity 
DCED1 ED Load DeBus2 250.00 250.00 50.00 200.00 100.00 50.00 
DCStLoad) Static De Bus3 125.00 125.00 20.00 160.00 100.00 20.00 1 
DCLimp 1 limp De Bust 125.00 125.00 100.00 800.00 80 100.00 80.00 20.00 
DCMachl Motor De Buss 250.00 250.00 25.00 111.11 100.00 55.56 2 


* Notes: 
- The Operating Load includes % Loading, Demand Factor, and Load Divesity Factorfor each individual load. 
- % Load inchdes % Loading and Demand Factor. 


35.6.4 Load Flow Results 


The result section of the output report includes the calculated results of a DC Load Flow Analysis, 
including bus voltage, bus loading, and branch flows. 


LOAD FLOW Report 


Bus Inf. & Nominal V Op. V Source and Load (k¥V) Load Flow 
Db Type ¥ % Source MTR Load Static Load To Bus ID kW Amp 
DeBus] Load 250.0 100.2 0.000 0.000 0.000 De Bus2 0.000 0.00 
Charger] 0.000 0.00 
De But2 Load 250.0 100.2 198.066 66.623 50.210 DcBusl 0.000 0.00 
De Bus5 81.209 324.16 
DCCorml 66.623 265.93 
Battery] -198.066 -790.61 
DCED1 50.210 200.42 
De Bus3 Load 125.0 99.6 0.000 0.000 19.842 De Bus4 -19.842 -159.37 
DCStLoadl 19.842 159.37 
De Bust Voltage Reg. 125.0 100.0 119.921 80.000 20.000 Dc Bus3 19.921 159.37 
Upsl -59.960 -479.68 
DCCarml -59.960 -479.68 
DCLimp1] 100.000 800.00 
De Busts Load 250.0 99.4 0.000 80.556 0.000 Dc But2 -80.556 -324.16 
iw 25.000 100.60 
DCMachl 55.556 223.56 
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35.6.5 Summary Reports 


The load flow summary portion of the output report includes the Branch Flow Summary, the bus over- 
/undervoltage summary, and the summary of total system sources and demands. 


BRANCH FLOW Summary Report 


Branch Information Connected Bus Branch Flow % Bus Voliage 
Fe Ww) aw) ee 
D Type From Bus ID To Bus D From- To To-From Losses Amp From Bus To Bus % Vd 
Cable 15 Cable DeBusl De Bus2 79.483 -79.169 0.314 317.61 100.10 99.71 930 
Cable 16 Cable De Bus2 Dc Buss 253.659 -247 220 6.439 1017.64 99.71 97.17 2.53 
DChp1 Tape dance De Bus3 De Bust 150.306 155.077 4.771 1240.62 96.92 100.00 3.08 


UNDERVOLTAGE BUSES Summary Report 


Uniervoltage Buses - Critical Limit = 95 % ~- Margiral Lint = 9 % 


Bus Oper. Voliage Bus Oper. Voliage Bus Oper. Voliage 
1D v % Mag v D v % Mag v D v % Mag v 
#DcBus3 125.00 96.92 125.00 #DcBus5 250.00 97.17 250.00 


Note: * indicates bus voltages viokt critical hmit. 
# indicates bus voltages violh marginal limit. 
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Battery Sizing & Discharge Analysis 


Batteries are an essential part of a critical DC power system, serving as the backup power source under 
emergency conditions. During normal operating conditions, a DC system is generally powered by AC 
sources through chargers or other AC-DC interface components. However, the battery has to provide 
power to the system under one of the following conditions: 


1. Load on the DC system exceeds the maximum output of the battery charger 
2. Output of the battery charger is interrupted 
3. Auxiliary AC power is lost 


The battery should be sized to meet the most severe of these conditions, which most likely is the third 
condition. When the AC power is lost, batteries will provide power to critical loads and control circuits 
for a specified time period so that the AC power source can be recovered or the critical equipment can be 
adequately shut down. For example, in U.S. nuclear power plants, it is required that batteries have 
sufficient capacity to supply the required load during a loss of AC power for field flashing, control 
circuits, DC fuel oil booster pumps, and DC lube oil pumps for a period of four hours. In order to meet 
this requirement, battery sizing calculations need to be carried out to determine the appropriate battery 
size. 


The ETAP Battery Sizing Module provides you with a powerful tool to accomplish this task. In 
complying with IEEE Standard 485, it determines the number of strings, number of cells, and cell size of 
a battery for a designated duty cycle. The number of cells is determined to satisfy the maximum system 
voltage during the battery charging period and the minimum system voltage during the battery 
discharging period. The number of strings and cell size is determined to provide sufficient power to the 
load cycle considering the minimum system voltage and the minimum operating temperature. It also 
considers different factors that affect battery performance, such as design margin, aging compensation, 
initial capacity, and temperature, etc. 


The duty cycle for the battery can be a summation of the duty cycles of all the loads that the battery is to 
supply power for. It can also be calculated using DC load flow, which considers different characteristics 
of constant power load and constant impedance load, their variations to voltage changes, branch voltage 
drops and losses. 

The battery duty cycle includes both random load and non-random load from individual loads. In 
compliance with IEEE Standard 485, the load impulses in the battery duty cycle that are less than one 
minute are automatically extended to one minute. 


ETAP also provides a Battery Discharging Analysis Module to verify the performance of an existing or a 
sized battery. The module calculates the battery capacity, voltage, current, and output power as the battery 
discharges through a duty cycle. The battery duty cycle can be calculated from either load current 
summation or load flow calculations. When the battery duty cycle is calculated from load flow, the 
Battery Discharging Analysis also provides bus voltage and branch power along with battery output 
results. Several correction factors used in battery sizing calculation, such as battery temperature, aging 
and initial capacity, can also be considered in the battery discharge calculations. 


ETAP 36-1 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Battery Sizing Toolbar 


36.1 Battery Sizing Toolbar 


The Battery Sizing Study toolbar will appear on the screen when you are in Battery Sizing Study Mode. 


Run Battery Sizing Study 

Run Battery Discharge Calculation 
Battery Sizing Display Options 
View Output Report 

View Battery Sizing Plots 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


Run Battery Sizing Calculation 

Click on this button to initiate a battery sizing calculation. If the battery size is determined, a battery 
discharging calculation will automatically follow to verify the battery capability. An error message 
indicating missing information will appear if you have not entered all of the data required for the 
calculation. 


Run Battery Discharge Calculation 


Click on this button to initiate a battery discharge calculation on an existing battery using the method 
specified in the Battery Study Case. Just like in battery sizing, ETAP will give you an error message if 
any required data is still missing. 


Display Options 


Click on this button to customize the information and results annotations displayed on the one-line 
diagram in Battery Sizing Mode. 


Battery Sizing Report Manager 


Click on this button to open the Battery Sizing Report Manager. You can also view output reports by 
clicking on the View Output Report button on the Study Case toolbar. 


Battery Sizing Plots 


Click on this button to view output plots. 
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Halt Current Calculation 


Click on the Stop Sign button to halt the current calculation. The icon button is normally disabled. When 
running a DC Load Flow Study, this button becomes enabled. Clicking on this button will terminate the 
current calculation. The one line diagram display will not be available if you terminate the calculation 
before it completes the output report will be incomplete. 


Get Online Data 


If the ETAP key installed on your computer has the online feature, you can copy the online data from the 
online presentation to the current presentation. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature, you can copy the archived data to the 
current presentation. 
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36.2 Study Case Editor 


The Battery Sizing Study Case Editor contains parameter settings required to perform a battery sizing 
calculation. The calculation results are dependent on these settings. When a new study case is created, 
ETAP provides the default parameters. However, it is important to set the values correctly in the study 
case to meet your calculation requirements. 


The Battery Sizing Study Case Editor includes six pages: Information, Sizing, Discharge, Adjustment, 
CSD, and (when the Report CSD Voltage Drop Results box is checked) Alert. You specify the battery to 
be sized on the Information Page, select the duty cycle to be considered, and enter the diversity factor that 
allows you to globally adjust system load. 


On the Sizing page you specify sizing requirements and correction factors for the calculation. 

The Discharge page contains parameters for battery discharging calculations. 

The Adjustment page allows you to specify modification of equipment and device parameters, such as 
resistance adjustment for operating temperature and length tolerance for cable and wire, etc. 


On the CSD page, select the options related to Control System Diagrams. 


The Alert page allows you to specify options for alerts on Control System Diagrams. This page becomes 
enabled only when you have clicked the check box to report voltage drop calculation results in the CSD 


page. 
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36.2.1 Info Page 


DC Battery Sizing Study Case 


Info —- Sizing Discharge Adjustment CSD 


Study Case ID Battery Characteristic Curve 
Use Time-Amp Curve Interpolate at Fixed 
O amp 


@ Use AH-Amp Curve interpolate at 


Load Model Calculation Method Report 


O Based on Type of Hlements O Load Summation 
M] Skip Tabulated Plots 


@ Based on Duty Cycle Type @ Load Flow Calculation 


Load Correction Factor 
Duty Cycle | Normal @ Battery Min. Temperature 2500 ‘C 
O O User-Defined Temperature 


Aging Compensation 
@) Duty Cycle Span 


Diversity Factor 100 |% Initial Capacity 


Study Remarks 
— line of remarks for "BattSize" study case. 


IGE v| Copy New | | Delete 


Study Case ID 


Enter a unique alphanumeric ID with a maximum of 12 characters. ETAP automatically assigns a unique 
ID for a new Study Case. 


Battery 


ID 
Select a battery to be sized from the drop-down list. 


Battery Characteristic Curve 
In the battery discharge calculation, the battery voltage at a given time is calculated based on the battery 
characteristic curves entered in the battery library. As the battery characteristics are represented by a 
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limited number of discrete points in the library, interpolation and extrapolation of the battery 
characteristic curves are needed in battery voltage calculations. This group provides you with different 
options for extracting data from battery characteristic curves. In the previous version of ETAP, these 
options were provided as ETAP INI file entries. 


Use Time-Amp Curve — Interpolate at Fixed Amp 
With this option, the Time vs. Amp type curves from battery library will be used directly for interpolation 
and extrapolation, and they are always done at fixed ampere value. 


Use AH-Amp Curve — Interpolate at Fixed AH 

With this option, the Time vs. Amp type curves from battery library will first be converted to AH vs. 
Amp curves and the converted curves are then used for interpolation and extrapolation. The interpolation 
and extrapolation is done at fixed AH value. 


Use AH-Amp Curve -— Interpolate at Fixed Amp 

With this option, the Time vs. Amp type curves from battery library will first be converted to AH vs. 
Amp curves and the converted curves are then used for interpolation and extrapolation. The interpolation 
and extrapolation is done at fixed Amp value. 


Calculation Method 


In this group, you specify the method used for determining the battery duty cycle based on duty cycle of 
individual loads. 


Load Summation 

Select this option to determine the battery duty cycle by using the load summation method. The battery 
duty cycle will be equal to the sum of the load duty cycles for all the loads powered by the battery. This 
method treats all loads as constant current type loads. 


Load Flow Calculation 

Select this option to determine the battery duty cycle by performing DC load flow calculations. This 
method considers branch losses and voltage drops in determining battery duty cycle. When this option is 
selected, the Load Model section will be enabled to allow you to specify how to model a load for its duty 
cycle. 


Load Model 


In this group, you specify how to determine load types, such as constant power, constant impedance, or 
constant current, for each duty cycle section of a load. This group is applicable only when the Load Flow 
Calculation option is selected in the Calculation Method group, since when the Load Summation is 
chosen all loads are considered as constant current loads. 


Based on Type of Elements 

When this option is selected, a load (of the same type) is modeled for the whole duty cycle and the type is 
the same as determined in a DC Load Flow Study. For example, a DC motor will be modeled as a 
constant power load and a static load will be modeled as a constant impedance load for the whole duty 
cycle. The Type specified in the Duty Cycle page of a load editor is ignored when this option is selected. 


Based on Duty Cycle Type 


When this option is selected, the Type specified for each section in the duty cycle of a load will be used to 
represent the load for that section. For example, as shown in the picture below, load section “stage1” will 
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be modeled as constant current load, load section “stage2” will be modeled as constant power load, and 
load section “stage3” will be modeled as a constant impedance load. 


Duty Cycle 
Duty Cycle Category | Normal vj z 


40.000 0.000 
Motor 140. 000 | 1800.000 


Relay 


Report 


Skip Tabulated Plots 

This checkbox is used to skip tabulated plots for battery and bus in output report. This option is included 
to reduce the calculation time. If this option is checked, then the battery and bus tabulation results will not 
appear in the output report. 


Load 


Duty Cycle 
Select the duty cycle from the drop-down list for battery sizing. Every load has five different duty cycles. 
The name of the duty cycles are defined in “Duty Cycle Category” in the Project/Setting menu bar. 


Duration 

Select either the Hours or Duty Cycle Span option to specify the length of time to size the battery. If the 
Hours option is selected, you must specify the length of duration (number of hours) by either selecting a 
value from the drop-down list or entering a value. 


If the Duty Cycle Span option is selected, the Duration will be the longest time span of individual load 
duty cycles from all loads involved in the calculation. 


Diversity Factor 
Specify the load diversity factor in percent. The load used in battery sizing will be multiplied by this 
diversity factor. 


Correction Factor 


Battery Min. Temperature 
Click on this option to use the battery minimum temperature from the Battery Editor for battery 
temperature correction factor calculation. 


User-Defined Temperature 
Click on this option to specify a temperature to be used for battery temperature correction factor 
calculation. 


Aging Compensation 


Use this field to enter the aging compensation correction factor in percent to be used in sizing and 
discharge calculations. 


ETAP 36-7 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Study Case Editor 


Initial Capacity 
Use this field to enter the initial capacity correction factor in percent to be used for the battery sizing and 
discharge calculations. 


Study Remarks 

You can enter up to 120 alphanumeric characters in this remark box. Information entered here will be 
printed on the second line of every Output Report page header. These remarks can provide specific 
information regarding each study case. The first line of the header information is global for all Study 
Cases and entered in the Project Information Editor. 
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36.2.2 Sizing Page 


DC Battery Sizing Study Case 


Info —- Sizing Discharge Adjustment CSD 


Voltage Requirements Correction Factor 


Max. S 
Voltage alle | Temperature 25.00 


Min. System [A)|Aging Compensation [ 125 ; 
Voltage Deviation M . 


Battery Ch ; 
Voltage initial Capacity 


Discharge Voltage : Design Margin 


Battery Library Options 
© Use Sizes Given in Library Only (Desirable Number of Cells 


@ Use Sizes in Library as Min/Max Range 


A | | com New | Deets | Help | [OK] Cancel 


Voltage Requirements 


Max. System Voltage Deviation 
Specify the maximum system operating voltage as a percentage based on the nominal voltage of the 
terminal bus of the battery selected for sizing. 


Min. System Voltage Deviation 
Specify the minimum system operating voltage as a percentage based on the nominal voltage of the 
terminal bus of the battery selected for sizing. 


Battery Charge Voltage 
Specify the required voltage in V/Cell to charge the battery to be sized. 
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Battery Min. Discharge Voltage 
Specify the minimum discharge voltage in V/Cell for the battery to be sized. 


Correction Factor 
Use this group to specify the correction factors to be considered in battery sizing calculations. 


Temperature 
Click on this checkbox to use the temperature correction factor in battery sizing calculations. The 
temperature value specified in the Info page is displayed here. 


The temperature correction factor is applied according to the IEEE Method described in standard 485 for 
correcting cell size in sizing calculations. IEEE provides values between — 4°C and +52°C. Any value 
outside of this range is curve fitted using the IEEE recommended curve-shifting method (ETAP checks 
the temperature value and provides a user message indicating that the entered temperature is out of 
normal range). When the box is not checked, the temperature correction factor is assumed to be 100%. 


Aging Compensation 
Click on this check box to use the aging compensation correction factor specified in the Info page. 


Initial Capacity 
Click on this check box to use the initial capacity correction factor specified in the Info page. 


Design Margin 
Click on this check box to use the design margin correction factor specified in the edit box. 


Battery Library 


Use Sizes Given in Library Only 
Select this option to use only the sizes given in the library. For example, if the library has battery curves 
for 11, 13, and 21 plates, then only these three sizes will be considered in the battery sizing calculation. 


Use Sizes in Library as Min/Max Range 

Select this option to use the sizes given in the library as the maximum and minimum limits. For example, 
if the library has battery curves for 11, 13, and 21 plates, then it is assumed that batteries with 15, 17, and 
19 plates are also available and the characteristic curves of these sizes are assumed to be the same as that 
for the 21-plate battery. 


Options 


Desirable Number of Cells 

When the battery sizing calculation box is checked, , the value entered in the edit box will be the number 
of cells for the battery, if this number is within the acceptable range of voltage requirements. In case this 
number is outside the acceptable range, the number of the cells will be selected so that the battery rated 
voltage is closest to the terminal bus rated voltage. 


Update Battery Size 
When this box is checked, the battery size will be replaced by the new calculated battery size. This option 
is only enabled when the Use Sizes Given in Library Only option has been selected in the Battery Library 


group. 
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36.2.3 Discharge Page 


DC Battery Sizing Study Case 


Info —- Sizing Discharge Adjustment CSD 
Vd Calculation Parameters 


Tine Step [1] Me va unt [700] % 


Duty Cycle Span Option LF Parameters (Newton-Raphson) 
@ One-minute Span for Battery and Load 

Max. Iteration 
© Load Duty Cycle - No One-minute Span = 


O One-minute Span for Battery only Precision 


Correction Factor Initial Condition 
Shaan @ Use Bus Voltage 


© Use Fixed Values 
O. Adjust Battery Capacity 


[| Temperature 2.00 
Aging Compensation [ 125 % 
intial Capacty [oo (ein [80% Vinax % 


Report 


Motor Load 
Constant Power if V is within Range 


Over Bus Voltage 


Critical Voltage 105 Percent 


Marginal Voltage 102 | 


Al [Bs aesti (i‘ YT Bl Copy New | Delete 


Vd Calculation Parameters 


The battery discharge calculation uses the information included in these fields to determine how the 
voltage drop calculation will be performed. 


Time Step 

The Time Step parameter is the time interval at which a plot point is to be generated. A plot point is also 
generated at the times when load changes occur. This value will affect time of calculations, especially in 
the case that the battery duty cycle is obtained by the load flow method. 


Vmax Limit 


This feature allows the user to specify the maximum voltage value at the battery terminal. The default 
value is 100% of the battery rated voltage. The calculated battery voltage will be limited at this value. 
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Duty Cycle Span Option 

The duty cycle for a battery is an aggregation of all the loads connected, including DC motor, static load, 
and control system diagram load. These loads can show variations within seconds or even intervals less 
than a second. Considering battery discharging characteristics, IEEE Standard 485 requires that when 
sizing a battery, if a discrete load sequence can be established, the load for a one-minute period should 
assume the maximum current at any instant within that minute. Hence, the maximum load is expanded to 
the whole minimum time span of one minute. 


ETAP provides three options for duty cycle span with different features and they may give different 
calculated battery and load terminal voltage values. It is recommended that the “One-minute Span for 
Battery Only” option be used, as it is consistent with IEEE-485 standard and provides conservative 
battery voltage and more accurate load terminal bus voltage. 


Figure 1 show 3 loads in a duty cycle: 40 amperes for 5 seconds, 80 amperes for 10 seconds and 30 
amperes for 20 second. Figure 2 is the one-minute span of the duty cycle. 80 amperes is spanned to the 
whole minute. 
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One-Minute Span for Battery and Load 

If this option is selected, in ETAP calculations of battery discharge and load flow, the one-minute span 
will be applied to the battery duty cycle as well as load duty cycles used for load flow. This option 
performs a load flow calculation with a frequency equal to the time step. Load changes occurring within 
a given time step (and specifically within a given minute) do not result in an interim load flow calculation 
with this option. The worst (highest) coincident loading within a given time step is summed up internal to 
ETAP. The load flow calculation for each time step is performed at the instant within the time period 
when the battery coincident loading is greatest. The battery terminal voltage at this instant is determined 
based on this amp value (and the cumulative amp hrs removed). The voltages at this instant are reported 
for the entire time step. 


It should be noted that, since the worst (highest) coincident loading within a given time step is used to 
represent system operating condition for the whole time step, it does not guarantee to give the worst 
voltage in the time step for all load terminal buses in the system even though this option gives the worst 
battery voltage for the time step, 
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The figure below shows the one-minute span of the duty cycle. Eighty amperes spans the entire minute. 
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Second 


One-minute Span of Duty Cycle 


Note: The above figure is the one-minute span of the duty cycle, eighty amperes is spanned to the whole 
minute 


Load Duty Cycle - No One-minute Span 


If this option is selected, in ETAP calculations of battery discharge and load flow, the one-minute span 
will be applied for both battery duty cycle as well as load duty cycles used for loads.. This option gives 
the most conservative voltage results.. Therefore, this option results in a load flow calculation with a 
frequency equal to the time step plus an additional load flow calculation every time the loading changes 
within a given time step. As part of the load flow calculation, the battery terminal voltage is recalculated 
based on the amps and amp-hours removed at the instant of the load change. Thus, the battery voltage 
will change as frequently as the load current changes. 


It should be noted that IEEE-485 standard dictates that the battery current used for sizing the battery 
within a one minute time period is equal to the highest coincident load current within that minute. This 
approach is conservative as it results in the maximum expected battery load current for a given minute 
even though the load current can change throughout the minute. The battery voltage will change within a 
given minute as the current increases and decreases and as amp-hours are removed from the battery. 
However, there is a limit to how quickly the battery terminal voltage will respond to a step change in 
load. For example, an instantaneous decrease from 500A to 50 amps may not result in a corresponding 
instantaneous increase in cell voltage to a value corresponding to 50A of load assuming the same amp- 
hours removed value. The voltage will eventually increase to this value, but the change is not 
instantaneous due to the chemical process with the cells. 


One-minute Span for Battery Onl 

If this option is selected, in ETAP calculation of battery discharge, the one-minute span will be applied to 
the battery duty cycle, while the actual load time span of the duty cycle will be used for system load flow 
calculation. This option is a hybrid of the previous two options. The battery terminal voltage in this 
option is fixed within a given minute even if the load current changes within that minute. The battery 


ETAP 36-13 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Study Case Editor 


terminal voltage is based on the maximum coincident load current within a given minute similar to the 
“One-minute Span for Battery and Load” option. 


This method is consistent with IEEE-485 standard for sizing and does not model instantaneous battery 
terminal voltage changes resulting from load changes. It performs a load flow every instant that the load 
current changes similar to the “Load Duty Cycle - No One-minute Span” option. Thus, the battery 
terminal voltage is fixed for a given time step, but the load flow is performed every time the load current 
changes using actual load currents. 


Note: For battery sizing calculations, the one-minimum span is always applied on battery duty cycle. 


Correction Factors 


This group of the battery discharge page provides a set of correction factors to be used during the battery 
discharge cycle. Similar to battery sizing calculations, the correction factors have either a positive or a 
negative effect on the battery AH capacity (Amp Hour) or the battery duty cycle. With these features, the 
user is able to simulate the effect of temperature, battery maintenance conditions, and aging factor on the 
battery. The user has the choice of applying the correction factors to the battery duty cycle or to the 
battery initial AH capacity. The program calculates a total correction factor by multiplying the 
temperature CF and the Aging Compensation CF and then dividing by the initial Capacity CF. 


Adjust Battery Duty Cycle Only 

This option determines the battery terminal voltage using battery amps multiplied by the total correction 
factor in the same manner as in the "Adjust Load Duty Cycle" option. However, when performing the 
load flow calculations, the actual uncorrected load currents are used. Thus, the battery terminal voltage is 
determined consistent with IEEE 485, however, the load terminal voltages are not unnecessarily low due 
to load currents in modeled in excess of the actual load currents 


Adjust Load Duty Cycle 

If you select this option, the correction factor is applied directly on the duty cycle of individual loads 
when carrying out load flow calculations. Based on the load flow calculation results, the battery duty 
cycle is formulated and used to discharge the battery without any further correction. 


This method reflects the method outlined in IEEE 485 standard, Annex C. The adjusted load currents are 
used to determine the voltage drop across the cables throughout the system 


Note: This is equivalent to applying diversity factor to the loads. The load diversity factor field is located 
in the Info page of the DC Battery Sizing Study Case Editor. 


Adjust Battery Capacity 

When this option is selected, the correction factors are used to modify the battery capacity. This option 
imposes a penalty on the battery by removing a certain amount of amp hours from the battery prior to 
performing the discharge calculation. The amount of amp hours removed is equal to the amp hour rating 
of the battery minus the amp hour rating of the battery divided by the total correction factor. For 
example, for a total correction factor of 1.396 and a battery with a 900AH rating, the amp hours removed 
from the battery is calculated as 9OOAH — 900AH/1.369 = 255.4 AH. 


This method of determining a battery volt/cell value from the fan curve is not contained within IEEE 485 


standard, Annex C, however, the bus and node voltages throughout the system are calculated based on 
actual currents and not corrected currents. This method provides more realistic system voltages. 
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Temperature 

Click this checkbox if you want the temperature correction factor to be used in battery discharge 
calculations. This factor has the effect of either increasing or decreasing battery capacity. The temperature 
correction factor is applied according to the IEEE method described in standard 485 for correcting cell 
size in sizing calculations. The same standard applies for discharge calculations. IEEE provides values 
between — 4°C and +52°C. Any value outside of this range is curve fitted using the IEEE recommended 
curve-shifting method. (ETAP checks the temperature value and provides a user message indicating that 
the entered temperature is out of normal range). When the box is not checked, the temperature correction 
factor is assumed to be 100%. 


Aging Compensation 

Click this checkbox if you would like to use the aging compensation correction factor in battery discharge 
calculations. When this factor is applied, the battery discharge simulation includes a decrease in battery 
capacity due to aging. When the box is not checked, the aging correction factor is assumed to be 100%. 


Initial Capacity 
Click this checkbox to use the initial capacity correction factor percent specified in the Information page. 
When the box is not checked, the initial capacity correction factor is assumed to be 100%. 


LF Parameters (Newton-Raphson) 


This group of the Discharge page becomes active if the Load Flow duty cycle calculation method is 
selected form the Info page. If the Current Summation method is used, this group remains grayed out. 


Max. Iteration 
Enter the maximum number for iterations. If the solution has not converged before the specified number 
of iterations, a message will appear to flag the user. 


Precision 

Enter the value for the solution precision to be used to check for convergence. This value determines how 
precise you want the final solution to be. A load flow solution is reached if, between two iterations, the 
maximum bus voltage difference in per unit is less than the specified precision value. 


Initial Condition 


Similar to the LF Parameter group, this part of the discharge page only has an effect if the Load Flow 
Method for battery discharge is selected from the Info page. If the load flow method is indeed selected, 
then the information entered in this area is used to initialize the Newton-Raphson load flow calculation. 


Use Bus Voltage 

The Newton-Raphson calculation method is highly dependent on initial conditions. If this radio button is 
selected, the initial bus voltage will be set according to the bus nominal voltage multiplied by the initial 
voltage entered in the Bus editor. It should be noted that the DC Load Flow calculation performed for 
battery discharge does not update the initial bus voltage values. If initial bus voltage values are required, 
then the user should run a DC Load Flow study to update the initial bus voltages, and then select this 
option to run the discharge calculation using bus initial voltage values. 


Use Fixed Value 


When this option is selected, the voltage values used to initialize the Newton-Raphson calculation are 
equal to the flat fixed voltage percent value specified here. 
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Motor Load 


A motor normally behaves as a constant power load when its terminal voltage is close to its rated voltage. 
However, as the battery terminal voltage deviates considerably from its rated voltage, its behavior 
becomes similar to a static load. This group allows you to set the voltage range within which you want a 
motor to be modeled as a constant power load. 


Similar to the LF Parameter group, this part of the Discharge page only has an effect if the Load Flow 
Method for battery discharge is selected from the Info page. 


Constant kW if V is within Range 

Click on this checkbox for setting Wmin and Vmax. When the motor terminal voltage is within this 
range, it is represented as a constant power load. However, once the voltage is outside this range, it is 
automatically converted to a constant impedance load. 


If this box is not checked, all of the motor loads will be modeled as constant power loads regardless of 
their terminal voltage. When there are only constant current sources in the system, this may prohibit load 
flow calculations from reaching a solution. 


Vmin 
Enter the minimum voltage as a percentage, below which the motor load will be modeled as a constant 
impedance load. 


Vmax 
Enter the maximum voltage as a percentage, above which the motor load will be modeled as a constant 
impedance load. 


Report 

Similar to DC Load Flow Calculations, if at any point during the specified battery discharge cycle (using 
DCLF method) a bus voltage falls below the percent value specified in the Under Voltage field, this 
information will be flagged in the one-line diagram. The same is true for buses exceeding the over voltage 
limit. 


Critical Voltage 
Select this option and enter the minimum and maximum voltages that any bus may achieve before it is 
flagged. The buses violating the critical voltage limits will be flagged in red color in the one-line diagram. 


Marginal Voltage 

Select this option and enter the minimum and maximum voltages that any bus may achieve before it is 
flagged as a marginally undervoltage or overvoltage bus. The buses violating the marginal voltage limits 
will be flagged in pink color in the one-line diagram. 


Bus Voltage 


Calculated bus voltages displayed in the plot and one-line diagram can be given in kV or in percent of the 
bus nominal voltages. Select your preference by clicking on Percent or V options. 
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36.2.4 Adjustment Page 


In this page, you select the options for equipment adjustment. Some of the options are for equipment in 
the DC system and others are for devices in a Control System Diagram, which are applicable only when a 
Control System Diagram is involved in the calculations. These options include resistance temperature 
correction for wires and cables, length tolerance adjustment for wires and cables, resistance tolerance for 
control relays and solenoids, and resistance for contacts, circuit breakers, fuses, switches, and push 
buttons located in a Control System Diagram. 


DC Battery Sizing Study Case 


Info Sizing Discharge Adjustment CSD 


Resistance Temperature Correction 
Wire / Cable / Busway 
@ Individual Max. Temperature 
O Global Temperature 


Length Tolerance 
Wire / Cable / Busway 
@ Individual 
O Global 


Control Relay / Solenoid Burden 
@ Individual 
O Global 


Resistance for CSD Elements 
[_]CB, Switch, Push Button 


@ Individual Resistance 
O Global L] Fuse 


fe] fs 


Resistance Temperature Correction 


Equipment resistance varies according to temperature, normally increasing as the temperature elevates. 
You specify the temperature used for equipment resistance correction in this group. 
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Wire / Cable 

Check this box to apply temperature correction on resistance of wires and cables. Once this box is 
checked, you can specify the temperature used for the correction. There are two choices available. You 
can select to use the individual maximum temperature entered in the Wire or Cable editor, so that each 
wire or cable uses its own operating temperature for correction. Alternatively, you can also specify a 
global temperature applied to all wires and cables. 


Tolerance 


Wire / Cable Length 

When the length of a wire or a cable is not certain, the length tolerance can be used to account for this 
uncertainty in the calculation. In Battery Sizing and Discharge calculation, ETAP considers wire and 
cable tolerance as a positive value, so that a non-zero length tolerance will increase the length and hence 
the resistance of a wire or cable. 


Check the box to apply length tolerance on wires and cables. Once this box is checked, you can specify 
the tolerance to be used. There are two choices available. You can select to use the individual tolerance 
entered in the Wire or Cable editor, so that each wire or cable uses its own length tolerance for correction. 
Alternatively, you can also specify a global length tolerance applied to all wires and cables. 


Control Relay / Solenoid Burden 

This option allows you to adjust the burden of a control relay or solenoid located in a Control System 
Diagram. The burden of control relay or solenoid is specified by a power rating under the device rated 
voltage. In order to obtain conservative calculation results, this tolerance is considered to be a positive 
value. For example, a non-zero tolerance value will give a higher burden power than you entered in the 
device editor. 


Check the box to apply a burden tolerance on control relays and solenoids. Once this box is checked, you 
can specify the tolerance to be used. There are two choices available. You can select to use the individual 
tolerance entered in the Rating page of Control Relay editor or Solenoid editor. Alternatively, you can 
also specify a global burden tolerance applied to all control relays and solenoids. 


Resistance for CSD Elements 


This group provides you with options on including in calculation the resistance of contacts, push buttons 
and other switching devices in a Control System Diagram. Since the resistance value for these devices are 
normally very small, you can select to include or exclude them in the calculation. If you decide to include 
them in the calculation, you can specify the resistance value for these devices as well. 


Contact 

Check the box to include contact resistance in the calculation. Once this box is checked, you can specify 
the resistance to be used. There are two choices available. You can select the individual contact resistance 
entered in the Contact page of the Control Relay or Solenoid editor, so that each contact uses its own 
resistance. Alternatively, you can also specify a global resistance to be applied to all contacts. 


CB, Switch, Push Button 

Check the box to include resistance values for circuit breakers, switches, and push buttons in a Control 
System Diagram in the calculation. Once this box is checked, you can specify a global resistance value 
for all these devices. 
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Fuse 
Check the box to include resistance values for circuit fuses in a Control System Diagram in the 
calculation. Once this box is checked, you can specify a global resistance value for all these devices. 


36.2.5 CSD Page 


Similar to the AC system representation, ETAP uses a layered model to represent DC systems and 
Control System Diagrams. A Control System Diagram (CSD) contains a number of devices and wires. 
These devices are connected in a certain way between the positive and negative DC buses. In ETAP, all 
these devices are modeled in a Control System Diagram View, in which you set up a control system 
similar to an AC system in a One-Line View. In a DC System, a Control System Diagram is aggregated 
by a Composite CSD element. The Composite CSD element sums up the total load for all devices in a 
Control System Diagram. It also serves as an equivalent source to all the devices in the Control System 
Diagram. In a sense, the Composite CSD element makes a link between the Control System Diagram and 
the DC system. Since a Composite CSD element can also be a simple DC load, to make a distinction, a 
Composite CSD element that serves as an equivalent source in a Control System Diagram is called a 
composite CSD element in ETAP. If there are composite CSD elements in the DC system, you can use 
this page to set up options related to Control System Diagrams. 
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DC Battery Sizing Study Case 
Info Sizing Discharge Adjustment CSD 


Critical ~[_] Marginal iti Marginal 
Pickup Voltage 


Control Relay 100 fe 95 
Solenoid 100 
[_] General Load 


95 


Dropout Voltage 35 


FA Control Relay [100 ]« 95 
[V] Solenoid 


[_]General Load 


Duty Cycle of Composite CSD Elements 


The duty cycle displayed in the Duty Cycle page of a composite CSD element (Composite CSD element) 
represents the total load for all devices in the Control System Diagram that the composite CSD element is 
associated. The duty cycle can be entered from the Duty Cycle editor. It can also be updated 
automatically by ETAP based on calculations from the Control System Diagram. This group allows you 
to specify options for the duty cycle of composite CSD elements. 


Calculate and Update Duty Cycle Based on Individual Element Inside CSD 

When this option is selected, the duty cycle of a composite CSD element will be calculated based on the 
individual element inside the Control System Diagram that the composite CSD element is linked to. The 
calculation is carried out according to the sequence defined in the duty cycle entered in all devices in the 
Control System Diagram. The total load will be summed up and updated to the composite CSD element 
and used in the Battery Sizing or Discharge calculation. 


When this option is selected, the other sections on this page are enabled. 
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Use Duty Cycle of Composite CSD Elements 
When this option is selected, the duty cycle displayed in the Duty Cycle page of a composite CSD 
element will be used in the Battery Sizing or Discharge calculation. 


Note: The duty cycle can be entered from the Duty Cycle editor directly, or automatically updated by 
ETAP from a previous study. 


When this option is selected, the other sections on this page are not applicable and are hidden. 


Report CSD Voltage Drop Results 


When you checked the option of Calculate and Update Duty Cycle Based on Individual Element Inside 
CSD for the duty cycle of composite CSD elements, the checkbox of Report CSD Voltage Drop Results 
becomes enabled. If you check this option, ETAP will report voltage drop results for all devices for the 
whole duty cycle based on the calculated battery voltage during discharging calculation. 


Note: This check box will enable the Alert tab in the study case editor. 


Device Model 


There are two ways provided in the device editor to model the behavior of a device: burden and inrush 
rating model and duty cycle model. This section allows you to specify the model type to use in the 
calculation. 


Burden & Inrush Rating 
When this option is selected, the burden and inrush rating model will be used in calculation for all 
devices, disregarding the model type selected in the Info page of individual devices. 


Duty Cycle 
When this option is selected, the duty cycle model will be used in calculation for all devices, disregarding 
the model type selected in the Info page of individual devices. 


Note: In the current version of ETAP, if the duty cycle model is used for a device, the control logic 
between the device and the controlled contacts will not be simulated in the simulation. 


Individual Editor 
When this option is selected, the model type used for each device in calculation is dependent on the 
Calculation Model selected in the Info page of individual device editor. 


Note: In the current version of ETAP, if the duty cycle model is used for a device, the control logic 
between the device and the controlled contacts will not be simulated in the simulation. 


Pickup Voltage 


Pickup voltage of a device is a limit of minimum voltage value across the device in order for it to 
successfully change the state of controlled contacts from normal state to off-normal state. After a device 
become energized, if the voltage across the device remain equal to or higher than the pickup voltage for a 
time duration equal to or longer than the operating time of a controlled contact, the contact will switch to 
its off-normal state. This voltage limit is used in simulation of sequence operation of a control system as 
well as alert checking. This section allows you to specify pickup voltage for control relay, solenoid, and 
general load. For a general load, the pickup voltage is only used for alert checking. 
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Individual Vpickup 
When this option is selected, the pickup voltage for a control relay or a solenoid will be the value defined 
in the Rating page of device editor. 


Global V if Individual Vpickup = 0 

When this option is selected, the pickup voltage for a control relay or a solenoid will be the value defined 
in the Rating page of device editor, if this value is greater than zero. For devices with this value being 
zero in the editor, the global value for pickup voltage will be used. This option is useful for cases where 
some of devices are lack of pickup voltage values from manufacturer. 


Global Vpickup 

When this option is selected, the global value for pickup voltage will be used for all control relays and 
solenoids. The global Vpickup can be entered in the edit box next to the selection and is defined in 
percent of device rated voltage. 


Dropout Voltage 


Dropout voltage of a device is a limit of voltage across the device. While a device has been energized, if 
the voltage across a device is below this voltage limit, the device will not be able to keep its controlled 
contacts at off-normal state. Under this condition, a controlled contact will return to its normal state if the 
voltage across the device remains below Vdropout for a time duration equal to or longer than the release 
time of the contact. This voltage limit is used in simulation of sequence operation of a control system as 
well as alert checking. This section allows you to specify dropout voltage for control relay, solenoid, and 
general load. For a general load, the dropout voltage is only used for alert checking. 


Individual Vdropout 
When this option is selected, the dropout voltage for a control relay or a solenoid will be the value defined 
in the Rating page of device editor. 


Global V if Individual Vdropout = 0 

When this option is selected, the dropout voltage for a control relay or a solenoid will be the value defined 
in the Rating page of device editor, if this value is greater than zero. For devices with this value being 
zero in the editor, the global value for dropout voltage will be used. This option is useful for cases where 
some of devices are lack of dropout voltage values from manufacturer. 


Global Vdropout 

When this option is selected, the global value for dropout voltage will be used for all control relays and 
solenoids. The global Vdropout can be entered in the edit box next to the selection and is defined in 
percent of device rated voltage. 


36.2.6 Alert Page 


CSD simulation generates two groups of alerts. The first group includes pickup and dropout voltages for 
control relays and solenoid. The second group provides current alerts for control relays, solenoids, 
contacts, switch devices, and wires. 
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DC Battery Sizing Study Case 
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Marginal 


Two checkboxes in this page allow for device marginal alerts, one for device voltage alerts and another 
for device current alerts. Check these boxes if you want ETAP to generate marginal alerts. 


Note: If the Marginal box is not checked, the corresponding percentage fields for marginal limit will not 
be editable. 


Pickup Voltage 


For this selection group, specify the pickup voltage alert limits for the control relay, solenoid, and general 
load. The pickup voltage alert check is applied to devices that are to be energized to execute a given task, 
such as changing the state of a controlled contact. Since pickup voltage alerts are under-voltage alerts, the 
limit for a marginal alert must be higher than for critical alerts. 


Control Relay 

Check the box to enable alert checking on pickup voltage for control relays. Once it is checked, the 
critical voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a 
percentage value for marginal voltage limit, the Marginal alert box above must also be checked. 
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The limits are percentages based on the control relay pickup voltage previously specified for Vpickup 
option on the Model page. For example, if the global Vpickup was specified at 80% and you entered 
110% for the Marginal Limit for Control Relay pickup voltage, the voltage limit for a marginal alert is 
88% of the rated voltage of control relays. When a control relay becomes energized and the voltage across 
it is less than 88% of its rated voltage, a marginal alert on pickup voltage will be generated for the control 
relay. 


Solenoid 

Check this box to enable alert checking on the pickup voltage for solenoids. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a percentage 
value for marginal voltage limit, the Marginal alert box above must also be checked. 


These limits are percentages based on the solenoids pickup voltage specified for Vpickup option on the 
Adjustment page. For example, if the global specification for Vpickup was 80% and a percentage of 
100% for the Critical Limit for solenoid pickup voltage was set, the voltage limit for a critical alert will be 
80% of the rated voltage of the solenoids. When a solenoid becomes energized and the voltage across it is 
less than 80% of its rated voltage, a critical alert on pickup voltage will be generated for the solenoid. In 
such an instance, the solenoid will not be able to execute the task it is supposed to accomplish. 


General Load 

This checkbox enables alert checking on pickup voltage for general loads. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a value for 
marginal voltage limit, the Marginal alert box above must also be checked. The limits are a percentage 
based on the general load pickup voltage previously specified for Vpickup option on the Adjustment 


page. 


Dropout Voltage 


In this selection group you can specify the dropout voltage alert limits for the control relay, solenoid, and 
general load. The dropout voltage alert check is applied to a device that is energized. If the voltage across 
the device is below the dropout voltage limit, the device will not be able to continue its normal function, 
such as keeping a controlled contact in a certain state. Since dropout voltage alerts are under-voltage 
alerts, the limit for the marginal alert should be higher than that for critical alerts. 


Dropout Voltage Limit for Control Relay 

Check this box to enable alert checking on the dropout voltage for control relays. Once checked, the 
critical voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a 
percentage value for marginal voltage limit, the Marginal alert box must also be checked. 


These limits are percentages based on the control relay dropout voltage previously specified for the V 
dropout option on the Adjustment page. For example, if a global percentage for Vpickup of 30% and a 
percentage of 100% were specified for the Critical Limit for Control Relay dropout voltage, the voltage 
limit for a critical alert is 30% of the rated voltage of control relays. When a control relay is energized and 
the voltage across it is less than 30% of its rated voltage, a critical alert on dropout voltage will be 
generated for that control relay. In this instance, the control relay will not be able to execute the task it is 
supposed to accomplish. 
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Dropout Voltage Limit for Solenoid 

Check this box to enable alert checking on the dropout voltage for solenoids. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a percentage 
value for marginal voltage limit, the Marginal alert box above must also be checked. 


The limits are percentages based on the solenoids dropout voltage specified previously for the V dropout 
option on the Adjustment page. For example, if it was specified to use a global V dropout of 30% and 
110% was entered for the Marginal Limit of the solenoid dropout voltage, the voltage limit for a marginal 
alert is 33% of the rated voltage of solenoids. When a solenoid is energized and the voltage across it is 
less than 33% of its rated voltage, a marginal alert on pickup voltage will be generated for the solenoid. 


General Load 

Check this box to enable alert checking for dropout voltage on general loads. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a value for 
marginal voltage limit, the Marginal alert box above must also be checked. The limits are a percentage 
based on the general loads pickup voltage specified previously for the Vdropout option on the Adjustment 


page. 


Loading 


In this selection group, specify the critical and marginal alert limits for device overload alerts. 


Control Relay 
Enter the critical limit and marginal limit for control relay overload alerts. The limits are a percentage 
based on the rated burden current entered on the Rating page of the Control Relay Editor. 


Solenoid 
Enter the critical limit and marginal limit for solenoid overload alerts. The limits are a percentage based 
on the rated burden current entered on the Rating page of the Solenoid Editor. 


Contact 
Enter the critical limit and marginal limit for contact overload alerts. The limits are a percentage based on 
the rated inductive current entered on the Contact page of the Control Relay Editor or Solenoid Editor. 


Switching Device 

Enter the critical limit and marginal limit for switching devices, such as circuit breakers, fuses, and 
switches. The limits are a percentage based on the rated inductive current entered on the Contact page of 
the Control Relay Editor or Solenoid Editor. 


Wire / Cable 
Enter the critical limit and marginal limit for wires and cables. The limits are a percentage based on the 
rated continuous current of the wire or cable. 


Auto Display 


This is a two-state button that can be clicked on or off. When Auto Display is activated the Alert View 
will display automatically after a simulated sequence-of-operation is completed. 
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36.3 Display Options 
The Battery Sizing Display Options consist of a Results page and three pages for AC, AC-DC, and DC 
info annotations. The colors and displayed annotations selected for each study are specific to that study. 


36.3.1 Results Page 


Display Options - Battery Sizing | 3s | 
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Voltage 


Bus Display Unit 
Select whether to display the bus voltage as a percentage or in volts from the drop-down list. 


Battery 
Click on this checkbox to show the battery voltage in the one-line diagram. 


Bus 
Click on this checkbox to show the bus voltage in the one-line diagram. 


Note: Bus voltage results are available for display only when the Load Flow Calculation Option is 
selected for Calculation Method in the Info page of the DC Battery Sizing Study Case. 


Show Units 
Click this checkbox to show units along with results in the one-line diagram. 


Power Flows 


Power flow results are available for display only when the Load Flow Calculation Option is selected for 
Calculation Method in the Info page of the DC Battery Sizing Study Case. 


Power Flow Display Units 
Select the power flow to be displayed in kW or MW. 


kW and Amp 
Select kW to display power flow or select Amp to display the current in amperes. 


Show Units 
Check this box to show the unit with calculation results displayed on the one-line diagram. 


Flow Results 


Click on these checkboxes to display load flow results for different types of elements, including Branch, 
Battery, Composite Motor, and Composite Network. These results are available for display only when the 
Load Flow Calculation Option is selected for Calculation Method in the Info page of the DC Battery 
Sizing Study Case. 
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36.3.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


Display Options - Battery Sizing axe 
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[| Use Default Options — [¥] Show Equipment Cable 
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ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Gen. (Generator) kW/MW 
Power Grid (Utility) MVAsc 
Motor HP/kW 
Load kVA/MVA 
Panel Connection Type (Number of Phases - Number of Wires) 
Transformer Impedance in % 
Branch, Impedance Base MVA 
Branch, Reactor Continuous Amps 
Cable/Line Number of Cables - Number of Conductor/Cable - Size 
Bus kA Bracing 
Node Bus Bracing (kA) 
CB Rated Interrupting (kA) 
Fuse Interrupting (ka) 
Relay 50/51 for Overcurrent Relays 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 


D-Y 
Select the checkboxes under this heading to display the connection types of the selected elements on the 
one-line diagram. 
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For transformers, the operating tap setting for primary, secondary, and tertiary windings are also 
displayed. The operating tap setting consists of the fixed taps plus the tap position of the LTC. 


Composite Motor 
Click on this checkbox to display the AC Composite Network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


Use Default Options 


Click on this checkbox to use ETAP’s default display options. The checkboxes on this page will be 
grayed out. 


ETAP 36-30 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Display Options 


36.3.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 
networks. 


ID 


Select the checkboxes under this heading to display the IDs of the selected AC-DC elements on the one- 
line diagram. 
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Rating 
Select the checkboxes under this heading to display the ratings of the selected AC-DC elements on the 
one-line diagram. 


Device Type Rating 

Charger AC kVA & DC kW (or MVA/Mw) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


A 
Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 
Click on this checkbox to display the composite network IDs on the one-line diagram, then select the 
color in which the IDs will be displayed. 


For cables, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 


ETAP 36-32 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Display Options 


36.3.4 Colors Page 


This page includes options for assigning colors to annotations for elements and results on the one-line 
diagram. 


Display Options - Battery Sizing 


-) Theme 
@) User-Defined 


AC i - 
oC i - 
AC-0C x ~ 
Composite I ~ 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 
whenever the Theme option is selected in the Annotation section. 


Theme 
Click this button to make the Theme Editor appear. 
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. 
Theme Editor 
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Theme Editor 
The Theme Editor allows you to select existing color themes or define a new color theme. 
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Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 
on this page may also affect other modes and presentations if the Set Global option has been previously 
selected. 


Annotations 


This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 


Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 
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36.4 Calculation Methods 


The ETAP Battery Sizing and Discharging calculations comply with IEEE Standard 485-1997, the IEEE 
Recommended Practice for Sizing Large Lead Storage Batteries for Generating Stations and Substations. 
Based on the characteristic curves from the Battery Library, it determines the number of strings, number 
of cells, and cell size of a battery for a designated duty cycle. 


36.4.1 Battery Duty Cycle 


The duty cycle of a battery is the combination of the duty cycles of all the loads supplied by the battery. 
The duty cycle of a battery can be determined by two different methods: load duty cycle summation and 
load flow calculation. The first method simply sums up duty cycles for all the loads, with the conversion 
of load current from the load rated voltage to the nominal voltage of the battery terminal bus. The load 
flow calculation method runs a series of load flow calculations to determine battery load that considers 
system losses and branch voltage. 


Individual Load Duty Cycle 


The individual load supplied by a battery can generally be classified into continuous and non-continuous 
loads. Continuous loads are the ones that last for the whole duty cycle. Typical continuous loads include 
lighting, continuously operating motors, inverters, indicating lights, continuously energized coils, and 
annunciator loads, etc. 


Non-continuous loads are on only during a portion of the duty cycle. Typical non-continuous loads 
include emergency pump motors, critical ventilation system motors, communication system power 
supplies, and fire protection systems, etc. Some of the non-continuous loads can occur repeatedly in a 
duty cycle but are of short duration, less than one minute in any occurrence. These loads are called 
momentary loads. Typical momentary loads include switchgear operations, motor-driven valve 
operations, isolating switch operations, field flashing of generators, motor starting currents, and inrush 
currents, etc. 


If the time of occurrence of a non-continuous load cannot be predetermined, it is called a random load. 
The random loads should be shown at the most critical time of a duty cycle. In battery sizing calculations, 
these loads are treated differently from non-random loads. 


In order to explain how the program determines the battery duty cycle, let us consider a sample case, in 
which a battery supplies power to two loads: “Load 1” and “Load 2”. The following two tables list the 
load duty cycle as entered in the Duty Cycle page of the Load editor. Notice that the tables have two 
columns: Non-Random Load and Random Load. The Non-Random Load includes continuous, non- 
continuous, and momentary loads. 


Load Items for “Load 1” Duty Cycle (Time in Seconds) 


Non-Random Load Random Load 
Item Name Amp St Time | Duration Item Name Amp Duration 
Li 280 0 12 Ld 100 60 
L2 60 60 7140 
L3 80 1800 1800 
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“Load 2” Duty Cycle (Time in Seconds) 


Non-Random Load Random Load 
Item Name Amp St Time | Duration Item Name Amp Duration 
Stagel 40 0 1800 Ld1 50 120 
Stage2 140 1800 5400 
Stage3 40 7200 3540 
Stage4 120 10740 60 


The load duty cycle for “Load 1” is plotted in the following figure. In figure A, it is plotted in load items 
as entered in the Load Editor, while in figure B it is the combination of all load items plotted as a function 
of time. Notice that the random load is also displayed in the curve. 
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Duty Cycle Diagram for “Load 1” 
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“Load 2" Duty Cycle 


Duty Cycle Diagram for “Load 2” 
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Battery Duty Cycle — Current Summation Method 

When using the summation method, the battery duty cycle is the sum of all load currents at every time 
moment in the duty cycle, with the current value converted from the load rated voltage to the bus nominal 
voltage of the battery terminal bus. This is equivalent to assume that the all loads are constant current 
loads. The non-random loads and random loads are summed up separately, as shown in the figure below. 
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Battery Duty Cycle Diagram — “Load 1” Plus “Load 2” 


Battery Non-Random Load 

The summation of non-random loads for the battery duty cycle is very straight forward, as seen in the 
battery duty cycle diagram. It should be noted that at the beginning of the duty cycle, the duration for the 
320-ampere load section is extended from 12 seconds to one minute. According to IEEE Standard 485, 
the load for a one-minute period shall be assumed to be the maximum current at any instant. After 
summing up the non-random loads from individual loads, ETAP searches through the duty cycle for 
current peaks. If the duration for any peak is less than one minute, the peak current value will be used as 
the load for the one-minute period from the beginning of the peak. 


Battery Random Load 

The summation of random loads for the battery duty cycle is different from that of non-random loads. The 
duration of the battery random load is equal to the longest duration of all random loads from individual 
loads. The random loads from individual loads are summed up so that they are aligned at the end of the 
duration of the battery random load. This ensures that the maximum random load value occurs at the end 
of the duration, to produce the severest duty cycle for the battery. 
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After summing up random loads, if there is any peak with duration less than one minute, it will also be 
extended to a one minute time period, similar to the process applied on the non-random load. 


Battery Combined Duty Cycle 

In the battery sizing calculation, the non-random and random loads are handled separately. The battery 
total capacity is equal to the sum of the capacity that can provide power to the non-random load and 
random load respectively. However, in the battery discharge calculation, the load applied on the battery is 
the combined duty cycle, in which the random load is add on top of the non-random load. Per IEEE 
Standard 485, to consider the worst case, the random load should be added to the non-random load at the 
time where the battery has the lowest voltage value. In the example case, assuming that at 120 minutes the 
battery has the lowest voltage value when the load consists of only the non-random load, the combined 
battery duty cycle will be constructed by adding the random load backward at the 120-minute time, as 
shown below. 
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Battery Combined Duty Cycle Diagram 
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Battery Duty Cycle — Load Flow Method 


When using the load flow method to determine battery duty cycle, the load current at each moment is 
determined by the DC load flow calculation, with the battery being the only constant voltage source. In 
the battery sizing calculation, since the parameters are not available, the battery is modeled as a constant 
voltage source at the nominal voltage of the terminal bus. In the battery discharging calculation, the 
battery voltage is calculated based on the battery characteristic curves and duty cycle in previous steps. 


The battery duty cycle determined based on the load flow method will give more accurate representation 
of the actual load. With the load flow calculation, the load can be modeled as constant power or constant 
impedance load depending on the load type. As the responses of these two types of load with respect to 
voltage variations are very different, correctly modeling these loads provides more accurate battery load 
current. In the load flow calculation, the battery load can also include losses on cables and other branches. 
Additionally, when the load flow method is used in the discharge calculation, ETAP calculates bus 
voltages and loads and branch flows for the whole system along with battery results. 


36.4.2 Battery Library Data 


The battery sizing calculation is based on the battery characteristics from the library of the battery to be 
sized. Therefore, in order to size a battery, the battery has to be linked with the Battery Library, which is 
done from the Battery Editor by clicking on the Library button in the Rating page and selecting a battery 
from the Battery Library Quick Pick Editor. Once you have selected a battery from the library, the battery 
is linked to the Battery Library and the battery type information appears in the Battery Type section in the 
editor. The battery type information includes manufacturer, voltage per cell, resistance per positive plates, 
etc. The same section also displays information on the selected size for the battery including number of 
plates, cell capacity, and one-minute-discharge rate. 


In the battery sizing calculation, ETAP retrieves the battery characteristic curves according to the battery 
type information. Since this link between the battery and the library is dynamic, any changes you make on 
the battery characteristics in the library may affect the battery sizing results afterward. 


The ETAP Battery Library provides two types of battery characteristic curves: Time vs. Amp type and 
Time vs. Kt type. The following figure displays sample curves for both types, taken from IEEE Standard 
485. On the left is the Time vs. Amp type and on the right Time vs. Kt type. The Time vs. Amp type 
curves provide values for Rt, which is the number of amperes that each positive plate can supply for a 
specified time, at 25° C and to a definite end-of-discharge voltage. Time vs. Kt type curves provide 
values for Kt, which is the ratio of rated ampere-hour capacity (at a standard time rate, at 25° C, and toa 
standard end-of-discharge voltage) of a cell, to the amperes that can be supplied by that cell for a 
specified time, at 25° C and to a definite end-of-discharge voltage. 
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Sample Battery Characteristic Curves 


In the above sample curves, the set of curves may apply to batteries of different sizes or to only one size. 
In ETAP, you specify a set of characteristic curves for a given size. If you want to use a given set of 
curves for batteries of different sizes, you can indicate this in the Battery Sizing Study Case Editor. Please 
see the Study Case Editor section for more information. 


Estimated Battery Characteristic Curves 

In Battery Sizing calculation, according to IEEE Standard 485, a battery is sized so that at end of the duty 
cycle, the battery terminal voltage will not be less than the battery minimum discharge voltage. In ETAP, 
this minimum discharge voltage is specified in the Sizing page of the Battery Sizing Study Case. During 
calculations, the battery characteristic curve, that has end-of-discharge voltage equal to this minimum 
discharge voltage, will be used to size the battery. 


When you size a battery to a specific end-of-discharge voltage, i.e. 1.75V per cell, your battery library 
should normally contain characteristic curves at an end-of-discharge voltage at 1.75V. In case the battery 
library does not contain the characteristic curve at 1.75V, ETAP will estimate a characteristic curve at 
1.75V based on curves in the library for other end-of-discharge voltage values. Since the behavior of 
battery discharging is very nonlinear, this estimation can only provide approximate results. 


Several methods for battery characteristic estimation have been developed and the best one has been used 
in ETAP to match actual manufacturer curves more accurately. However, the estimated curve is always 
an approximation of the actual battery behavior. When estimated battery characteristic curves are used for 
battery sizing calculations, the results may be different from that obtained from manufacturer provided 
battery characteristic curves. Various tests have been conducted on estimation of battery characteristic 
curves from a limited number of manufactures. In each of the test, a manufacture curve at a specific end- 
of-discharge voltage was first removed from the battery library and ETAP is used to estimate the curve 
based on the rest manufacturer curves. The ETAP estimated curve was then compared against the 
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manufacture curve removed. It should be pointed out that noticeable differences have been observed, and 
in some cases the estimated curves were less conservative. 

In order to obtain accurate battery sizing results, we suggest that when you size a battery, make sure that 
the battery library contains a battery characteristic curve with end-of-discharge voltage equal to the 
Battery Min. Discharge Voltage you have entered in the Battery Sizing Study Case. 


It should be stressed that estimation of battery characteristic curves is needed only when the calculation 
performed is Battery Sizing, and the battery library used does not contain a characteristic curve of end-of- 
discharge voltage equal to the Battery Min. Discharge Voltage value that you have specified in the 
Battery Sizing Study Case. If you perform battery discharge calculation for an existing battery, 
estimation of battery characteristic curves will not be required at all. 


36.4.3 Battery Sizing Method 


The battery sizing calculation includes determining the number of cells to meet the system voltage 
requirement and determining the battery size and number of strings to meet the load duty cycle 
requirement. 


Number of Cells 


The number of cells should be determined to satisfy system minimum and maximum voltage 
requirements: 


1. When charging the battery, the voltage to be applied to the battery should not be greater than the 
maximum system voltage. 


2. When discharging the battery, the battery minimum discharge voltage should not be smaller than the 
minimum system voltage. 


Let N be the number of cells. The voltage requirements can be given in the following equation 


V sys, min <N< V sys, max 
V cell, disch V cell, ch 


Where 


Vsysmin is the minimum system voltage that is equal to the nominal voltage of the battery terminal bus 
multiplied by the minimum system voltage deviation entered in the Battery Sizing Study Case editor. 

Vsys,max is the maximum system voltage that is equal to the nominal voltage of the battery terminal bus 
multiplied by the maximum system voltage deviation entered in the Battery Sizing Study Case editor. 

Veelch_ is the battery charge voltage in V/Cell entered in the Battery Sizing Study Case editor. 

Veett,disch is the battery discharge voltage in V/Cell entered in the Battery Sizing Study Case editor. 


It is clear that the number of cells of the battery is dependent on the four values for voltage requirement 
entered in the Battery Sizing Study Case editor. It can happen that for some incompatible values, we 
cannot determine a value for N to satisfy the above equation. When this situation occurs, ETAP will 
display a message indicating that it cannot determine the number of cells. 


In practical cases, there is often a range of values that N can take to satisfy the above equation. In this 


case, ETAP will select the value for N that results in the battery rated voltage being closest to its terminal 
bus nominal voltage. 
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Cell Size 


In determining the battery size, ETAP will find the smallest size that can provide sufficient power for the 
specified duty cycle. The capacity of a battery can be increased either by using a larger size or by adding 
more strings. Since ETAP allows you to enter different characteristic curves for different sizes of 
batteries, in the battery sizing calculation, the program starts with one string and the smallest size 
available for the calculation. If it fails to meet the load requirement, the program first increases the size 
and performs calculations with the characteristic curves for the new size. When no available sizes can 
meet the load requirement for the given number of strings, it then increases the string number and 
performs the calculation with the smallest size again. This process continues until a battery size and a 
string number are found to meet the load requirement. 


Load Sections in Battery Duty Cycle 

A battery duty cycle generally can be represented as a square waveform. It consists of a number of time 
periods, with a constant current value during a period. The figure below shows a sample duty cycle for a 
battery. It consists of six periods, designated as Pi, Po, ... Ps. A load section S; is a combination of a 
number of load periods, defined as: 


se 
j=l 
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In the sample duty cycle there are six load sections. 
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Load Sections for a Sample Battery Duty Cycle 
Determination of Cell Size Based on Battery Characteristic Curves 
Based on a given set of battery characteristic curves, we can determine the required battery size for a 
specified duty cycle. Let F represent cell size. It is equal to: 


F= Max F;  i=1,..Sm 


where Sm is the total number of load sections and F; is the size calculated for the i» load section. The 
calculation of F; depends on the type of battery library curves. 


For the Time vs. Amp type battery library, the cell size F; is the number of positive plates, which is 
calculated as: 
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where A, is the load current value in period P. Rr is the value obtained from the battery characteristic 
curve, which is the number of amperes that each positive plate can supply for t minutes, at 25° C, and to 
the end-of-discharge voltage specified in the Study Case. 


For the Time vs. Kt type battery library, the cell size Fj is the capacity in ampere-hours, which is 
calculated as: 


where A, is the load current value in period P. K; is the value obtained from the battery characteristic 
curve, which is the ratio of rated ampere-hour capacity (at a standard time rate, at 25° C and to a standard 
end-of-discharge voltage) of a cell, to the amperes that can be supplied by that cell for t minutes, at 25° C, 
and to the end-of-discharge voltage specified in the study case. 


Random Load and Non-Random Load 

In general, the duty cycle for a battery consists of random loads and non-random loads. ETAP determines 
the cells for random and non-random loads separately in the same way as described in the previous 
section. The sum of the two cell size values is the uncorrected cell size for the given duty cycle. 


Adjusting Factors 

In the Battery Sizing Study Case Editor, you can select several adjusting factors to be considered in 
calculating battery size. These factors include temperature factor, design margin factor, aging 
compensation factor, and initial capacity factor. The uncorrected battery size is adjusted by multiplying 
the first three factors and dividing that value by the initial capacity factor. 


Calculation Cycle 

It is clear from the equations for determining cell size that the cell size is calculated based on a given set 
of battery characteristic curves, which is for a given cell size. If the calculated cell size is different from 
the one corresponding to the characteristic curves used, we have to do the calculation again with the 
battery characteristic curves for the calculated cell size, which may again result in a new size because of 
different characteristic curves used. This process continues until the calculated size matches with the 
curves used in the calculation. Sometimes the calculation may get into a cycle of changing cell size and 
characteristic curves, especially if the curves were not entered correctly. ETAP has implemented a 
scheme to break the cycle. 
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36.4.4 Battery Discharging Calculation Method 


The purpose of battery discharge calculation is to determine battery performance for a specified duty 
cycle. One of the key parameters for battery performance is the battery terminal voltage. When the battery 
is supplying the load as the sole source, it should be able to maintain voltage level for the whole period of 
the specified duty cycle. 


Battery Characteristic Curves for Voltage Interpolation 


The terminal voltage of a battery is dependent on the current drawing from the battery and the ampere- 
hour capacity contained in the battery. This relationship is described by the battery characteristic curve 
and is very nonlinear. In ETAP, the battery characteristics are described in the battery library as discrete 
points. Because no closed form equation is available to describe the battery characteristics, numerical 
interpolation methods have to be used to find the points missing in the curves. Apparently, the more 
curves that are entered in the battery library, the more accurate the calculated results will be. The 
minimum number of the characteristic curves entered in the library is two. ETAP will post an error 
message if the number of curves in the library for the battery to be discharged is less than two. 


In this release of ETAP, the discharge calculation is performed only when the battery is linked to the 
“Time vs. Amp” type library. The library data required by the discharge calculation for the characteristic 
curves is described in section 35.5.1. The battery characteristic curves can be used to interpolate voltage 
values in different ways. Because of the nonlinearity of battery characteristics and often limited curves 
available, voltage values interpolated from battery curves sometimes may not seem reasonable. For 
example, the interpolated voltage value for a very small current at the beginning of discharging could be 
larger than the rated battery voltage. The method used in ETAP first converts the curves from “Time vs. 
Amp” curves to equivalent “AH vs. Amp” curves, and then interpolates for voltage values at a fixed 
current value. This method is chosen for ETAP due its consistent results for a constant discharging 
current. 


Battery Combined Duty Cycle 


When the load powered by the battery includes random load, the random load should be added to the non- 
random load at the worst point, or when the battery has the lowest voltage value when only the non- 
random load is considered. To identify this time moment, ETAP first performs a battery discharge 
calculation excluding the random load. It then determines the worst point, adds the random load to the 
non-random load and performs discharge calculation from the time when the random load takes effect all 
the way to the end of the battery duty cycle. 


Battery Voltage Calculation 


An iterative process is conducted to calculate battery discharge voltage values. A battery voltage value is 
reported at each time step specified in the battery sizing study case and at each moment when there is a 
change in the load duty cycle. By changing the step size from the battery sizing study case, the user can 
adjust the level of detailed information on discharge calculation to be reported. 


If the battery duty cycle is calculated by the load current summation method, the battery current will 
change only when there is a change in any load duty cycle. When the load flow method is selected in the 
study case, even if there is no change in the load duty cycle, the battery current will change due to 
decrease in the battery voltage. In this case the battery current is calculated by a full load flow calculation, 
considering different types of loads and system losses. In this load flow calculation, the battery is 
modeled as a constant voltage source with the voltage calculated in the previous step. The calculated 
battery current will be used in the current step for battery voltage calculation. 
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Along with battery voltage and current, the battery discharge module also calculates battery discharge 
capacity. When there is change in the load current, two values of voltage and current are calculated, at t © 
and t*, one for before the load change and one for after the load change. 


When the battery is calculated using the load flow method, the battery discharge calculation also provides 
considerable information on the system performance, including bus voltage, bus loading, branch power 
and current, etc. 


36.4.5 CSD in Battery Sizing and Discharging Calculation 


ETAP provides options to integrate Control System Diagram with DC system in battery sizing and 
discharge calculations. Hence, it extends DC system calculation down to the control system device level. 
The involvement of CSD in the calculation has two aspects: calculation of CSD duty cycle and simulation 
of CSD sequence of operation with battery discharge voltage. Both apply the Load Flow Method to 
simulate CSD sequence of operation. 


Calculating and Updating CSD Duty Cycle 


If, the “Calculate and Update duty Cycle Based on Individual Element Inside (CSD)” option is selected in 
the CSD page of the DC Battery Sizing Study Case, ETAP will simulate sequence of operation for each 
CSD powered by the battery under consideration. As results of these simulations, duty cycles for all 
composite CSD elements are calculated and automatically updated to the Composite CSD element in the 
DC system. The updated duty cycle is separated into constant power, constant impedance, and constant 
current groups in order to accurately represent CSD devices at any voltage level. This duty cycle will be 
used for battery sizing and discharge calculations. 


In calculating CSD duty cycle, the sequence of operation simulated is dependent on other options in the 
CSD page of DC battery Sizing Study Case, as well as the logical set up in the CSD. These options 
include Device Model, Pickup Voltage and Dropout Voltage. Different options selected can result in very 
different sequence of operation and therefore different duty cycles. 


Calculating CSD Voltage Drop 


If, the “Report CSD Voltage Drop Results” option is selected in the CSD page of DC Battery Sizing 
Study Case, as part of the battery discharge calculation, Voltage Drop calculation will be carried out for 
each CSD with DC bus voltage calculated from battery discharge. This process allows the CSD voltage 
drop calculation to be integrated into battery discharge calculation to simulate control operations in real 
system under emergency conditions. Using this tool, you can accurately size the battery and predict 
system behavior down to the control system diagram level. 


The voltage drop calculation results for all CSDs are placed in a single output report, which can be open 


from any CSD view involved in the calculation. The CSD Events View and Alert View are also provided 
for you to verify operation sequence and identify abnormal conditions. 
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36.5 Required Data 


36.5.1 Source 


In battery sizing calculation, the only source is the battery to be sized. Batteries may only be 
sized/discharged one at a time as specified in the study case. A UPS may be considered as a load to the 
system when its input bus is not connected to an energized bus. 


Battery 
e ID 
e Bus connection data 
e Battery library type data. This information is used to retrieve library data for calculations. 


If only the battery discharge calculation is conducted, the following additional information is also 
required: 


Battery number of plates and capacity 
Number of cells 

Number of strings 

SC page battery external resistance 


36.5.2 Load 


UPS 


When a UPS is not connected to an energized input AC bus, it is considered a load in battery sizing 
calculations. 


ID 

Bus connection data 

DC rated voltage 

kW and kVA 

Duty Cycle page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 


DC Motor 


ID 

Bus connection data 

Quantity 

Rated voltage 

kW or HP and efficiency 

Duty Cycle page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 
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Lumped Load 

ID 

Bus connection data 

Rated voltage 

kW Rating 

Duty Cycle Page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 


Static Load 


ID 

Bus connection data 

kW rating 

Rated voltage 

Duty Cycle page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 


Composite CSD (CCSD) Load 


ID 

Bus connection data 

Rated voltage 

kW rating 

Duty Cycle page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 


Inverter 


ID 

Bus connection data 

DC rated voltage 

kVA, PF, DC kW rating 

Duty Cycle page 

(If duty cycle data is not entered, this load will be assumed to be zero.) 


Control System Diagram 


When you select the option to include CSD simulations in the study case, all the data for CSD elements is 
required for a simulation of sequence of operation when using the Load Flow Method. 
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36.5.3 Branch 
DC Cable 
e ID 
e Bus connection data 
e Cable length 
e Resistance and inductance and cable length units 


DC Impedance 
e ID 
e Bus connection data 
e Resistance and inductance impedance information 


Tie PD (CB, Fuse, Single-Throw and Double-Throw Switches) 
e ID 
e Bus connection data 


DC Converter 


e ID 
e Bus connection data 
e kWrating and rated kV input and output 


36.5.4 Bus 


DC Bus 


Info Page 
e ID 
e Nom. V 
e Initial Voltage 
e Load Diversity Factor 


36.5.5 Other 


Library 


e Library type data 
e Battery characteristic curve data 


36.5.6 Study Case 


When you initiate a battery sizing calculation, ETAP uses the study case currently selected from the 
Study Case toolbar. Every field in the Study Case editor is set to its default value. However, it is 
important to set the values in the study case correctly to meet your calculation requirements. 
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36.6 Output Reports 


The battery sizing calculation results are reported graphically on the one-line diagram, in plots and in the 
Crystal Reports format. The graphical one-line display shows the number of cells, number of strings, cell 
size, etc. You can use the Display Options editor to specify the content to be displayed. 


The Crystal Reports format provides you with detailed information for a battery Sizing Study. You can 
utilize the Battery Sizing Report Manager to help you view the output report. 


36.6.1 Battery Sizing Report Manager 


To open the Battery Sizing Report Manager, click on the View Output File button on the Battery Sizing 
Study toolbar. The editor includes four pages (Complete, Input, Result, and Summary) representing 
different sections of the output report. The Report Manager allows you to select formats available for 
different portions of the report and view it via Crystal Reports. There are several fields and buttons 
common to every page, as described below. 


Output Report Name 
This field displays the name to the output report you want to view. 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will close the editor. Click on the Cancel button to close the 
editor without viewing the report. 


Viewer and File Options 

You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Complete Page 


In this page there is only one format available, Complete, which opens the complete report for the battery 
sizing study. The complete report includes input data, results, and summary reports. 


fas . 
Battery Sizing Report Manager Ex) 


Complete | Input | Result | Summary | 


Complete (@) Viewer 
© PDF 
) MS Word 
© Rich Text Format 


© MS Excel 
("| Set As Default 


Path 
C:\ETAP\Example-ANS! 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 


Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 
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Input Page 


This page allows you to select categories to view different input data, grouped according to type. These 
include the following available categories: 


Battery Characteristics 
Branch 

Bus and Connected Load 
Cable 

Cover 

DC Converter 
Impedance 

Inverter 

Load Duty Cycle 

UPS 


You can view these reports in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
check box. 
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Result Page 


This page allows you to select formats to view the result portion of the output report, including 
Calculation Results, Battery Load Profile, Battery Characteristics, Battery Tabulation, Bus Tabulation, 
and Sizing Results. The Calculation Results portion prints the uncorrected cell size for each load section 
in non-random load and random load. The Battery Load Profile is the battery duty cycle generated based 
on load duty cycles. The Battery Characteristics are mostly data entered by the user. However, if the 
characteristic data does not contain a curve corresponding to the minimum discharge voltage specified in 
the Battery Sizing Study Case Editor, the calculation program will generate a new curve based on data 
entered by the user. Therefore, the Battery Characteristics portion is placed in both the Input and Results 
lists of the report manager. The Battery Tabulation and Bus Tabulation are battery discharge calculation 
results. The Sizing Results show the results of battery sizing stages in the same format as given in the 
IEEE Standard 485. 


f \ 
Battery Sizing Report Manager x=) 


| Complete | input 


| Battery Characteristics | @ Viewer 
| Battery Load Profile 

| Battery Tabulation PDF 
| Bus Tabulation MS Word 
| Calculation Results ; 


| Sizing Results Rich Text Format 


») MS Excel 
("| Set As Default 


Output Report Name 
Batt Sizing 
Path 
C:\ETAP\\Example-ANS! 


Ls | ca 


You can view these reports in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


A 
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Summary Page 


This page allows you to select available formats to view the result summary portion of the report. The 
summary portion contains the final result for battery sizing calculations. 


fas ' 
Battery Sizing Report Manager Ex) 


(@) Viewer 
© PDF 
MS Word 
© Rich Text Format 


© MS Excel 
("| Set As Default 


Path 
C:\ETAP\Example-ANS! 


You can view these reports in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
check box. 


a 
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36.6.2 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manger. When you click on the View Output Report button, ETAP 
automatically opens the output report that is listed in the Study Case toolbar with the selected format. In 
the example shown below, the output report name is BattSizing and the selected format is Complete 


es, OBE Battsize ~ +9 Battsizing . 


Battery Characteristics 
Battery Load Profile 
Battery Tabulation 

Branch 

Bus Tabulation 

Buses & Connected Loads 
Cable 

Calculation Results 
Complete 

Cover 

DCConverter 

Impedance 

Inverter 

Load Duty Cycle 

Sizing Results 

Summary 

UPS 


36.6.3 Input Data 


Input data are grouped together according to element type. The bus and branch connection data for battery 
sizing are similar to DC load flow input data. The following are some samples of input data specific for 
battery sizing calculations. 


Load Duty Cycle 


In battery sizing calculations, the load comes from the duty cycle of all the connected loads. In order for a 
load to be considered in the study, you must enter load duty cycle data in the Duty Cycle page of the Load 
editor. 


In the sample below, there are duty cycles for a lump load, a static load, and a CSD load. The lump load 
and the static load are continuous load, maintaining constant load current over the whole duty cycle. The 
CSD load has both non-random and random loads. Notice that in the report the non-random load is the 
combination of all load items entered in the Duty Cycle page, shown as a series of square waveforms as a 
function of time. The random load is printed in load items, each with different load duration. If you have 
entered two random load items that have the same load duration, they will be summed up and shown as 
one item in the report. 
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Duty Cycle 


Load ID: DCLunpl 


Non-Random Load Random Load 
tl 7) Duration 

(Sec.) (Sec) Amp (Sec.) Amp 
0.00 §=14400.00 800.00 0.00 0.00 


Load ID: DCS ileadl 


Non-Random Load Random Load 
tl 17) Duration 

(Sec.) (Sec.) Amp (Sec.) Amp 
0.00 =©614400.00 160.00 0.00 0.00 


Load ID: DCEDI 


Non-Random Load Random Load 
tl #1] Duration 
(Sec) (Sec.) Amp (Sec.) Amp 
0.00 12.00 280.00 30.00 100.00 
12.00 60.00 0.00 
60.00 1800.00 60.00 


1800.00 3600.00 140.00 


3600.00 7200.00 60.00 


ETAP 36-57 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Output Reports 


Battery Duty Cycle 

The battery duty cycle is the total load used to size the battery. In this page, the battery name (ID) is 
shown, the method used for obtaining the battery duty cycle, and the battery duty cycle. Notice that for 
the battery duty cycle, both the non-random and random load profiles are printed as a function of time. In 
the load profiles, any peaks that last less than one minute have been extended to one minute. 


Depending on the options you selected in the Correction Factor section of the Discharge page of the DC 
battery Sizing Study Case, the battery duty cycle used for battery sizing and discharge calculation may 
not be the same. For example, if you selected the option of Adjust Battery Duty Cycle in the section, the 
correction factors for temperature, aging and initial condition will be used to change the battery duty 
cycle used in the battery discharge calculation. In the report, ETAP prints the duty cycle lists for both 
sizing and discharge calculations, if you run the battery sizing calculation. When you run the discharge 
calculation, only one duty cycle will be reported. 


Battery ID: Batteryl 


Method: Load Flow Calculation 


Battery Load Profile for Sizing 


Non-Random Load Random Load 

tl t2 tl t2 
Sec. Sec. Amp Sec. Sec. Amp 
0.00 60.00 733.27 0.00 0.00 0.00 


60.00 1800.00 714.16 
1800.00 7200.00 917.00 
7200.00 10740.00 714.16 

10740.00 1080000 876.27 
10800.00 1440000 633.59 
14400.00 21603.12 100.61 
21603.12 21663.12 100.45 
21663.12 54000.00 100.25 
54000.00 0.00 
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Battery Characteristics 


In this page, the information from the Battery Library is printed. It starts with the library type information 
including battery manufacturer, model, characteristic curve type, base temperature, V/Cell, resistance per 
positive plate, etc. It is then followed by the information for the final battery size used. In the Battery 
Library there may be a set of characteristic curves for each battery size, but only one set of curves is 
printed in the report, and it is the one used to determine the cell size. In this sample, curves for the battery 
size with 21 plates are printed, including four curves with final discharge voltages at 1.75, 1.91, 1.84, and 
1.88 volts, respectively. This page also prints the option you selected in the Battery Sizing Study Case 
editor on how to use the battery library data: as Sizes Given in Library Only or as Min/Max Ranges. In 
this case, the Min/Max ranges option was selected. 


Battery Characteristics 


MFR: YUAS A-EXIDE VicCell: 2250 
Model: DD/¥ 40 Rp: 00901000 
Type: Time vs amp Temp: 25 


Noof Plates: 21 
Capacity: 400 
1Min.$C Rat: 3536 


Battery sizes given in the library are used as minirex rarge 


Ampere per Posistive Plate as a Function of Time (minutes) and ¥ oltage (volts) 


I (xtiz.) 1.75 141 184 188 


1.00 585.00 486.00 447.00 400.00 
15.00 425.00 375.00 345.00 320.00 
60.00 228.00 198.00 205.00 180.00 

120.00 145.00 134.00 132.00 120.00 
180.00 109.00 105.00 100.00 92.00 


240.00 87.00 85.00 82.50 75.00 
300.00 74.00 72.50 70.00 65.00 
360.00 63.00 62.00 61.50 57.00 
480.00 51.00 50.00 49.00 45.00 
600.00 42.00 41.00 40.00 37.50 
720.00 35.00 34.00 35.00 32.50 
1440.00 18.00 17.00 17.50 16.20 
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36.6.4 Results Report 


The cell sizes for each load section are printed on this page. There are two columns, one for non-random 
load, and one for random load. The maximum value from each column is selected and the sum of the two 
values is the uncorrected cell size. 


It can be seen that for some load sections, such as sections 2 and 4, the cell size is printed as zero. This is 
because the calculation skipped these sections. If the load current for the last load period of a load section 
is less than the current of the next load period, the calculation for the load section is skipped, because its 
size is surely smaller than the size for the next load section. In this sample case, it can be seen from the 
Battery Load Profile in the Battery Duty Cycle section above that, for load periods 2 and 4, their load 
currents are smaller than their next load period. Therefore, the calculation for load sections 2 and 4 are 
skipped and the report prints zero for those sections. 


Calculation Results 
(4 Strings) 
Section Size for Non-Rand. Load Section Size for Rand. Load 

# t start tend Size/String Total Size # t start tend Size/String Total Size 
1 0.000 1.000 1.215 4.360 0 0.000 0.000 0.000 0.000 
2 0.000 30.000 0.000 0.000 

3 0.000 120.000 4.809 19.236 

4 0.000 179.000 0.000 0.000 

5 0.000 180.000 6.167 24.669 

6 0.000 240.000 6.944 27.774 

7 0.000 360.052 6.290 25.159 

8 0.000 361.052 6.290 25.160 

9 0.000 900.000 7.708 30.830 


36.6.5 Battery Sizing Summary 


This page summarizes the results of a battery sizing calculation. It shows the battery to be sized, the 
requirements applied, and the final results. 


The Correction Factors group prints the individual and total adjusting factors used in the calculation. If 
you have indicated in the Study Case Editor not to use one or more adjusting factors, they will be printed 
as 100 in this section. 


The Cell Size group prints the curve used in the calculation. In this sample case, the curves for cell size 21 
were used in the calculation. It also prints the cell sizes for maximum non-random and maximum random 
load, as well as the uncorrected and the recommended sizes. When the curves used are the Time vs. Amp 
type, the first three values are the number of positive plates, while the last is the total number of plates. 
When the curves used are the Time vs. Kt type, all four values are capacity in ampere-hour. 


ETAP 36-60 ETAP 19.0 User Guide 


Battery Sizing & Discharge Analysis Output Reports 


Battery Discharge Summary Page 


Battery ID: Batieryl 
Number of cells: 120.00 
NumberofStrings: 4 

Rated Voltage: 249.600 
Rated Capacity. 5860 SH 


Duty Cycle Category. Normal 
Load Duration: Duty Cycle S pan 


Voltage Req uirements: 
System: Nominal Voltage = 250.00 
Maximum System Voltage Deviation = 120% 


Minimum System Voltage Deviation = 80 % 


Battery: Battery Charge Voltage = 2.30 ¥/Cell 
Battery Minimum Discharge Voltage = 1.74 ¥ Cell 


Temperature = 25 a (Battery minim um temperature) 
Voltage Drop Calculation Parameters: 


Time Step = 1.00 Minute 
Maximum ¥ oltage Limit= 100.0% 


Correction Factors (% ): 


Using Adjusted Battery Duty Cycle 


Temperature Aging Initial Capacity Total 
100.0 125 90 138.9 
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36.7 One-Line Diagram Displayed Results 


ETAP’s Battery Discharge module displays the results from a battery discharge calculation on the one- 
line diagram. The Battery Discharge Time Slider is a tool that may be used to change the displayed results 
as they change throughout the discharge cycle. The user may click or move the time slider to any desired 
position, and the results corresponding to that particular time are displayed on the OLV. The range of the 
time slider is set from the beginning to end of the simulation time duration. If the pointer position is 
clicked and dragged, the numerical time displayed is updated throughout the motion. The numerical value 
displayed has units of minutes. 


Battery Discharge Time-Slider {ea 


Time F 163 


If the Current Summation Method for battery discharge is used, the displayed results are the discharged 
Battery AH Capacity, Terminal Current (Amps), and the Terminal Voltage. These three results vary with 
the time slider. When the time is equal to zero, the capacity displayed in the one-line diagram as the 
sizing result is the rated capacity. Furthermore, ETAP will also display the number of positive plates, 
strings, and cells it used for the discharge calculation. The following diagram provides an example of how 
the parameters are displayed in the one-line diagram. The Battery Discharge Time Slider displays the 
results at time equal to 59 minutes. 


One-Line Diagram Display 
Battery Discharge Time-Slider 8 
| Time eo | 


Batteryl 
3000 AH 


230.16 V 217.1 Volts 
112 Cells 


; 1000.0 Amps 
60 Strings [_ 
Plates/Cell | 847 AH 


[| 
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If the DCLF Method of Battery Discharge is used, branch flow results along with bus voltages may be 
displayed on the one-line diagram. Branch flows displayed are Current (Amps) and Power (kW or MW). 
Bus Voltage may be displayed in terms of kV or %Nominal Voltage. 


DCLF Method OLY display results | 


Battery Discharge Time-Slider [3] 


Time 60 


v 
.66 
DeBuel al 


o Okey 
Cablel? DCcConv1 


Batteryl 
31 Strings 


“ 

a 

o 
247.5 Voles@ 
9 Plates/Cell 


Invi DCMachi 
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36.8 Plots 


ETAP’s Battery Discharge Module provides Simulation Plots for the purpose of examining calculation 
results graphically. To view the Battery Discharge plots, click on the Battery Sizing Plots icon located on 
the Battery Sizing toolbar. This will open a Battery Sizing Plot selection window. You can select the 
Device by its ID and chose from one of several plots generated by the program. The device types 
currently plotted by the program are Batteries, Battery Duty Cycles, Battery Characteristics, Branches and 
Buses. 


Battery Sizing Plot Selection |p| 


Device Type Device ID Plot Type 


Battery ¥) Voltage 


Battery DutyCycle 
Battery Characteristics 7) Amp 
Branch 
Bus 


AH 


Combine Plots 


] BattSizing - Battery Current [so |e jis) 


Battery Current 
— Battery] 


IE] BattSizing - Battery Voltage (oe iss) 
Battery Voltage 


1] BattSizing - Discharged Battery Capacity [c= ][- |e) 
Discharged Battery Capacity 


i 
A 
g 
= 


Modifying Plot Parameters 
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Plots generated for the battery includes: 


e Battery voltage, amp, and discharged AH 
e Battery duty cycle for non-random load, random load, and combined duty cycle 
e Battery characteristic curves used for the discharge calculation 


If the load flow method is used to generate battery duty cycle, ETAP also generates a plot for system bus 
and branch, including: 


e Bus voltage and load 
e Branch load current 


Plot parameters such as the plot line type, axis, legend, and text may be modified directly from the plot 
view. For example, to modify the attributes of the line, double-click on the plot line to open the Plot 
Parameter Editor and click in Line Attributes and change the attributes. 


Plot Parameters 


TYPE | Line ’ (OK 


LINE ATTRIBUTES... | Cancel | 
Step Start (Data... ] 


(\FillArea [| Spline © Step End 


Line Parameters 


Color | Blue = 


Width 4 _ 
Cancel 


To modify the plot axis, double-click on the axis (horizontal or vertical) to open the editor where you can 
specify several parameters, such as values range, ticks, grids, etc. Also, clicking on the button attributes 
will display an editor where you can specify the line color, type and width. 
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Vertical Axis 


From LINE ATTRIBUTES... 


To 1400 Intercept Q 
Ticks 


Grids 


Step 200 


/ | Major Style 
Minor Ticks 4 


Minor Style 


Position () Right 
@ Left Logarithmic Scale 


©) Middle 


Line Parameters 


Color | Black = 


Widh 1 + 


Unless it is for axis labels, the annotations of the plot are Text boxes. To modify the textbox double-click 
on the Textbox to display the editor where you can specify a new text sentence, font type, color size and 
style. 


Text Parameters 


Text: Time (Min.] 


Font: | Times New Roman *| 


Color: | Black = 
Size: og 


Bold |V| Italics Underline 
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To modify the Label Axis (horizontal or vertical) double click on annotation axis to display the Label 
Editor as shown in the figure below, where you can specify label position, format (decimal, scientific, 
date, etc.), date parameters, etc.. Also clicking on the Text Parameters button will display the Text 
Parameter Editor where you can specify the font, type, color, size and style. 


Axis Labels 


Labels Position 
(@ Left of Axis 
©) Right of Axis ; 
© Right of Plot @ Decimal |] Set precision 
© Left of Plot © Scientific tt Places: 

() Engineering 


Text Parameters... | 


Format 


oO 
Last Label 

On @ 

Off | 
Text 


() Time 
() Date 
Date Parameters 


Date Format | 9/15/98 ¥ 
Date Time Base Dy s+ | 


Starting Date 
Month 


Year 
+|(1998 ¥] 


Text Parameters 


Font: | Times New Roman 7] 


Color; | Black = 
Size; og 


| Bold [jltalics [7] Underline 
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Panel Systems 


Panel Systems are an integral part of ETAP used for representing power and lighting panels in electrical 
systems. ETAP provides a comprehensive model for designing and scheduling AC panel systems 
including 3-Phase and 1-Phase panels. 3-Phase panels can be either 3-Wire or 4-Wire panels. 1-Phase 
panels can be set up as 2-Wire or 3-Wire. 


A panel is a collection of branch circuits feeding system loads. ETAP supports an unlimited number of 
circuits within a panel. A branch circuit in a panel is modeled with complete details, which includes 
connected load information, protective device ratings, and feeder data. The ETAP panel model is 
supported by comprehensive breaker, fuse, and cable libraries. Default and typical data are provided to 
save you time and money when designing and scheduling panels. ETAP allows you to graphically 
connect subpanels to upstream panels. There is no limit to the number of subpanels you can connect. 


In ETAP, a panel branch circuit load can be modeled as an internal or external load. If the load is 
connected physically to a panel on the one-line diagram, for example the motor BLR-MTR in the diagram 
below, it is considered an external load. Loads that are not connected physically to the panel are referred 
as Internal Loads. 


The total load fed by branches connected to a panel circuit are calculated and displayed on the panel 
schedule. The system connected to a panel circuit may itself represent a complete subsystem with all 
ETAP elements. For example, in the diagram below, one of the Main-Panel circuits is connected to the 
Panel-67 through a cable and a transformer. In this case, ETAP calculates the total load of the Panel-67 
and displays it on the corresponding circuit in the Main-Panel schedule. ETAP performs the calculation to 
include all downstream loads. Connections forming loops between branches emanating from panel 
circuits are not allowed. 
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we. 15 


my | 1500 kVA 


) 


T8 


sfageesceie steals aeitehace 200 kVA 
| 
| Main-Panel Bus8 
3Ph-4W 
BLR-Mtr | oe ee LTNG 
30 kw 27 kVA 
| 17 i 0.48 kv = _ 
200 aa Z ~] 
__ Bus6 Panel-21__—is| 
| | 1Ph-3W 
| b 0.277 k¥ 
| EE cE AC Panel-15 
: 1Ph-2W iph-3w 0.12 kV 0.12 kv 
oa O.277 kv 0.12 kv 
Panel-71 
1Ph-2W 
0.277 kv 


ETAP maintains the electrical integrity of the system while allowing you to make panel connections. For 
example, ETAP will not allow connection of a 3-Phase 4-Wire panel to a panel circuit that is 1-Phase. 
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37.1 Graphical User Interface (GUI) 


ETAP provides a fully Graphical User Interface (GUI) for adding a panel to your one-line diagram. Using 
this interface, you can graphically add, delete, relocate, connect elements, zoom in or out, display grid on 


or off, change element size, change element orientation, change symbols, hide or show protective devices, 
enter properties, set operating status, etc. 


@} ae wi Sle 


—— 


~ 

an 
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Se 3} £ >t 


2 
= 


Oi] ~ Boo 
D3 


37.1.1 Add Panels 


To add a panel to a one-line diagram, click the panel symbol Ba] from the AC Edit toolbar, which 
changes the mouse pointer’s shape to a panel’s icon. Now you can drop the panel at any position on the 
one-line diagram by clicking the mouse. After dropping the panel, the mouse pointer goes back to its 


original arrow shape. If you double-click the Edit toolbar, you can place multiple copies of the panel in 
the one-line diagram. 


37.1.2 Panel Pins 


Each panel has one or more (5, 9, 13, 17, 21 or 25) pins. A pin is a graphical tool (represented by a small, 
red square indicating the connection point) to connect elements together. You can right click a panel in 
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the one-line diagram to select the number of pins (external connections) allowed from a panel as shown 
below. ETAP allows up to 24 external load connections. The default is four external connections. 


Cut 


Copy 
0.48 
Mccl Symbols > 


Orientation » 


Properties... 
Panell 


“Set Default Annot. Position 


Use Default Annot. Position 


Pnl3 hail 


Pnlz 


The figure below shows the panel pin assignment. The pin assignments are not necessarily the same as the 
panel circuit numbers. Pin 0 is the top pin of the panel. This pin is used to connect the panel to its source 
element. The top pin of a panel can be connected only to a bus or to any pin other than the top pin of 
another panel. The connection may include protective devices. 


External loads including a subpanel can be connected to Pins 1 through 24 of a Panel. These pins can be 
connected to all ETAP elements excluding DC elements, three-winding transformer, power grid, 
synchronous generator, and composite motor. 
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37.1.3 Panel Connections 


ETAP maintains electrical integrity while making connections in the one-line diagram. The panel top pin 
can be connected to a bus or another panel circuit (through an external load pin) only when the connection 
is electrically feasible. 


The following are the rules of connecting the top pin of a panel to a bus or another panel circuit. 
Connecting a panel refers to connecting the top pin of the panel. 


3-Phase Panels 


e A 3-Phase 3-Wire or 3-Phase 4-Wire panel can be connected to a 3-Phase bus. It cannot be 
connected to a 1-Phase bus. 

e A 3-Phase 3-Wire or 3-Phase 4-Wire panel can be connected to a panel circuit with 3 poles. It 
cannot be connected to Panel circuits with 1 or 2 poles. 


1-Phase 3-Wire Panels 


e A 1-Phase 3-Wire panel can be connected to a 1-Phase 3-Wire bus. It cannot be connected to a 3- 
Phase or 1-Phase 2-Wire bus. 
e A 1-Phase 3-Wire panel cannot be connected directly to a panel circuit. 


1-Phase 2-Wire Panels 


e A 1-Phase 2-Wire panel can be connected to a 3-Phase, 1-Phase 3-Wire or 1-Phase 2-Wire bus. 
e A 1-Phase 2-Wire panel can be connected to a panel circuit with 1 or 2 poles. It cannot be 
connected directly to a panel circuit with 3 poles. 
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37.1.4 External and Internal Loads 


There are two types of loads linked to ETAP Panels: External and Internal loads. ETAP provides these 
two options to make data entry easier and system representation more concise. There is no physical 
difference between internal and external loads. 


External loads are graphically connected to a panel through external pin on the one-line diagram. ETAP’s 
graphical representation of a panel allows for up to 24 connections externally. For example, in the 
diagram below, AC, Mtr9, and Panel-15 are the external loads connected to Panel-21. 


Bus8 


os <= 
a 
| Panel-21 
| 1Ph-3W 
| 0.277 k¥ 
| tea Panel-15 
30 HP 1Ph-2W 
0.12 kv 
AC 
20 kVA 
0.12 kv 


Internal loads are embedded in the Panel Schedule Editor and are not graphically connected to the panel 
on the one-line diagram. For example, in the diagram below, Load1, Load2, Main-Pump, Load5, and 
Load6 are internal loads in the panel. 


—S 
Description Rating | Loading | Protective Device | Feeder, 
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37.2 Panel Schedule Editor 


The Panel Schedule Editor provides a user-friendly graphical interface with a lot of suitable default values 
and built-in electrical intelligence. The editor fields are designed in a manner to minimize data entry 
errors, while eliminating the repetitive task in completing panel schedules. 


The properties associated with a panel can be entered in the Panel Schedule Editor. The Panel Schedule 
Editor contains the following pages: 


Info — for entering panel id, phase connection, status of main disconnect 

Rating — for entering panel rating, main disconnect rating, # of circuits 

Schedule — for entering rating/loading/pd/feeder of individual circuits 

Summary — for entering loading summary, total connected, continuous, non-continuous and code 
demand load 

e Remarks — for entering remarks and other user information 

e Comment — for entering text comment 


The header on each page of the Panel Schedule Editor displays the rated kV and rated Amps of the panel. 
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37.3 Panel Schedule Editor - Info Page 


You can specify the panel ID and connected bus; whether the panel is in or out of service; the equipment 
feeder tag, name, description, data type, and load priority; the configuration’s main disconnect status; the 
phase connection; and the phase arrangement within the Info page. 


Panel Schedule - Panel [reSrom| 


‘Info | Rating | Schedule | Summary | Equiv. Load | Remarks | Comment 


O048kV 400A 


Info 
ffl 
S 
ID 
Revision Data 
Bus | MCC1 0.48kV 
Base 
Equipment Configuration 
Tag # Normal 
Name Main Disconnect @) Close 
Status © Open 
Description 
Condition 
Data Type (Estimate v) Priory [Gitical >) @ in 
Service _ 
) Out 
Phase Arrangement 


@ ABC > CBA © NEC 1st CKT(A_ | 


Connection 


3)3-Phase | 4 Wire 


Be Wn =) (2) 2) CD} (cance | 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


ETAP automatically assigns a unique ID to each panel. The assigned IDs consist of default panel ID plus 


an integer, starting with the number one and increasing as the number of panels increase. The default 
panel ID (Pnl) can be changed from the Defaults menu in the menu bar or from the System Manager. 
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Bus 

This is the ID of the connecting bus or upstream element for the panel. If the terminal is not connected to 
any bus, a blank entry will be shown for the bus ID. To connect or reconnect a panel to a bus, select a bus 
from the list box. The one-line diagram will be updated to show the new connection after you click OK. 


Note: You can only connect to buses that reside in the same view where the panel resides. For example, 
you cannot connect to a bus that resides in the Dumpster or in another composite network. 


If a panel is connected to a bus through a number of protective devices, reconnection of the panel to a 
new bus from this editor will reconnect the last existing protective device to the new bus, as shown below 
where Aux-Loads is reconnected from Bus4 to Bus5. 


Bus4 Bus5 
cT4 ocR1 
CB20 } 
Fuse3 
Aux-Loads 
3Ph-4W 


ETAP displays the nominal kV of the bus next to the bus ID for your convenience. 


A panel can also be connected to another panel as shown below. In this case, ETAP displays the ID of the 
upstream panel. 
Bus5 


Aux-Loads 
3Ph-4W 


Pnl1l 
3Ph-4W 


In Service or Out of Service 


The operating condition of a panel can be selected by choosing either the In-Service or Out-of-Service 
options. The properties of an Out-of-Service panel can be edited like an In-Service panel; however, an 
Out-of-Service panel will not be included in any system studies. When the continuity check is activated, 
an Out-of-Service panel automatically becomes grayed out in the one-line diagram. 
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Configuration 


Main Disconnect Status 

You can change the status of the panel main disconnect (for the selected configuration) by clicking the 
Close or Open options. Once a configuration status is selected for a one-line presentation, any subsequent 
manipulation of the status will be saved under the specified configuration. 


If the Main Disconnect on the Rating page is set to ‘None’ (Lugs Only), the status is set to close and 
disabled (grayed out). 


Status is not a part of the panel engineering properties. For this reason, the name of the configuration 
status is shown above the Main Disconnect Status of the panel to indicate that this is the main disconnect 
status under the specific configuration. 


For example, you can have different operating status under different configurations. In the following 
example, status of a panel is shown as ‘Close’ under Normal configuration and ‘Open’ under Emergency 
configuration. 


Configuration Configuration 
Main Disconnect @) Close Main Disconnect ©) Close 
Status O Open Status ® Open 
Equipment 
FDR Tag 


Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter equipment description in this field, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the list box. As the data is updated, this field can be changed to reflect the 
source of the latest data. There are a total of 10 load types. Their names can be changed. From the ETAP 
Project menu, point to Settings and select the Data Type command. 


Priority 

Select the load priority of this panel from the list box. This field can be used for load priority, operating 
priority, load-shedding priority, etc. Ten different priorities are provided to select from. Priorities may be 
chosen from the ETAP Project menu by pointing to Settings and selecting the Load Priority command. 
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Connection 
ETAP classifies panels into the following four types depending on their connection: 


3-phase 4-wire panel 
3-phase 3-wire panel 
1-phase 3-wire panel 
1-phase 2-wire Panel 


ETAP has built-in electrical intelligence that allows a panel to be connected to buses or elements that 
have compatible phase connections. For example, a 3-Phase 4-Wire panel cannot be connected to a 1- 
Phase bus, and a 1-Phase 3-Wire panel cannot be connected to a 3-Phase bus. 


A panel connection can be changed only if there are no external connections from the panel. When panel 
connection is changed the data for all circuits on the Schedule page is reset. 


1-Phase or 3-Phase 
This is the phase connection of the panel. Select either 1-Phase or 3-Phase connection. 


Wire 
For a 3-Phase panel, select 3 Wires or 4 Wires. For a 1-Phase panel, select 2-wires or 3 Wires. 
1-Phase 2-Wire Phase 


When a 1-Phase 2-Wire Panel is connected to a 1-Phase 3-Wire bus, the options for panel connection are 
L1, L2, and LL. 


When a 1-Phase 2-Wire Panel is connected to a 3-Phase bus, the options for panel connection are: 


A AB 
B BC 
C CA 


This option is not displayed for any other type of panel connection. 

Upstream Connection 

The Upstream Connection display box displays the connection phase type of the upstream element for a 
1-Phase 3-Wire Panel connected to a 1-Phase 3-Wire bus, or a 1-Phase 2-Wire Panel connected to a 1- 
Phase 2-Wire bus. If the panel is not connected to an upstream element the display box shows 


“Unknown”. 


The display box is not shown for a 3-Phase panel and 1-Phase 2-Wire panel connected to a 3-Phase bus 
the display box is not shown. 


Phase Arrangement 


Select from the following phase arrangements for a 3-Phase panel: 


e ABC 
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e CBA 
e NEC 


If NEC is selected, the phase arrangement shall be on A, B, C from top to bottom or left to right from the 
front of the panel. Also, for this option phase B shall be the highest voltage (LG) on a 3-phase, 4-wire 
delta connected system (midpoint grounded). 


1* Ckt 
Select one of the following phase designations of the first circuit in the panel: 


° 
OW Pp 


This option is disabled (grayed out) if the NEC phase arrangement is selected. 
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37.4 Panel Schedule Editor - Rating Page 


You can specify the panel Rated kV, Rated Amps, ANSI, or IEC Standard, number of Branch Circuits, 
Layout, and Main Disconnect information on the Rating page. 


Panel Schedule - Panell x 
Info| Rating | Schedule | Summary | Remarks | Comment 


0.48kV 400A | 


Rating Standard Branch Circuits 
Rated kV Amps © ANSI # of Circuits 
0.48 ’ 400 ™ IEC 12 ¥ 
Layout 
C Mounting Feed Enclosure 
Flush ’ Bottom ’ NEMA 1 ¥ 


Main Disconnect 


None (Lugs Only} General Electric O.6kVmax. 65kA@024kV 
® Breaker FCV 3 Pole Size 30 4 
Fusible Switch General Electric Lf) 
30 (0.24kV) 
FC 
Exclude Trip Device Rating/Setting... 
23) W)lreret =|) Wi (2) Lox) 
Rating 
Rated kV 


Enter the rated voltage of the panel in kV. The panel rated voltage can also be selected from the list box. 
If this is a 3-Phase panel, kV is the line-to-line voltage. For 1-Phase panels, the rated voltage must be 
consistent with the way this panel is connected to the system. For example, if the bus nominal kV is 4.16 
and this load is connected between phase A and neutral, and then the rated voltage of the panel must be in 
the neighborhood of 2.4 kV (4.16/1.73). If the bus nominal kV is 4.16 and this panel is connected 
between phase A and phase B, then the rated voltage of the panel must be in the neighborhood of 4.16 
kV. 


If a 3-Phase panel is connected to a 3-Phase bus or another 3-Phase panel, the default rated voltage of the 
panel is set to the nominal kV of the upstream bus. For example, if a 3-Phase panel is connected to 
another 3-Phase panel that is connected to a 3-Phase bus having a nominal voltage equal to 0.48 kV, the 
default rated kV of both the panels is set to 0.48 kV. 


The default rated voltage of a 1-Phase panel connected to a 3-Phase bus is set to the line to neutral kV of 


the bus. For example, if a 1-Phase panel is connected to a 3-Phase bus having a nominal voltage equal to 
0.48 kV, the default rated kV of the panel is set to (0.48/1.732 =) 0.277 kV. 
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Panel rated voltage is for information purposes only and it is not used in calculation of the connected 
panel load. 


Amps 
Enter the continuous current rating of the panel in Amperes. The rated amps can also be selected from the 
list box. 


Standard 
Click either the ANSI or IEC option to select that standard. 


If ANSI is selected, all the applicable libraries within the panel are based on ANSI Standard. If IEC is 
selected, all the applicable libraries within the panel are set to IEC Standard. 


Branch Circuits 


# of Circuits 
Select a panel circuit size from the list or enter the total number of circuits (panel size). Panel size should 
be an even integer. If an odd number is entered, panel size is reset to the next largest even number. 


For panels with external connections, the number of circuits cannot be decreased. The data on the 
Schedule page is deleted if the number of circuits in a panel is reduced. 


Layout 


Standard or Column 
Select either the Standard or Column layout type. 


Standard layout has its protective devices on both sides (1, 3, 5, 7... and 2, 4, 6, 8...). Column layout has 
its protective devices on one-side only (1, 2, 3, 4, 5...). The circuits on the Schedule page are arranged per 
the selected layout. 


The layout of a panel having externally connected branches or loads cannot be changed. Data on the 
Schedule page is reset, if the panel layout is changed. 


Mounting 
Enter the mounting type of the panel in this field, using up to 12 alphanumeric characters. Alternatively, 
select one of the following options: 


e Flush 
e Surface 
e Switchboard 


The default mounting type is Flush. 
Feed 
Enter panel incoming feed location in this field, using up to 12 alphanumeric characters. Alternatively, 


select one of the following options: 


e Top 
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e Bottom 
e = Left 
e = =6Right 


The Default panel incoming feed location is Top. 
Enclosure 
Enter panel enclosure in this field, using up to 10 alphanumeric characters. Alternatively, select one of the 


following options: 


For ANSI Standard the options are: 


e NEMA1 e NEMA 3R 
e NEMA 3S e NEMA 4 

e NEMA 4X e NEMA5 

e NEMA 12 


For IEC Standard the options are: 


e IP10 e [P11 
e [P14 e = [P52 
e = =IP54 e IP67 


Main Disconnect 
Select the type of main disconnect for the panel from the following options: 


None (Lugs Only) 
Select this option if a panel is connected to a bus or an element through lugs only. 


Breaker 
Select this option if a panel is connected to a bus or an element through a circuit breaker. 


Fusible Switch 
Select this option if a panel is connected to a bus or an element through a fuse. 


The default option is ‘None’ when the panel is connected to a bus or an element through lugs only. 


The Main Disconnect Status on the Info page is set to ‘Close’ and disabled (grayed out) if option ‘None’ 
is selected. 


Library 

To access ANSI Standard library data, click the ANSI selection and then click the Library button. Use the 
same procedure for accessing IEC Standard library data. As you change the standard from ANSI to IEC, 
the data fields change accordingly. 


To select a circuit breaker or a fuse from the corresponding Libraries, click the Library button and the 
Library Quick Pick - LV Circuit Breaker (Molded Case, with Thermal Magnetic Trip Device) or the 
Library Quick Pick — Fuse will appear depending on the type of Main Disconnected selected. If the type 
of Main Disconnect is ‘None’, the Library button is disabled (grayed out). 
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From the Library Quick Pick, select a circuit breaker or a fuse by highlighting the manufacturer name and 
model/class ID. Then click the OK button to retrieve the selected data from the library and transfer it to 
the editor. 


Note: After you select library data, the manufacturer's name and model number is displayed in the fields 
above the Library button. 


STAR Plot 


After selecting a main disconnect protective device, the user can plot the selected device in a STAR view 
by clicking on the panel and adding it to a STAR View. For more information on adding an element to a 
STAR View, see Chapter 16 — STAR Device Coordination Analysis. 
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Breaker Rating, ANSI Standard 


Click ANSI Standard and Main Disconnect — Breaker to enter the ratings for this circuit breaker in 
accordance with the ANSI/IEEE standards. To view and make changes to the ratings and settings click on 


the Rating/Setting button. 


General Electric O.6kV max. 
FCV 3 Pole 
General Electric 
FC 
Standard Type 
@ ANS! 
_ Molded Case 
CB & Trip Device Library 
Ratings 
Size Continuous Amps Rated kV Test PF 
oy OH ® 
Interrupting kA 
65 v 


65kA @ 0.24kV 


30 (0.24kV) 


Library 


Click the library button to open the Library Quick Pick - LV Circuit Breaker. Note: The selection is 


limited to Molded Case with Thermal Magnetic Trip Device. 
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Size 
Select the breaker size, as stated by the manufacturer, from the list. 


Rated kV 
Enter the rated voltage of the low voltage circuit breaker in kV, or select the rating from the drop-down 
list. 


Cont. Amp 
Enter the continuous current rating of the low voltage circuit breaker in amperes, or select the rating from 


the drop-down list. 


Interrupting kA 
Enter the rated interrupting capability in rms kA, or select the rating from the drop-down list. 


Test PF 
This is the power factor of test equipment on which the rating of the circuit breaker has been established. 
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Breaker Rating, IEC Standard 


Click IEC Standard and Main Disconnect Breaker to enter the ratings for this circuit breaker in 
accordance with the IEC Standards. To view and make changes to the ratings and settings click on the 
Rating/Setting button. 


ow Voltage Circuit Breaker Editor - Panel x 


Allen-Bradley 0.415kVmax. 100KA@04kV © 
140M-C2E(0.16-10A) 3 Pole Size 2 
Allen Bradley 0.16 A 
140M-C2E(0.16-0.4A) 
Standard Type 
ANSI 
Molded Case 
@) IEC 
CB & Trip Device Library 


Ratings 
Size Rated Amps Rated kV Min. Delay 
0.16 + 04 ~| {0 - 
Ultimate Service 
Making Breaking Breaking Tkr ST Withstand 
220 > 100 ~ 100 > 1 ~ 5 


Library 


Click the library button to open the Library Quick Pick - LV Circuit Breaker. Note: The selection is 
limited to Molded Case with Thermal Magnetic Trip Device. 
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Size 
Select the breaker size, as stated by the manufacturer, from the list. 


Rated kV 
Enter the rated voltage of the low voltage circuit breaker in kV, or select the rating from the drop-down 
list. 


Rated Amps 
Enter the continuous current rating of the low voltage circuit breaker in amperes, or select the rating from 
the drop-down list. 


Making 

Enter the rated making capacity of the low voltage circuit breaker in peak kA, or select the rating from the 
list box. The rated making capacity for a circuit breaker is determined by evaluation of the maximum 
possible peak value of the short-circuit current at the point of application of the circuit breaker. 


Min. Delay 
Enter the minimum time delay, including the circuit breaker and relays, in seconds, or select the rating 
from the drop-down list. 


Ultimate Breaking 
Enter the rated ultimate short-circuit breaking capacity of the low voltage circuit breaker in kA, or select 
the rating from the drop-down list. 


Service Breaking 
Enter the rated service short-circuit breaking capacity of the low voltage circuit breaker in kA, or select 
the rating from the drop-down list. 


Tkr 
Enter the value of the short time (Tkr) of the low voltage circuit breaker in seconds, or select the rating 
from the drop-down list. 


ST Withstand 


Enter the rated short-time withstand current of the low voltage circuit breaker in kA, or select the rating 
from the drop-down list. 
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Breaker Trip Device 


The trip device settings can be modified here. Note: The trip device type is limited to Thermal Magnetic. 
To view and make changes to the ratings and settings click on the Rating/Setting button. 


Tip Deve 
Allen-Bradley 0.415kV max. 100kA @04kV 
140M-C2E(0.16-10A) 3 Pole Size | 0.16 = |< 


vr 


Allen Bradley 
140M-C2E(0.16-0.4A) 


Trip Device 


Trip Device Type 
Select an item from the drop-down list, and display the trip device types. In this case, Thermal Magnetic 
trip type is selected. 
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TM Manufacturer 
Select an item from the drop-down list, and display the manufacturer name for Thermal Magnetic trip 


type. 


TM Model 
Select an item from the drop-down list, and display the model name for selected manufacturer. 


TM ID 
Select an item from the drop-down list and display TM ID for the selected Thermal Magnetic trip model. 
Next to TM ID field, the actual value of trip in amperes is displayed for the selected TM ID. 


Thermal 


The Thermal element of Thermal Magnetic trip unit can be set as fixed or adjustable trip. The settings 
available are described below. 


Fixed 
Fixed thermal indicates that the thermal element of the trip curve follows a fixed curve shape that cannot 
be adjusted. When the thermal trip is fixed, the Thermal group displays FIXED in the thermal Trip field. 


Thermal 
Trip 
FIXED | 


Adjustable 

Adjustable thermal indicates that the thermal element of the trip curve follows a fixed curve shape that 
can be adjusted. When the thermal trip is adjustable, the Thermal group displays a drop-down list of the 
available adjustable thermal trip in percent of trip device ampere rating. Also, next to the adjustable Trip 
drop-down list, the actual value of the trip in amperes is displayed. 


Thermal 
Trip 
88. 1% 220.00Amps 


Magnetic 


The Magnetic element of Thermal Magnetic trip unit can be set as fixed, discrete adjustable, or 
continuous adjustable. The settings available are described below. 


Fixed 

Fixed magnetic indicates that the magnetic element of the trip curve is defined by fixed minimum and 
maximum settings that cannot be adjusted. When the magnetic trip is fixed, the Magnetic group displays 
FIXED in the magnetic Trip field. 
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Magnetic 
Trip 


FIXED ov 


Discrete Adjustable 

Discrete adjustable magnetic indicates that the magnetic element of the trip curve is defined by discrete 
values. When the magnetic trip is discrete adjustable, the Magnetic group displays a drop-down list of the 
available discrete magnetic settings in multiples of trip device ampere rating or in actual amperes. The 
actual value of the trip in amperes is displayed next to the discrete adjustable Trip drop-down list. 


Magnetic 
Trip 
6.25 v| 780 Amps 


Continuous Adjustable 

Continuous adjustable magnetic indicates that the magnetic element of the trip curve is defined by 
continuously adjustable values between the low and high trip. When the magnetic trip is continuously 
adjustable, the Magnetic group displays a Trip field to enter the magnetic setting in multiples trip device 
ampere rating or in actual amperes. Next to the Trip field, the actual value of the trip in amperes is 
displayed. The trip range available for the selected trip unit is also displayed. Note: the Trip field is 
bounded by the Trip Range. 


Magnetic 
Trip Trip Range 


5 | 1250 Amps 5-10 Multiples 


Fusible Switch Rating, ANSI Standard 
Click ANSI Standard and Main Disconnect — Fusible Switch to enter the fuse ratings according to the 
ANSI standards. 


Main Disconnect 
None (Lugs Only) ABB 15kV max. 592B81G01 D 
Breaker Protective Link Other Speed 25kA 
®) Fusible Switch 


Rated kV Size Cont. Amp Interrupting Test PF 


15 ¥ 592B81G + 45 5 25 ¥ 12.4 ¥ 
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Rated kV 
Enter the rated voltage of the fusible switch in kV, or select the rating from the drop-down list. 


Size 
Enter the size of the fusible switch in amperes, or select the rating from the drop-down list. 


Cont. Amp 
Enter the continuous current rating of the fusible switch in amperes, or select the rating from the drop- 
down list. 


Interrupting 
Enter the rated interrupting capability of the fusible switch in symmetrical rms kA, or select the rating 
from the drop-down list. 


Test PF 
Enter the power factor of test equipment on which the rating of the fusible switch has been established. 


Fusible Switch Rating, IEC Standard 


Click IEC to enter the fuse ratings according to the IEC standards. 


Main Disconnect 
None (Lugs Only) ABB 3.6 kV max. 6A O) 
— CEF Other Speed 50kA 
®) Fusible Switch 
Rated kV Size Cont. Amp AC Breaking TRV 
3.6 ~  |6A ~| 6 ~ 50 > 0 
Rated kV 


Enter the rated voltage of the fusible switch in kV, or select the rating from the drop-down list. 


Size 
Enter the size of the fusible switch in amperes, or select the rating from the drop-down list. 


Cont. Amps 
Enter the continuous current rating of the fusible switch in amperes, or select the rating from the drop- 
down list. 


AC Breaking 
Enter the rated breaking capacity of the fusible switch in kA, or select the rating from the drop-down list. 


TRV 
Enter the transient recovery voltage of the fusible switch in kV. 
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37.5 Panel Schedule Editor - Schedule Page 


The properties associated with each circuit in the panel can be entered on the Schedule page. The 
Schedule page contains the following six tabs of properties: 


Description 
Rating 

Loading 
Protective Device 
Feeder 


Some properties of a panel circuit are shown on all the tabs for reference. 


Pee schde Pane ~~ =—= 


a 
No: 


Admin Rm Intemal 


=) @H () COR] (coves | 


Action Buttons 


ETAP provides action buttons to facilitate data entry on the Schedule page. These options can be used to 
print, copy, paste, and erase rows on the Schedule page of the Panel Schedule Editor. 
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Print 
Copy the content of the selected row to clipboard. Circuit number, Phase, Pole, Load Name, Link and 
State are not copied. 


Copy 
Copy the content of the selected row to clipboard. Circuit number, Phase, Pole, Load Name, Link and 


State are not copied. 


Paste 
Paste the entire content (of the copied row) in the selected row. This will work when the Link Type is 
other than space or unusable, and only for fields which are not blocked. 


Erase 
Blank out the contents of the entire selected row. 


# 


Indicates the panel circuit number. Circuits (rows) in the Panel Schedule page are analogous to the slots in 
a physical panel board. The order of circuit numbers is based on the panel layout type, Standard or 
Column. This is not editable. For a panel with Standard Layout, the odd circuit numbers are laid out first 
followed by the even circuit numbers. Panel circuit numbers for Standard and Column Layouts are shown 
in the below figure. 


Circuit Numbers with Circuit Numbers with 
Standard Layout Column Layout 


Phase 


This represents the phase of the circuit. This column is not shown for 1-Phase, 2-Wire connection. For 1- 
Phase, 3-Wire connection this column may have one of the following values, depending on the number of 
poles: 

Poles Phase 

1 L1 or L2 


2 LL 


L1 or L2 phase connection implies that the circuit is connected between the center tap and one of the 
lines. LL phase connection implies that the circuit is connected between the two lines. 
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For 3-Phase, 3-Wire and 3-Phase, 4-Wire panels, the value for this column is determined using the Phase 
Arrangement and 1* Circuit information from the Info page. For example, if the Phase Arrangement is 
CBA and the 1* Ckt is C, the phase for the first circuit will be C, followed by B and A for the consecutive 
circuits. This phase order will be repeated for other circuits. 


Pole 


Specify number of poles for the circuit. ETAP uses the built in electrical intelligence to determine the 
number of poles for a circuit. For example, the last row of a panel circuit is not allowed to have a number 
of poles greater than 1. 


The number of poles for a circuit depends on the phase of the load connected to the circuit. If a 3-Phase 
load is connected to a panel circuit, the number of poles for this circuit will be 3. For a load connected 
between two phases of a 3-Phase system, the number of poles will be 2. For a load connected between 
one of the phases of a 3-phase system and the neutral wire, the pole is set to 1 


Name 
Enter load name (ID) in this field, using up to 25 alphanumeric characters. 


Link 


Select from the following options: 


Internal 

Ext-# 

Spare 

Unusable (row is blocked) 

Space (row is blank and blocked) 


The default option set is Space (blank) 


Internal 
These are loads specified internally and not connected externally to the panel on the one-line diagram. 
Loads for which Link is set to Internal are referred as Internal Loads. 


External 
External loads are those connected to the panel externally via the one-line. Sub panels are considered 
external loads to the upstream panel. In calculations, ETAP will include loads connected externally. 


Once the link option is set to External (for example Ext. 1), placing the mouse pointer over the external 
pin displays the pin number and phase connection. 


When an external load is connected to a panel: 


e Data is automatically updated on the Rating Tab and Loading Tab of the Schedule page, from the 
External Load Editor. 

e A protective device can be specified on the Protective Device Tab of the Schedule page. 

e On the Description Tab a Load Description can be entered. The Load Type and Status fields are 
blocked. 

e The fields on Feeder Tab are blocked. 
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When an external load is deleted from a pin, the load type assignment is changed to Space and the 
external connection is removed. 


Spare 

A panel circuit with link option set to ‘Spare’ is intended to be used as a spare circuit. Protective device 
data can be entered on the Protective Device Tab of the Schedule page. Other than this, data cannot be 
entered for fields on other tabs of the Schedule page. 


Unusable 

A circuit may become unusable due to its phase connection and the number of poles. In this case, data 
cannot be entered on any tab of the Schedule page. For example, in case of 3-Phase 3-Wire connection, if 
Pole = 1, the Link is set to “Unusable” and cannot be changed. This is because a 1-Phase load cannot be 
connected to a 3-Phase 3-Wire panel. 


Space 

A blank circuit in a panel that is a circuit to which a load has not yet been assigned and has Link option 
set to Space. This is the default value for Link option. In this case, data cannot be entered on any tab of 
the Schedule page. 


Changing Links 
If link is changed to ‘Spare’, data is blanked on Description, Rating, Loading, and Feeder pages. 


If link is changed to Unusable or Space, data is blanked on Description, Rating, Loading, Protective 
Device, and Feeder pages. 


If link is changed to ‘Ext.#’, data is blanked on Description (except Load Description field), Rating, 
Loading, and Feeder pages. 


When link is set to ‘Ext.#’ and an external connection exists, the link cannot be changed to any other type 
before deleting the external connection. 


State 


Specify the state (status) of the circuit. This also applies to the state of the protective device for the given 
circuit. Click the button to change the state. 


Note: The state of the protective device is not related to the status configuration. The default state of a 
circuit is on. 
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37.5.1 Heading Tab 


Enter data for Load Type, Status, and Load Description of a panel circuit within the Description tab. 


Description | Rating | Loading | Protective Device | Feeder | 


Load Type 
Select load type from the list. The first 15 load items in the list are based on NEC 1999. The next ten 
items in the list are user definable. 


You can specify the last ten load types in the Panel Code Factor Table. The Panel Code Factor table can 
be edited from the ETAP Project menu by pointing to Settings and selecting the Panel Code Factors 
command. Load Type is used to determine the Code Factors used in calculating the total panel load. 


Load Type options are available for internal links only. External loads are classified as motor load or 
static load according to the element types. 


Status 


This field is enabled only for internal loads, that is, for circuits whose Link field is Internal. There are two 
options available: 


e Continuous 
e Non-Continuous 


For the purpose of panel code demand calculations, all circuits in a panel maintain the same Load Status 
for a particular Load Type. For example, consider a panel having three circuits (say 1, 7 and 9) with Load 
Type being Hospital and Load Status being Continuous. If the Load Status for circuit 1 is changed to 
Non-Continuous, the Load Status for circuits 7 and 9 will also be changed to Non-Continuous. 


The load status is used for the panel load calculations. The load status is determined from the connected 
load’s demand factor status for external links. 


Load Description 


Enter the load description in this field, using up to 50 alphanumeric characters. 
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37.5.2 Rating Tab 


You can specify the connected load ratings for each panel circuit within the Rating Tab. 


Description Loading | Protective Device | Feeder | 
Link VA Ww kV A Q 
internal omyyi0000, 10000“ (0.277 —— sd S| TCS]; 

Ste 


a Co 


[500 
20312 
1500 


4 Ul r 


VA, W, kV, and A 


Enter the connected load in VA, Watts, or Amperes and the rated kV for an internal load. ETAP 
calculates the fields accordingly based on the %PF and kV for each load. For external load, these fields 
are calculated based on the connected load. 


When you first define a load to be internal for a panel that is connected to an upstream bus with valid 
nominal kV, ETAP automatically calculates and sets the defaults for the circuit kV based on the following 
criteria: 


Panel Number kV 
Connection of Poles 
3-phase 3or1 Bus nominal kV / V3 
3-phase 2 Bus nominal kV 
1-phase 3-wire 1 Bus nominal kV /2 
1-phase 3-wire 2 Bus nominal kV 
1-phase 2-wire 1 Bus nominal kV 


When you first define a load to be internal, if a panel is not connected to an upstream bus or bus nominal 
kV is not specified, the default branch circuit kV is set based on the panel rated kV (as defined in the 
Rating page of the Panel) using the following criteria: 
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Panel Number kV 
Connection of Poles 
3-phase 3orl Panel Rated kV / V3 
3-phase 2 Panel Rated kV 
1-phase 3-wire 1 Panel Rated kV /2 
1-phase 3-wire 2 Panel Rated kV 
1-phase 2-wire 1 Panel Rated kV 


Note: The rated kV of a branch circuit is user-definable. If both the bus nominal kV and panel rated kV 
are not specified (zero), panel calculation are not preformed. 


A 3-phase load that has Pole = 3, is represented by three panel circuits. Enter per phase VA, W, or 
Amperes for this load. For example, if total Watts for a 3-phase load are 1200, enter W as 400 (=1200/3). 


The next two rows after a row with Pole = 3 on the Rating Tab of the Schedule page in a panel are 
disabled (grayed out) and have VA, W, A and %PF values same as the Row with Pole = 3. 


The row next to a row with Pole = 2, on the Rating Tab of the Schedule page in a panel is blocked. 
The Amp value for a panel circuit depends on the circuit VA and the circuit kV. 
Amps = Circuit VA per phase/( kV 3 1000) 


For external loads, the Amp values are calculated based on upstream connected bus nominal voltage 
(adjusted for phase connection, where applicable). 


%PF 

Enter the percent power factor for the selected circuit for internal loads in this field. This power factor 
applies to all three phases of the circuit. The default value of %PF is 100. For external loads, this is the 
calculated power factor of the connected external loads and is disabled (grayed out). 


QTY 


Enter the quantity of internal load in this field. This is used to calculate the total connected load. This is 
blocked for external loads. 
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37.5.3 Loading Tab 


This tab is used to assign a percent loading to each one of the ten loading categories for the loading of 
each panel circuit that is each panel circuit can be set to have a different operating loading level for each 
Loading Category. You can select any of these loading categories when conducting AC Load Flow 
Studies. 


Description Loading | Protective Device | Feeder 
Ws [roel] tae 


Admin Rm Intemal 


Loading Category 

Select the desired Loading Category (up to ten loading categories) from the drop-down box on the top of 
the Schedule page. These are the same loading categories used by other loads in ETAP. To edit the 
Loading Category names from the ETAP Project menu, point to Settings and select the Loading Category 
command. 


VBus 
This field displays the upstream connected bus nominal kV. The panel loading is calculated based on this 
value (adjusted for phase connection, where applicable). 


% Loading 
For an external load this field is blank and cannot be edited. For internal loads, enter the % loading for the 
selected Loading Category. 


VA, W, A, %PF 

These display columns show the total calculated loading in VA, W, and A, including the %loading and 
QTY (on Rating Tab) for both external and internal loads. For an external load, the PF column displays 
the rated % PF (at 100% load for motors). For internal loads, the %PF displayed is the same as entered in 
the Rating Tab of the Schedule page. 


VA operating (Loading Tab) = Connected VA (Rated VA Rating Page) X QTY X %Loading 


For Example, if Connected VA = 500, QTY = 3, % Loading = 90, 
VA operating = 500 X 3 X 90% = 1,350 VA 
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Amp values are calculated based on the upstream connected bus nominal kV for both internal and 
external loads. 


37.5.4 Protective Device Tab 


You can enter information about the protective device used with each panel circuit within the Protective 
Device tab. 


Description | Rating | Loading | Protective Device | Feeder 
| Model |__ int] 
intemal -- TH [Bese [SaiseD DUnI@OGA om to 


< mW r 


Lib 
iw! To select a circuit breaker or a fuse from the corresponding Libraries, click the Library button and 
the Library Quick Pick - LV Circuit Breaker (Molded Case, with Thermal Magnetic Trip Device) 


or the Library Quick Pick - Fuse will appear depending on the Type of protective device selected. 


Select a circuit breaker or a fuse by highlighting the manufacturer name and model/class ID from the 
Library Quick Pick. Then click the OK button to retrieve the selected data from the library and transfer it 
to the editor. After you make a selection from library data, the manufacturer's name and model number 
are displayed in the fields MFR and Model, respectively. 


Lock 
If this box is checked, then breaker/fuse sizing will not be allowed for this circuit. This feature is not 
currently available. It will be available in future releases of ETAP. 


Type 
Select the type of PD for the selected circuit from a drop-down menu from the following options: 


e Fuse 
e Breaker 


MFR 
This field displays the protective device manufacturer. This field is filled out based on the selected library 
manufacturer. 


Model 
This field displays the protective device model. This field is filled out based on the selected library model. 
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Cont. Amps 
Select a rating from the drop-down list of ratings or enter a value. Default is set per the selected library 
continuous amp rating. 


Int. kA 
Select a rating from the drop-down list of values or enter a value. The default is set according to the 
selected interrupting rating of the device based on the library selection. 


STAR Plot 


After selecting all the protective devices for all the circuits, the user can plot the protective devices in a 
STAR view by clicking on the panel and adding it toa STAR View. To remove any protective devices 
within the Panel from STAR View, go to the preference tab of STAR View Plot Options and uncheck 
Phase. For more detailed information on adding an element to a STAR View, see Chapter 16 - STAR 
Device Coordination Analysis. For more detailed information on removing protective devices from the 
STAR View, see Chapter 17 — STAR Views. 
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37.5.5 Feeder Tab 


Within the Feeder tab enter Feeder Tag, Type, #/Phase, Size, and Length of cables feeding each panel 
circuit with internal loads. Feeder information for external loads is entered in the external Load Editor. 
The row in Feeder tab is blocked for circuits with external loads. 

Descrstion | Rating | Loading | Petecve Devi | Feeder | = 


Admin Rm Intemal 


< m r 


Lib 

To select cables from the Cable Library, click the Lib button at the top of the Schedule page and 
the Cable Library Quick Pick will appear. From the Library Quick Pick select the Cable Library 
type and size at the same time. The selected Cable Library type, size, and parameters are 
transferred to the Feeder tab. 


Cable Z Button 
Click this button on the top of the Schedule page to launch Cable Impedance Data Editor for 
g viewing and editing the cable impedance data. The default values impedance values displayed are 
based on the cable selected from the library. See the Cable Impedance Data Editor Section below, 
for a description of the editor’s options. 


Note 1: To be able to enter an impedance for the cable, first select the cable from the library, and then 
you will be able to change the impedance by clicking on this button. 


Note 2: Base temperature for the cable resistance is displayed next to the impedance (static). Default is 75 
degrees Celsius. The impedances are adjusted based on the system frequency. 


feet or meter 
Select the unit of measure for cable length from the following options: 


e Feet 
e Meter 
FDR Tag 


Enter or change Cable ID in this field — using up to 25 Characters. 
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This field displays the cable type selected from the library. 


#/Phase 
Enter the number of conductors per phase in this field. 


Size 
This field displays the cable size selected from the library. 


Length 
Enter the cable length in this field. 


Vd 
This field displays the % voltage drop for internal loads based on the cable data. 


GND Wire 
Enter the Ground wire description in this field — using up to 25 Characters. 


Conduit 
Enter or select from the drop-down list the Conduit size and description — using up to 25 Characters. 


Notes 
Enter notes related to the selected panel circuit — using up to 25 Characters. 


Cable Impedance Data Editor 


Cable Impedance Data 


Cable Header 
NEC 0.6 k¥ 3/C 


HH Maa. Static 
Impedance [per conductor) Units 


R * 
0.0525 


@ Ohms per 1000 


Ohms 
Zero 1.6065 0.12915 


Base Temp. 75 


Help 
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Cable Header 

This information is displayed on top of the Cable Impedance Data Editor to reflect the cable type and size 
selected from the Cable Library. This is a partial list of the library header which includes the library 
source name (ICEA, NEC), rated voltage (0.6, 5, 15 kV), voltage class (100%, 133%), # of conductors 
per cable (1/C, 3/C), conductor type (CU, AL), insulation type (Rubber, XLPE), installation type 
(Magnetic/Non-Mag.), and cable size (350 kcmil, 180 mm2). The unit for cable sizes will be in 
AWG/kcmil for English unit cables and mm2 for Metric unit cables. 


Impedance (per conductor) 

Pos. and Zero Sequence Resistances (R & RO) 

Enter the positive and zero sequence resistances at the base temperature, in ohms or ohms per unit length, 
per conductor. This is for each line or cable, not the total resistance per phase. ETAP corrects these 
resistances for different studies based on the specified temperature limits. 

Positive and Zero Sequence Reactances (X & XO) 

Enter the positive and zero sequence reactances, in ohms or ohms per unit length, per conductor. This is 
for each line or cable, not the total reactance per phase. These reactances must be entered at the system 
operating frequency specified for this data file. When data is recalled from English (60 Hz) or Metric (50 
Hz) libraries, ETAP automatically corrects for the system operating frequency. After this value is entered 
here, ETAP will not make any adjustment to this value. 

Base Temp. 

Enter the conductor base temperature (in degrees Celsius) at which the cable resistances are entered. 
Units 

Select impedance units as ohms per unit length or ohms. With the selection of ohms per unit length, a 


length should also be designated, including a unit from the list box. Units available are: feet, miles, 
meters, and kilometers. 
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37.6 Panel Schedule Editor —Summary Page 


The Summary page displays information pertaining to panel loading. The information is divided into two 
sections. The first section on the left side shows the continuous and non-continuous load on each phase, 
total continuous load, total non-continuous load, connected load on each phase, total connected load, code 
demand load on each phase, total continuous code demand load, total non-continuous code demand load 
and total code demand load. 


The second section on the right-side of the Summary page shows the operating load of the panel for all 
ten Loading Categories. 


Panel Schedule - Panel a] 


[Info| Rating | Schedule | Summary | Equiv. Load | Remarks | Comment 


O48kV 400A 
Connected Load VA w A % PF Operating 

Continuous - A 36775 36770 132.8 100 || Design 83239 83230 100.2 100 
Continuous - B 20822 20820 75.17 100 
Continuous - C 17643 17641 63.69 100__||Brake 83239 83230 100.2 100 
Total Continuous 75240 75230 100 

Full Load 83239 83230 100.2 100 
Non-Continuous - A 6500 6500 23.47 100 
Non-Continuous - B 866 750 3.126 -87__|| Summer Load 83239 83230 100.2 100 
Non-Continuous - C 866 750 3.126 87 
Total Non-Continuous 8000 8000 100 | Winter Load 83239 83230 100.2 100 
Connected - A 43274 43270 156.2 100 || Start Up 83239 83230 100.2 100 
Connected - B 21570 21570 77.87 100 
Connected -C 18406 18391 66.45 100 __|| Emergency 83239 83230 100.2 100 
Total Connected 83239 83230 100 

Shutdown 83239 83230 100.2 100 
Code Demand 
Code Demand - A 52468 52462 189.4 100 || Accident 83239 83230 100.2 100 
Code Demand - B 26775 26774 96.66 100 
Code Demand -C 22816 22801 82.37 100 _||Load Cat 10 83239 83230 100.2 100 
Total Code Demand Cont. [94050 94037 100 
Total Code Demand Non-Co |8000 8000 100 
Total Code Demand 102037 
Operation Load 

Constant Power 3.8 kW+j 1.249 kvar Constant Impedance 81.364 kWj 0 kvar 
BGS iis JD) BW) (06) (cree 


Connected Load 
The connected load for a panel circuit is the rated load specified on the Rating tab of the Schedule page. 


Note: Connected loads are calculated based on the upstream connected nominal bus kV. 


Continuous — A/Continuous — B/Continuous — C 

This row displays the total connected VA, W, A and %PF for phase A/B/C for internal loads with Load 
Status on the Description Tab of the Schedule page set to Continuous and for external loads connected to 
the panel with Status on the Info page set to Continuous. Loads in OFF state are not included. These 
fields are displayed for 3-Phase panels. 
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Continuous — L1/Continuous — L2/Continuous — LL 

This row displays the total connected VA, W, A and %PF for phase L1/L2/LL for internal loads with 
Load Status on the Description Tab of the Schedule page set to Continuous and for external loads 
connected to the panel with Status on the Info page set to Continuous. Loads in OFF state are not 
included. These fields are displayed for 1-Phase 3-Wire panels. 


Total Continuous 
This row displays the total connected VA, W, A and %PF for continuous loads connected to all the 
phases. Loads in OFF state are not included. This field is displayed for 1-Phase and 3-Phase panels. 


Non-Continuous — A/Non-Continuous — B/Non-Continuous — C 

This row displays the total connected VA, W, A and %PF for phase A/B/C for internal loads with Load 
Status on the Description Tab of the Schedule page set to Non-Continuous and for external loads 
connected to the panel with Status on the Info page set to Intermittent/Spare. Loads in OFF state are not 
included. These fields are displayed for 3-Phase panels 


Non-Continuous — L1/Non-Continuous — L2/Non-Continuous — LL 

This row displays the total connected VA, W, A and %PF for phase L1/L2/LL for internal loads with 
Load Status on the Description Tab of the Schedule page set to Non-Continuous and for external loads 
connected to the panel with Status on the Info page set to Intermittent/Spare. Loads in OFF state are not 
included. These fields are displayed for 1-Phase 3-Wire panels. 


Total Non-Continuous 
This row displays the total connected VA, W, A and %PF for non-continuous loads connected to all the 
phases. Loads in OFF state are not included. This field is displayed for 1-Phase and 3-Phase panels. 


Connected — A/Connected — B/Connected — C 
This row displays the total connected VA, W, A and %PF for all internal loads and external loads 
connected to Phase A/B/C. Loads in OFF state are not included. 


Connected — L1/Connected — L2/Connected — LL 

This row displays the total connected VA, W, A and %PF for all internal loads and external loads 
connected to Phase L1/L2/LL. Loads in OFF state are not included. These fields are displayed only for 1- 
Phase 3-Wire panels. 


Total Connected 
This row displays the total connected VA, W, A and %PF for loads connected to all the phases. Loads in 
OFF state are not included. 


Code Demand — A/Code Demand — B/Code Demand — C 

This row displays the total code demand VA, W, A and %PF for all internal loads and external loads 
connected to Phase A/B/C. Loads in OFF state are not included. These fields are displayed for 3-Phase 
panels. 


Code Demand — L1/Code Demand — L2/Code Demand — LL 

This row displays the total code demand VA, W, A and %PF for all internal loads and external loads 
connected to Phase L1/L2/LL. Loads in OFF state are not included. These fields are displayed for 1-Phase 
3-Wire panels. 
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Total Code Demand Continuous 
This row displays the total connected VA, W, A and %PF for continuous loads connected to all the 
phases. Loads in OFF state are not included. 


Total Code Demand Non-Continuous 
This row displays the total connected VA, W, A and %PF for non-continuous loads connected to all the 
phases. Loads in OFF state are not included. 


Total Code Demand 
This row displays the total connected VA, W, A and %PF for loads connected to all the phases. Loads in 
OFF state are not included. 


Operating Load 

This section displays the VA, W, A and %PF for all the ten loading categories of 3-Phase and 1-Phase 2- 
Wire panels. For 1-Phase 3-Wire panels the operating load for phases L1, L2, and LL is displayed, 
corresponding to each Loading Category. 


Load Calculation 


The load values displayed in the Summary page include both internal and external loads. The calculations 
are performed based on the equations given below. 


Connected Load 
Total Continuous Load 
= (Internal ckt continuous VA load X QTY) + External ckt continuous VA load 


Total Non-Continuous Load 
= (Internal ckt Non-continuous VA load X QTY) + External ckt Non-continuous VA load 


Total Connected Load 
= } (Continuous VA + Non-Continuous VA) 


Code Demand Load 
Total Continuous Code Demand Loading 


= Continuous Load Multiplier X >\(Continuous Code Demand Load) 


Total Non-Continuous Code Demand Loading 
= Non-Continuous Load Multiplier }(Non-Continuous Code Demand Load) 


Code Demand Loading 
= (Total Continuous Code Demand Load) + (Total Non-Continuous Code Demand Loading) 


Operating Load 
Operating Load (per Loading Category) 
= Connected VA X %Loading (per Loading Category) 


Note: The calculations on this page are only performed when the panel is energized. 
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37.7 Panel Schedule Editor —Remarks Page 


Panel Schedule - Paneli 


[Info | Rating | Schedule | Summary | Equiv. Load | Remarks | Comment | 


0.48kV 400A 


User Defined Info Drawing / Diagram 
Eq. Ref. 223 (numeric) 
One-Line Gample 
Last Maint. 01/10/00 
Next Maint. 01/10/02 Reference OT! 
Tests Reg. 5Sand7 
— = Manufacturer 
UD Field A5 12 Character 
Name ACME 
UD Field A6 Alphanumeric 
Purchasing 
UD Field A7 Any Intro Date 06/06/86 


| ES|c ean ea =) (6) (2) CKD} (cance | 


User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed. From the ETAP Project menu, point to Settings and select the 
User-Defined Fields command. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 


ETAP 37-42 ETAP 19.0 User Guide 


Panel Systems Panel Schedule Editor — Comment Page 


37.8 Panel Schedule Editor —-Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Panel Schedule - Panel1 (eS 


[info [Rating | Schedule | Summary | Equiv. Load | Remarks | Comment | 


0.48kV 400A 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies, associated with this element. This field can be up to a 
64kb with a default size of 4kb. To increase the size of this field, refer to the entries in the ETAPS.INI file. 


Bes ei JD) BG) Cox [coe 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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37.9 Calculation Methods 


This section discusses the assumptions made in panel calculations, method used to calculate the panel 
loading per phase, panel connected load, panel code demand load and the panel model used in ETAP 
Study Modules. 


37.9.1 Assumptions 


Following are the assumptions made in panel calculation methods: 


e The rated voltage of an internal load connected to the panel is equal to the rated panel voltage. If 
a 1-Phase load is connected to a 3-Phase panel circuit, the rated voltage of the panel circuit is 
(1/3) times the rated panel voltage. 

e The voltage of L1 or L2 phase in a 1-Phase 3-Wire panel is (1/2) times the rated voltage of the 
panel. 

e There are no losses in the feeders connecting a load to the panel. 

e Static loads are calculated based on their rated voltage then adjusted based on the upstream 
connected bus nominal bus kV. 


37.9.2 Loading Per Phase 


3-Phase 4-Wire or 3-Phase 3-Wire Panels 


3-Phase Load 

In case of a 3-phase load connected to a panel circuit, the load per phase is calculated based on load 
rating, rated voltage, and rated power factor, loading percent. The rated VA, Watts, Amps, and power 
factor for each phase of a 3-Phase load are displayed on the Rating Tab of the Schedule page. 


1-Phase Load (Line-to-Neutral) 

For a 1-Phase load connected between one of the phases of a three 3-Phase system and the neutral wire, 
the load per phase is same as the values specified on the rating page. The rated VA, Watts, Amps and 
power factor for a 1-Phase are displayed on the Rating Tab of the Schedule page. 


1-Phase Load (Line-to-Line) 
In case of a 1-Phase load (load connected between two phases of a 3-Phase system) connected to a panel 
circuit, the method used to calculate the per phase load, is described below. For a 1-Phase load (with Pole 
= 2), the total rated VA, Watts, Amps, and power factor (instead of per phase values) are displayed on the 
Rating Tab of the Schedule page. 


Consider a case when a panel circuit feeds a 2-Phase load (that is a load connected between two phases of 


a 3-Phase system). Assume that the load is connected between phases B and C, as shown in the below 
figure. 
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tw 


Isc | 


Load 


However, in the Summary page, this load needs to be spilt into phases B and C to be added to individual 
phase loads. ETAP splits the load in such a way that under the rated current phase load current and the 
total load power are the same as the original load. Considering the following circuit, let 


The line voltage between phases B and C = Vgc 


Phase A voltage = VA 
Phase B voltage = VB 
Phase C voltage = VC 
Load current = IBC 


The current flowing into the load connected to phase B = Ig = Isc 
And the current flowing into the load connected to phase C = Ic = -Igc 


Angle by which load current Ipc lags the load voltage = 0° 
Therefore, for load connected between phases B and C: 
Ssc = Vac.Isc 
Pac = Vac.Isc.cos 8 


Qsc = Vac.Ipc.sin 8 


We can represent this case by the phasor diagram shown in the below figure. The phasor diagram shows 
that the load current Ip leads the phase B voltage Vz by an angle of (8 - 30)°. Also the phase current Ic 
lags the phase C voltage Vc by an angle of (8 + 30)°. 


Therefore, for load connected to phase B 
SB = VB.IB 


PB = VB.IB.cos (0 - 30) 
QB = VB.IB.sin (0 - 30) 
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And, for load connected to phase C 


SC = VC.IC 
PC = VC.IC.cos (0 + 30) 
QC = VC.IC.sin (8 + 30) 


Ve Ic = -IBc 


VeBc 


Similar calculations are made for loads connected between phase A and phase B, phase C and phase A, or 
any two phases. 


1-Phase 2-Wire Panels 


1-Phase Load (Line-to-Neutral) 
For a 1-Phase load connected between one of the phases of a three 3-Phase system and the neutral wire, 
the load per phase is same as the values specified on the rating page 


The rated VA, Watts, Amps and power factor for a 1-Phase are displayed on the Rating Tab of the 
Schedule page. 
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1-Phase 3-Wire Panels 
A typical 1-Phase 3-Wire system in ETAP is shown in the below diagram. 


L1 


Vit =240V~00 ————ee 


—L 
Vi2 = 120 V 


Line-to-Center Load 

An example of a line-to-neutral load, in a 1-Phase 3-Wire panel is Load1 shown in the above figure. For a 
load connected between line L1 or line L2 and the neutral wire, the voltage applied on the load is equal to 
half of the Line-to-Line voltage. 


The rated VA, Watts, Amps, and power factor for a load connected to L1-phase are displayed on the 
Rating Tab of the Schedule page. 


Line-to-Line Load 

An example of a line-to-line load, in a 1-Phase 3-Wire panel is Load1-2 shown in the above figure. The 
rated VA, Watts, Amps, and power factor for a load connected to LL phase are displayed on the Rating 
Tab of the Schedule page. 


37.9.3 Connected Load 


This section describes the method used to calculate the total connected load, connected continuous load 
and connected non-continuous load (VA, Watts, Amps and power factor) on the Summary page of the 
Panel Schedule Editor. 


The connected load is calculated as the sum of all connected loads, both internal and external ones, which 
have the ON State. The load rating values are used in calculating Connected Load, such as VA, W, and 
PF for internal loads and rated KVA and PF for external loads. The Amp values are calculated based on 
the nominal kV of panel terminal bus (upstream connected bus). 


When calculating connected continuous load, either individual phases or the total load, it excludes: 


e Internal loads with Status set to Non-Continuous 
e External loads with Status set to Intermittent or Spare. 


When calculating connected non-continuous load Ps, Pg and Pc will exclude internal loads and external 
loads with Status set to Continuous. 


The connected load is sum of the connected continuous load and connected non-continuous load. 
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37.9.4 Operating Load 


The operating load for the panel is calculated for each of ten loading categories. It summarizes total load 
power, current, and power factor, including both internal and external loads for all phases. Loads with 
OFF State are not included in the operating load. 


The operating load is calculated similar to the connected load. In additional to the factors used in 
calculating the connected load, load percent for each individual load is considered, and for external loads 
the demand factor is also considered. The Amp value is calculated based on the panel terminal bus 
nominal kV. For a three-phase panel, this current is an average value. 


Code Demand Load 


This section describes the method used to calculate the total connected continuous code demand load, 
connected non-continuous code demand load and total connected code demand load parameters (VA, 
Watts, Amps and power factor) on the Summary page of the Panel Schedule Editor. 


Panel Code Factors 


Code demand load depends on Panel Code Factors that are specified on the Panel Code Factor Editor. To 
display the Panel Code Factors Editor, from the ETAP Project menu, point to Settings and select the 
Panel Code command. 


Panel Code Factors (ome 


Continuous Load Multiplier 1.25 Non-Continuous Load Multiplier 1 


Limit3 | CF3 | LimitS | CFS | 


Hospital Lta Yolt-Amps 
Hotel / Motel Lta Volt-Amps 
Heating Volt-Amp 
Receptacle NDU Volt-Amps 
Warehouse Ltg Volt-Amps 
Ray Equipment | Largest Unit 
%-Ray HOF Largest Unit 
Appliance DU # of Units 
Laundry DU Yolt-Amps 
Small Appliance Volt-Amps 
Kitchen NDU # of Units 
User Defined 1 Volt-Amps 
User Defined 2 Volt-Amps 
User Defined 3 Volt-Amps 
User Defined 4 Volt-Amps 
User Defined 5 Volt-Amps 
User Defined 6 Volt-Amps 


Continuous Load Multiplier 
This value is used for code load calculation for all continuous designated panel loads. The default value is 
1,25, 


Non-Continuous Load Multiplier 


This value is used for code load calculation for all non-continuous designated panel loads. The default 
value is 1. 
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Load Type 

Each panel circuit load has a load type. The load types are based on NEC 1999. The first 14 load type ID 
defined as per National Electric Code and cannot be changed. The remaining 10 load type fields are by 
default User Defined 1 through User Defined 10. These load types can be changed. The Load Types are 
displayed under the Description Tab of the Schedule page under Load Type column for each panel circuit. 


Notes: 

NDU_ =Non Dwelling Unit 
DU = Dwelling Unit 

Ltg = Lighting 


HCF = Health Care Facility 


Units 
Select from following options. 


e Volt-Amps 
e Largest Unit 
e #of Units 


The first fourteen have fixed formats per NEC 1999. 


Limit & Code Factors (CF) 

The limit columns represent the VA limit, largest unit limit, or number of unit limit for a specified load 
type based on selected format. There are five limit columns (Limit 1 through Limit 5). Corresponding to 
each of the five limits there are five Code Factors. The sixth Code Factor is used for values exceeding the 
fifth limit. 


Note: By default, the code demand factors are based on NEC 1999 version. The demand factors are 
user-editable and can be modified as applicable. 


VA 

Enter typical VA for the load type in this field. This value appears as default value on the VA column of 
the Rating Tab in the Schedule page of the Panel Schedule Editor whenever that particular load type is 
selected. 


%PF 
Enter typical power factor for the specified load type in this field. This value appears as default value on 
the %PF column of the Rating Tab in the Schedule page of the Panel Schedule Editor. 


Calculation Procedure 


This section lists the steps used to calculate the code demand load for a panel. In the following discussion 
a panel load is a panel circuit with Link Type set to Internal or Ext.# and in ON state. 


In calculating code demand load for internal loads, code factors as well as multiplication factors are 
applied. However, for external loads, only multiplication factors are applied, which means that the code 
factor for all external loads is assumed equal to 1. 


Because ETAP allows you to define different code factors for various types of internal loads. Code 


demand load calculation for internal loads are done for each types of load separately and then summed up. 
A given load type can be associated with one of three different code factor units: Volt-amps, Largest Unit, 
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and # of Unit. Each of the three code factor units has a special way of applying the code factors, as 
described below. 


Rules for Code Demand Load with Volt-Amps Units 
The limits set for “Volt-Amps” load type are in VA. The following rules are applied to this type of loads. 


e For load VA up to Limit 1, multiply the load VA by CF1. 

e If Limit 2 is greater than zero, then for load VA greater than Limit 1 and less than Limit 2, 
multiply the load VA by CF2; otherwise for multiply load VA greater than Limit 1 by CF2 and 
stop. 

e If Limit 3 is greater than zero, then for load VA greater than Limit 2 and less than Limit 3, 
multiply the load VA by CF3; otherwise multiply load VA greater than Limit 2 by CF3 and stop. 

e If Limit 4 is greater than zero, then for load VA greater than Limit 3 and less than Limit 4, 
multiply the load VA by CF4; otherwise multiply load VA greater than Limit 3 by CF4 and stop. 

e If Limit 5 is greater than zero, then for load VA greater than Limit 4 and less than Limit 5, 
multiply the load VA by CF5; otherwise multiply load VA greater than Limit 4 by CF5 and stop. 

e For load VA greater than Limit 5 multiply the load VA by CF6. 

e If for the given load type the status is “Continuous”, multiply the resulting total load VA by 
Continuous Load Multiplier else multiply the resulting total load VA by Non-Continuous Load 
Multiplier. 


For example, let 
Load Type = Generic 
Load Status = Continuous 
Continuous Load Multiplier (CLM) = 1.25 


Load VA = 120,000 


Limit 1 = 30000 CF1 =1.0 
Limit 2 = 50000 CF2 =0.5 
Limit 3 =0 CF3 =0.3 
Limit 4 =0 CF4 = 
Limit 5 =0 CF5 =0 
CF6 =0 


Therefore 
Code Demand Load = (Limit 1 X CF1 + Limit 2 X CF2 + (Load VA — Limit 1 — Limit 2) X CF3) X CLM 


= (30000 X 1 + 50000 X 0.5 + (120,000 — 50000 — 30000) X 0.3) X 1.25 
= 83750 
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Rules for Code Demand Load with Largest Unit 
The limits set for “Largest Unit” loads are in number of units. In calculation, all loads are first sorted in 
descending order of rated VA and then multiply by a code factor according to the limits. Let 


Limit 1 = N1 
Limit 2 = N2 
Limit 3 = N3 
Limit 4 = N4 
Limit 5 = N5 


The following rules apply in the calculation: 


Starting from the first panel load, if N1 > 0 then up to N1 panel loads multiply each panel load 
VA by CF1; otherwise multiply each panel load by CF1 and stop. 

Starting from the (N1 + 1) panel load, if N2 > 0 then up to N2 panel loads multiply each panel 
load VA by CF2; otherwise multiply each remaining panel load by CF2 and stop. 

Starting from the (N2 + 1) panel load, if N3 > 0 then up to N3 panel loads multiply each panel 
load VA by CF3; otherwise multiply each remaining panel load by CF3 and stop. 

Starting from the (N3 + 1) panel load, if N4 > 0 then up to N4 panel loads multiply each panel 
load VA by CF4; otherwise multiply each remaining panel load by CF4 and stop 

Starting from the (N4 + 1) panel load, if N5 > 0 then up to NS panel loads multiply each panel 
load VA by CF5; otherwise multiply each remaining panel load by CF5 and stop 

Starting from (N5 + 1) panel load, multiply each panel load by CF6 and stop. 

If for the given load type the status is “Continuous”, multiply the resulting total load VA by 
Continuous Load Multiplier; otherwise multiply the resulting total load VA by Non-Continuous 
Load Multiplier. 


For example, let 


ETAP 


Load Type = Motor (for all loads below) 


Load Name VA _ Quantity 
Load 1 3000 2 
Load 2 5000 
Load 3 3400 
Load 4 2500 
Load 5 6200 
Load 6 2000 
Load 7 1900 
Load 8 2200 
Load 9 3300 
Load 10 4300 


PRP PrP PrP PP BP 


Load Status for Load Type Motor = Continuous 
Continuous Load Multiplier (CLM) = 1.25 
Limits and Code Factor for Load Type Motor are: 
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Limitl =3 CF1 =1.25 
Limit2 =2 CF2 =1.05 
Limit3 =1 CF3 =0.75 
Limit4 =O CF4 =0.5 
Limit5 =O CF5 =0 
CF6 =0 


Sort the loads in descending order by VA, as shown below. 


Load Name VA 


Load 5 6200 
Load 2 5000 
Load 10 4300 
Load 3 3400 
Load 9 3300 
Load 1 - 1 3000 
Load 1 - 2 3000 
Load 4 2500 
Load 8 2200 
Load 6 2000 
Load 7 1900 


For simplicity, assume that the power factor is 100% for all the loads, ETAP will perform complex 
addition while adding up the load VA, that is it will take into account the power factor of individual loads 
while adding the VA of loads. 


Load with Code Factors = 1.25 (6200 + 5000 + 4300) + 
1.05 (3400 + 3300) + 
0.75 (3000) + 
0.5 (3000 + 2500 + 2200 + 2000 + 1900) 
= 7750 + 7035 + 2250 + 5800 
= 22835 


Code Demand Load = Load with Code Factors X CLM 


= 22835 X 1.25 
= 28543.75 
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Rules for Code Demand Load with # of Units 

Similar to the “Largest Unit” loads, the limits for “# of Units” are also in number of load units. However, 
in calculation, total load VA is multiplied by a coded factor according to total number of internal load 
circuits connected. Let 


Limit 1 = N1 
Limit 2 = N2 
Limit 3 = N3 
Limit 4 = N4 
Limit 5 = N5 
and 
N = Number of panel loads for the load type 


Total VA = Sum of all panel loads for the load type 
The following rules apply in calculation: 


If N1 > zero and N <= N1 then multiply Total_VA by CF1 and stop. 

If N2 > 0 and N > N1 and N <= N2 then multiply Total_VA by CF2 and stop. 
If N3 > 0 and N > N2 and N <= N3 then multiply Total_VA by CF3 and stop. 
If N4>0 and N > N3 and N <= N4 then multiply Total_VA by CF4 and stop. 
If N5 > 0 and N > N4 and N <= N5 then multiply Total_VA by CF5 and stop. 
If N5 > 0 and N > N5 then multiply Total_VA by CF6 and stop. 


If for the given load type the status is “Continuous”, multiply the resulting total load VA by Continuous 
Load Multiplier or else multiply the resulting total load VA by Non-Continuous Load Multiplier. 


One special case for “# of Units” load is that if the load type is “Kitchen NDU”, the code factor load 
calculated as described above is compared to the sum of first two largest loads. If the sum of the first two 
largest loads is larger than the calculated code factor load, then this load sum will be used in place of the 
code factor load to be multiplied by the applicable Load Multiplier. 


For example, let 
Load Type = Motor (for all loads below) 


Load Name LoadType VA _ Quantity 


Load 1 Motor 3000 2 
Load 2 Motor 5000 1 
Load 3 Motor 3400 1 
Load 4 Motor 2500 1 
Load 5 Motor 6200 1 
Load 6 Motor 2000 1 
Load 7 Generic 1900 3 
Load 8 Generic 2200 2 


Load Status for Load Type Motor = Continuous 
Load Status for Load Type Generic = Non-Continuous 
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Continuous Load Multiplier (CLM) = 1.25 
Non-Continuous Load Multiplier (NCLM) = 0.75 


Limits and Code Factor for Load Type Motor are: 


Limitl =2 CF1 =1.25 
Limit2 =3 CF2 =1.05 
Limit3 = CF3 =0.75 
Limit4 =O CF4 =0.5 
LimitS5 =0 CF5 =0 
CF6 =0 


Limitl =4 CF1 =1.5 
Limit2 =5 CF2 =1.25 
Limit3 =7 CF3 =1.15 
Limit4 =O CF4 =0.5 
Limit5 =O CF5 =0 
CF6 =0 


For simplicity, assume that the power factor is 100% for all the loads, ETAP will perform complex 
addition while adding up the load VA, that is it will take into account the power factor of individual loads 
while adding the VA of loads. 


For Load Type = Motor 
Number of loads, N = 7 


For Load Type = Generic 
Number of loads, N =5 


Motor Load 

As N = 7, we will use CF3 = 0.75 

Load with Code Factors = 0.75 (2 X 3000 + 5000 + 3400 + 2500 + 6200 + 2000) 
= 18825 

Code Demand Load = Load with Code Factors 3 CLM 
= 18825 X 1.25 
= 23531.25 


Generic Load 

As N =5, we will use CF2 

Load with Code Factors = 1.25 (1900 X 3 + 2200 X 2) 
= 12625 

Code Demand Load = Load with Code Factors X NCLM 
= 18825 X 0.75 
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37.10 Panels in System Studies 


This section describes how the panel loads are considered in System Studies. In the current version of 
ETAP, the downstream elements from a top panel are not considered in details in a system study. Instead, 
all the loads connected downstream from the top panel are summed up to the top panel. A top panel must 
be one that is connected to a three-phase bus and is not powered from another upstream panel. 


37.10.1 Load Flow Type System Studies and Reliability Study 


The load flow type System Studies are the ones that are required to perform load flow calculations, 
including load flow, motor starting, harmonic load flow, transient stability, optimal power flow. In these 
studies as well as reliability study, the downstream loads connected to a top panel are aggregated to get 
the total panel load. And this top panel is considered as a single load in the System Studies. 


Radial System 


To sum up load for a top panel, in the current version of ETAP, It is required that the system powered by 
a top panel must be a radial system. It is not allowed for downstream elements from a top panel to form 
any loops. Furthermore, the top panel must be the only source for all the downstream elements. Before 
carrying out a System Study, ETAP checks if loops are involved in any top panels. If a loop is detected, 
an error message will be displayed and the calculation is stopped. 


Top Panel Load 


The load aggregated to a top panel includes panel internal loads as well as all the connected external 
loads. Since external connections to a panel may involve any elements except three-winding transformers, 
utilities, and generators, it can form a full radial system. In summing up the load for the top panel, ETAP 
considers all the loads connected. Because no load flow calculations are conducted, the load summation 
does not include losses on the branches and equipment cables. 


The aggregated load values are displayed in the Summary page of the Panel Schedule Editor. Depending 
on the Study Case options, appropriate load diversity factors can also be applied. 


Panel System Load Flow Calculation 

When performing load flow calculations, if the “Calc. Panel System” option is checked in the load flow 
Study Case, the load flow calculation will be carried out for all the panel systems. Bus voltages and 
branch flows for panel systems will be reported on the one-line diagram and the output report. Section 
15.5 Panel System Load Flow Calculation provides detailed information on the calculation method for 
panel systems. 


37.10.2 Short-Circuit Type System Studies 


Because panels are mostly involved in low voltage power equipment, in the current version of ETAP, it is 
assumed that top panels do not make any short-circuit contributions to any fault occurred in the system. 
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37.11 Output Reports 


The panel load schedule and load summary are reported in the Panel Schedule Editor and in Crystal 
Reports format. 


The Crystal Reports format provides a summary of the panel information. The Panel Schedule Report 
Manager helps you to view the output report. 


37.11.1 Report Manager 


To access the Report Manager, open the Panel Schedule Editor and click the Print button located on the 
Schedule page. The Report Manager allows you to select different sections of the report and view it via 
Crystal Report, or save the report in PDF, MS Word, Rich Text Format, or Excel formats. If you wish this 
selection to be the default for reports, click the Set As Default checkbox. 


The header of the Report Manager displays the type of panel connection for which the report is being 
generated. 


Panel_3PH_4W Report Manager exe 


| ret seais WS 


Type of Connection 


There are several fields and buttons available on this page, as described below. 
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Panel Schedule 


This page allows you to select different formats for viewing load data. They include Loading Schedule 
and Loading Summary. 


fo , 
Panel_3PH_4W Report Manager =) 


| ® Viewer 
PDF 
MS Word 


» Rich Text Format 
+) MS Excel 
| ("| Set As Default 


Output Report Name 
Example-ANS! 


Path 
C:\ETAP\Example-ANS! 


M 


Output Report Name 


This field displays the name of the output report you want to view. This name will be the same as the 
project file name. 


Project File Name 


This field displays the name of the project file from which the report is being generated, along with the 
directory where the project file is located. 


Help 
Click this button to access Help. 


OK/Cancel 

Click the OK button to close the editor and open the Crystal Reports view to show the selected portion of 
the output report. If no selection is made, it will close the editor. Click the Cancel button to close the 
editor without viewing the report. 
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Sample Panel Loading Schedule - 3-Phase 3-Wire 


Exampk 

Invi, ¢ sif min 
OI-123+ 5078 

Oye ration Techw b gy, In. 


EXAMPLE 


ETAP 
§.00€ 


Panel Schedule 


Thi inf is printed ono wry utput mport letm mar Ine. (120 charact a) 


Panel ID: Panell 


Voltage: 480 Volts 

Rating: 400 Amps 

3 Phase, 4 Wire 

Main Disconnect - Circ uit Breaker 
MFR: ABB 

Model: DSM 


1500 


Report Header 
The report header contains information about ETAP Version, Project Name, Location of Company, 
Contract Number, Engineer Name, File Name, Page Number, Date, Revision, and Configuration. This 
information can be changed. From the ETAP Project menu, point to Settings and select the Information 


command. 
Project: Example 
Location: Irvine, Califomia 
Contract: OTI-12345678 
Engineer Operation Technology, Inc. 
Filename: EXAMPLE 


ETAP 


Fitliae acl sal 


Panel Layout: $ tand ard 
No. of Circuits: 12 


Connected Bus: MCC1 


Voltage: 480 Volts 


Rating: 3 Amp 


ETAP 
5.0.0C 


Panel Schedule 


37-58 


jul jets 


Feed: 


Enclosure: 


Mounting: 


Ic: 
PF: 


cB cB 
tame aT Telos on] foe eainel a [owe | tm 
Patel 3 


Pa gm: 1 
Date: 9-7-0¢ 
Kav¥on Bare 


Config: Batt ryfise 


Bottom 
NEMA4 1 


Fhish 


18.00 kA 
30.00 % 


Page: 1 
Date: 9-7-04 
Revision: Base 


Config.: Batterysize 
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Panel Rating 
This section contains the rating information for the panel including the Main Disconnect used for the 
panel. This information can be changed on the Rating page of the Panel Schedule Editor. 


Panel ID: Panel 4A 
Voltage: 480 Volts Panel Layout: Standard Feed: Bottom 
Rating: 400 Amps No. of Circuits: 12 Enclosure) NEMA 1 
3 Phase, 3 Wire Connected Bus: Busl Mounting: Flush 


Main Disconnect - Circuit Breaker 


MFR: Westinghouse Voltage: 480 Volts Ic: 200.00 kA 
Model: LA-P Rating: 400 Amp PE: 20.00 % 
Panel Rating Table 


The Panel Rating Table is prepared from the Rating tab on the Schedule page and is only a summary of 
the actual table in the Panel Schedule Editor. The values entered in the Watts column are the rating of the 
connected load and do not take quantity into consideration. The columns displayed are Load Name, Watts 
(shown per phase), FDR Size, Number of Poles, CB Amp Rating, and Circuit Number. The table below 
the rating table lists the Total Watts, Total Continuous Watts, and Total Non-Continuous Watts per phase. 


Total Watts/phase = Total Continuous Watts/phase + Total Non-Continuous Watts/phase 


| 


Total Watts 


Sample reports for 3-Phase 3-Wire and 1-Phase 3-Wire panel systems are shown below: 
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Sample Panel Loading Schedule — 1-Phase 3-Wire 


For 1-Phase 3-Wire systems the Line-Neutral and Line-Line Ratings are displayed in the Output Report 
as shown below. 


Panel ID: Pull 
Voltage: 2402 Volts Panel Layout: Column Feed: Bottom 
Rating: 400 Amps No.of Circuits: 6 Enclosure: NEMA 1 
1 Phase, 3 Wire Connected Bus: Bus4 Mounting: Flush 


Main Disconnect - Fuse 
MFR: Westinghouse Voltage: 2500 Volks Ic: 25.00 kA 


Model: BA-400 Rating: 400 Amp PF: 6.65 % 


MEINDU 
15000 Hosrpinl Ltz 


Total W atts 


Total Contmuocus W atts 


Total Non-Contmuous W atts 
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Sample Panel Loading Summary - 3-phase 3-Wire 


The loading summary contains the same header and rating information as in the loading schedule. The 
other data displayed is connected, continuous and non-continuous Volt-Amps, Watts, Amps, and %PF, all 
displayed per phase as well as totals. 


Panel ID: Pnl3 
Voltage: 480 Volt Panel Layout: Standard Feed: Bottom 
Rating: 0 Amp No. of Circuits: 12 Enclosure) NEMA 1 
3 Phase, 3 Wire Connected Bus) MCC1 Mounting Flush 
Connected Continuous Non- Continuous 
Volt-Amps 
A 6318 5958 360 
B: 6318 5958 360 
Cc: 6318 5958 360 
Total: 18953 17875 1080 
Watts 
A 6310 5950 360 
B: 6310 5950 360 
C: 6310 5950 360 
Total: 18930 17850 1080 
Amps 
A 22.80 21.50 1.30 
B: 22.80 21.50 1.30 
C: 22.80 21.50 1.30 
Loading Category 


The Loading Category page is included in the Loading Summary page and displays Volt-Amps, Watts, 
Amps (avg), and %PF for the ten user-defined Loading Categories. 


Loading Category 


Panel ID: Pnl3 
Cat. 1 Cat. 2 Cat. 3 Cat.4 Cat. 5 Cat. 6 Cat. 7 Cat.8 Cat. 9 Cat. 10 
Volt-Amps 18953 18953 18953 18953 18953 18953 18953 18953 18953 18953 
Watis 18930 18930 18930 18930 18930 18930 18930 18930 18930 18930 
Amps (avg) 22.80 22.80 22.80 22.80 22.80 22.80 22.80 22.80 22.80 22.80 
% PF 100 100 100 100 100 100 100 100 100 100 
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Sample Panel Loading Summary - 1-Phase 3 Wire 

The Loading Summary contains the same header and rating information as in the loading schedule. The 
other data displayed is connected, continuous and non-continuous Volt-Amps, Watts, Amps, and %PF, all 
displayed as Line-Neutral or Line-Line depending upon the load connection. 


Panel ID: Pni2 
Voltage: 240 Volts Panel Layout: Standard Feed: Bottom 
Rating 225 Amps No. of Circuits: 18 Enclosure) NEMA 
1 Phase, 3 Wire Connected Bus: Bus3 Mounting: Flush 
Connected Continuous Non- Continuous 
Volt-Amps 
Li: 9500 9500 0 
L2: 1500 1500 0 
LL: 9315 9315 0 
Watts 
LI: 9500 9500 0 
12: 1500 1500 0 
LL: 9310 9310 0 
Amps 
LI: TOF FOF 0.00 
L2: 12.50 12.50 0.00 
LL: 38.81 38.81 0.00 
% PF 
LI: 100 100 0 
L2: 100 100 0 
LL: 100 100 0 
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Loading Category 

The Loading Category page is included in the Loading Summary page and displays Volt-Amps, Watts, 
Amps (avg) and %PF for the ten user-defined Loading Categories based on Line-Neutral or Line-Line 
load connections. 


Loading Category 


Panel ID: Pnl2 
Cat. 1 Cat. 2 Cat.3 Cat.4 Cat. 5 Cat. 6 Cat. 7 Cat. 8 Cat. 9 Cat. 10 
Volt-Amps a a a 
LI: 9500 9500 9500 9500 9500 9500 9500 9500 9500 9500 
L2: 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
LL: 9315 9315 9315 9315 9315 9315 9315 9315 9315 9315 
Watts 
LI: 9500 9500 9500 9500 9500 9500 9500 9500 9500 9500 
L2: 1500 1500 1500 1500 1500 1500 1500 1500 1500 1500 
LL: 9310 9310 9310 9310 9310 9310 9310 9310 9310 9310 
Amps (avg) 
LI: TAF TOA? FOAT TOA? TOA? TAF TAF TOA? TOAF FOF 
L2: 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 
LL: 38.81 38.81 38.81 38.81 38.81 38.81 38.81 38.81 38.81 38.81 
%PF 
LI: 100 100 100 100 100 100 100 100 100 100 
L2: 100 100 100 100 100 100 100 100 100 100 
LL: 100 100 100 100 100 100 100 100 100 100 
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ETAP DataX (Data Exchange) 


ETAP DataX represents a rich set of customizable ETAP interfaces used to bridge gaps between ETAP 
and external software. The data exchange program works in three different levels: 

"Level 1: Importing Data into an ETAP Project 

"Level 2: One-Way Synchronization of Data 

"Level 3: Two-Way Synchronization of Data 


Furthermore the Data Exchange Modules can be categorized into three groups: 
» ETAP Built-In Data Exchange Capabilities 
» ETAP Add-On Data Exchange Modules 
« ETAP Data Exchange Consulting Services 


In ETAP, the following data exchange options are available under the base package: 
" Clipboard 
« Status Configuration 
= Import Object (OLE) 
= Import IEEE Format 
= Import RAW Format 
= Import SKM Projects 
= Import EasyPower Projects 
=» Export DXF File (AutoCAD / MicroStation) 
= Export Metafile 
= Export Protective Device 
= Export Load Ticket 
"Export to COMTRADE Format (IEC 61363) 


ETAP Add-On Data Exchange Modules 
"GIS Map 
"Excel Fixed Format 
= Excel Open Format 
= Import e-DPP 
= Import from Autodesk Revit 
=" Export RAW Format 
= Export to PSCAD 
=" Export to EMTP-RV 
= Project Merge 
*  SmartPlant Electrical 
" AVEVA Electrical 


ETAP Data Exchange Consulting Services Available: 


=" Bus Reducer 
« Third Party Data Conversions 
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38.1 DataX Levels of Exchange 


Level 1: Importing Data into an ETAP Project: 


Message Log Exceptions 


! 


ETAP 


Database 
Elements Conversion 


External Project c core PowerStation 
Project File 


One time data conversion involves conversion of the data from a third party database into an ETAP 
project. The conversion program automatically generates a multi-layered graphical one-line diagram. A 
multi-layered one-line consists of multiple nested composite networks. 


Level 2: One-Way Synchronization of Data 


Message Log Exceptions 


Elements & f 


Connections Data ETAP Data 
—> Mapping cs Exchange 


External Project Add, Modify, & 
Delete Actions 
User 
Confirmation Existing Data 


One-way data synchronization consists of all the capabilities in Level 1. In addition, it has the capability 
to transfer data multiple times from a third party database into an ETAP project. The program recognizes 
out-of-sink data and provides you with Add, Modify, and Delete Actions. 


Level 3: Two-Way Synchronization of Data 
ag Log Exceptions 


Elements & f 


Connections 
Data AP Data 
Mapping | lacie 


[ Add, Modify, & 
Delete Actions 


Existing Data 


f 


User 
Confirmation 


Two-way data synchronization consists of all the capabilities in Level 2. In addition, it also provides the 
capability to transfer data multiple times from ETAP to the third party database. 
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38.2 ETAP Data Exchange Services 


OTI’s Consulting Services supports clients worldwide in the performing and model validation of database 
conversions and data exchange projects. We have a staff of engineers and database specialists dedicated 
to conduct database conversions and synchronization between your existing data files and ETAP project 
databases. 


We have developed conversion programs for interpreting, automating, integrating, and quality checking 
of your system information that can minimize the time and cost of re-entering the system data from 
existing data files into ETAP. The conversion programs can import available electrical data and network 
connections from IEEE, ASCII, Microsoft Excel, Microsoft SQL Server, Microsoft Access, Oracle, 
Sybase IBM DB2, Informix, and other commercially available third party databases. 


Our services can be employed for converting and setting up data files as well as the development of new 
conversion and data exchange programs for ETAP based on your specific needs. The following services 
are available: 


Database Conversion 


Convert the existing electrical power system database to ETAP. The conversion program will 
automatically generate a multi-layered graphical one-line diagram. 


= Data range checking 

« Typical data substitution for missing parameters 
«Data validation 

= Data consistency checking 

« Library data addition 

=" One-line diagram generation 


Database Verification & Validation 


As the next step, load flow and short circuit runs are performed for validation of the converted data. 
Results are compared with the original database. For data verification purposes, the pre-existing load 
flow and short circuit results must be provided along with the database. 


Model Presentations Setu 

The auto-generated one-line diagram is based on logical layout. Some cosmetic layout changes may be 
required for various study requirements and engineering uses. Where applicable, the ETAP model will be 
arranged to include nested networks (substations) and will be setup for proper impedance, relay, and 
study presentations of the one-line diagram. 


Model Expansion 


The system model can be expanded and modified to include new substations or subsystems that have not 
already been modeled in the existing database / system model. This also can include as-built model 
validation. 
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Database Synchronization 


Our database services also provide data automation and exchange with other databases such as GIS, 
Project Master Database, and Plant Historians. These services include: 


= Data interpretation 

= Data integration 

= Format conversion and mapping 

« Procedures development 

«" Turnkey database synchronization 
" Quality assurance services 

= Project and technical management 


Contact Operation Technology, Inc. (www.etap.com) for more information about data exchange products 
and services. 
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38.3 Import IEEE Format 


The “Import IEEE Format File...” command can be invoked by going to the File menu, Data Exchange 
sub menu as shown below: 


Tools Window’ Help 


DataX Manager... 


Project Merge r 
DataHub... 

AVEVA Electrical » 
SmartPlant Electrical » 


Export to PSCAD... 


Export to EMTP-RV... r 
Export RAW Format » 
Import Revit... 


Import Excel - Open Format... 
Import Excel - Fixed Format... 
Import XML... 


Import RAW Format » 


Import IEEE Format... 
Import SKM Project » 


Imnart FaewDowsar Drniact > 


As the tools are used to add or modify data in the ETAP project, they are active only in the Edit mode. 
Clicking on the command displays the “ETAP IEEE Data Converter” Editor as shown below. 


P ——p 
% ETAP IEEE Data Converter ==) 
Select IEEE Data File (text) Zi 


Help | OK | Cancel | 
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38.3.1 Selecting IEEE Data File (text) 


Type or select the IEEE data file and click it on the OK button to convert it into an ETAP project. Once 
the conversion is done, it will display the Exchange successful dialog box as shown below. 


& 
ETAP Data Exchange 


(i) Exchange successful. 


38.3.2 IEEE Data File 


ETAP IEEE Data Converter reads data from IEEE format files which are space delimited files and have 
three main sections: 


e The title data section provides the base MVA 
e The bus data section provides generation, load and shunt impedance information 
e The branch data section provides the impedance of branches 


Title Data Section 

The main information available in this section is the base MVA specified in the columns 31 through 37. 
The base MVA read from this section is used to convert per unit quantities specified in the other sections 
of the file to actual values. 


Bus Data Section 

This section provides the final bus voltages and angles calculated by load flow. These values are mapped 
to Initial Voltage and Angle fields on the Info page of the ETAP Bus Editor. The nominal bus voltage in 
ETAP is set to 1 kV, for cases were the base voltage is not specified. Note that the comment page of the 
Bus Editor provides the information read from the IEEE data file. 


The information in this section is also used to create lumped loads with 100% motor load (constant kVA 
load) in ETAP. Nameplate ratings of the lumped load are calculated from per unit load MW and load 
Mvar values and the base MVA. 


Synchronous generators nameplate ratings are set based on per unit generation MW and Mvar values and 
the base MVA. 


The shunt impedance values are used to create static loads at buses. Static load nameplate ratings are 
calculated based on the shunt impedance values and the base MVA. 


Branch Data Section 

A branch in IEEE format data file may represent an impedance or a transformer depending on the 
specified branch type. Transformers may be modeled as fixed tap or with on-line tap changers as 
specified in the IEEE format file. 
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38.4 Import RAW Format 


ETAP may create a one-line diagram with element connections and electrical properties by importing 
data from PSS®E project files. PSS®E project files supported by ETAP include the following formats: 


e Power Flow Raw Data File (file extension *.raw) 
e Sequence Data File (file extension *.seq) 
e Dynamics Model Raw Data File (file extension*.dyr) 


In order for ETAP to import project files, the Power Flow Raw Data File (RAW) project file is required. 
The Sequence Data File (SEQ) project files and Dynamics Model Raw Data File (DYR) project files are 
optional when performing import to ETAP. 


One-Line Diagram 

ETAP currently does not support the import of PSS®E one-line diagrams. Therefore, the one-line 
diagram will be generated based on the information contained in the project files, and ETAP will perform 
an auto-layout of the one-line diagram. 


Accessing RAW Format Import 
As the import tools are used to add or modify data in the ETAP project, they are only active in the Edit 
mode. 


From the ETAP File Menu, point to Data Exchange, locate “Import RAW Format”, and then point to 
appropriate version. The available RAW database versions will appear as shown below: 


Tools Window Help 


DataX Manager... 


Project Merge » 
DataHub... 

AVEVA Electrical » 
SmartPlant Electrical » 


Export to PSCAD... 


Export to EMTP-RV... » 
Export RAW Format » 
Import Revit... 


Import Excel - Open Format... 
Import Excel - Fixed Format... 


Import XML... 

Import RAW Format r Version 29... 
Import IEEE Format... Version 30... 
Import SKM Project » Version 32... 
Import EasyPower Project » 

Import e-DPP... 
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38.4.1 ETAP RAW Data Converter 


Clicking on one of the commands displays the “ETAP Raw Data Converter” editor as shown below: 


= 
% ETAP Raw Data Converter 


Select Raw Data File Bi 


Impedance Tolerance (p.u.) foo005=—tt*” Delimiter 
(* Comma ¢ Blank Space 


Help OK Cancel 


Select RAW Data File 

The path to where the PSS®E project files are located. Type the location or browse for RAW project data 
files with extension *.raw. If there are any SEQ or DYR data files in the same folder as the RAW data 
files, then the files will also be imported to ETAP. Note that all three data files must have the same name 
to be imported. 


Power Flow Raw Data File (*.raw) 
The power flow RAW data files are files that represent a solved load flow case. RAW files are text 
formatted files with data fields separated by commas or blank spaces. 


Sequence Data File (*.seq) 

The sequence SEQ data file contains negative and zero sequence data which is imported to the ETAP 
project once the RAW file has been read. The data is primarily used for unbalanced network solutions and 
fault analysis. 


Dynamics Model Data File (*.dyr) 

The dynamic model DYR data file contains dynamic equipment model records which correspond to 
certain equipment such as buses, machines, loads, and lines. The data is primarily used for dynamic 
studies. 


Impedance Tolerance (p.u. 


This value is the Zero Impedance Line Threshold Tolerance (THRSHZ). THRSHZ is the threshold 
reactance for branches below which they will be treated as zero impedance lines. 


If a branch’s reactance is less than the value specified in this field, and the branch’s resistance is 0, then a 
Single-Throw Switch will be created in ETAP instead of an impedance element. 


Delimiter 


Select the delimiter used in the RAW data file. For RAW data files to be imported to ETAP, the data file 
must be in either comma delimited format or space delimited format. 


Comma 
Select this to indicate the delimited format of the RAW data file as comma delimited. 
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Blank Space 
Select this to indicate the delimited format of the RAW data file as blank space delimited. 


Help 
Open the ETAP Help File. 


OK 


Click on the OK button to convert the RAW data file and any SEQ or DYR data files with the same file 
name. The files will be converted to an ETAP project, and the one-line diagram will be generated with 
element connections and electrical properties. 


Once the conversion is done, the following dialog box will display as shown below. 


= 
ETAP Data Exchange 


Cancel 
Click on the Cancel button to cancel the conversion. 
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38.4.2 Power Flow RAW Data File 


The ETAP RAW Data Converter reads data from the RAW data files. Data in RAW data files contain the 
following sections. 


Case Identification Data 

Bus Data 

Load Data 

Fixed Bus Shunt Data 

Generator Data 

Non-Transformer Branch Data 

Transformer Data 

Switched Shunt Data 

Area Interchange Data * 

Two-Terminal DC Transmission Line Data 
Voltage Source Converter (VSC) DC Transmission Line Data * 
Transformer Impedance Correction Table Data * 
Multi-Terminal DC Transmission Line Data * 
Multi-Section Line Grouping Data * 

Zone Data * 

Interarea Transfer Data * 

Owner Data * 

FACTS Device Data * 


* Currently these sections are not considered during the conversion process. The log file created by the 
conversion project logs messages to indicate data in these sections that were not converted to ETAP. 


Note that each version of PSS®E may or may not contain the above RAW data file sections. The order of 
each section will also vary per RAW data file versions. 


Case Identification Data 
This section includes information about the change code (IC), system base MVA (SBASE), system base 
frequency (BASFRQ), and remarks. 


The change code (IC) may be specified as 0 or 1. For cases when the change code is 0, this implies that 
the project file is a base case, and ETAP will properly import the data to the Base Revision. For cases 
when the change code is 1, this implies that the project file was created to add information to a working 
case (revision), and ETAP will show a message indicating that the RAW file contains revision data 
instead of base data. 


ETAP 38-10 ETAP 19.0 User Guide 


Data X Import RAW Format 


Case ID is not a Base 
ETAP will import the revision data instead !! 


cnet 


Conversion is still performed for cases where the change code implies the data represents a revision, and 
ETAP will import the data to the Base Revision. However, data imported to ETAP will generate new 
elements, and existing elements in the project will not be changed. 


The system base MVA field may be specified in the RAW data file. However, ETAP has a set system 
base MVA of 100. If the specified value in the RAW data file is not set to 100, then the conversion will 
halt, and the following message will be shown. 


r 


SBase is not equal 
to L00MVA.The process 
needs tobe terminated! 


Beginning from project versions 32 and on, RAW files contain a system base frequency setting BASFRQ 
in hertz. If the system base frequency field does not match the ETAP project system frequency, then a 
message will prompt to proceed with conversion or not. 


= 
Warning ! 


PSS/E freq. is different from 


Etap project freq. 
Would you like to proceed? 


If the conversion proceeds, the RAW file data will be imported to ETAP, but the ETAP system frequency 
will not change. 


The remarks present on the second and third line of this section are not used by the conversion program. 
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Bus Data 

The Bus Data section includes information about buses and shunts. In RAW project versions 32 and later, 
shunt data is moved to Fixed Bus Shunt Data section. See the Fixed Bus Shunt Data section for more 
details. 


Bus IDs are assigned by concatenating bus names and base voltages. If this results in a bus ID that 
already exists, a unique number is suffixed at the end of the ID. 


Fixed Bus Shunt Data 
The Fixed Bus Shunt Data section exists in RAW project versions 32 and later. 


0 / END OF LOAD DATA, BEGIN FIXED SHUNT DATA 


151,'1 ',1, 0.000, -600.000 
154,'1 ',1, 0.000, 300.000 <— 
201,'1 ',1, 0.000, 300.000 


In older versions, the data is contained in Bus Data section. 


151, "NUCPANT ", 500.0000,1, 0.000, -600.000, 1, 1,1.01190, 10.8886, 1 
154, 'DOWNIN "| 230.0000,1, 0.000, 300.000, 1, 1,0.93892, -9.8857, 1 
201, 'HYDRO "| 500.0000,1, 0.000, } 300.000, 2, 2,1.04000, 6.1599, 22 

0 / END OF BUS DATA, BEGIN LOAD DATA 


Shunt data in both cases represent the active component (GL) and reactive component (BL) of shunt 
admittance to ground at a specified bus. The reactance component is specified as positive for a capacitive 
load, and negative for an inductive load. 


Static Load or Lumped Loads in ETAP are used to model shunt admittances and susceptances represented 
by non-zero values of GL and BL parameters, specified either in the Bus Data section or Fixed Bus Shunt 
Data section of the RAW data file. For positive values of GL Static Loads are created, whereas for 
negative values of GL, Lumped Loads with negative percentage loadings are created. 


Load Data 
The Load Data section includes information about loads with combinations of constant MVA load, 
constant current load, and constant admittance load specified in MW and Mvar. 


0 / END OF BUS DATA, BEGIN LOAD DATA 


153,'1 ',1, 1, 1, 200.000, 100-000, 0.000, 0.000, 
154,'1 ',1, 2, 1, 600.000, 450.000, 0.000, 0.000, 
154,'2 ',1, 2, 1, 400.000, 350.000, 0.000, 0.000, 


For each record in the Load Data section, a Lumped Load is created in ETAP. For cases with constant 
current load specified, the Lumped Load equivalent will be set as model type Unbalanced. Otherwise, the 
model type will default to Conventional. 


Loads are assigned ID “Load_UniqueNumber”, where “UniqueNumber” is a unique number for each 
load. For cases where the total real power is negative, the Lumped Load percentage loading is set to - 
100%. If the total MVA specified is 0, the Lumped Load is set out-of-service. 


Generator Data 


The Generator Data section includes information about generators. The Generator Data section indicates 
the bus number in the first data field, which specifies the connected bus location of the generator. ETAP 
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creates a generator equivalent, and connects the generator equivalent to the bus with the specified bus 
number. 


0 / END OF LOAD DATA, BEGIN GENERATOR DATA 
101,'1 ', 750.000, 81.193, 600.000, -100.000,1-02000, 0, 900.000, 
102,'1 ', 750.000, 81.193, 600.000, -100.000,1.02000, 0, 900.000, 


Generator Data fields do not specify the operation mode (Swing, Voltage Control). Instead, the generation 
operation mode is specified in the bus type code (IDE) of the connected bus. The operation mode of the 
generator equivalent in ETAP is set as Voltage Control mode when IDE is 2 and Swing mode when IDE 
is 3. 


The Generator Data section may import to ETAP as a Power Grid, Synchronous Generator, or Lumped 
Load. For cases when bus type code IDE is 3 and the specified active power output field (PG) is 0, then 
ETAP will create a Power Grid set as Swing mode. For cases when the specified active power output is 
negative, then ETAP will create a Lumped Load. Otherwise, ETAP will create a Synchronous Generator 
with efficiency set to 100%. 


When ETAP creates a Synchronous Generator or Lumped Load, each element is assigned ID “Gen_ 
UniqueNumber”, where “UniqueNumber” is a unique number. When ETAP creates a Power Grid, each 
element is assigned ID “Utility_UniqueNumber”, where “UniqueNumber” is a unique number. 


Generator step up transformer data is presently not used. For cases where the step up transformer 
impedance is non zero, a message is logged. 


Non-Transformer Data 
The Non-Transformer Data section includes information about branches and with specified impedance in 


per unit. 


0 / END OF GENERATOR DATA, BEGIN BRANCH DATA 


151, 152,'1 ', 0.00260, 0.04600, 3.50000, 1200.00, 1300-00, 
151, 152,'2 ', 0.00260, 0.04600, 3.50000, 1200.00, 1300-00, 
151, 201,'1 ', 0.00100, 0.01500, 1.20000, 1200.00, 1300-00, 


For each record in the Non-Transformer Data section, due to a lack of branch length information, an 
Impedance element equivalent is created in ETAP. Branches are assigned ID “Branch_UniqueNumber”, 
where “UniqueNumber” is a unique number. 


The Non-Transformer Data section data fields may specify complex admittance of line shunts at the From 
Bus, To Bus, or both in per unit. Positive shunt admittance values represent connected capacitance, and 
negative shunt admittance values represent reactance, and ETAP uses the values to generate an equivalent 
Lumped Load or Static Load. For cases when line shunt admittance is specified on the From Bus, ETAP 
will create an equivalent load and connect it to the specified From Bus. For cases when line shunt 
admittance is specified on the To Bus, ETAP will create an equivalent load and connect it to the specified 
To Bus. 


The line shunt admittance equivalent ID’s are assigned either “StLoad_UniqueNumber” or 
“LumpedLoad_UniqueNumber”, where “UniqueNumber” is a unique number. 
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Transformer Data 

The Transformer Data section includes information about two-winding or three-winding transformers. 
Data fields include transformer voltage ratings, measured impedance values, fixed tap, and LTC voltage 
regulator settings. 


Both two-winding and three-winding transformer information are stored in multiple rows of data record 
blocks. The first three fields of the first row of data record blocks specify the Primary bus number, 
Secondary bus number, and Tertiary bus number. For cases when the section specifies a two-winding 
transformer, the Tertiary bus number may be set as 0. Two-winding transformers require a block of four 
data record rows. 


0 / END OF BRANCH DATA, BEGIN TRANSFORMER DATA 
201, 211, 0, 'Té',2,1,2, 262500,  0.00300,2,"HYDRO_G XMER',1, 1,0.1400, 
0.00026, 0.01343, 700.00 
500.000, 500.000, 0.000, 700.00, 650.00, 611.00, 0 
20.0000, 20.000 


0, 1.10000, 0.90000, 1. 


’ 


Three-winding transformers require a block of five data record rows. 


0 / END OF BRANCH DATA, BEGIN TRANSFORMER DATA 


205, 215, 216,'3 ',1,2,2, 34200,  0.00228,2,'3WNDSTAT3 ',3, 2,0.2540, 
0.00103, 0.10000, 150.00, 0.00138, 0.12000, 20.00, 0.00068, 0.07500, 
1.00000, 230.000, 0.000, 150.00, 130.00, 120-00,-1, 215, 1.10000, 0.90000, 1. 
1.10000, 18.000, 0.000, 20.00, 18.00, 15.00,-2, 0, 1.20000, 0.90120,150 
1.00000, 230.000, 0.000, 15.00, 13.00, 10.00, 0, 0, 1.10000, 0.90000, 1- 


Transformers are assigned ID “Xform_UniqueNumber_CKT”, where “UniqueNumber” is a unique 
number for each transformer, and “CKT” is the circuit identifier field (CKT) specified in the Transformer 
Data section’s first row. 


Switched Shunt Data 

The Switched Shunt Data section includes information about blocks of shunt reactance and blocks of 
capacitor banks. The control mode (MODSW) data field may specify the switched shunt control as 
locked, variations of discrete adjustment, or variations of continuous adjustment. ETAP will create an 
equivalent Lumped Load or Static Var Compensator (SVC) depending on the MODSW setting. 


Switched shunts are assigned ID “SwShunt_UniqueNumber”, where “UniqueNumber” is a unique number 
for each switched shunt. 


Two-Terminal DC Transmission Line Data 

The Two-Terminal DC Transmission Line Data section includes information on a two-terminal dc 
transmission line model with a point-to-point or back-to-back rectifier and inverter system, and each set 
of data records has three consecutive rows. 


0 / END OF TWO-TERMINAL DC DATA, BEGIN VSC DC LINE DATA 


"VDCLINE1 4, 0.7100, 1,0.3204, 2,0.3883, 3,0.1942, 4,0.0971 
3005,2,2,  -209.00, 0.95000, 100-000, 0.100, 50.000, 400.00, 1200.00, 
3008,1,1, 100.00, 0.99000, 90.000, 0.150, 40.000, 350.00, 1200.00, 


For each set of data records in the Two-Terminal DC Transmission Line Data section, a HV DC 
Transmission Line (DC Link) is created in ETAP. 
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38.4.3 Sequence Data File 


The ETAP RAW Data Converter reads from data from the SEQ data file if the file is the same name and 
in the same directory as the selected RAW data file. Data in the SEQ data file contains the following 
sections. 


Positive Sequence Generator Impedance Data 
Negative Sequence Generator Impedance Data 
Zero Sequence Generator Impedance Data 
Negative Sequence Shunt Load Data * 

Zero Sequence Shunt Load Data * 

Zero Sequence Non-Transformer Branch Data 
Zero Sequence Mutual Impedance Data * 
Zero Sequence Transformer Data 

Zero Sequence Switched Shunt Data * 

Zero Sequence Fixed Shunt Data * 


* Currently these sections are not considered during the conversion process. 


Note that the Zero Sequence Fixed Shunt Data section only exists in SEQ data files for PSS®E versions 
32 and above. 


ETAP handles these data fields by appending additional impedance information to elements which have 
been generated from the RAW file during project file import. No new ETAP elements are created when 
reading the SEQ data file. The SEQ data file may not have fields specified for all data fields from the 
RAW data file. 


Positive Sequence Generator Impedance Data 

This section includes information regarding positive sequence generator impedances, specified in per unit 
on machine base. In cases where ETAP create a Synchronous Generator from the RAW Generator Data 
section, the positive sequence resistance and reactance values from this section are used to append to the 
ETAP Synchronous Generator editor’s Imp/Model page. 


Negative Sequence Generator Impedance Data 

This section includes information regarding negative sequence generator impedances, specified in per unit 
on machine base. In cases where ETAP create a Synchronous Generator from the RAW Generator Data 
section, the negative sequence resistance and reactance values from this section are used to append to the 
ETAP Synchronous Generator editor’s Imp/Model page. 


Zero Sequence Generator Impedance Data 

This section includes information regarding zero sequence generator impedances, specified in per unit on 
machine base. In cases where ETAP create a Synchronous Generator from the RAW Generator Data 
section, the zero sequence resistance and reactance values from this section are used to append to the 
ETAP Synchronous Generator editor’s Imp/Model page. 


Zero Sequence Non-Transformer Branch Data 

This section includes information regarding zero sequence impedance for non-transformer branches, 
specified in per unit on system base MVA and bus base voltage. In cases where ETAP creates an 
Impedance element from the RAW Non-Transformer Branch Data section, the zero sequence resistance 
and reactance values from this section are used to append to the ETAP Impedance editor’s Rating page. 
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If zero sequence impedance values are not specified for ETAP Impedance elements, the zero sequence 
impedance values will be the same as the positive sequence impedance values. 


Zero Sequence Transformer Data 

This section includes information regarding zero sequence grounding and leakage impedance values, 
specified in per unit on a system base MVA and bus base voltage. Zero Sequence Transformer Data may 
be specified for either a 2-winding transformer or 3-winding transformer. 


When ETAP creates a transformer from the RAW Transformer Data section, the zero sequence grounding 


and leakage impedance values from this section are used to append to the ETAP 2-Winding Transformer 
or 3-Winding Transformer editors’ Impedance and Grounding pages. 
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38.5 Import a Ground Grid in AutoCAD to ETAP 


AutoCAD drawings representing a Ground Grid may be imported into an ETAP project. An overview of 
the process is shown below: 


Select & export 
entities representing 
conductors and rod 


Ground Grid in 
AutoCAD 
Drawing (DWG) 


New ETAP 
Ground Grid 
Presentation in 
FEM mode 


XML file with 
conductor and 


Import XML 
File into ETAP 


rod location and 
File dimensions 


The process involves two steps: 


" Creating an ETAP Extended Markup Language (XML) file from AutoCAD 
= Importing the ETAP XML file into an ETAP project 


38.5.1 Creating an ETAP XML File from AutoCAD 


This section explains the process of exporting the ETAP XML file from an AutoCAD drawing with the 
ground grid laid out. 


Setting up the “ETAP Tools” Menu in AutoCAD 


The ETAP tools menu allows you to access the command for exporting the Ground Grid in an AutoCAD 
drawing into an ETAP XML file. Following are the steps to set up the tool in AutoCAD. 


For AutoCAD Versions prior to 2006 


On the command line type the command MENULOAD and press the Enter key. This will show the Menu 
Customization Editor as shown below: 


#4 Menu Customization 


Menu Groups Menu Bar 


Menu Groups: 


ETAP 


ACCOV 


l Replace All 
File Name: 


——_______ 


38-17 


Unload 


__leed | 
Browse... 
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Click on the Browse button and select the file ETMenu.mnu located in the folder C:\ETAP 7.0 
\AutoCAD_GGS™, Click on the Load button to load the file as an item in Menu Groups 


4 Menu Customization 


Menu Groups | Menu Bar 


Menu Groups: 


Unload | 


C:\ETAP 5.5\AutoCAD GGS‘\ETMenu. 


[ Replace All Load | 
|C\ETAP 5.5\4utoC4D_GGSSETMenu.mnu Browse... | 


File Name: 


“ The location may vary for each version or if ETAP is installed in a folder different from the default 
installation folder. In this case the contents of the file ETMenu.mnu also needs to be changed. 


The contents of the file ETMenu.mnu are: 

//ETAP Menu 

***DOP17 

**ETAPTOOLS 

M_ETAPTools [ETAP Tools] 

M_ExportGGS [Export Ground’ Grid] -vbarun C:/ETAP 7.0 /AutoCAD_GGS 
/ExportToETAP. dvb! ThisDrawing.ExportGridAndRods; 


If ETAP is installed in a folder different from the default installation folder, replace the underlined 
portion with the fully qualified location of the file ExportToETAP.dvb. 


Click on the page Menu Bar and select the Menu Group C:\ETAP 7.0 (or current 


version)\AutoCAD_GGS\ETMenu.mnu. This will add the menu ETAP Tools to the Menus list as shown 
below: 
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24 Menu Customization 


Menu Groups : 


Menu Group: 


Ic: SETAP 5.5\4utoC4D_Gl + | 


Menus: Menu Bar: 


ETAP Tools Insert >> | 


<< Remove {i 
<< Remove All | 


Select the last item “Help” in the list “Menu Bar” and click on the Insert button. Finally click on the Close 
button. This will add the ETAP Tools menu to the AutoCAD main menu, as shown below: 


[A] AutoCAD 2002 
File Edit View Insert Format Tools Draw Dimension Modify Image Window [ap\aree' 


Oe EI SRS BRS Om |MFOSSQS Hortcroundeid | 


For AutoCAD 2006 or later Versions 
On the command line type the command MENULOAD and press the Enter key. This will show the Menu 
Customization Editor as shown below: 
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ana Load/Unload Customizations 


Loaded Customization Groups: 
ACAD Unload 
coe 
ETMENU2006 

EXPRESS 


| 
File Name: 
[C:\MapleRel\AutoCAD_GGS\ETMenu2006. cull 


The Menu Customization editor for AutoCAD 2009 is shown below: 


ann Load/Unload Customizations 


Loaded Customization Groups: 


| 

“ACROBAT COMMENT R 
ADOBE PDF 

CONTENTSEARCH 

CUSTOM 

ETMENU2006 
EXPRESS 
IMPRESSION 


File Name: 


JC:\MapleR el'\utoCAD GGS‘ETMenu2006. cul | 


Browse... 


tbs 
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Click on the Browse button and select the file ETMenu2006.cui located in the folder C:\ETAP 7.0 (or 
current version)\AutoCAD_GGS. Click on the Load button to load the file as an item in Menu Groups. 


Finally click on the Close button. This will add the ETAP Tools menu to the AutoCAD 2006 main menu 
as shown below: 


Bl AutoCAD 2006 - [Drawing1. dwg] 


(GP File Edit View Insert Format Tools Draw Dimension Modify Window Help Express Acrobat Markups Adobe PDF Bayiguerol 


|pmallage sRe|~0074/6-. Y&R RERTOE Bepert Ground Grid _(f/Standad 
|| =[9G@%m0 YS Sm ByLayer ¥)| 


7 | 


ByLayer v) ByColor | 


ByLayer v | i|— 


The AutoCAD main menu is displayed differently for the 2009 version but after the previous steps will 
still include ETAP Tools as shown below: 


AutoCAD 2009 - NOT FOR RESALE Drawing. dwg 


@Saa xRGhRs €- 
Pao 


t 
im i 
2 


ByLayer v 


I< | 
g 
a” 


'S 
o & 
A 


lel 
° 
fa} 
wr 


Draw 


Dimension 
Modify 
Window 


Help 


Recent Documents 
Open Documents 


Recent Actions 


=] Options ()) Exit AutoCAD 


Creating up the ETAP XML File 


Open the drawing file having the Ground Grid. Use the command “Export Ground Grid” in the “ETAP 
Tools” menu in AutoCAD to export the ground grid data into an ETAP XML file. 


Clicking on the command “Export Ground Grid” will prompt for selection of entities in the AutoCAD 
drawing that represent Ground Grid Elements as shown below. 
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ETAP Ground Grid Export 


] ) Select entities (Conductors and Rods) that are to be exported to ETAP. 


Once the entities representing ground grid elements are selected, press the Enter button, the Default 
Parameters Editor is shown. 


Default Parameters 


Conductor Type | Copper, annealed soft-drawn v 
Rod Type | Copper, annealed soft-drawn ¥ | 
AutoCAD Drawing Unit Inches ’ 


Offset (in ETAP Drawing Units) x | 5 ¥ 5 
OK | Cancel | 


Conductor Type 
Select the type of conductor material. The ground grid created in ETAP will have all conductors with this 
type of material. 


Rod Type 
Select the type of rod material. The ground grid created in ETAP will have all rods with this type of 
material. 


AutoCAD Drawing Unit 
Select the current unit of measurement. The unit of rods and conductors created in ETAP will be 
converted into feet, inches, meters, and centimeters according to the unit systems. 


Offset (in ETAP Drawing Units) 
Type the X and Y coordinates of the top left corner of the ground grid in ETAP. 


OK 

Click on the OK button to create the ETAP XML file with the name ETAP_GGS.XML in the same 
location as the AutoCAD drawing file. If the file already exists, a dialog box is displayed to confirm 
overwriting it. Once the file is created a message as shown below is displayed. 
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ETAP Ground Grid Export 


Cancel 


Click on the Cancel button to cancel the creation of ETAP XML file. 


AutoCAD Entity to ETAP Element Mappin 


Following table shows the mapping of AutoCAD entities to ETAP Ground Grid elements. 


AutoCAD Entity ETAP Ground Grid Element 
Line One conductor 


Polyline One or more conductors 
Polygon 3-1024 conductors 
Rectangle 4 conductors 
Revision Cloud One or more conductors 
Circle One rod 
Ellipse One rod 
Ellipse Arc One rod 
Blocks will be broken down into one or more 
Blocks 


AutoCAD entity types listed above. 


Other than above 


Disregard 


For example, a polyline in an AutoCAD drawing will be converted to one or more conductors in an ETAP 


project. 


ETAP 


38-23 
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38.5.2 Importing the ETAP XML File into an ETAP Project 


Import the XML file created in the first step into ETAP. Open an ETAP project and drop a ground grid 
element on the ETAP one-line diagram. Double-click on the element to create a new ground grid 
presentation by selecting Finite Element Method (FEM) study model. IEEE Method study model does not 
support import of ground grids. 


ETAP Ground Grid Design |e 
Study Model 
(* |EEE Method 
© Finite Element Method (FEM) 


Help | Cancel 


Use the command “Import From XML File...” shown below to import the ETAP XML file and create a 


Ground Grid. 


Edit View StudyCase Default He 


Save Project Ctrl+S 
Print... Ctrl+P 
Print Preview 
Print Setup... 


Import From XML File... 
Export To XML File... 


Exit 
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38.6 Import SKM 


This import utility allows the automatic conversion of projects created in PTW32 v6.0, v6.5, v7.0 and 
v8.0, into ETAP. For converting projects in earlier PTW32 versions, first open and save the projects 
under v6.0, v6.5, v7.0 or v8.0. 


Accessing Utility 


From the Data Exchange menu, select “Import SKM Project” and select the appropriate PTW32 version 
(v6.0, v6.5, v7.0 or v8.0) for the project be imported. 


[Datax | Tools Window Help 


F 
| DataX Manager 


Project Merge » 
DataHub... 

AVEVA Electrical » 
SmartPlant Electrical » 


Export to PSCAD... 


Export to EMTP-RV... » 
Export RAW Format r 
Import Revit... 


Import Excel - Open Format... 
Import Excel - Fixed Format... 
Import XML... 


Import RAW Format » 
Import IEEE Format... 


Import SKM Project >| PTW326.0... 
Import EasyPower Project » PTW32 6.5... 
Import e-DPP... PTW32 7.0... 

PTW32 8.0... 


Import from Clipboard 


Imnart Ctatie Canficuiratinn 


After selecting the appropriate PTW32 version for the project be imported, the following screen will 
appear. 
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PTW to ETAP Data Exchange 


(Input Files (PTW v6.5) 
Project File (~.PRJ) : 


Multiple Drawing File 
Selection (*.DRW) : 


[” Disregard the listed drawing files and use ETAP Auto-Layout program 
|” Place each drawing in a composite Network 
I~ Convert CAPTOR TCCs into STAR 


IEC 


The selected library path will be shown grayed out, however different project can be selected. Click on 
the “Browse” button right next to library path to select an ETAP library file applicable for the project 
import. 


2 Select ETAP Library File to OPEN x 
4 | > ThisPC > Local Disk (C:) >» ETAP 1800 > Lib vw Search Lib Pp 
Organize New folder B= ~ 8 (?} 
Aa 
Name Date modified Type 
ge Quick access 7 
|_] etaplib1800.lib 7/3/2018 4:51 PM LIB File 
(This Pc 
o® Network 
< > 
File name: | etaplib1800.lib ~ |_| Library Files (*.lib) v 


Click on the “Browse” button right next to Project File field and select the SKM project; this file will 
have a *.prj extension. 
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Input Files (PTW v6.5) 


Project File (“PRJ): —|D:\WorkSpace\SKM\Sample\SKM 6.5\PLANT\PLANT.PRJ Poon. 

Multiple Drawing File 

Selection (“.DRW) : * D:\WorkSpace\SKM\Sample\SKM 6.5\PLANT\Maindraw.drw Select... 
D:\Work Space\SKM\Sample\SKM 6.5\PLANT\Labus 19.drw 190¢ 
D:\WorkSpace\SKM\Sample\SKM 6.5\PLANT\MAINPROT.DR... 157 Add... 
D:\Work Space\SKM\Sample\SKM 6.5\PLANT\MTR28.DRW 719 
D:\Work Space\SKM\Sample\SKM 6.5\PLANT\MCC15.DRW 565 R 
D:\Work Space \SKM\Sample\SKM 6.5\PLANT\MTR25.DRW 532 sable) 
D:\Work Space\SKM\Sample\SKM 6.5\PLANT\DRAW1.DRW 353 


D:\Work Space\SKM\Sample\SKM 6.5\PLANT\GENBUS20.DR... 320 Main .DRW 


[” Disregard the listed drawing files and use ETAP Auto-Layout program 
[” Place each drawing in a composite Network 
IT” Convert CAPTOR TCCs into STAR 


Selected ETAP Library : |C:\ETAP 1800\Lib \etaplib 1800 lib 


©, oF C C @ ANSI © IEC 


Selected Lib Mapping File : |C:\ETAP 1800\DataExRes\SkmToEtapLookup Tables xlsx | Browse... 
Help Lib Map Import Project Cancel 


After selecting the project file, the utility will automatically find and list all of the one-lines inside the 
project folder. They will be sorted in descending order according to the file size (number of elements). 


It is recommended to only convert the main one-line drawing(s) and remove the smaller TCC one-lines 
since they are not directly related to the overall project. 


The following options help to sort or remove the one-line files. 


Select 
This option will open a browse window, clear the list of one-line drawings, and display on the one-line 
selected by the user. This is the recommended method of manually selecting the main one-line drawing. 


Add 
This option allows the user to manually append (add) one-line drawings to the selection list. 


Remove 
This option allows the user to manually remove one-line drawings from the selection list. 


Main .DRW 

Use this option to manually select the one-line drawing that will become the main presentation one-line 
when importing to ETAP. The selected file is typically the one-line drawing that contains the most 
elements. 
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Options 


Disregard the listed drawing files and use ETAP Auto-Layout program 
Check this option to ignore the original SKM layout. This option is not recommended for large systems. 


Place each drawing in a composite network 
This option will place the other SKM one-lines in the list inside individual composite networks. 


Convert CAPTOR TCCs into STAR 
This option will import all TCCs in the SKM project and create STAR TCC views. 


ANSI / TEC 
Select the SKM project standard. The selected project standard should match the standard the SKM 
project, as well as the ETAP project standard. 


Help 
Open the ETAP Help File. 


Lib Map 
Click this option to open the interface for mapping protective device settings. 


The protective device mapping utility works by reading the SKM protective devices properties and 
settings, and the settings are displayed in the utility. The displayed settings may then be used by user to 
map information from SKM to equivalent ETAP library entries. 


Note: This is not an SKM to ETAP library conversion. Protective device settings are selected from the 
ETAP library. 


Import Project 
Select this option to begin the project conversion based on the selected checked options. Note that when 


selecting this option, the step to perform protective device setting mapping will be omitted. 


Cancel 
Close the window without starting the conversion process. 
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Protective Device Mapping 


a ProtDeviceMapping 


Fuse | LVCB | Relay | 


PTW Data - 
Function : Phase x] 


Mapping Component ID Manufacturer Type Description Voltage(KV) Frame Model Interrupting kA 
GOULD SHAWM_ |CL-14, 5.5kV E-R... | 10E-600E 5.5 CL-14, 250E 63 

SM-4, 14.4kV E-... | 15E-200E Slow S... | 7. SM-4, 65E 
Positrol, 14.4kV 6T-200T T-Speed | 2. Positrol, 40T 

F TXG SEC GOULD SHAWM | AGY, 600V Types... | 30-2000 [ AGY 

F-M25 SM-5, 14.4kV E-... | 15E- 2-400E Slo... SM-5, 400E 
NX (C-Rated), 15... | 1.5C-200C t NX, 65C 
SM-4, 14.4kV E-... | 15E-200E Slow S... SM-4, 100E 


Fuse 


Standard AC/DC Manufacturer Model 
ANSI * AC >» Gould Shawmut (Ferr + CL-14 
Property Name Property Value 


Size 250E 

kV 5.5 

Cont. Amp 250 
Interrupting 63 

Test PF 3.95 

TCC ID (Melting) 24439 

TCC ID (Clearing) 24440 REVA 


Auto Update Mapping Help Save Copy Element Data Paste Element Data OK Cancel 


The interface has two main parts, and supports fuses, low voltage breaker trip units, and relays. 


e PTW Data is shown in the top half. This allows the user to view detailed information in a list 
format of the protective devices found in the SKM project. Information is arranged in columns, 
and the user can sort these columns individually by clicking on the column header. 


e ETAP Library Data is shown in the bottom half. The user can select the device and setting to be 
imported. All of the available settings come from the initially selected ETAP library, and will be 
imported into the converted project. 

Mapping 
Initial automatic mapping is provided for a number of protective devices. Devices which have been 
mapped automatically will be indicated in the Mapping column. 


e Fully mapped protective devices will have a black dot next to them (under the Mapping column). 
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e Partially mapped protective devices will have a half filled circle next to them. This is an indicator 
for the user to manually verify and complete any missing settings not mapped by utility. 


e Unmapped protective devices will have a white empty circle next to them. This is an indicator for 
the user to manually map the settings. Relay elements are not automatically mapped by utility 
therefore user will need to manually map Relay settings. 


Auto Update Mapping 
This is a time saving feature which allows the user to use selected device settings to update all the other 
components that have exact same Manufacture, Model and settings automatically. 


Help 
Open the ETAP Help File 


Save 

This allows the user to save the mapped protective device setting data to the ETAP project folder and 
continue the conversion at a later time. If conversion is continued at a later time, the same SKM project 
file and ETAP library file is recommended to be selected. This also allows the user to save the mapped 
protective device Manufacture and Model information into ETAP lookup table. User can use the updated 
lookup table as a baseline lookup table for other SKM projects in future. 


Copy Element Data 
This is a time saving feature which allows the user to copy the ETAP mapped data for the selected PTW 
Data row. The saved data may then be used again for other protective devices that carry the same settings. 


Paste Element Data 
Paste the copied ETAP mapped data into the selected PTW Data row(s). Multiple protective devices can 
be selected from the list by using the “Ctrl” key. 


OK 
Use all of the mapped data, and begin the conversion process. 


Cancel 
Close the window without starting the conversion process, and return to the previous window. 
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38.7 Import EasyPower 


This import utility allows the automatic conversion of projects created in EasyPower v8.0 and v9.0, into 
ETAP. For converting projects in earlier EasyPower versions, first open and save the projects under v8.0 
or v9.0. 


EasyPower project versions after version 9.0 may not be fully supported. 


Accessing Utility 


From the Data Exchange menu, select “Import EasyPower” and select the appropriate version for the 
project be imported. 


[Datax | Tools Window Help 


DataX Manager.. 


Project Merge 
DataHub... 

AVEVA Electrical » 
SmartPlant Electrical » 
Export to PSCAD... 

Export to EMTP-RV... » 
Export RAW Format le 
Import Revit... 


Import Excel - Open Format... 
Import Excel - Fixed Format... 
Import XML... 


Import RAW Format 


Import IEEE Format... 


Import SKM Project » 

Import EasyPower Project » Import EasyPower v8.0... 
Import e-DPP... Import EasyPower v9.0... 
Import from Clipboard 


Select an ETAP library file applicable for the project import. 


( Select Library File to OPEN =) 
Ovo-[z « OS(C:) » ETAP1400x64 > lib > | +4] [ Search tib P| 
Organize ¥ New folder By fl © 
yr Favorites | _ etaplib1400.lib | 

(@ Libraries 


1 Computer 


Gu Network 


Filename: etaplib1400.lib + | Library Files (*.lib) 7 


ETAP 38-31 ETAP 19.0 User Guide 


DataX Import EasyPower Project 


After selecting an ETAP library, the following interface will appear. 


Easy Power to ETAP Data Exchange 


Input File For Version 8 
ProjectFile(\dez):["ss—“is—SS:S~<‘<C‘<; }XHhCtCt BRIE. 


[ Import project TCCs into STAR 
[~ Auto Layout 


Help Import Project Lib Map Cancel 


Click on the “Browse...” button and select the EasyPower project file; the file will have a *.dez 
extension. 


Options 


Import project TCCs into STAR 
This option will import all TCCs in the EasyPower project and create STAR TCC views. 


Auto Layout 
Check this option to ignore the original EasyPower layout. This is not recommended for large systems. 


Help 
Open the ETAP Help File. 


Import Project 
Select this option to begin the project conversion based on the selected checked options. Note that when 
selecting this option, the step to perform protective device setting mapping will be omitted. 


Lib Map 
Click this option to open the interface for mapping protective device settings. 


The protective device mapping utility functions by reading the available EasyPower protective device 
properties and settings, and the settings are displayed in the utility. The displayed settings may then be 
used by users to map information from EasyPower to equivalent ETAP library entries. 


Note: This is not an EasyPower to ETAP library file conversion. Protective device settings are selected 
from the ETAP library. 


The protective device mapping interface has two main parts, and supports fuses, low voltage circuit 
breaker trip units, and relays. 


e EasyPower Data is shown on the top half. This allows users to view a detailed list of the 


protective device information found in the project. Information is arranged in columns, and the 
user can sort this column individually by clicking on the column header. 
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e ETAP Library Data is shown on the bottom half. The users are to manually map the devices and 
settings to be imported. All of the available settings come from the initially selected ETAP 
library, and will be imported into the converted project. 


Cancel 
Close the window without starting the conversion process. 
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38.8 Import from Autodesk Revit 


Autodesk® Revit™ is a program widely used among architects, engineers, and designers to create 
geometry equipped with real-life information. It addresses Mechanical, Electrical, and Plumbing 
Disciplines. The ETAP-Revit Interface offers the ability to import Revit Electrical Systems into ETAP via 
a corporate DMZ without the need to save files on physical hard drives and automatically creates single 
line diagrams in ETAP. It also provides a flexible mapping interface to transform and manipulate data 
between ETAP and Revit. What’s more, Engineer can continually update Revit model and import 
changes into ETAP incrementally. 


The ETAP-Revit Interface will automatically discover the Revit-ETAP Data Exchange services running 
on the local machine and any connected network machines. Once a user initiates the import process in 
ETAP, the program will connect to an available Revit Data Exchange service automatically then also let 
users switch to a different Revit Data Exchange service if available. 


38.8.1 Revit Add-in 


The Revit-ETAP Data Exchange Add-in must be installed prior to enabling your Revit project for ETAP 
to discover. 


Once installed, a ribbon button may be found on the Add-Ins tab of Revit. 


rme_advanced_sample_project - 3D View: W.. > 


ype a keyword or phrase GS xy Q signin ny I ee § 
Architecture Structure Systems = Insert Annotate Analyze Massing & Site Collaborate View Manage Add-Ins Gy 


rie aR ¢&¢ BEB 


Modify) Glue Clash Equipment DataExchange ConvertRF& About Formlt 360 
Pinpoint Properties to Formlt 360 


Select ¥ BIM 360 ETAP Formlt 360 Converter 


Click the “Data Exchange” button to start the Revit Data Exchange service in the system tray (hidden) 
automatically. To bring up the Revit Data Exchange service interface, right click or double click on the 
service icon from system tray. 


& ETAP Data Exchange (1.0.0) sae 


Waiting for ETAP 


a 


Started [10.10.10.000:58057] 


Cancel 
Click Cancel to stop the Revit Data Exchange service. 


Close 
Click X to close and hide the Revit Data Exchange service in system tray. 
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Note: On an individual machine, only one Revit Data Exchange Service may run at a given time. The 
following message will show if an already running service is detected. 


ETAP-Revit Plugin x 


ETAP-Revit plugging is already running on this machine. 
Please exit the running instance of the plugin and launch it 
again. 


38.8.2 Import from Revit 


Data Exchange between Revit and ETAP may occur either on the same machine or between different 
machines via a corporate DMZ. The import process utilizes the Datahub communication between ETAP 
and Revit without saving the ETAP project data (XML) or Revit project data (XML) to the local HDD. 
Once the Revit Data Exchange Service is up and running, it will be automatically discoverable by ETAP. 
Once a user initiates the import process in ETAP, the program will connect to an available Revit Data 
Exchange service automatically. It will also let users switch between other available Revit Data Exchange 
services. ETAP automatically detects if it is incremental import or first time import. 


Accessing Revit Import 


From the Data Exchange menu, select “Import from Revit...” 


Import to ETAP from Revit 


Following interface is displayed after initiating Revit import from the DataX menu. 


2 Import to ETAP from Revit x 


Auto Discover Revit Find 


Device Name IP Address Selected 
OTIAUTOCAD01 10.10.10.000 


HP-TOUCH 10.10,0.000 


Import Layout Option 
©) ETAP Auto-Build - Radial Layout 


Revit Coordinates - Floor Plan per Composite Network 


Help OK Cancel 


Ready 


Find 
Search for available Revit instances on the local machine and in the network. 
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Device Name 
Lists the names of the machines where the Revit service was discovered. 


IP Address 
Lists IP Address of the machines where the Revit service was discovered. 


Selected 

Connection status between ETAP and Revit. If one or more Revit Services have been discovered, ETAP 
will automatically connect to the Revit Service on the local machine first. If no Revit been discovered on 
the local machine, it will connect to the first available network automatically. 


Connect 
Connect ETAP to selected Revit Device. 


ETAP Auto-Build — Radial Layout 
Utilize ETAP one line Autobuild mechanism to layout imported Revit model (See Section Layout). 


Revit Coordinates — Floor Plan per Composite Network 
Utilize Revit XY coordinates to layout components per floor plan (See Section Layout). 


Help 
Open the ETAP Help File. 


OK 


Click OK to start the conversion and proceed to the Mapping interface. The following message dialog 
which indicates the Revit project name will appear. Click on Yes to confirm or No to cancel the import. 


Importing Revit project “rme_basic_sample_project’. 


| j 


= Do you want to continue? 


Yes No | 


Cancel 
Click on cancel to terminate the import process. 
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38.8.3 Mapping 


Once users click OK on the Import to ETAP from Revit interface, Universal Mapping will show up. This 
is a flexible mapping interface which supports the mapping of database elements, element properties, and 
includes the use of equations, functions and customization of the mapping to better transform and 
manipulate data. For comprehensive features and capabilities of this tool please refer to Data 
Synchronization Chapter within section Universal DataX Mapping Utility for details. 


Universal Mapping will fill all the Revit Electrical Elements along with properties automatically. Users 
should then select equivalent ETAP elements to Revit elements. 


5 Property Editor 


Source Database Database Mapping File 
Revit Restore to Default 


Database Mapping 


Revit Element i | Subtypes | oe 


_MSconceLight 
_MCoolingTowe 
_MLightingandA 
_MLightingandA 
_MDryTypeTran 
_MOutdoorAHU 
_MPendantLight 
_MWSHPHorizo 
_MWSHPHorizo 
_MQuadruplexR 
_MWSHPHorizo 
_MCentrifugalFa 
_MLightingandA 
_MDuplexRecep 
_MLightingSwite 
MWaterHeater 


_MPlainRecess 


| | _MWallOccupan 


_ElectricalCircui 
_MCircuitBreake 
_MDryTypeTran 
_MPendantLight 
_MLightingandA 


Click "Expand" to expose Property Mapping options. This is where you may define and map the 
corresponding parameters in Revit and apply the equations and logical functions if necessary: 
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2 Property Editor — x 
Source Database Database Mapping File 
ETAP Element: Cable it Element: BlectricalCircuit 
Revit Restore to Default Revit Ek fe _t irc 
Revit Subtype: 
Database Mapping Logic Selection 
Database Properties Description 
. P Support Skip © Database Properties , 
Revit Element Alias Subtype Subtypes Mapping ETAP Element hepa ee a | |Description Not Available oar 
© Operators ApparentCurrentPhaseB 
—MSconceLight = =. ApparentCurrent PhaseC 
_MCoolingTowe = © Functions ApparentLoad 
ApparentLoadPhaseA 
—MLightingandA bd © User Defined Variable | ApparentLoadPhaseB pass 
v 
_MLightingandA = ApparentLoadPhaseC 
_MDryTypeTran aa Property Mapping 
Ouadto A hg Logic Y¥| ETAPName Y| Unit ¥| RevitName  Y| Description Y| Unit ¥|“ 
MPendantLight 
_MPer ry ~] + BasekV kV < 
MWSHI 
_MWSHPHorizo Re + ] |AmpacityAllowable {A nt 
_MWSHPHorizo SA 
— = af EquipmentCable bd 
_MQuadruplex! ~ + ParentType Ss 
_MWSHPHorizo Aa = 
+ ParentlID a 
MCentrifugalF J} 
= _ = + ParentID Y 
Lis nd 
ee = + DCCable x 
oueves = + AllowedTouchVoltage x 
_MLightingSwite a +| 1 _|AllowableAmpOpt ta 
" 
_MWaterHeater Be + AmpacityBase A MS 
_MPlainRecess M + AmpacityDerated A mm 
Sneioorinen - ne + AmpacityUserDef A Ee 
> | _ElectricalCircui Cable nd + AmpacityUGS y 
_MCircuitBreak = — 
+ Application ’ 
_MDryTypeTran ’ i = 
MPendantLight 
= - a Be + ArmorCableFixed Me 
ti 
Sian de & + ArmorCurrentValue xe 
ArmorEndConnection ’ 
Add Edit Remove + ArmorR oa v 
Help Save OK Cancel User Defined Variable Copy Paste 


Help 
Open the ETAP Help File. 


Save 


Save all changes made to a Revit mapping file. This allows users to save changes to mapping and 
continue making changes without closing the interface. 


Note: The Revit mapping file located inside of the ETAP Project \ DataEx_Revit folder. 


Cancel 
Close the editor and discard any changes made. 


OK 
Close the mapping interface and show following dialog (click on OK to import, Cancel to cancel the 
import): 
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<o 


Do you want to save this Revit mapping to the ETAP project folder? 
Save to: C:\ETAP1800\Example1<projectfolder>\DataEx_Revit 


[_] Save / Replace Revit mapping in the ETAP application folder 


Check this option to save the mapping to ETAP application folder 
for use with other projects. This will overwrite any existing Revit 
mapping in this folder. 


Save to: C:\ETAP1800\DataExRes\UniversalMapping\DataEx_Revit 


OK Cancel 


Note: select “Save mapping in ETAP application as well” option and click ok, mapping file will be saved 
into both project folder and ETAP installation DataExRes\UniversalMapping folder. Any other new Revit 
import can utilize this mapping file. 


38.8.4 Log 


A log viewer will pop up after import is completed. Engineer can view imported details including 
imported components, updated properties, newly added and deleted components in a user-friendly table 
format. 


File 
Click Open to browse and select a log file. 


Export 
Click to export log into an excel file. 


38.8.5 Layout 


ETAP-Revit Interface significantly reduces hours needed to clean layout or build up one-line diagram 
by offering two layout out methodologies. 


ETAP Auto-Build - Radial Layout 


This option utilizes ETAP one line rule-based Auto Build mechanism to layout imported Revit 
model. A utility will be added automatically to the topmost component in order to trigger ETAP Auto 
Build. You can always set up Auto Build rulebook prior to the Revit import. This option is recommended 
for importing a large Revit project. 
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Note: isolated systems will be placed in individual composite networks and composites are aligned based 
on element counts descending order. 


Revit Coordinates — Floor Plan per Composite Network 


With this option, ETAP automatically generates one-line diagram based on Revit XY coordinate and 
place components which at same floor level in same composite network. 


38.8.6 Revit Import Rules 


Due to the differences and specific requirements between ETAP and Revit applications, the procedure for 
creating components along with parameters follows some rules which are explained in this section. 


ID 


ETAP requires unique ID for every element. Revit has unique element ID (Revit ID) in digits. In addition, 
all the Panels (panel board, transformer, switchboard and etc...) in Revit have PanelName (not necessarily 
need to be unique). Therefore, following naming rules are applied: 


If there is a PanelName for the Element, use PanelName_Revit ID as ETAP ID. 

For cable, use circuit number_Revit ID as ETAP ID. 

For all the other elements, use Revit ID as ETAP ID. 

For combined loads, list all the Revit IDs of loads which were combined in ETAP Comment Text 
field. In addition, use the Revit ID of the first load as ETAP ID. 


Family Type 
Revit Family Type is written in description field for all imported elements in ETAP. 
Panel 


If the maximum external connection number exceeds the ETAP supported numbers (pin: 24). The panel 
should be split into multiple panels. 


Cable 


Revit Electrical Circuit is required to be mapped to ETAP cable in order to maintain connectivity. 


Load 


Revit allows multiple elements connect within same Electrical Circuit. These leaf elements could belong 
to different Family, which have different data structure. Following example shows multiple Pendant 
Lighting fixtures connect within one Electrical Circuit. 
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a 


_ & 


If these Revit loads are mapped to same ETAP load type (Lumped Load, Static Load, Induction Motor or 
Synchronous Motor), ETAP will combine the same types of loads into one. The Revit ID of the first load 
is used as ETAP ID. Combined details can be found in Comment page of load editors. 


ETAP 38-41 ETAP 19.0 User Guide 


DataX Export RAW Format 


38.9 Export RAW Format 


ETAP may export project data with element connections and electrical properties to PSS®E project 
format. PSS®E project file formats supported by ETAP include the following formats: 


e Power Flow Raw Data File (file extension *.raw) 
e Sequence Data File (file extension *.seq) 
e Dynamics Model Raw Data File (file extension*.dyr) 


The PSS®E project file RAW, SEQ, and DYR formats do not contain full support of all ETAP elements 
such as certain protective devices and most DC elements, as well as one-line diagram layout data. 
Therefore, if project data is exported from an ETAP project, and imported back to ETAP, then some 
project data may be lost and the one-line diagram layout will not be preserved. 


Accessing RAW Format Export 
From the ETAP File Menu, point to Data Exchange, locate “Export RAW Format”, and then point to the 
appropriate version. The available RAW database versions will appear as shown below: 


Tools Window Help 


DataX Manager... 


Project Merge » 
DataHub... 

AVEVA Electrical » 
SmartPlant Electrical » 


Export to PSCAD... 


Export to EMTP-RV... > 

Export RAW Format r Version 30... 
Versi as 

Import Revit... ersion 32 


Import Excel - Open Format... 
Import Excel - Fixed Format... 
Import XML... 


Import RAW Format r 


RAW Format Export is only available in Edit mode. 
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38.9.1 ETAP to PSSE Export Data Exchange 


Clicking on one of the commands displays the “ETAP to PSSE Export Data Exchange” editor as shown 
below. The editor interface is common for all the currently supported versions of PSS@E format export. 


= 
a Etap to PSSE Export Data Exchange 


— Export File for Version 32 


Export File Location | Browse... | 


|| Export Sequence Data File (".seq) 
|__| Export Dynamic Model Data File (~.dyr) 


[Hep] (__oK J [_ Cancer| 


Export File Location 

The path to export the desired PSS@E project data files. Type the location or browse for the desired 
location to export the files. If the SEQ or DYR file export is selected, ETAP will export the sequence 
and/or dynamic files into the same directory as the RAW file with the same file name. 


Export Power Flow Raw Data File (*.raw) 
The power flow RAW data files are files that represent a solved load flow case. This is always selected. 


Export Sequence Data File (*.seq) 
The sequence SEQ data files are files that represent negative and zero sequence data. Select this to export 
the SEQ data file to the same location as the RAW file. 


Export Dynamic Model Data File (*.dyr) 

The dynamic model DYR data file contains dynamic equipment model records for equipment such as 
buses, machines, loads, and lines. ETAP currently only supports export for machine dynamic data. Select 
this to export the DYR data file to the same location as the RAW file. 


Help 
Open the ETAP Help File. 


OK 


Click on the OK button to export the ETAP project data to the selected PSS®E project data file formats 
selected. Once the conversion is completed, the following dialog box will display as shown below. 
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& 
ETAP Data Exchange 
Exchange Successful 
Cancel 


Click on the Cancel button to cancel the conversion. 


38.9.2 Element Support 


The following indicates the elements from ETAP that are supported when exporting to PSS®E project 
data files, and the PSS®E data field equivalents. Note that only certain ETAP elements have electrical 


data sent to the SEQ and DYR files. 


ETAP Element 


Power Flow Raw Data File 


(*.raw) 


Sequence Data File 
(*.seq) 


Bus 


Bus Data 


2-Winding Transformer 


Transformer Data 


Zero Sequence Transformer 
Impedance Data 


Open Delta Transformer 


Transformer Data 


Zero Sequence Transformer 
Impedance Data 


3-Winding Transformer 


Transformer Data 


Zero Sequence Transformer 
Impedance Data 


Cable 


Non-Transformer Branch Data 


Zero Sequence Non-Transformer 
Branch Data 


Equipment Cable 


Non-Transformer Branch Data 


Zero Sequence Non-Transformer 
Branch Data 


Transmission Line 


Non-Transformer Branch Data 


Zero Sequence Non-Transformer 
Branch Data 


Zero Sequence Non-Transformer 


Reactor Non-Transformer Branch Data 
Branch Data 

Impedance Non-Transformer Branch Data Deep Seanence Nene Pansiomre 
Branch Data 
Positive Sequence Generator 
Impedance Data 

. Negative Sequence Generator 
Power Grid Generator Data 8 _ 


Impedance Data 


Zero Sequence Generator 
Impedance Data 


Synchronous Generator 


Generator Data 


Positive Sequence Generator 
Impedance Data 


Impedance Data 


Negative Sequence Generator 


Zero Sequence Generator 
Impedance Data 


ETAP 
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Positive Sequence Generator 
Impedance Data 

Negative Sequence Generator 
Impedance Data 

Zero Sequence Generator 
Impedance Data 

Positive Sequence Generator 
Impedance Data 

Negative Sequence Generator 
Impedance Data 

Zero Sequence Generator 
Impedance Data 

Positive Sequence Generator 
Impedance Data 

Negative Sequence Generator 
Impedance Data 

Zero Sequence Generator 
Impedance Data 


Wind Turbine Generator Generator Data 


Induction Machine Generator Data 


Synchronous Motor Generator Data 


Lumped Load Load Data 
Static Load Load Data 
Bus Data 


Capacitor Fixed Bus Shunt Data (RAW v32 +) 


Switched Shunt Data 


Static Var Compensator 


HV DC Transmission Link Two-Terminal DC Transmission 
(HVDC) Line Data 
Fuse * Non-Transformer Branch Data 


Contactor * 


Non-Transformer Branch Data 


HVCB * Non-Transformer Branch Data 
LVCB * Non-Transformer Branch Data 
Recloser * Non-Transformer Branch Data 


In-Line Overload Relay * 


Non-Transformer Branch Data 


Non-Transformer Branch Data 


Switch — Single Throw * 


* ETAP elements marked with * are protective devices and have special rules as indicated in the below 
sections. 


The following ETAP elements have data exported to the Dynamic Model Data Field (*.dyr) fields: 


e Synchronous Generator 
e Induction Machine 
e Synchronous Motor 


Connections are handled during export for ETAP elements inside Composite Networks and Composite 
Motors, as well as connections made with Remote Connectors. 


Single Phase Elements and Panels 
Single phase elements, Phase Adapters, and Panel Schedules are currently not supported for export. 


DC Elements 
DC elements are currently not supported for export. 
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Instrumentation Devices 

Instrumentation devices in ETAP have connections that are not handled by RAW format. Therefore, 
instrumentation devices such as Current Transformers, Potential Transformers, metering devices, and 
relays are not supported for export. 


Protective Devices 


Protective devices with two connections such as Fuses, LV breakers, and Single-Throw Switches in 
ETAP are exported to Non-Transformer Branch Data with zero impedance. 


Note that PSS®E format branches (Non-Transformer Branch Data and Transformer Branch Data) only 
allow a single branch in series between buses. 


ETAP may have multiple protective devices in series between two buses, or protective devices between 
loads or generators. Therefore, certain rules are required to handle cases with multiple branches in series 
between buses and loads or generators. 


Single Protective Device between two Buses 
ETAP may have a single protective device between two buses. 


FromBus 


A single data record in the Non-Transformer Branch Data section with zero impedance will be exported 
to represent the single protective device. 


Multiple Protective Devices between two Buses 
ETAP may have two or more protective devices between buses. 


From Bus To Bus 


LVCB1 Fusel Contactorl 


The total impedance between the two buses is zero. Therefore, a single data record in the Non- 
Transformer Branch Data section with zero impedance will be exported to represent the multiple 
protective devices. 


Both Protective Devices and Non-PD Elements between two Buses 
ETAP may have both protective devices and branches such as Cables between two buses. 


From Bus 
LVCB1 Fusel Cable Contactor: 1° P@5 
0.4944+30.1428 ohms/1000m 


Protective devices will be ignored, and a single data record in the Non-Transformer Branch Data section 
will be exported to represent the branch (Cable). 
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ETAP may also have both protective devices and a transformer between buses. 


From Bus Transformer To Bus 


LVCB1 Fusel Contactorl 
ee ee 


Protective devices will be ignored, and data record block in the Transformer Data section will be exported 
to represent the transformer. 


Both Protective Devices and Loads/Generators connected to a single Bus 
ETAP may have both protective devices and loads or generators connected to a Bus. 


StLoad LumpLoad IndMtr SynMtr 


Protective devices between the bus and load or generator will be ignored, and only the load or generator 
will be exported. 


Equipment Cables 

Certain ETAP loads, motors, or generators may have Equipment Cables assigned. Loads, motors, or 
generators are directly connected to a bus, and there is no existing bus between the ETAP loads, motors, 
or generators and the equipment cables. 


exist here|in ETAP 


Load-1 CAP-1 IndMtr-1 SynMtr-1 


PSS®E format projects files cannot handle the connectivity of these cases unless there is a bus located 
between the Equipment Cable and the associated load, motor, or generator. For each Equipment Cable 
case, ETAP will support these cases by exporting a bus equivalent between the load, motor or generator, 
and create a data record representing the bus to the PSS®E Bus Data section. The following image 
indicates how the connectivity will be handled when exporting data. 
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Bus equivalents exported to RAW fornpat 


Load-1 


tT 


Note: No buses are created in the ETAP project when handling these cases. 


Equipment Cables are treated the same as ETAP Cables. ETAP creates a data record in the Non- 
Transformer Branch section for each Equipment Cable. 


38.9.3 RAW Export Sample 
The following is a sample ETAP project one-line diagram. 
PowerGridl 
Busl 
€6 kV 


Genl 
700 MW 


XFORM-2W 
250 MVA 
66/750 kV 
14.5 %Z 


Bus3 
750 kV 


Imp1 
0.14+j0.5 4% 


Imp2 
0.1+j0.9 % 


Bus4 
750 


XFORM3W 

50/30/5 MVA 
750/66/13.8 kV StLoad1 
7.1/7.2/14 %Z 100 MVA 


Busé Bus7 
66 kv 13.8 kV 
Lump1 Mtrl 
10 MVA 700 HP 
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When the ETAP project is exported to RAW format, the project’s electrical properties supported by the 


RAW format as connections are exported as seen below. 


© / END OF LOAD DATA, BEGIN FIXED SHUNT DATA 
© / END OF FIXED SHUNT DATA, BEGIN GENERATOR DATA 


0, 100.00,32,0,1,60.000000 / PSS@E-32 
2305, 'Bus1 ', 66.0000,3, 1, 1, 1, 1.0000, 0.0000 
2322, 'Bus2 ', 750.0000,1, 1, 1, 1,0.99199, -0.85254 
2356, 'Bus3 ', 750.0000,3, 1, 1, 1, 1.0000, 0.0000 
2326, 'Bus4 ', 750.0000,1, 1, 1, 1,0.98728, 1.7365 
2371, 'Bus5 ', 750.0000,2, 1, 1, 1,0.99199, -0.85254 
2532, 'Bus6 ', 66.0000,2, 1, 1, 1, 1.0000, 0.0000 
2341, 'Bus7 ', 13.8000,2, 1, 1, 1, 1.3298, -2.3241 
@ / END OF BUS DATA, BEGIN LOAD DATA 
2532,'1',1, 1, 1, 3.4000, 2.1071, 0.0000, 0.0000, 5.1000, -3.1607, 1, 
2371,'1',1, 1, 1, 0.0000, 0.0000, 0.0000, 0.0000, 80.0000, -60.0000, 1, 


if 
i 2305,'1 ', 0.0000, 0.0000, 0.0000, 0.0000, 1.0000, 0, 100.0000, 0.0074056, 
| 0.33325, 0.0000, @.0000, 1.0000,1, 100.0, 0.0000, 0.0000, 1, 1.0 
| 2356,'1 ', 0.0000, 0.0000, 433.8200, 0.0000, 1.0000, 0, 823.5300, 0.0000, 
| 0.0000, 0.0000, 0.0000, 1.0000,1, 100.0, 700.0000, 0.0000, 1, 1.0 
| 2341,'1 ', -0.55894, -0.23438, -0.23438, -0.23438, 1.0000, 0, 0.60609, 0.0070687, 
| 9.15155, 0.0000, ©.0000, 1.0000,1, 100.0, -0.55894, -0.55894, 1, 1.0 
| @ / END OF GENERATOR DATA, BEGIN BRANCH DATA 
|. 2874, 2822, 4.7, @.0010, 0.0090, 0.0000, 100.0000, 100.0000, 100.0000, 0.00, 
| @.00, 0.00, ©.00,1, 1, @.0000, 1, 1.0 
| 2356, 2326,'1 ', @.0010, 0.0090, 0.0000, 100.0000, 100.0000, 100.0000, 0.00, 
/ 0.00, 0.00, 0.00,1, 1, 0.0000, 1, 1.0 
| @ / END OF BRANCH DATA, BEGIN TRANSFORMER DATA 
| 2305, 2322, 0,'1', 1, 2, 1, 0.0000, 0.0000, 2, 'XFORM-2W '1, 1, 1.0 
|  @,0053078, 0.1449, 250.0000 
| 1.0000, 66.0000, 0.0, 250.0000, 400.0000, 400.0000, 0, 2305, 1.1000, 0.9000, 
| 1.0031, 0.99688, 33, 0, 0.0, 0.0 
11.0000, 750.0000, 
| 2326, 2532, 2341,'1', 1, 2, 1, 0.0000, 0.0000, 2, 'XFORM3W Ppa). 1, 120} 
| @,0018678, 0.070975, 50.0000, 0.0077735, 0.23307, 30.0000, 0.020563, 9.71941, 
| 5,0000, 1.0, 0.0 
1 1.0000, 750.0000, 0.0, 300.0000, 50.0000, 0.0, 0, 2532, 1.1000, 0.9000, 1.0031, 
| 0.99688, 33, 0, 0.0, 0.0 
| 1.0000, 66.0000, 0.0, 250.0000, 30.0000, 0.0, 0, 2532, 1.1000, 0.9000, 1.0031, 
| 0.99688, 33, 0, 0.0, 0.0 
11.0000, 13.8000, 0.0, 100.0000, 5.0000, 0.0, 0, 2341, 1.1000, 0.9000, 1.0031, 
| 9.99688, 33, 0, 0.0, 0.0 
| @ / END OF TRANSFORMER DATA, BEGIN AREA DATA 
| @ / END OF AREA DATA, BEGIN TWO-TERMINAL DC DATA 
| 'DC_LINK1 ', 1, 12,5000, 43460.0000,1060.0000, 0.0, 0.0, 0.0, 'I', 0.0, 20, 1.0 
| 2322, 2, 20.1000, 5.1000, 0.0,717.7900,750.1100, 0.66686, 1.2500, 1.7500, 0.7500, 
| 9.0100, 0, 0, 9, 1, 0.0 
| 2326, 2, 20.1000, 15.1000, 0.0,719.1900, 750.3300, 0.66696, 1.2600, 1.7500, 0.7500, 
| @,0100, 0, 0, 0, 1, 0.0 
| @ / END OF TWO-TERMINAL DC DATA, BEGIN VSC DC LINE DATA 
| @ / END OF VSC DC LINE DATA, BEGIN IMPEDANCE CORRECTION DATA 
| © / END OF IMPEDANCE CORRECTION DATA, BEGIN MULTI-TERMINAL DC DATA 
| @ / END OF MULTI-TERMINAL DC DATA, BEGIN MULTI-SECTION LINE DATA 
| @ / END OF MULTI-SECTION LINE DATA, BEGIN ZONE DATA 
| @ / END OF ZONE DATA, BEGIN INTER-AREA TRANSFER DATA 
| @ / END OF INTER-AREA TRANSFER DATA, BEGIN OWNER DATA 
| @ / END OF OWNER DATA, BEGIN FACTS DEVICE DATA 
| @ / END OF FACTS DEVICE DATA, BEGIN SWITCHED SHUNT DATA 
| © / END OF SWITCHED SHUNT DATA, BEGIN GNE DATA 
| @ / END OF GNE DATA 
| Q 

Note the above sample may have data fields moved to the next line due to word wrap. 
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When the option to export to SEQ format is selected, additional impedance information is exported to 
SEQ format as seen below. 


Q / PSSE-32 
2305,'1 ', 0.0074056, 0.33325 
2356,'1 ', 0.0000, 0.0000 


2341,'1 ', ©.0070687, 0.15155 
@ / END OF POSITIVE SEQ. MACHINE IMPEDANCE DATA, BEGIN NEGATIVE SEQ. MACHINE DATA 
2305,'1 ', 0.0074056, 0.33325 
2356,'1 ', 0.0000, 0.9000 
2341,'1 ', 0.0086108, 0.18462 
@ / END OF NEGATIVE SEQ. MACHINE IMPEDANCE DATA, BEGIN ZERO SEQ. MACHINE DATA 
2305,'1 ',0.00083292, 0.033317 
2356,'1 ', 0.0000, 0.0000 
2341,'1 ', 0.0086108, 0.18462 
@ / END OF ZERO SEQ. MACHINE IMPEDANCE DATA, BEGIN NEGATIVE SEQ. SHUNT DATA 
@ / END OF NEGATIVE SEQ. SHUNT DATA, BEGIN ZERO SEQ. SHUNT DATA 
@ / END OF ZERO SEQ. SHUNT DATA, BEGIN ZERO SEQ. NON-TRANSFORMER BRANCH DATA 
2371, 2322,'1', 0.0010, 0.0090, 0.0000, 0.0, 0.0, 0.0, 0.0 
2356, 2326,'1', 0.0015, 0.0095, 0.0000, 0.0, 0.0, 0.0, 0.0 
@ / END OF ZERO SEQ. NON-TRANSFORMER BRANCH DATA, BEGIN ZERO SEQ. MUTUAL DATA 
@ / END OF ZERO SEQ. MUTUAL DATA, BEGIN ZERO SEQ. TRANSFORMER DATA 
2305, 2322, Q,'1', 3, 0.0, 0.0, 0.0600, 0.9000 
2326, 2532, 2341,'1 ', 113, 0.0, 0.0, 0.0042617, 0.16189,0.016657, 0.49945, 0.046838, 1.6387 
@ / END OF ZERO SEQ. TRANSFORMER DATA, BEGIN ZERO SEQ. SWITCHED SHUNT DATA 
@ / END OF ZERO SEQ. SWITCHED SHUNT DATA, BEING ZERO SEQ. FIXED SHUNT DATA 
@ / END OF ZERO SEQ. FIXED SHUNT DATA 
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38.10 Export to PSCAD 


Data Communication between ETAP & PSCAD Program 

Currently, in ETAP release the data communication is only one way from ETAP to PSCAD. An ETAP- 
PSCAD data exchange interface has been developed by ETAP® and Manitoba HVDC Research Centre 
(MHRC). With this interface, when ETAP and PSCAD are installed on the same machine, engineering 
professionals can perform data exchange between ETAP and PSCAD. 


38.10.1 Export to PSCAD 


The ETAP-PSCAD export interface shall utilize the WCF / DataHub communication between ETAP and 
PSCAD without saving the ETAP project data (XML) into HDD. Once user initiates the export process in 
ETAP, program will automatically launch PSCAD application and open the converted ETAP project in 
PSCAD. The created model on the PSCAD side is dependent on the applied restrictions. 


The export of the ETAP project can be in two forms: 


Export to PSCAD-Partial Export x 


There are elements selected in the current One Line Diagram. 
Do you want to export selected elements only? 


(7) Click Partial to export selected elements only - Partial Export. 
Click Full to export all elements. 
Click Cancel to cancel export. 


Partial Full Cancel 


Partial 
The user exports a portion of the project model by rubber banding a section of the ETAP one-line 
diagram and browsing to ETAP\DataX\Export to PSCAD... 


Full 
The user exports the whole project data by browsing to ETAP\DataX\Export to PSCAD... 


Cancel 
Click on cancel to terminate the import process. 


38.10.2 ETAP-PSCAD Export Interface 


Following interface shows up after initiating PSCAD export from Menu for Full Export or after the 
Partial/Full interface. 
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z ETAP to PSCAD Converter - Example-lEC = Oo x 
Configuration Transmission Line Cable Synchronous Machine Induction Machine 

PSCAD Application 
C:\Program Files («86)\PSCAD46\bin \win64\pscad.exe Browse... 


PSCAD Master Library 


C:\Program Files («86)\PSCAD46\master pslx Browse... 
PSCAD Extended Library 

D:\ETAP-Loads\18.0.0\DataExRes\PSCAD Nibrary \masterExtended pslx Browse... 
PSCAD Canvas Size 

Size Oversize (34x44) ¥ 


Project will be open after conversion Example-IEC Help Cancel 


Configuration 
Summary page for listing the paths of PSCAD files and basic settings in PSCAD. 


PSCAD Application 
The path to where the PSCAD Application is located. The location is automatically browsed, or the user 
could manually browse from the PSCAD installation folder. 


PSCAD Master Library 
The path to where the PSCAD Master Library file is located. The location is automatically browsed, or 
the user could manually browse from the PSCAD installation folder. 


PSCAD Extended Library 
The path to where the PSCAD Extended Library file is located. The location is automatically browsed, or 
the user could manually browse from the PSCAD installation folder. 


PSCAD Canvas Size 
Canvas size used in PSCAD. 


Checkbox — Project will be open after conversion 

Checked by default. PSCAD is automatically launched after conversion if this checkbox is checked. 
Regardless this box is being checked or not, users could always find the converted project files in the 
DataEx_PSCAD folder inside the project. 


Help 
Open the ETAP Help File. 


Convert 
Start ETAP to PSCAD conversion. 


Cancel 
Click on cancel to terminate the export process. 
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Element Tabs 


Four element tabs are included: Transmission Line, Cable, Synchronous Machine and Induction Machine. 
In each element tab, a table is used to list all available elements of the corresponding element type in the 
project. The user could choose to select elements to convert as Detailed Model in PSCAD. 


Transmission Line 


2 ETAP to PSCAD Converter - Example-IEC 


| Select Al Clear Al 


[7] Project will be open after conversion Example-IEC_ Help, = Convert. «= Cancel — 
] 


Detailed 
Checkboxes to select elements to convert as TLine (Detailed Model) in PSCAD. Otherwise, elements are 
converted as PI Section by default. 


Name 
Lists IDs of transmission lines in the project. User could sort by clicking on the header. 


Transmission Line ID 
Lists internal IDs of transmission lines in the project. User could sort by clicking on the header. 


Length 
Lists lengths of transmission lines in the project. 


Unit 
Lists length unit of transmission lines in the project. 


Select All 
Click to select all checkboxes. 


Clear All 
Click to unselect all checkboxes. 
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Cable 


? ETAP to PSCAD Converter - Example-lEC 


Configuration Transmission Line Cable Synchronous Machine Induction Machine 
Detailed Cable Model 


Project will be open after conversion ExampleJEC Help 


Detailed 
Checkboxes to select elements to convert as TLine (Detailed Model) in PSCAD. Otherwise, elements are 
converted as PI Section by default. 


Name 
Lists IDs of cables in the project. User could sort by clicking on the header. 


Cable ID 
Lists internal IDs of cables in the project. User could sort by clicking on the header. 


Length 
Lists lengths of cables in the project. 


Unit 
Lists length unit of cables in the project. 


Select All 
Click to select all checkboxes. 


Clear All 
Click to unselect all checkboxes. 
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Synchronous Machine 


2 ETAP to PSCAD Converter - Example-IEC 
Configuration Transmission Line Cable Synchronous Machine induction Machine 


Project will be open after conversion Example-lEC 


Detailed 

Checkboxes to select synchronous generators/motors to convert as Synchronous Generators/Motors 
(Detailed Model) in PSCAD. Otherwise, elements are converted as 3 Phase Voltage Source Model 2 or 
Fixed Load respectively by default. 


Name 
Lists IDs of synchronous machines in the project. User could sort by clicking on the header. 


Synchronous Machine ID 
Lists internal IDs of synchronous machines in the project. User could sort by clicking on the header. 


Rating 
Lists rating of synchronous machines in the project. 


Unit 
Lists rating unit of synchronous machines in the project. 


Select All 
Click to select all checkboxes. 


Clear All 
Click to unselect all checkboxes. 
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Induction Machine 


 ETAP to PSCAD Converter - Example-IEC 


] Project will be open after conversion Example-lEC 


Detailed 
Checkboxes to select induction motors to convert as Induction Motors (Detailed Model) in PSCAD. 
Otherwise, elements are converted as Fixed Load by default. 


Name 
Lists IDs of induction machines in the project. User could sort by clicking on the header. 


Synchronous Machine ID 
Lists internal IDs of induction machines in the project. User could sort by clicking on the header. 


Rating 
Lists rating of induction machines in the project. 


Unit 
Lists rating unit of induction machines in the project. 


Select All 
Click to select all checkboxes. 


Clear All 
Click to unselect all checkboxes. 


Elements Supported in PSCAD 
ETAP elements supported in PSCAD and the corresponding components in PSCAD program are listed as 
follows. 
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ETAP 


PSCAD 


2-Winding Transformer 
3-Winding Transformer 
Bus 

Cable 

Capacitor 

Composite Network 
Contactor 

HVCB 

Impedance 

Induction Machine 
Lumped Load 

LVCB 

Open-Delta Transformer 
Power Grid 

Reactor 

Single Throw Switch 
Static Load 
Synchronous Generator 


3 Phase 2 Winding Transformer 

3 Phase 3 Winding Transformer 

Bus 

Coupled PI Section or TLine (Detailed) 
Capacitive Load 

Sub-circuit 

3 Phase Breaker 

3 Phase Breaker 

Coupled PI Section 

Fixed Load or Induction Machine (Detailed) 
Fixed Load 

3 Phase Breaker 

3 Phase 2 Winding Transformer 

3 Phase Voltage Source Model 2 
Coupled PI Section 

3 Phase Breaker 

Fixed Load 


3 Phase Voltage Source Model 2 or Synchronous Generator (Detailed) 


Fixed Load or Synchronous Machine (Detailed) 
Coupled PI Section or TLine (Detailed) 


Synchronous Motor 
Transmission Line 


Supported Parameters 
At this moment, it is intended to support the characteristics/parameters of the elements as follow: 


Power Grid Data 


e Info Page: Service, Connection 
e Rating Page: Rated kV, Operating %V, Operating Vangle, Operating MW, Operating Mvar 
e Short Circuit Page: Base MVA, Pos. %R, Pos. %X, Grounding 


Synchronous Generator Data 


e Info Page: Service, Connection 

e Rating Page: Rated kV, FLA, Operating MW, Operating Mvar, Operating %V, Operating Vangle 

e Imp/Model Page: Xd" (%), Ra (%), Xd (%), Xq (%), Xd' (%), Xq' (%), Xq" (%), TdO' (Sec), TdO" 
(Sec), Tq0' (Sec), TqO" (Sec) 

e Grounding Page: Connection 


Non-Transformer Branch Data 
Supported parameters for Cable, Line, Impedance and Reactor: 


e Info Page: Service, Length, Connection 

e Impedance Page: R, X and Y positive and zero sequences values and units, if applicable 
Note that PSCAD has some minimum and maximum values for positive Y and zero Y. If the value 
exceeds the max or min, it will be replaced by default values and logged by PSCAD. 


Transformer Data 


Info Page: Service, Connection 

Rating Page: Rated kV and kVA/MVA 
Impedance Page: Pos. %Z, Pos. %R 
Tap page: Fixed Tap 
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e Grounding Page: winding connections, grounding types, and grounding parameters 


3 Winding Transformer Data 


Info Page: Service, Connection 

Rating Page: Rated kV and kVA/MVA 

Impedance Page: Pos. PS %Z, Pos. PS %R, Pos. PT %Z, Pos. PT %R, Pos. ST %Z, Pos. ST %R 
Tap page: Fixed Tap 

Grounding Page: winding connections, grounding types, and grounding parameter 


Induction Machine Data 


Info Page: Service, Connection 
Nameplate Page: kV, kKVA/MVA 
Model Page: Xm, Xs, Xrlr, Rs, Rrlr 
Inertial Page: H 


Synchronous Motor Data 


e Info Page: Service, Connection 
e Rating Page: Rated kV, MVA, FLA 
e Model Page: Xd" (%), Ra (%), Xd (%), Xq (%), Xd' (%), Xq' (%), Xq" (%), TdO' (Sec), Tdd" 
(Sec), Tq0' (Sec), TqO" (Sec) 
e Grounding Page: Connection 
Static Load Data 
e Info Page: Service, Connection 
e Nameplate Page: Rated kV, Rated MW, Rated Mvar 
e = Short-Circuit Page: Grounding 
Lumped Load Data 
e Info Page: Service, Connection 
e Nameplate Page: Rated kV, Rated MW, Rated Mvar, Load Type, Model Type and parameters of 
Model Types 
e = Short-Circuit Page: Grounding 


Capacitor Data 


e Info Page: Service, Connection 
e Rating Page: Rated kV, Mvar, number of banks, Grounding 


Protective Device Data 
e Info Page: Service 


Subsequently more data, parameters and elements might be supported per the new requirements. 


Key Notes 


Out of service elements are imported and assigned to OutOfService Layer (Greyed out) in PSCAD. These 
values would not be involved in any calculation. 


Currently single phase elements are imported and assigned to SinglePhase Layer (Greyed out) in PSCAD. 
These values would not be involved in any calculation. 


Equipment cables are imported and properties are shown in the Editor page “Equipment Cable” of 
Induction Machine, Synchronous Motor, Static Load and Capacitors if any. 
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Future Enhancement(s) 
The ability to select a portion of an ETAP model and automatically making an equivalent circuit while 
exporting the model to PSCAD will be added to the later release of ETAP as enhancements. 
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38.11 Export to EMTP-RV 


Data Communication between ETAP & EMTP-RV Program 

Currently, in ETAP release, the data communication is only one way from ETAP to EMTP-RV. The 
ETAP project including the elements and properties of the elements can be exported to an external file 
and retrieved in the EMTP-RV program. 


The EMTP-RV program would be able to retrieve this information and build a model as close as possible 
to the ETAP model automatically. The created model on the EMTP-RV side is dependent on the applied 
restrictions and the supported elements as described in the below section. 


Export to EMTP 
The ETAP project data file can be exported to an external file and imported to EMTP-RV program. The 
export of the ETAP project can be in two forms: 


1. Full: The user exports the whole project data by browsing to ETAP\DataX\Export to EMTP- 
RV... 


2. Partial: The user exports a portion of the project model by rubber banding a section of the ETAP 
one line diagram and browsing to ETAP\DataX\Export to EMTP-RV... 


ETAP Elements Supported by EMTP-RV program 
ETAP elements supported in EMTP-RV and the corresponding components in EMTP-RV program are 
listed as the following table: 


ETAP EMTP-RV 
Bus Signal 


ETAP 


2-Winding Transformer 
3-Winding Transformer 
Open-Delta Transformer 


Cable 
Transmission Line 


Three-Phase transformer 
Three-Phase transformer 


Three-Phase transformer 


CP Line or PI Line 
CP Line or PI Line 


Reactor PI-Line 

Impedance PI-Line 

Power Grid AC Voltage Source and Impedance + LF Bus 
Generator Synchronous Machine + LF Bus 


Induction Machine 


Asynchronous Motor+ LF Bus 


Static Load PQ load with load-flow (LF) Load 
Capacitor PQ load with load-flow (LF) 

Fuse Ideal Switch Fuse 

Contactor Ideal Switch Cont 

HVCB Ideal Switch: Breaker symbol CB 
LVCB Ideal Switch: Breaker symbol CB 


Overload Heater 
In-Line Overload Relay 


Ideal Switch OL 
Ideal Switch OL 
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Single Throw Switch Ideal Switch: Breaker symbol CB 
DC Bus Signal 

DC Cable PI Line 

Battery DC voltage source 

Composite Network Sub-circuit 

Current Transformer Ideal Switch: Breaker symbol CT 


Supported Parameters 
At this moment, it is intended to support the characteristics/parameters of the elements as follow: 


Power Grid Data 


e Info Page: Service, Operation Mode 
e Rating Page: Rated kV, Gen. Cat. %V, Gen. Cat. MW, Gen. Cat. Mvar, Gen.Cat. %PF 
e Short Circuit Page: Pos. %R, Neg. %R, Zero %R, Pos. %X, Neg. %X, Zero %X, Grounding 


Synchronous Generator Data 


e Info Page: Service, Operation Mode 

e Rating Page: Rated kV, MVA, %PF, %EFF, Pole, Gen. Cat. %V, Gen. Cat. V_angle, Gen. Cat. 
MW, Gen. Cat. Mvar, Gen. Cat. %PF 

e Imp/Model Page: Xd" (%), Ra (%), XO (%), Xd (%), Xq (%), Xd' (%), Xq' (%), Xq" (%), XL 
(%), Td0' (Sec), TdO" (Sec), Tq0' (Sec), Tq0" (Sec) 

e Inertia Page: H 

e Grounding Page: Connection 


Non-Transformer Branch Data 
Supported parameters for Cable, Line, Impedance and Reactor: 


e Info Page: Service, Length 
e Impedance Page: Z, R, X, or X/R positive and zero sequences values and units, if applicable 


Transformer Data 


Info Page: Service 

Rating Page: Rated kV and kVA/MVA 

Impedance Page: Pos. %R, Pos. %X 

Grounding Page: winding connections, grounding types, and grounding parameters 


3 Winding Transformer Data 


e Info Page: Service 

e Rating Page: Rated kV and kVA/MVA 

e Impedance Page: Pos. %R, Pos. %X, Pos. PS %Z, Pos. PS X/R, Pos. PT %Z, Pos. PT X/R, Pos. 
ST %Z, Pos. ST X/R, if applicable 

e Grounding Page: winding connections, grounding types, and grounding parameter 


Induction Machine Data 


e Info Page: Service, Quantity, App Type 

e Nameplate Page: kV, HP/KW, %PF100, %Eff100, Poles, %Slip, % Loading for Loading 
Category 1 

e Impedance Page: Grounding, %LRC, LR 

e Inertia Page: Total WR2 
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Static Load Data 


e Info Page: Service 
e Loading Page: Rated kVA/MVA, kV, %PF, % Loading for Loading Category 1, Grounding 


Capacitor Data 


e Info Page: Service 
e Rating Page: Rated kV, kvar/bank, number of banks, % Loading for Loading Category 1, 
Grounding 


Protective Device Data 
e Info Page: Service, Status State 


Subsequently more data, parameters and elements might be supported per the new requirements. 


Key Notes 


Out of service elements are imported as a greyed-out elements in EMTP-RV. Double click on the grey- 
out element in EMTP-RV will put this element in service. 


Currently single phase elements are not created while exporting the model to EMTP-RV. All the single 
phase elements not imported are logged by EMTP-RV. 


Future Enhancement(s) 
The ability to select a portion of an ETAP model and automatically making an equivalent circuit while 
exporting the model to EMTP-RV will be added to the later releases of ETAP. 
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38.12 Export Load Ticket 


38.12.1 Load Ticket Definition 


Load ticket is a method to generate equipment data from an ETAP project file in a flexible Excel format. 


Load Ticket & Equipment 


Load ticket can generate the following equipment data: 


Load Ticket Generation 


Induction Machine — ETAP 11.0 Release or higher 
Synchronous Machine — Future Release 
Two-Winding Transformer — Future Release 
Three-Winding Transformer — Future Release 
Cable — Future Release 


Load ticket(s) can be generated inside ETAP, when a project is open through the following sequence: 


ETAP 


Go to File\Data Exchange\Export Load Ticket menu 
Click on “Induction Motor” — Only option available in ETAP 11.0 release or higher 


[_Datax | Tools Window Help 


DataX Manager... 
Project Merge 
DataHub... 


AVEVA Electrical 
SmartPlant Electrical 


Export to PSCAD... 
Export to EMTP-RV... 
Export RAW Format 


mport Revit... 


mport XML... 


mport RAW Format 
mport IEEE Format... 
mport SKM Project 
mport EasyPower Project 


mport e-DPP... 


Import from Clipboard 


Export to Clipboard 


Export Status Configuration... 


Export Load Ticket 
Export XML - One-Line 


eee eee) Ve i 
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mport Excel - Open Format... 


mport Excel - Fixed Format... 


mport Status Configuration... 


Induction Motor 
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Format of the Generated Load Ticket 


Project Info 

Each worksheet of the generated Excel file contains the project information retrieved from the related 
ETAP project. In this section there are two designated locations to place the required logos. One can be 
ETAP logo and other one can be the contractor logo. The following image shows an example of this: 


Project|Example 


2 Location|Irvine, California 
vetap 
Contract #|OTI-12345678 |_ Revision|Base 
Date}3-Jun-15 Config.|Normal 


Contents 

The generated load ticket has a “Contents” page (worksheet) as the first page which contains a list of all 
the equipment from the related ETAP project. This list also has brief information on the rating of the 
listed equipment as shown in the following image: 


Induction Motor List 


Pees eelinge fei tla PR Eben eles | ae 
Miri Bus23A_ | 380V_ | 100kW | 1794A | 91.5% | 925% | 4 | 1773 | 
Mtr2[Sub2B | 13.2KV_ | 2.500hp | 901A | 925% | 978% | 4 | 1776 | 


Mts (MCC1 | 4G0V | S50hp | 569A | 904% | 91.0% | 4 | 1773 | 
Mig iced | aso | othe | eral | ee 1 sre | 4 | ra | 
Mrz BusS | GOV | 200hp | 2146A | 904% | 96.5% | 2 | 3563 | 
Pump [Subs Sag [a ev —[-s00np | 113.ta| e5.9% 942% [a | 1787 


bw —— Meri Mtr2_/ Mtr3_/ Mtr4 Mtr Mtr6_ Mtr? Pump 1 2) Oa 


Equipment Data Worksheet (Induction Machine) 


Beside the contents page of the generated Excel file, the rest of the worksheet(s) belong to the equipment 
data worksheets which in this case all of them would be induction machine tickets (worksheets). The 
number of the generated tickets depends on the number of the induction machines present in the related 
ETAP project. 


Each ticket has the following data regarding each machine in two sections in the same page (worksheet): 
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Motor ID: Mtr2 Motor ID: Mtr2 
Equipment General Starting Device 
Tag# 1 i Voltage Control 
Name Motor Name Active % WS Tap (%) 


Tap (3) vs. Speed (%) 


| 
Description Motor Description Yes 100 ‘| 
App. Type Motor . is Yes 100 | 
Data Type DataType2 Yes a | 
Priority Priority 4 it Yes 100 | 
| 

| 

| 

| 


Rating Yes 


HP 2500 
kv 13.2 100% (OL) 
KVA 2,060 i 92.53 
FLA 90.1 RPM 1776 97.80 
SF 1 100.00 74.72 Equipment Cable Cable Ampacity 


Torque Locked Rotor Parameters Source ICEA Conductor — Copper Installation FLA Grouping 
Ib-ft Insulation Rubber Size 2 Standard ICEAP-54-440| Operating 90.10 Height 6 
% LRT 35.2 2,602.3 % LRC 453.5 ‘% PF 15.06 Installation —_ Magnetic Length 1200 ft Type = AIG Trays Derated 133.99 Width 18 
% Max. = 219.5 16,225.5 LRA = 409 XR «6.564 #/ Phase 1 Ta 35 AmpxMF = 112.63 % Fill 30% 
Rated T 100.0 7,393.0 LR kVAthp 3.74 Code Te 90 Depth 2.20 


Short-Circuit Parameters Therma! Limit Accel. Times Grounding Overload Heater Reliability 
x"(%) 20.790 | x0(%) 15.380 Stall Time (sec.) sec. Con. Y Mfr. General Electric 2A 0.02 Failuriyr MTTF 50 yr 
x (%) 34.186 | XvRa 24.990 Hot Start 9.0 No Load 5.0 Type Open cRi23 mn 175.2 Repairlyr MTTR 50 hr 
X2 (%) 15.380 Td’ (sec) 0.062 Cold Start 11.0 Full Load 70 Amps = R 9.00 FOR _0.00011414 rp 10 hr 


Damping & Spring Coeff. Inertia Remarks 
02 


Ot = = Motor Coupling Load Total Eq. Ref. 0 Test Req. ‘One-Line Purchase Date 
Kt cy K2 = RPM | 1800 cF 1,800 1800 Last Maint. Reference 
wR] 413.0 229.0 692 Next Maint. Mfr. Name 
Include Torsion Effect __No a 0.150 0.251 


Loading Comments 
kvar T% rake Hi 


Category % Loading 
% Load 1 100 
% Load2 0 
% Load 3 
% Load 4 
% Load S 


el (HV-HS-HT - MV1000HP2P) 
Type — Single2 xm ‘515.87 Rr fl 0.90 
Lib Name_MV1000HP2F -_ . Rr ir 263 Induction Machine comments 


Section 2 


Project Example Vi ff (Lo 
Location Irvine, California Engineer Operation Technology, inc. 
ee omeneeTe pany ae ou OGIO 
Motor ID, Equipment & General Info 


Motor ID, equipment info and general info are included in this section: 


Motor ID: Mtr2 
Equipment General 
Tag# 1 i In 
Name Motor Name As-Built 
Description Motor Description Continuous 
App. Type Motor 7 ~ 100% 
Data Type DataType2 i 3-0 
Priority Priority 4 


Rating 
Rating data of the induction machine from the Nameplate page has been specified in this section: 


Rating 


Poles 4 Pee ee 


RPM 1800 100% (OL 100% 715% 


Slip 1.31% 
RPM 1776 98.66 


Torque, Locked Rotor, Short-Circuit, Protection & Grounding 

Torque, locked rotor, short-circuit, and grounding data of the induction machine from the Impedance page 
has been specified in these sections. Protection data from the Protection page has been specified in these 
sections as well. 
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Locked Rotor Parameters 


% Ib-ft 
% LRT 35.2 2,602.3 % LRC 453.5 % PF 15.06 
% Max. 219.5 16,225.5 LRA 409 X/R 6.564 


Rated T 100.0 7,393.0 LR kVA/hp 3.74 


Short-Circuit Parameters Thermal Limit Accel. Times Grounding 
X™ (%) 20.790 XO (%) 15.380 Stall Time (sec.) 
X' (%) 31.186 X") Ra 24.990 Hot Start 9.0 No Load 5.0 
Cold Start 11.0 Full Load 7.0 


Inertia, Damping, & Torsion 
Inertia and shaft torsion data has been specified in these sections: 


Damping & Spring Coeff. Inertia 


| |= Motor Coupling ~—Load_—Total | 
| _RPM| 1800 =| ~=1.800 | 1800 | 1800 | | 
we] 413.0] 50.0 | 229.0 | 692 |b 
| include Torsion Effect No [|__| 0.150_| 0018 | 0.083 | 0.251 _|uwsecniva_ 


Loading 
Loading data from the Nameplate page has been specified in this section. 


Loading 
Catego % Loading Brake HP kW kvar T % Loading Brake HP kw kvar 
| %toad1 | 100 | 2500 | 1906 | 1482 | %load6 | 0 | | 0.00 
| %toad2 | 90 | 2250 | 1710 | 1095 | %load7 | OF | oO | 000 | 000 | 
| %toad3 | 80 | 2000 | 1514 | 75720 | %loads | 0 | oO | 000 | 000 | 
| %Load4 | 0 | oOo | 000 [| 000 | %loa9| OF | oO | 000 | 00O | 
| %loadS | 50 | 1250 | 94071 | 479.18 | %load10] 0 | Oo J[ 000 [| 000 | 


The specified loading or generation fields (HP, kW, kvar) for each loading category are for a single 
induction machine, regardless of induction machine quantity. 


Model — Load Data, Graphs Project Info & Logos 
Model data, load data and their related graphs along with the project info have been specified in these 
sections: 


Model —.- -HT - MV1000HP2P) 


Type = Single2 0.83 515.87 Rr, fl 0.90 Xr, fl 9.80 
Lib Name VIV1000HP2F 11.17 Rr, Ir 2.63 Xr, Ir 6.27 


Project Example 


Location __Invine, California Engineer Operation Technology, Inc Vour IL@ (0) 
Revision Base 


Date 3-Jun-15 Config. Normal 
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Starting Device 
Starting devices data has been specified in this section. 


Motor ID: Mtr2 
Starting Device 


Typ Voltage Control 
[#ratve [Ws | Tap) [Type | ees 
-—_1_|_Yes_| __0_|_100_|_Fixed _ 


a me | ae St ee et eke mah ee) em ed eed a ce ee eet es ea | 


40 60 80 100 120 


Equipment Cable, Cable Ampacity, and Reliability 
Equipment cable, cable ampacity, overload heater and reliability data has been specified in these sections: 


Equipment Cable Cable Ampacity 


Source C& __| Conductor conor | instalation __|__FLA__—| Grouping 


Insulation Rubber Size Standard ICEAP-54-440| Operating 90.10 
Installation —_—‘ Magnetic Length Type A/G Trays Derated = 133.99 
#/ Cable 3 #/ Phase Ta 35 Amp x MF 112.63 


Te 90 2.20 


Overload Heater Reliability 
General Electric AA 0.02 Failur/yr 
CR123 yp 175.2 Repair/yr 
0.00 FOR 0.00011414 


Remarks, Comments, and Project Info 
Remarks, comments and project info are provided in these sections: 
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Eq. Ref. L One-Line Purchase Date 
Last Maint. Reference 
Next Maint. Mfr. Name 


Comments 


Induction Machine comments 


Project Example 


Location Irvine, California Engineer Operation Technology, Inc Your IL@ 0) 
Contract # OTI-12345678 Revision Base 


Date 3-Jun-15 Config. Normal 


Load Ticket Overall Ima 


G INOMOTOR ts [Compatibility Mode] --. * 


‘Top (%) vs. Speed (8) 


= =< io SS EE 
| _ eo 
13% _—__ — "Se 
sar Ea epee is 
100.00 100.00 ESF=3 0.00 
Torque Locked Rotor Parameters 
sunt 2 26023 
%\ Max. 2195 16.2285 
Rated T 1000 7.3930 
Short-Circuit Parameters Thermal Lirnit Accel Times aa Overload Heater 
ro 20790 mo) 15.380 ‘Stall Time (see.) sec. Goran Uectne uM 0.02 Femurryr 
rm 31.106 mie um ‘Hot Start 90 Woloed so a pl . 175.2 Repentyr 
x2 16340 Aca e) Oo Cold Start 10 Full Load 70 FOR 0 O00114ts 


Damping & Spring Coot. Inertia Remarks 


Comments 


ae hae 


Contract omiz3ese7e 
Oste SJun15 


PS Pd 
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38.12.2 Excel Invalid Character Limitations 


Microsoft Excel does not allow certain invalid characters in Excel Cells and when naming Excel Sheets. 
When Load Ticket generates equipment data in Excel format, the ID names of the exported equipment are 
used as the name of the Excel sheets, and so Load Ticket performs a check to verify invalid characters are 
not exported to Excel format. 


Invalid Characters for Excel Sheets 

Microsoft Excel does not allow certain characters and phrases when defining an Excel Sheet name. When 
exporting equipment data to Excel, Load Ticket will perform checks and make appropriate changes to the 
exported Excel Sheet names in order to ensure Excel Sheet name rules are not violated. 


ETAP allows definition of equipment ID fields with characters and phrases invalid for Excel Sheets. 


Power Grid 


0 MVAsc 
Bus Bar 
34.5 kV 
History Motor \ Motor ? Motor * 
5000 HP 5000 HP 2500 HP 5000 HP 


When invalid characters are detected, ETAP will first display the following warning message, which 
indicates the invalid characters and phrases that are not allowed by Excel. 


if 
Load Ticket 


SS One or more of your Induction machine ID's contain invalid characters. 
. ee ’ Load Ticket will rename the Excel Sheets for each Induction Machine 
- with an invalid ID. Make sure that: 


* The ID does not exceed 31 characters 

* The ID does not contain any of the following characters: : \/?*[ or] 
* The ID does not end with an apostrophe ' 

+ The ID is not blank 

* The ID is not "History" 


4 Induction Machines were exported with modified Excel Sheet names. 
Please see the log for a list of Induction Machines with renamed Excel 
Sheets. 
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Load Ticket will modify the name of the Excel sheets when exporting to Excel, and the log file created by 
Load Ticket will indicate the original equipment ID names as well as the corresponding Excel sheet 
name. 


The following Induction Machines were exported to Exce! Sheets with renamed Sheet names: 


Modified: Equipment ID Excel Sheet Name: = 
History History. 
Motor * Motor 7 
Motor ? Motor > 
Motor \. Motor D 


Note: The Excel sheet names are renamed to not violate Excel rules. However, the equipment ID names 
are still preserved in the individual Excel sheets. 


i) INDMOTOR.xls [Compatibility Mode] 
r) A 


| | Project 

Vetap |_bocationfp 
~~ {| Contract#[o | RevisionfBase 

| Datelzzuets | Config. [Normal 


Induction Motor List 


| Voltage | Rating | FLA | PF (100%) |E 
History _ JB Bus} [ses [5.000% | TO57A | 930% | suse | a] 1799 — 
Busé +L 34.5kV | 6.000hp | 200A | 83.8% | 956% | 4 | 1784 
3 ——_ a eae ae SA ae | 
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Chapter 39 


CSD Elements 


This chapter describes the editors for Control System Diagram (CSD) elements. Except for an element ID 
and element connections, all remaining data that appears in the editors are engineering properties. Each 
element available on the CSD Edit toolbar has its own customized editor. 


Pointer 
Bus 
Fuse 
Switch 
Contact 


Macro-Controlled Contact 


General Load 


Control Relay 


ETAP 


Display Options 
Node 

CB 

Push Button 
Double Contact 
Wire 
Impedance 
Light 


Solenoid 
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39.1 Pointer 


The pointer is the basic selection and editing tool in a control system presentation. When you are finished 
using any of the CSD options, click this button to return to the pointer. 
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39.2 Display Options 
39.2.1 Device Page 


This page presents the options for displaying info annotations for CSD elements. These settings can be 
specified for each individual CSD view and for different modes. 


= 
Display Options - Edit 


[| Show Cable Schedule ID for Wire 


Use Default Options 
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ID 

Select any of the checkboxes under this heading to display the IDs of the selected CSD elements that are 
in use on the control system diagram. If a box is not checked, the element information will not appear on 
the diagram (CSD). 


VA 
Select checkboxes under this heading to display the Burden VA rating of the selected CSD devices on the 
CSD. 


For wires, the Continuous Rating checkbox is replaced by a ‘Size’ button. Click on this button to display 
the size of the wire on the CSD. 


Vv 
Select any of the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the CSD. 


For wires, the V checkbox is replaced by 'Type' button. Click on this button to display the conductor type 
on the CSD. 


A 
Select the checkboxes under this heading to display the ampere ratings of the selected elements on the 
CSD. 


Device Type Rating 

Control Relay Burden Amp 

Solenoid Burden Amp 

Light Burden Amp 

General Load Burden Amp 

Contact Current Rating for Inductive Load (Amp, I) 
CB Continuous Amp 

Fuse Continuous Amp 

Switch Continuous Amp 


For wires, the A checkbox is replaced by a 'Lgth' button. Click on this button to display the wire length on 
the one-line diagram. 


Z 

Select the checkboxes under this heading to display the burden impedance values for control relays, 
solenoids, lights, and general loads, and the impedance values of the wires and impedance branches on 
the CSD. 


Inrush A 
Click on this checkbox to display the inrush amp rating on CSD for control relays, solenoids, lights, and 


general loads, providing they have an inrush rating entered in the editor. 


Note: In the Rating page of the Device Editor, there is an Inrush Rating checkbox to enable/disable the 
Inrush Rating section. 
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For contacts, CBs, fuses, and switches, the Inrush A checkbox is replaced by the 'N.O.' button. Click on 
this button to display the NO (Normally Open) annotation for contacts, CBs, and switches on the CSD, if 
their normal status is open. 


Show Cable Schedule ID for Wire 
Checking this option would display the IDs of the cable schedule for the wires that are linked to Control 
Cable Schedule. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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39.2.2 Colors Page 


This page allows you to select a pre-defined global color theme by name from the drop-down list, or to 
create and name your own unique color themes for device annotations. 


Co \ 
Display Options - Edit x=} 


Color Theme 
If you have already created one or more previously defined color themes, you can select one from the list 
by its name. The selected color theme will apply whenever the Global Theme option button is selected. 
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Theme 

Clicking on the Theme button brings up the Theme Editor, where existing color themes can be edited and 
saved under a new name or an entirely new color theme can be defined. Color themes are applied 
globally within a project file. 


Note: Changes made to any color theme displayed on this page and saved under the same name could 
affect the appearance of other modes and presentations if the color theme has been previously applied in a 
global fashion. 


fas 
Theme Editor — 
Theme | ETAP (Default) x) Color Code | Phase 
"| 1-Phase | Fomats | Voltage | Feeder | Area_| Grounding/Earthing | Font _| 
Standard Bement Colors 
Ac DC Composite 
Energized Ee 
De-energized 
ic) ee) 
Selected | ll 
Faulted Bus | | 
Annotation 
ci __—| Hyperlink | 
Warning [EE = Visited Hyperlink | 
No Tag Online Meter Ex 
Acknowledged |B) = Playback Meter | 
Bad Quality | 
Zoom Grid Faulted Bus 
Color (NN Color Color 
Transparency 80 Size 16 Symbol 
Style 
Background 
Help | [ Saveds... { SetGlobal_ | [Apply _ Cancel 


Theme 

This option specifies that the color theme selected in the color Theme list for element annotations is to be 
applied globally throughout all CSD diagrams. When this option is selected, the name assigned to the 
applied color theme is also displayed in a box at the right of the button. 


User-Defined 
Use this option to specify a color for CSD element annotations. When this option is selected, the DC 
element annotation color selection list appears and allows you to choose a new annotation color. 


DC Element Annotation Color 


When the User-Defined annotation color option is selected, this field is enabled, allowing you to define a 
color for DC element annotations in the CSD. 
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39.3 DC Bus Editor 


Enter the properties of the DC buses in your control system diagram in this Data Editor. A DC bus ina 
CSD always appears in a paired presentation that includes a positive bus and a negative bus. The buses 
can be stretched and moved together. They share the same property editor. You can connect CSD 
elements, such as devices, wires, and protective devices, between the positive and negative buses to create 
a control system circuit. 


39.3.1 Info Page 


The Info page is where you specify the bus ID, In/Out of Service, FDR Tag, Equipment Name and 
Description. The ETAP program automatically updates Nominal kV and Initial/Operating Voltage. 


‘i —" 
DC Bus Editor - dcBus3-1 =a) 


AF Parameters | Arc Flash | Remarks | Comment 


@ Positive Negative 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each impedance branch element. The assigned IDs consist of the default ID (dcBus) plus an integer, 
starting with the number one and increasing as the number of buses increases. 


The default ID (dcBus) for the DC bus can be changed from the Defaults menu in the menu bar or from 
the System Manager by entering a new name with up to 25 alphanumeric characters. 


Nominal V 

The Nominal V of a bus is automatically updated by ETAP from the connected CSD source, which is 
normally an Elementary Diagram element in the DC system. The rated voltage of the connected CSD 
source is placed in this field. If a bus is connected to multiple sources, the rated voltage of one of the 
sources will be set to this field. If a bus is not connected to any source, the Nominal V will be zero. 


Note: This value will not affect CSD calculations. 


In Service /Out of Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color coded with the deenergized 
color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data 


Initial Voltage% 
Enter the initial bus voltage in percent of the bus nominal voltage. This value is not used in CSD 
calculations. The voltage defaults to 100 percent. 


Operating Voltage 

After CSD studies are run, the operating voltage of the bus is displayed in this field. This value will not 
change until a new simulation study is run, i.e., the operating voltage of the bus for the last steady state of 
the CSD simulation is displayed. 


Polarity 


Positive & Negative 

This radio button pair indicates the bus from which the editor is opened. When the editor is opened from 
Positive (or Negative) bus on CSD, the Positive (or Negative) option will appear to be selected. Both 
buttons are shown as semi-transparent since they are not user selectable. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.3.2 Remarks Page 
[ Dc Bus Editor - deBus3-1 [reo 


| Info _| AF Parameters | Arc Flash 


Ben kiea- Dan 


x 


User-Defined Info 


These fields permit you to track additional data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, use up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, use up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, use up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, use up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, use up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, use up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, use up to 18 alphanumeric characters. 


Drawing / Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element; use up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, use up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, use up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, use up to 8 alphanumeric characters. 


ETAP 39-12 ETAP 19.0 User Guide 


CSD Elements DC Bus Editor 


39.3.3 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to entries in the ETAPS.INI file. 


[ DC Bus Editor - dcBus3-1 x=) 
[Info _| AF Parameters | Arc Flash | Remarks | Comment 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


(23) (6B) (x9) |X) [scBus2-1- =>) eal ii 


XM 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard keys such as 
Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.4 Node Editor 


Click on one of the nodes on the CSD View to activate the CSD DC Node Editor. 


CSD DC Node - Node84 || 


ID Node&84 


Operating Voltage 
Vv 
0 


BIH) (Ki) toaese 1D) BAR) (0 )| conce 


Info 


ID 

This field allows you to enter a unique alphanumeric ID with a maximum of 25 characters. ETAP 
automatically assigns a unique ID to each CSD Node. The assigned IDs consist of the default ID Node 
plus an integer, starting with the number one and increasing as the number of buses increases. 


Operating Voltage 


After CSD studies are run, the operating voltage of the node is displayed here. This value will not change 
until a new simulation study is run, i.e., the operating voltage of the node for the last steady state of the 
CSD simulation is displayed. 
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39.5 DC Fuse Editor 


You can enter the properties associated with DC fuses of the CSD in this editor. The process is very 
similar to that of the DC Fuse Editor for a DC fuse in a DC system. DC fuse protection devices are 
available for a full range of voltages. However, in the current version of ETAP, the information relating 
to protection specified in this editor is not used in CSD calculations. 


The Fuse Editor consists of header information and tabs for the following pages listed below: 


Info Page 
Rating Page 
Model Info Page 
Checker Page 
Remarks Page 
Comment Page 


Header 
The header displays the selected fuse model on each page of the DC Fuse Editor. 


Fuse Selected Fuse 
Manufacturer Fuse Max. Volts Size ID Lock Icon 


Bussmann 250 Volts 


FRS-R Time Delay Speed 20 


Fuse Model Speed Short-Circuit data 
for selected size 


Manufacturer 
Manufacturer name of the fuse selected from the library. 


Max. Volts 
Displays the maximum rated voltage for the selected fuse in Volts. 


Size 
Displays the ID of the selected size for the fuse. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Model 
This field displays the model name of the fuse as selected from the library. 


Speed 
This field displays the speed classification of the selected fuse. 


Interrupting data 
This field displays the short-circuit interrupting kA for the selected fuse size. 
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39.5.1 Info Page 


Specify the DC fuse ID, connected bus ID, In/Out of Service, Equipment FDR (feeder) Tag, Name and 
Description, Configuration Status, and view the DC fuse online status in the Info page. 


DC Fuse Editor - Fuse-A |— 2s —| 


Rating | Model Info | Checker | Remarks | Comment 
Bussmann 125 Volts 
Time-Delay Speed 


ID 
From }dcBus1-1+ 


To Wire-A 


@ Close 


Status 


-) Open 
=D) (28 (2) OI) (core 


Info 


ID 
This field allows you to enter a unique alphanumeric ID with a maximum of 25 characters. ETAP 
automatically assigns a unique ID to each DC fuse. 


The assigned IDs consist of the default ID plus an integer, which starts with the number one and increases 
as the number of DC fuses increases. The default ID (dcFuse) for DC fuses can be changed from the 
Defaults menu in the menu bar or from the System Manager. 


From & To 


Bus IDs for the connecting buses of a DC fuse are designated as From and To buses. If a terminal of a 
DC fuse (From or To) is not connected to any bus, a blank entry is shown for its bus ID. If a terminal of a 
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DC fuse is connected to a branch, directly or indirectly, the ID of the branch will be displayed for the 
terminal connection. To connect or reconnect a DC fuse to a bus, select a bus from the list box. The one- 
line diagram will update to show the new connection after you click on OK. 


Note: You can connect the terminals of the fuse to other dc elements that reside in the same view where it 
resides or you can connect them to elements that reside in other views by connecting the external and 
internal pins of the composite networks. You cannot establish connections to elements that have been 
deleted and reside in the Dumpster. 


If a DC fuse is connected to a bus through a number of protective devices, reconnection of the DC fuse to 
a new bus from this editor will also reconnect the last protective device in the circuit to the new bus, as 
shown below, where DCFuse1 is reconnected from DCBus10 to DCBus4. 


DcBusl0 DeBus4 DcBusl10 DeBus4¢ 
—_—— ——s 
DccBl DccBl 
DCFusel DCFusel 


As a convenience, ETAP displays the nominal V of the buses in close proximity to the From and To bus 
IDs. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 

You can change the status of a DC fuse (for the selected configuration) by clicking on the Close or Open 
options. Once a configuration status is selected for a one-line presentation, any subsequent manipulation 
of the status of an element (circuit breaker, fuse, motor, or static load) will save under the specified 
configuration. 
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Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.5.2 Rating Page 


DC Fuse Editor - dcFusel 


Model Info | Checker | Remarks | Comment | 


250 Volts 5A 
Time Delay Speed 20kA 


BO Mee =D) SB) (04) [core | 


Standard 


Click on either the ANSI or IEC option to select that standard. Note that once the fuse is selected from 
the fuse library Quick Pick the standard is set based on the library entry and is for display only (the 
selection is grayed out and cannot be edited, as shown above). 


Rating, ANSI Standard 
Click on the ANSI Standard button to enter the ratings for DC Fuse in accordance with the ANSI/IEEE 
Standards. When a DC Fuse is selected from library Quick Pick, all parameters shown below will be set 
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to their corresponding values chosen from the Quick Pick. With the exception of Size, changing the 
value(s) after selecting a fuse from library Quick Pick will cause the header to turn a blue color indicating 
that the substituted library data has been modified. 


Rating 
Voltage Size Continuous Amps Interrupting 


125 ~ |625A ~+|/* 625 ’ 20 


Voltage 

Select a voltage from the drop-down list or enter the rated voltage rating for the DC Fuse in Volts. When 
a Fuse is selected, the Rated voltage value will be set equal to the Max. voltage selected from library 
Quick Pick. 


Size 
Select from the drop-down list and display the size in amperes for the selected DC fuse. Note that the Size 
field will be empty when no fuse is selected from the library Quick Pick. 


Continuous Amps 
Select an Amps value from the drop-down list or enter the continuous current rating for the DC Fuse in 
amperes. The Continuous Amps value will be set equal to the fuse size when a fuse is selected from 
library Quick Pick. 


Interrupting 

Select an Interrupting kA rating from the drop-down list or enter the Interrupting kA rating for the DC 
Fuse in kA. Note that when a Fuse is selected, the interrupting kA value will be set equal to the kA value 
for the selected fuse size from library Quick Pick. 


Rating, IEC Standard 

Click on IEC Standard to enter the ratings for DC Fuse in accordance with IEC Standards. When a DC 
Fuse is selected from the library Quick Pick, all parameters shown below will be set to their 
corresponding values chosen from the Quick Pick. With the exception of Size, changing the value(s) after 
selecting a fuse from library Quick Pick will turn the header text to a dark blue color indicating that the 
substituted library data has been modified. 


Rating 
Voltage Size Rated Amps Breaking 


460 ~  |80A ~|* 80 40 y 


Voltage 

Select a voltage from the drop-down list or enter the rated voltage rating for the DC Fuse in Volts. When 
a Fuse is selected, the Rated voltage value will be set equal to the Max. Voltage selected from library 
Quick Pick. 


Size 
Select from the drop-down list and display the size in amperes for the selected DC fuse. 


Note: The Size field will be empty when no fuse is chosen from the library Quick Pick. 
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Rated Amps 

Make a selection from the drop-down list or enter the rated continuous current for the DC Fuse in 
amperes. When you select a fuse from the library Quick Pick, the Continuous Amp value will be set 
equal to the fuse size. 


Breaking 
Make a selection from the drop-down list or enter the breaking for the DC Fuse in kA. 


Note: When a Fuse is selected, the breaking value will be set equal to the kA value for the fuse size 
selected from the library Quick Pick. 


Library (Quick Pick) 


To select a Fuse from the Fuse Library click on the Library button and the Library Quick Pick — Fuse 
window will appear. Select a Fuse from the Library Quick Pick by highlighting the Manufacturer name 
and fuse Model-Max V-Speed, which are unique records. Then select the desired size and short-circuit 
interrupting kA. Now click on the OK button. This will retrieve the selected data from the library and 
transfer it to the editor. 


Note: When a selection is made from library data, the fuse manufacturer and model name along with 
other details are displayed on the editor header. Should any changes be made in the retrieved library data 
afterwards, the text in the header area will change from black to a dark blue color to indicate that the 
substituted library data has been modified. 


The information available in the Fuse Library Quick Pick is described below. 
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Library Quick Pick - Fuse |S) 


Standard Manufacturer 
@ ANSI 


Hi-Tech Fuses Inc Reference 
: ITE 

© IEC Kearney 

Littelfuse 

McGraw-Edison Link 
RTE 


@ Ac 
wwiw.sandc.com 


Speed Class 


Standard E-rated 
Very Slow 
K Type 
Slow 


Power Fuse 
Standard 


Cont. Amp Brand Name 


100 
125 
150 
175 
200 


Reference 


Application Transformer, cable 


[tite] COR ]) (None } [conc 


Standard 
Click on either the ANSI or IEC option to select a device standard. 


Note: The Standard selection in the Fuse library Quick Pick (and hence the fuse models displayed) will 


default to the selection made for the standard on the Rating page. You can change the standard selection 
on the Quick Pick if you so desire. 


AC/DC 
Displays that the Fuse is DC. This option is shown grayed out and is non-editable. 


Manufacturer 
Manufacturer Name 


This area displays a list of all DC Fuse manufacturers that are included in the library for the selected 
standard. Click the manufacturer name to highlight it and select. 
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Reference 
This area displays the Manufacturer reference, if one is available, for the selected manufacturer. For 
example, Siemens is the reference manufacturer for ITE. 


Link 
This area displays the Manufacturer web link or URL address. 


Model 


Model Name 

The Model section displays a list of all fuse models for the selected standard and fuse manufacturer. 
These models are displayed in the format of Model — Max V — Speed, which forms a unique record name 
in the fuse library. Click on the preferred Model — Max V — Speed entry to highlight it and select it. 


Size and Short-Circuit data 


Size 

This column displays a list of all the sizes available for the selected Model — Max. V — Speed record for 
DC fuse. To select a size from the Quick Pick, click on it to highlight it. Note that the sizes listed for the 
selected Fuse model is not the ampere value, but the ID for the ampere value provided by the 
manufacturer. 


Cont. Amp 
This column displays the ampere value corresponding to each size for the selected fuse model. 


Int. kA (ANSI Standard) 
This column displays the short-circuit interrupting rating in kA that corresponds to each size for the 
selected ‘ANSI’ fuse model. 


Size Cont. Amp Int. kA = 
0.14 0.1 20 E 
0.54, 0.5 20 
14 1 20 
24, 2 20 
44, 4 20 + 


Breaking kA (IEC Standard) 
This column displays the short-circuit breaking in kA corresponding to each size for the selected ‘IEC’ 
fuse model. 


Size Cont. Amp Breaking k&, 
804, 80 40 
1004, 100 40 


Model Info 


The five areas to the right of the three Quick Pick libraries provide additional reference information about 
your fuse selection: 


ETAP 39-23 ETAP 19.0 User Guide 


CSD Elements DC Fuse Editor 


Class 
This field displays the Class (Fuse link, etc.) for the selected fuse model. 


Type 
This field displays the Type (Power Fuse, etc.) for the selected fuse model. 


Brand Name 
This field displays the brand name, if available, for the selected fuse model. 


Reference 
This field displays the reference, if available, for selected fuse model. 


Application 
This field displays the application for the selected fuse model. 
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39.5.3 Model Info Page 


r 
DC Fuse Editor - dcFusel 


[fo] Rating | Model Info | Checker | Remarks | Comment 


Bussmann 250 Volts O1A a 


FRS-R Time Delay Speed 20kA 


Model Info 


Fusetron 


$B98107 


(25) (>) |S) [seFuser “> ali 


Model Info 


This page displays information regarding the selected fuse model. 


Reference 
This field displays the model reference, if available, for selected fuse model. 


Brand Name 
This field displays the brand name, if available, for the selected fuse model. 


Issue Date 
This field displays the date of issue of the catalog for the selected fuse model. 


Catalog # 
This field displays the catalog number of the selected fuse model. 
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Description 
This field displays the description of the selected fuse model. 


Application 
This field displays the application of the selected fuse model. 


39.5.4 Checker Page 


(crus tae ones me 
Checker | Remarks | Comment | 


125 Volts 
Time-Delay Speed 


7) Ae 


M 


Edited by 


User Name 
This field displays the name of the last person making modifications to the data. 


Date 


This field displays the date of the last change. The format for the date can be modified from the Projects 
menu in the menu bar. 
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Checked by 


User Name 
This field displays the name of the person logging in as a Checker to check the data. 


Date 


This field displays the date when the data was checked. The format for the date entry can be modified 
from the Projects menu in the menu bar. 
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39.5.5 Remarks Page 


DC Fuse Editor - dcFusel 


Info _| Rating | Model info | Checker| Remarks | Comment | 


Sen ke 7 eR 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be modified from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number or any other number here, entering up to five digits. 


UD Field 2 (Install Date) 


This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any extra data for this element here, entering up to 12 alphanumeric characters. 
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UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any extra data for this element here, use up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and add any extra data for this element here, entering up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and add any extra data for this element here, entering up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and add any extra data for this element here, entering up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and add any extra data for this element here, entering up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, entering up to 50 


alphanumeric characters. For example, the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, entering up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, entering up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, entering up to 8 alphanumeric characters. 
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39.5.6 Comment Page 
Pic ruse Esters seas [meso 


| Info _| Rating | Model info | Checker | Remarks | Comment 
Bussmann 125 Volts 
Time-Delay Speed 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Se0kea 7D e8 


AL 
This field allows you to enter any additional data or comments regarding condition, maintenance, tests, or 


studies, that you want associated with this element. The additional text can be up to 64kb with a default 
size of 4kb. To increase the size of this field, refer to the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations, such as Ctrl+X, Ctrl+C, and Ctrl+V, can be used to cut, copy, and paste new information. 
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39.6 Circuit Breaker Editor 


Use this editor to enter the properties associated with DC circuit breakers. This editor functions much the 
same as the DC Circuit Breaker Editor for a DC fuse in a DC system. DC circuit breaker protection 
devices are available for a full range of voltages. However, in the current version of ETAP, the 
information related to protection can be specified in the editor, but it is not used in CSD calculations. 


The DC Circuit Breaker Editor contains the following pages of information and the header information 
for each page. 


Info Page 
Rating Page 
Model Info Page 
Checker Page 
Remarks Page 
Comment Page 


Header 
The header displays the selected breaker model and trip device information on each page of the DC 
Circuit Breaker Editor. 


Breaker Breaker Max. Breaker 
Manufacturer Volts Interrupting data Lock Icon 
Breaker Model Cutler-Hammer 250 ¥ max. 85 kA @ 250 '¥ a 
anePole DB-100 3Pole Size [4000 v2 bac 
—___ |= available sizes 

—— DB-100 is 5-10) = 
Trip device Trip device Trip device 

Manufacturer Model ID 

Manufacturer 


This field shows the Manufacturer name of the breaker as selected from the library. 


V max. 
This field displays the maximum rated voltage for the selected breaker in Volts. 


Interrupting Data 
This field displays the selected short-circuit interrupting kA at the applied voltage for the breaker. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model 
This field shows the model name of the breaker that you have selected from the library. 


Pole 
This field displays the breaker pole that you have selected from the library. 
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Size 
The drop-down list displays the size choices in amperes available for the selected breaker. Click on an 
entry to highlight it and select. 


Trip device manufacturer 
This field displays the name of the manufacturer of the selected trip device. 


Trip device model 
This field displays the model name of the selected trip device. 


Trip device ID 
This field displays the trip ID for the device you have selected from the library. 
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39.6.1 Info Page 


You specify the DC circuit breaker ID, connected bus/load, In/Out of Service, Ratings, Equipment FDR 
(feeder) Tag, Name, Description, and Configuration Status in the Info Page. 


cr ; , 
DC Circuit Breaker Editor - dcCB1 =a) 


Rating | Model Info | Checker | Remarks | Comment 


30kA @ 250 V 
= fi: © 


; 


Revision Data 


7) @ B Cx) (oa) 


Info 


ID 
Enter a unique alphanumeric ID with a maximum of 25 characters in this field. 


ETAP automatically assigns a unique ID to each DC circuit breaker. The assigned IDs consist of the 
default ID plus an integer, starting with the number one and incrementing as the number of CBs increases. 
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The default ID (dcCB) for DC circuit breakers can be changed from the Defaults menu in the menu bar or 
from the System Manager. 


From & To 

Bus IDs for the connecting buses of a DC circuit breaker are designated as From and To buses. If a 
terminal of a breaker (From or To) is not connected to any bus, a blank entry will be shown for its bus ID. 
If a terminal of a DC breaker is connected to a branch, directly or indirectly, the ID of the branch will be 
displayed for the terminal connection. To connect or reconnect a DC breaker to a bus, select a bus from 
the list box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the circuit breaker to other dc elements that reside in the same 
view as it, or you can connect it to elements that reside in other views by connecting the external and 
internal pins of the composite networks. You cannot connect to elements that are currently residing in the 
Dumpster. 


If a DC breaker is connected to a bus through a number of other protective devices, reconnection of the 
DC breaker to a new bus from this editor will reconnect the last existing protective device to the new bus, 
as shown below where DCCB1 is reconnected from DCBus10 to DCBus4. 


DeBusl0 DcBus4 DecBusl0 DcBus4 
——=e Ss 
DCFusel DCFusel 
DCCB1 DcCcBl 


For your convenience, ETAP displays the nominal V of the buses connected to the From and To bus IDs. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 
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Configuration 


You can change the status of a DC circuit breaker (for the selected configuration) by clicking on the Close 
or Open options. Once the configuration status is selected for a one-line presentation, any subsequent 
manipulation of the status of an element (circuit breaker, fuse, motor, or static load) will save under the 
specified configuration. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.6.2 Rating Page 


cettnewriea 


Standard Type 


@ ANSI ee 
Molded Case 


IEC 


CB & Trip Device Library 


SSeS 8 3 BB S| (ca) 


Standard 
To select an electrical standard click on either the ANSI or IEC option. 


Note: Once the breaker is selected from the Breaker Library Quick Pick, the standard field is set based on 
the library entry, shows grayed out, and non-editable. 
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Standard 
®@ ANSI 
IEC 


Type 
Select the type of breaker from the drop-down list. DC circuit breakers include Molded Case, Power, and 
Insulated case breakers. 


Note: Once the breaker is selected from the Breaker Library Quick Pick, the LVCB type is set based on 
the library entry and is non-editable. 


Type 


Power CB 
Insulated Case 


CB and Trip Device library 


Click on the Library button to select the DC circuit breaker data for a selected standard and type. 


CB & Trip Device Library 


LV Circuit Breaker — Library Quick Pick 


To select a circuit breaker from the DC Circuit Breaker Library click on the Library button and the 
Library Quick Pick - LV Circuit Breaker window will appear. Select a DC circuit breaker from the 
Library Quick Pick by highlighting the Manufacturer name and breaker Model-Max V-Pole, which is a 
unique record. Select the desired applied voltage and short-circuit interrupting kA. Select the size for 
that size. Then click on the OK button to retrieve the selected data from the library and transfer it to the 
editor. 


Note: Upon selection of library data, the breaker manufacturer and model details will display on the 
editor header. Should any changes be made in the retrieved library data, the library header text will 
change to a dark blue color to indicate that the substituted library data has been modified. 


The information available in the Breaker Library Quick Pick is described below. 


Standard 
Click on either the ANSI or IEC option to select that standard. 
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Note: The Standard selection in the Breaker Library Quick Pick (and hence the breaker models displayed) 
will default to the standard selected on the Rating page. The standard selection can be changed on the 
Quick Pick if desired. 


AC/DC 
This field indicates that the breaker is DC. This option is grayed out and is non-editable. 


Type 
Select the breaker type from the drop-down list. The DC breaker types include Molded Case, Power and 
Insulated Case breakers. 


Note: The Type selection in the Breaker Library Quick Pick (and hence the breaker models displayed) 
will default to what you have selected as the breaker type on the Rating page. The breaker type selection 
can be changed on the Quick Pick if desired. 


G 
Library Quick Pick - LV Circuit Breaker =x) 


Type Manufacturer 


Molded Case - 
Allen-Bradley 


Standard Carling Technologies 
: Ar Challenger Link 
(@ ANSI ee Cutler-Hammer 
z Sa Federal Pacific .abb. 

Y IEC @oc Federal Pinneer paddies 


Reference 


- 


Short-Circuit Data 


ee ee eee 


Reference 


Brand Name 


Application Industrial 


(Hee) (om (he (ee 


M 


Manufacturer 
Manufacturer Name 


This field displays a list of all DC breaker manufacturers included in the library for the selected breaker 
standard and type. Select the manufacturer by highlighting the manufacturer name. 
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Reference 
This field displays the Manufacturer reference, if available, for a selected manufacturer. For example, 
Westinghouse is the reference manufacturer for Cutler Hammer. 


Link 
This field displays the Manufacturer web link or URL address. 


Lock 
The lock indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model 


Model Name 

The Model section displays a list of all models available for the selected standard, breaker type and 
breaker manufacturer. The models are displayed in the form of Model — Max V — Pole, which forms a 
unique record name in the breaker library. Select the Model — Max V - Pole by highlighting it. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Short-Circuit Data 


ANSI Short-Circuit data 

When you select ANSI standard, the short-circuit data shows the applied voltage in Volts and the short- 
circuit interrupting current for the applied voltage in kA for all breaker types. The short-circuit parameters 
are explained in more detail in the Ratings section. Select a desired applied voltage and short-circuit data 
by highlighting the entry, as shown below. 


Short-Circuit Data 


Vv | Inter. kA | | 


IEC Short-Circuit data 

When the IEC Standard is selected the short-circuit data shows the applied voltage in Volts, the ultimate 
breaking capacity in kA (Icu) and the service breaking capacity in kA (Ics) for all breaker types. Short- 
circuit parameters are explained in more detail in the Ratings section. Select a desired applied voltage and 
short-circuit data by highlighting it. 
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Short-Circuit Data 


Vv lou lcs 
250 40 40 


Fused/UnFused 
This field displays whether the breaker is fused or unfused. 


Size 


Size 
This area lists all sizes available for the selected Model — Max. V — Pole record for the breaker. Highlight 
a size from the Quick Pick to select it. 


Lock 
The lock icon indicates if the selected library entry is locked (ETAP issued) or unlocked (user-specified). 


Model Info 


Additional information about the selected breaker is displayed according to the parameters described 
below. 


Reference 
This field displays the reference, if available, of the selected breaker model. 


Brand Name 
This field displays the brand name, if available, of the selected breaker model. 


Application 
This field displays the application for the selected breaker model. 


Ratings, ANSI Standard 

Click the button to select the ANSI standard and choose the breaker type to enter the ratings for DC 
circuit breaker in accordance with the ANSI/IEEE standards. When a breaker is selected from the library 
Quick Pick, all parameters shown below will be set to their corresponding values as assigned from the 
Quick Pick. With the exception of the Size field, changing any of these value(s) after selecting a breaker 
from library Quick Pick will cause the header text to turn a dark blue color indicating that the substituted 
library data has been modified. 
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Ratings 
Size Continuous Amps Rated V 
50 ’ 125 Sa 250 ~ 
Max. V Interrupting kA 
250 v 22 v 


Size 
Select a breaker size in amps from the drop-down list. 


Note: The Size field will be empty if a breaker is not chosen from the breaker library Quick Pick. 


Continuous Amps 

You can select a rating from the drop-down list or enter the continuous current rating for the DC circuit 
breaker in amperes. The Continuous Amps value will be set equal to the breaker size when a breaker is 
selected from the library Quick Pick. 


Rated V 

You can select an entry from the drop-down list or enter the rated voltage rating for the DC circuit 
breaker in Volts. When a breaker is selected from the library Quick Pick, the Rated V value will be set 
equal to the applied voltage. 


Fused 
Click on the provided selection box to select a fused or unfused category for all breaker types. 


Note: When a DC breaker is selected from library Quick Pick, the Fused checkbox is set to the same 
status as that selected from the Quick Pick. 


Max. V 

You can select an entry from the drop-down list or enter the maximum voltage rating for the DC circuit 
breaker in Volts. When a breaker is selected, the Max.V value will be set equal to the maximum voltage 
for the selected breaker. 


Interrupting kA 
Select an item from the drop-down list or enter the Interrupting kA rating for the DC circuit breaker in 
kA. 


Note: When a breaker is selected, the interrupting kA value will be set equal to the kA value for the 
selected applied voltage indicated by the library Quick Pick. 


Rating, IEC Standard 


If you click on the IEC standard button, you can choose the breaker type to enter the ratings for DC 
circuit breaker in accordance with the IEC standards. When a breaker is selected from the library Quick 
Pick, all parameters shown below will be set to their corresponding values according to the Quick Pick 
values. With the exception of the Size field, changing the value(s) once a breaker has been selected from 
the library Quick Pick will cause the header text to turn a dark blue color to indicate that the substituted 
library data has been modified. 
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Ratings 
Size Rated Amps Rated V 
50 - 50 v 250 v 
Ultimate Service 
Max. V Breaking Breaking 
250 ¥ 20 ¥ 10 a 


Size 
You must select an entry from the drop-down list to display the size in amperes for the selected breaker. 


Note: The Size field will be empty if a breaker is not chosen from the breaker library Quick Pick. 


Rated Amps 

You can select an entry from the drop-down list or enter the ampere rating of the DC circuit breaker. 
When a breaker is selected from library Quick Pick, the Rated Amps value will be set equal to the breaker 
size. 


Rated V 

You can select an entry from the drop-down list or enter the voltage rating for the DC circuit breaker in 
kV. When a breaker is selected from the library Quick Pick, the Rated V value will be set equal to the 
applied voltage selected. 


Max. V 

You can select an entry from the drop-down list or enter the maximum voltage rating for the DC circuit 
breaker in kV. When a breaker is selected from the library Quick Pick, the Max.V value will be set equal 
to the maximum voltage for the selected breaker. 


Ultimate Breaking 

The rated ultimate short-circuit breaking capacity of a circuit breaker is the value of the short-circuit 
breaking capacity in kA, provided by the manufacturer for rated operational voltage under specified test 
conditions. 


Select an entry from the drop-down list or enter a value for the Ultimate breaking capacity for the DC 
circuit breaker in kA. 


Note: When a breaker is selected from the library Quick Pick, the Ultimate breaking kA value will be set 
equal to the Icu (breaking capacity) kA value for the selected applied voltage. 


Service Breaking 

The rated service short-circuit breaking capacity of a circuit breaker is the value of service short-circuit 
breaking capacity in kA, provided by the manufacturer for the rated operational voltage under specified 
test conditions. 


Select from an entry from the drop-down list or enter the value of the Service breaking capacity for the 
DC circuit breaker in kA. 


Note: When a breaker is selected from the library Quick Pick, the Service breaking kA value will be set 
equal to the Ics (service capacity) kA value for the selected applied voltage. 
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Fused 
For all breaker types, select fused or unfused by clicking on the provided selection box. 


Note: The Fused checkbox is displayed only when a breaker is not selected from the library Quick Pick. 
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39.6.3 Model Info Page 


DC Circuit Breaker Editor - dcCB3 


30kA @ 250 V 
= (is: 9 


AC 1200 


7/1/1993 


Obsolete breaker, Suitable for reverse feed applications 


7] @ B © (oe) 
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Model Info 


Additional information regarding the selected breaker model is displayed on this page. 


Reference 
This field displays the model reference, if available, of the selected breaker model 


Brand Name 
This field displays the brand name, if available, of the selected breaker model. 
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Catalog # 
This field displays the catalog number of the selected breaker model. 


Issue Date 
This field displays the date of issue of the catalog for the selected breaker model. 


Description 
This field displays a description of the selected breaker model. 


Application 
This field displays the application for the selected breaker model. 
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39.6.4 Checker Page 


Se 


07-21-2015 


SeE88 =F BB CS (ca) 


Edited by 


User Name 
This field displays the name of the last person who made modifications to the data. 


Date 


This field displays the date of that change. The format for the date can be changed from the Projects 
menu in the menu bar. 
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Checked by 


User Name 
This field displays the name of the person who logs in as a Checker and checks the data. 


Date 


This field displays date when the data was checked. The format for the date can be changed from the 
Projects menu in the menu bar. 
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39.6.5 Remarks Page 


c = . 
DC Circuit Breaker Editor - dcCB1 ==) 


[ Info _| Rating | Model Info | Checker 


30kA @ 250V 


=) D&B (cx) (cme 


NS 


User-Defined Info 
These fields allow you to maintain additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Num. Field) 
This is a number field with the default name Num. Field. You can change the name of this field and enter 
the equipment reference number, or any other number here, up to five digits in length. 
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UD Field 2 (Install Date) 
This is an alphanumeric field with the default name Install Date. You can change the name of this field 
and enter any additional data for this element here, up to 12 alphanumeric characters. 


UD Field 3 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, up to 50 
alphanumeric characters. An example is the title of a manufacturer diagram or the titles and part numbers 
of specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 


ETAP 39-49 ETAP 19.0 User Guide 


CSD Elements Circuit Breaker Editor 


39.6.6 Comment Page 


DC Circuit Breaker Editor - dcCB1 


| Info _| Rating | Model Info | Checker | Remarks | Comment 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with this element. This 
field can be up to 64kb with a default size of 4kb. To increase the size of this field, refer to the entries in the ETAPS.INI file. 


Senge F708 J [ow 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.7 Switch Editor 


The properties associated with a switch used in the CSD can be entered in this editor. This is the same 
editor as the DC Single-Throw Switch Editor for a Single-Throw Switch in a DC system. 


The Single-Throw Switch Editor contains the following pages of information. 
e Info Page 


e Remarks Page 
e Comment Page 
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39.7.1 Info Page 

Within the Info page, specify the DC single-throw switch ID, connected bus ID, In/Out of Service, 
Ratings, Equipment FDR (feeder) Tag, Name and Description, Configuration Status, view the online 
status of the DC single-throw switch (closed or open), and its application or association and that ID. The 
field at the bottom of the Info page is a pull down list of all the DC switches in the CSD. 


TDC Single_Throw Switch Edetmre asTSwitch = (So 


| Sle (28 (2) (0X) [coms 
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Info 


ID 

Enter a unique alphanumeric ID having a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each DC switch. The assigned IDs consist of the default ID plus an integer, 
starting with the number one and increasing as the number of DC single-throw switches increases. 


The default ID (dcS) for DC single-throw switches can be changed from the Defaults menu in the menu 
bar, or from the System Manager. 


From & To 

Bus IDs for the connecting buses of a DC single-throw switch are designated as From and To buses. If a 
terminal of a switch (From or To) is not connected to any bus, a blank entry will be shown for the bus ID. 
If a terminal of a switch is connected to a branch (directly or indirectly), the ID of the branch will be 
displayed for the terminal connection. To connect or reconnect a switch to a bus, select a bus from the list 
box. The one-line diagram will be updated to show the new connection after you click on OK. 


Note: You can connect the terminals of the switch to other dc elements that reside in the same view where 
it resides or you can connect to elements that reside in other views by connecting the external and internal 
pins of the composite networks. You cannot connect to elements that are currently residing in the 
Dumpster. 


If a DC single-throw switch is connected to a bus through a number of other protective devices, 
reconnection of the switch to a new bus from this editor will reconnect the last existing protective device 
to the new bus, as shown below where DCSPST1 is reconnected from DCBus10 to DCBus4. 


DcBus10 DcBus4 DeBusl0 DeBus4 
——e —— 
DCCB1 DCCB1lL 
DCSPSTL DCSPST1L 


ETAP displays the nominal V of the buses next to the From and To bus IDs for your convenience. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Configuration 


You can change the status of a DC single-throw switch (for the selected configuration) by clicking on the 
Closed or Open options. Once a configuration status is selected for a one-line presentation, any 
subsequent manipulation of the status of an element (switch, fuse, motor, or static load) will save under 
the specified configuration. 


Rating 


Vv 
Enter the rated voltage of the DC single-throw switch in volts in this field, or select the rating from the 
drop-down list box. 


Cont. Amp 
Enter the rated continuous current of the DC single-throw switch in amperes in this field, or select the 
rating from the drop-down list box. 


BIL 
Enter the basic impulse levels in kV. This value is not used in any calculations at this point. 


Momentary 

Enter the rated short-circuit withstand capability of the DC single-throw switch in kA or select the rating 
from the list box. This value represents the momentary capability (making or bracing) of the switch and 
is used in DC short-circuit studies to compare against the calculated fault duty of the connected bus. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 
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Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.7.2 Remarks Page 


DC Single-Throw Switch Editor - DCSW3 |e) 
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User-Defined Info 


These fields allow you to maintain additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element in this field, up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.7.3 Comment Page 


DC Single-Throw Switch Editor - DCSW3 = |_| 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.8 Push Button Editor 
39.8.1 Info Page 


CSD Push Button Editor - PB [ee -Sommn| 


Description 


Initial (Normal) State 
@ Normally Open 
©) Normally Closed 


a3) 9} |<) 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each pushbutton element. The assigned IDs consist of the default ID (PB) plus an 
integer, starting with the number one and increasing as the number of buses increases. 


The default ID (PB) for the pushbutton can be changed from the Defaults menu in the menu bar or from 
the System Manager by entering a new name with up to 25 alphanumeric characters. 
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From / To 
This two fields display the ID of the connected elements of a pushbutton. A pushbutton can be connected 
between two nodes, a bus and a node, a bus and a device, or a bus and a branch. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Operating Time 


The pushbutton represented in ETAP is of the momentary contact type. Without external force, it is at the 
Initial (Normal) state, which can be defined by the user. When pressed, it will stay in the Off-Normal 
state for a short time and then return to the Normal state. Operating time is the time duration in 
millisecond that the pushbutton stays in the Off-Normal state once pressed. 


Initial (Normal) State 


A pushbutton takes this state when no external force is applied. There are two options to choose from: 
Normally Open and Normally Closed. 


Normally Open 

When the Normally Open is selected, the pushbutton will stay open when no external force is applied. 
Once pressed, it will be closed for a short time defined in the Operating Time field and then returns to an 
open state. 


Normally Closed 

When the Normally Closed is selected, the pushbutton will stay closed when no external force is applied. 
Once pressed, it will be open for a short time defined in the Operating Time field and then returns to a 
closed state. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.8.2 Remarks Page 
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Comment 


User Defined Info 
Eq.Ref. 0 
Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 
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User Defined Info 
These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.8.3 Comment Page 


& 7 
CSD Push Button Editor - PB1 ==) 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


Ses hea el 
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Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.9 Control Relay Editor 


In ETAP, four elements in the Control System Diagram are called devices. They are Control Relay, 
Solenoid, General Load, and Light. The Property Editors for these devices have a similar set up. 


39.9.1 Info Page 


Control Relay - CL-B |e 


Info| Rating | Contact | Duty Cycle | Remarks | Comment | 


125V 30W 520.83 Ohm 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each control relay element. The assigned IDs consist of the default ID (Dev) plus an integer, starting 
with the number one and increasing as the number of buses increases. 
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The default ID (Dev) for the control relay can be changed from the Defaults menu (the Control System 
diagram submenu, Device item) in the menu bar or from the System Manager by entering a new name 
with up to 25 alphanumeric characters. 


From Node 
A device, such as a control relay, is graphically connected between two nodes/buses. This field shows the 
ID of the node/bus connected at the From side of the control relay. 


To Node 
This field shows the ID of the node/bus connected at the To side of the control relay. 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the service status of an element. Certain states have flexible service status like 
As-Built, New, Future, Moved and Modified can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other are out of service states. 


Calculation Model 

ETAP provides two methods to model a control relay: Burden & Inrush Rating or Duty Cycle. The 
method can be selected from the editor. It can also be globally selected from the Control System Diagram 
Study Case. 


Burden & Inrush Rating 
When this option is selected in a CSD simulation, the model entered in the Rating page of the Device 
Editor will be used to represent the device. The model includes burden rating and inrush rating. 


Duty Cycle 

When this option is selected, in a CSD simulation, the model entered in the Duty Cycle page of the 
Device Editor will be used to represent the device. 

Note: In the current version of ETAP, if this option is selected, the control logic between this control 
relay and the contacts listed in the Contact page will not be simulated in the calculations. These contacts 
will stay in their normal state during CSD simulations. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 
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Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.9.2 Rating Page 


The Rating page holds parameters for voltage rating, burden rating, and inrush rating of a control relay. 
The parameters can be entered manually, or retrieved from the Control Relay Library. The rating 
parameters consist of three sections: voltage rating, burden rating and inrush rating. 


DC Control Relay - M | es 


Contact | Duty Cycle | Remarks | Comment 


30W 520.83 Ohm 


Voltage Rating 
Vrate %Vmax %Vpickup %Vdropout 
125 110 


Burden Rating 
W Amp VA Ohm 
30 0.24 30 520.83 


@ Constant VA © Constant Z 


[| Inrush Rating 
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80 0.64 
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Library Quick Pick 


Click the Library button to retrieve control relay parameters from the Control Relay library. When the 
library button is clicked, the CSD Library Quick Pick dialog box will appear. It displays all control relays 
entered in the library associated with the project. The Quick Pick dialog includes a Manufacturer list, 
Model list, and Device list. When a new Manufacturer is selected, the Model list will be filled with all 
model types for the selected manufacturer. Once a specific model is selected from the Model list, all the 
control relays for the model will be listed in the Device list. 


To select a device from the library, click on its entry in the device list and press the OK button. The 
control relay data will then be substituted in the Control Relay Editor. 
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Note: The control relay selected from library may have contacts associated with it. These contacts are 
controlled by the control relay. If this is the case, the contact information will also be retrieved from the 
library and substituted in the Contact page of the Control Relay Editor. 


The Quick Pick dialog also contains several other buttons. Clicking on the Help button will bring up 
ETAP online help. Clicking on the Cancel button will close the Quick Pick dialog without any data being 
transferred. 


If the None button is clicked, the library data information located next to the Library button in the Rating 
page of the Control Relay Editor will be blanked out. However, the data in the Control Relay Editor that 
may have been retrieved previously from the library will not be changed. Additionally, when the None 
button is clicked, if there are unassigned contacts on the Contact page that has Relay Lib as a Source, 
these contacts will be removed from the contact list. 


CSD Library Quick Pick - Control Relay |p| 


DC Device Manufacturer | AGASTAT/TYCO Electronics ¥ 
Model [orp ti‘ 


Class Power Relay 


Vrated | %A/max [<Vpickur| “drop | VA | woo] Amp [| A | tol | pr | 
45 


110 0 


None Cancel 


Voltage Rating 


Vrate 
Enter the rated voltage in volts for the control relay. This value serves as the base for other voltage 
values. 


% Vmax 
Enter the maximum allowed operating voltage for the control relay. The value is a percentage based on 
the rated voltage. 


% Vpickup 

Enter the minimum pickup voltage for the control relay. The value is a percentage based on the rated 
voltage. This is the minimum voltage across the relay required to change the state of controlled contacts 
from their normal state to off-normal state when the control relay becomes energized. If the voltage drop 
on the relay becomes less than the Vpickup value anytime from the moment that the relay becomes 
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energized up to the operating time of a controlled contact, the contact will fail to operate and stay in the 
normal state. 


%Vdropout 

Enter the maximum dropout voltage for the control relay. The value is in percent based on the rated 
voltage. This is the maximum voltage across the relay that will result in changing the state of controlled 
contacts from their off-normal state to normal state. While the control relay is energized, if the voltage 
drop on the relay becomes less than the Vdropout value for a duration of the release time of a controlled 
contact, the contact will change from its off-normal sate to normal state. 


%/V button 

This will switch between '%' and 'V' mode. By default, the values for Vmax, Vpickup and Vdropout can 
be entered in percent. Click on this button to toggle voltage limits between % and Volts. For example, if 
%Vmax= 120 and Vrate= 50V, then Vmax in volts would be 60V. 


Operating Temp. 


Tmin 
This field allows you to enter the minimum operating temperature in degree of Celsius. This value is 
currently not used in CSD calculations. 


Tmax 
This field allows you to enter the maximum operating temperature in degree of Celsius. This value is 
currently not used in CSD calculations. 


Time Delay 


On-Delay 

This field is used for entering the intentional delay time between the moment when the voltage crosses a 
device becomes larger than its pickup voltage and the moment when the operating time of controlled 
contacts starts counting. Please refer to Chapter 40 - Control System Diagram > CSD Simulator and 
Calculation Method for more information on implementation of this field in calculations methodology. 


Off-Delay 

Enter the intentional delay time between the moment when the voltage crosses a device becomes less than 
its dropout voltage and the moment when the release time of controlled contacts starts counting. Please 
refer to Chapter 40 - Control System Diagram > CSD Simulator and Calculation Method for more 
information on implementation of this field in calculations methodology. 


Burden Rating 

Burden rating is the continuous rating of the control relay. When a control relay is energized, for a short 
time the inrush current flows through the control relay, which can be several times higher than the burden 
current. After this initial inrush period, the behavior of a control coil is defined by the burden rating. 

The burden rating values are related to each other and to the rated voltage. Once a rating value, such as 
the Amp value, is changed, the other rating values will be automatically updated to keep the integrity of 
parameters based on Ohm’s law. 


WwW 
Enter the power rating in watts. This is the continuous power rating of a DC control relay. 
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Amp 
Enter the current rating in amperes. This is the continuous current rating of a DC control relay. 


VA 
This field displays the power rating in volt-ampere. Fora DC control relay, the VA rating is the same as 
the W rating. 


Ohm 
Enter the DC resistance in ohms of the control relay under normal operating conditions, that is, when the 
rated voltage is applied across the control relay. 


%Tol 

Enter the burden rating tolerance as a percent. This value is used to adjust the burden load of a control 
relay. In CSD calculations, the burden is adjusted in a conservative way. When a 10% tolerance is 
entered, for a constant Z device its resistance will be reduced by 10% and for a constant VA (or I) device 
its VA (or I) will be increased by 10%. 


Burden Load Type — Constant VA, Constant Z, or Constant I 
In CSD calculation, a control relay can be represented as a constant VA, constant Z, or constant I device 
as a burden load. This group of radio buttons allows you to make this selection. 


Inrush Rating 


The inrush rating of a control relay applies to the initial short duration (in milliseconds) after it becomes 
energized. In general, the inrush rating of a control relay is several times higher than its burden rating. 
Being similar to the burden rating parameters, the inrush rating values are also related to each other and to 
the rated voltage. Once one rating value, such as the Amp value, is changed, the other rating values will 
be automatically updated to keep the integrity of parameters based on Ohm’s law. 


Inrush Rating 

Because many control relay manufacturers do not provide parameters for the inrush rating of their control 
relays, ETAP provides this checkbox to indicate availability of inrush parameters. If this box is checked, 
non-zero inrush rating parameters (such as power and current) must be entered. Otherwise, the CSD 
calculations will be blocked. If no inrush rating data is available, simply uncheck this box. 


WwW 
Enter the power rating in watts in this field. This is the inrush power rating of a DC control relay. 


Amp 
Enter the current rating in amperes in this field. This is the inrush current rating of a DC control relay. 


VA 
This field displays the power rating in volt-ampere. For DC control relay, the VA rating is the same as 
the W rating. 


Ohm 
Enter the DC resistance in ohms for the control relay during inrush period in this field. 


Duration (ms) 


Enter the inrush duration in milliseconds. If the inrush duration is equal to zero, it is equivalent to the 
case that the Inrush Rating box is not checked. 
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39.9.3 Contact Page 


A control relay controls the states of multiple contacts in order to achieve its control objectives, such as 
motor starting control or power circuit breaker operations. The data related to the contacts controlled by a 
control relay is entered in the Contact page. From this page, you can add/delete contacts, associate an 
unassigned contact with this control relay, and modify contact parameters. 


The link between a control relay and its contacts is established by assigning the contacts to the relay. The 
assignment can be done either from the CSD view or from the Contact page. When a new contact is 
added to a CSD, it is not assigned to any controlling device initially. Double clicking on the contact will 
open the Contact Controlling Device Assignment dialog, where you can select a controlling device, such 
as a control relay or a solenoid, to make this assignment. Once a contact has been assigned to a 
controlling device, double clicking on the contact will open the Contact page of the controlling device. 


Control Relay - CL-B |p Sr 


[iio_[Raing| Corect | Dty Gye | Remais [Conner 


125V 520.83 Ohm 


Contact Library Unassign Add Delete 
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Contact List 


The contact list in the Contact page contains all the contacts controlled by the control relay. These 
contacts may or may not be associated with assigned contact elements in the CSD view. You can make 


ETAP 39-72 ETAP 19.0 User Guide 


CSD Elements Control Relay Editor 


an assignment from this list for an unassigned contact in CSD view, change contact type, change contact 
source type, and modify a contact parameter. 


When you are retrieving control relay data from a library, if the selected control relay library data has 
controlled contacts, these contacts will be added to the contact list with all contact parameter values. 
Each contact will generate a new row with contact parameters displayed in the fields on the row. Initially, 
the Contact ID will be blank for these contacts, indicating that no contact element in the CSD view has 
been assigned to it. Once a contact element in a CSD view is assigned to a contact in the list, the ID of 
the contact element will be displayed in the Contact ID field. 


# 

This is the order number of contacts controlled by the control relay. When assigning a contact to a relay, 
this number is used to identify the individual contact. Once assigned, it becomes part of the ID for the 
contact. 


Contact ID 

For contacts in the list that have been assigned to contact elements in a CSD view, this field displays the 
ID of that contact element. The contact element ID is a combination of the controlling device and the 
order number of the contact in the contact list. 


The assignment of a contact can also be carried out from the Contact ID field. To make an assignment, 
click on the Contact ID field of a contact that has not been assigned to a contact element, as an example, 
contact number 5 has been selected below. If the CSD view that contains this control relay has unassigned 
contact elements, a list will appear when you click the Contact ID field. All unassigned contacts that have 
the same type (Convertible or Form C) as contact number 5 are shown in the list. Selecting a contact 
from the list will complete the assignment. 


Tipe | Sowce [Rat rated one] [ane 
NO 125 150 10 10 


NO 150 10 10 
NO 275 15 
NO 


8 
8 
0 
0 
0 
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Type 

There are two types of contacts in ETAP: Convertible contacts and Form C contacts. For contacts that 
have data from a library, either the Control Relay Library or the Contact Library, their type is provided by 
the manufacturer and therefore it cannot be changed. These contacts have Relay Lib or Relay Lib 
Overwrite displayed in the Source field. 


For contacts that are added to the list by clicking on the add button, their type can be changed from the 
Type field. Clicking on the Type field brings up a selection list where you can choose the required type. 


Source 

This field shows the data source of a contact. When a contact’s data comes from a library, either from the 
Control Relay Library or from the Contact Library, this field shows Relay Lib or Contact Lib. In general, 
if the parameters of a contact originate from a library, they cannot be modified. There are two exceptions. 
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One is the Status field, since it is operating related. The second exception is the Type field when the 
Source is Contact Lib, because the Type information is not part of Contact Library data. 


If you have retrieved contact data from the library and you wish to modify it, change the source type from 
Relay Lib (or Contact Lib) to Relay Lib Overwrite (Contact Lib Overwrite). This change allows you to 
modify contact parameters. However, if the Source is Relay Lib Overwrite, the contact Type still cannot 
be changed, since the manufacturer of the control relay has fixed the type of a contact. 

For the contacts added from the page by clicking on the Add button, the Source is initially set as User 
Defined. For these contacts, all contact parameters can be modified from the editor. 


Status 

This field defines the normal status of a contact, which is the state of the contact when the controlling 
device is not energized. For a Form C contact, the Status can be either Pos A or Pos B. For a Convertible 
or a Fixed contact, the Status can be either NO (Normally Open) or NC (Normally Closed). The Status 
field can be changed except when the data Source is Relay Lib and the contact Type is Fixed. 


Vrated 
Enter rated voltage of the contact in volts. This is the rated operating voltage of the contact. 


% Vmax 
Enter the maximum contact operating voltage in a percentage based on rated voltage. 


R 

Enter contact resistance in milliohms. This is the resistance value to be considered in CSD calculations. 
In the CSD Study Case, there are options to use individual contact resistance or global contact resistance. 
Many contact manufacturers do not provide this value. Since contact resistance is so small comparing to 
the resistance values of other elements in ETAP, neglecting contact resistance does not cause a significant 
difference in calculation results. 


Amp,r 
Enter the contact current rating in amperes for resistive load. This rating is for control systems that do not 
contain any inductive coils. 


Amp,i 

Enter the contact current rating in amperes for inductive load. This rating is for control systems that have 
a substantial amount of loads as inductive coils. For control systems in electrical power systems, this 
rating will be used since most of the loads are control relays and solenoids. 


Top 

Enter the operating time in milliseconds for the contact. This is one of the most important parameters of 
contacts in CSD simulations. Top is the time for a contact, initially at its normal state, to change to off- 
normal state, assuming that during the period of Top the voltage drop across the controlling device (a 
control relay) of the contact is maintained higher than or equal to the pickup voltage of the controlling 
device. It should be noted that different contacts controlled by the same device might have different 
operating times. 


Trelease 

Enter the release time in milliseconds for the contact. This is one of the most important parameters of 
contacts in CSD simulations. Trelease is the time for a contact, initially at its off-normal state, to change 
to normal state, assuming that during the period of Trelease the voltage drop across the controlling device 
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(a control relay) of the contact is maintained below the dropout voltage of the controlling device. It 
should be noted that different contacts controlled by the same device might have different release times. 


Control Relay - CL-B || 
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Contact Lib 
If the contact data is retrieved from a library, this field displays the Part ID from the Contact Library. 
Otherwise, the field is blank. 


Remark 

If the contact data is retrieved from a library, this field displays the Remark from the Contact Library. 
When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable, where you 
can enter text for up to 50 characters as long as the field width is set wide enough. 


Note: The field width can be adjusted from the top of the contact list. 
Data Rev. 
If the contact data is retrieved from a library, this field displays the Data Revision from the Contact 


Library. When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable, 
where you can enter text for up to 25 characters as long as the field width is set wide enough. 
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Note: The field width can be adjusted from the top of the contact list. 


Reference 

If the contact data is retrieved from a library, this field displays the Reference from the Contact Library. 
When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable and you 
can enter up to 25 characters of text as long as the field width is set wide enough. 


Note: The field width can be adjusted from the top of the contact list. 


Contact Library 


The Contact Library button allows you to retrieve contact data for the selected contact from the Contact 
Library, assuming that the Source of the contact is User Defined, Contact Lib, or Contact Lib Overwrite. 
When the Source of the contact is Relay Lib or Relay Lib Overwrite, the button is disabled. 

To retrieve contact data from the Contact Library, select a contact from the list that has the Source of the 
contact displayed as User Defined, Contact Lib, or Contact Lib Overwrite and then click the Contact 
Library button. This will bring up the Contact CSD Library Quick dialog box, as shown below. This 
Quick Pick dialog allows you to make a selection from a list of all contacts in the library. 


CSD Library Quick Pick - Contact [eer 


DC Device 
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When an entry in the Contact Quick Pick dialog is selected, clicking on the Ok button will substitute the 
selected data to the Contact page of the Control Relay Editor. Pressing the None button will close the 
dialog and set the data to zero for the selected contact in the Contact page as well as setting the Source for 
the contact to User Defined. When the Cancel button is pressed, ETAP will close the Contact Library 
Quick Pick dialog without any data transfer. 


Unassign 

The Unassign button allows you to remove the link between a CSD contact element and this control relay. 
This button becomes enabled when an assigned contact is selected in the contact list of the Contact page. 
Clicking the button will convert the contact into an unassigned contact and the Contact ID will become 
blank. The data in the in the contact list will stay the same. The contact element in the CSD view can 
then be assigned to another controlling device or another unassigned contact in the contact list. 
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Add 


When the Add button is clicked, a new contact will be added to the end of the contact list in the Contact 
page. The newly added contact is unassigned and has User Defined as its Source. 


Delete 


When the delete button is clicked, the selected contact from the contact list will be removed from the list. 
If it is an assigned contact, the corresponding contact element in CSD will change to an unassigned 
contact. 


Revisions for Data in the Contact Page 


In the current release of ETAP, the data revision feature is not supported for the data in the Contact page 
of the Control Relay Editor. This means that information in the Contact page can only be modified while 
the ETAP project is in the Base revision. The information contained in the Contact page includes two 
categories: contact assignment and contact engineering data. When switched to a revision other than the 
Base, the entire Contact page is disabled, so that neither category of the contact information can be 
changed. Accordingly, while the project is in a revision other than the Base, you cannot make an 
assignment for an unassigned contact. When you double-click on an unassigned contact, the Contact 
Controlling Device Assignment dialog will not appear. 
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39.9.4 Duty Cycle Page 


You can specify the duty cycle category and load profile for each duty cycle within the Duty Cycle page. 
ETAP displays the load profile for viewing and printing. 


Control Relay - CL-B |r S| 
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Duty Cycle 


This section is used to specify a load profile for each one of the five duty cycle categories. A load profile 
defined by a duty cycle consists of a number of consecutive load segments. Each segment is a square 
form and is entered in a line in the duty cycle list. 


Duty Cycle Category 

Select a duty cycle category from the list box and view the load profile for it in this page. Each load can 
have up to five duty cycle categories with independent load profiles. You can name the duty cycle 
categories from the Project menu bar. 
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Type 

The Type field defines the load type of a segment of the load profile. When this field is clicked, a list of 
load types appears. The options include Other, Load, Motor, solenoid, Control Relay, Contact, Constant 
P, Constant Z, and Constant I. If Constant I is selected, the device will behave as a constant current load 
for the load segment. If Constant P or Motor is selected, the device will behave as a constant power load 
for the load segment. If any other option is selected, the device will behave as a constant Z load for the 
load segment. 


Name 
Enter a text string up to 25 characters in this field, which allows you to identify a load segment. It is not 
necessary to assign different names for different sections. 


%Load 
Enter the load for a segment as a percent of the rated burden Amps of the device in this field. When a 
new value is entered in this field, the Amp field for the same section will update automatically. 


Note: The %Load field for the last load segment is always zero, indicating that a load profile must end 
with zero value. 


Amp 
Enter the load for a segment in amperes in this field. When a new value is entered in this field, the 
%Load field for the same segment will update automatically. 


Note: The Amp field for the last load segment is always zero, indicating that a load profile must end with 
a zero value. 


St Time 

Enter the starting time for a segment in milliseconds in this field. This is the time when the current load 
segment starts. The duration of a load segment starts at its St Time and ends at the St Time of the 
following load segment. 


Load Profile 
To add a load section to the load profile, click on the Ins button to create a new row in the load profile 


table. Each row represents a segment of the load profile for this duty cycle. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or press the Delete key. 


Click on the Print-> button, and the displayed load profile curve for the selected duty cycle will print. 


Note: You can select any of the duty cycle categories when conducting CSD studies. To edit the loading 
category names, select Duty Cycle Category from the Project menu. 
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39.9.5 Remarks Page 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 


This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, up to 50 
alphanumeric characters. An example is the title of a manufacturer’s diagram or the part number or title 
of a specification for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.9.6 Comment Page 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Control Relay - CL-B . (Sem) 
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associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Ses Wee =) BAR) (0K) [cence 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.10 Solenoid Editor 


Solenoid is a control device in ETAP used to control valves and contacts. 


39.10.1 Info Page 


Solenoid - Solenoid 1 [ue -Sommn| 


info | Rating | Contact | Duty Cycle | Remarks | Comment | 


125 V 35.1W 445.16 Ohm 


_— a © 


From Node NodeS Revision Data 
To Node [Node 10 


Calculation Model 


Tag # AB-13569 Data Type | Estimate ’ 
Name Valve-1 Controller Priority 


Description This solenoid controls flow through Valve-1. 


BES Ks = )D) OG [coma 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each solenoid element. The assigned IDs consist of the default ID (Dev) plus an 
integer, starting with the number one and increasing as the number of buses increases. 


The default ID (Dev) for the solenoid can be changed from the Defaults menu (the Control System 


diagram submenu, Device item) in the menu bar or from the System Manager by entering a new name 
with up to 25 alphanumeric characters. 
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From Node 
A device, such as a solenoid, is graphically connected between two nodes/buses. This field shows the ID 
of the node/bus connected at the From side of the solenoid. 


To Node 
This field shows the ID of the node/bus connected at the To side of the solenoid. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


Calculation Model 


ETAP provides two methods to model a solenoid: Burden & Inrush Rating or Duty Cycle. The method 
can be selected from the editor. It can also be globally selected from the Control System Diagram Study 
Case. 


Burden & Inrush Rating 
When this option is selected, the model entered in the Rating page of the Device Editor will be used to 
represent the device ina CSD simulation. The model includes burden rating and inrush rating. 


Duty Cycle 

When this option is selected, the model entered in the Duty Cycle page of the Device Editor will be used 
to represent the device in a CSD simulation. 

Note: In the current version of ETAP, if this option is selected, the control logic between this solenoid 
and the contacts listed in the Contact page will not be simulated in the calculations. These contacts will 
stay in their normal state during CSD simulations. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
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reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 


Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 


ETAP 39-85 ETAP 19.0 User Guide 


CSD Elements Solenoid Editor 


39.10.2 Rating Page 


The Rating page presents the parameters for voltage rating, burden rating, and inrush rating of a solenoid. 
These parameters can be entered manually or retrieved from the Solenoid Library. The rating parameters 
consist of three sections: voltage rating, burden rating and inrush rating. 


DC Solenoid - Devi 


Info| Rating | Contact | Duty Cycle | Remarks | Comment 


125V 35.1W 445.16 Ohm 
MFR - ASCO 


Model - 206381 


Type - Direct-Acting Solenoid 


Voltage Rating Operating Temp. 
Vrate %Vmax %Vpickup %Vdropout Tmin 0 
1 11 q 
= : : Tmax 60 
Burden Rating Time Delay 
WwW Amp VA Ohm “Tol [¥] On-Delay 
35.1 0.281 35.1 445.16 0 
5 s 
Constant VA ©) Constant Z ») Constant | 
Vv 
7] Inrush Rating WI OF-Delay 
0.01] |s 
Duty 
Continuous(100) ¥ 
Sen Wo =) GE (ox) (cma 


Library 


Click the Library button to retrieve solenoid parameters from the Solenoid library. When the library 
button is clicked, the CSD Library Quick Pick dialog box will appear. It displays all solenoids entered in 
the library that are associated with the project. The Quick Pick dialog includes Manufacturer list, Model 
list, and Device list. When a new Manufacturer is selected, the Model list will display all model types for 
the selected manufacturer. Once a specific model is selected from the Model list, all the solenoids for that 
model will be listed in the Device list. 


To select a device from the library, click on its row in the device list and press the OK button. The 


solenoid data will then be substituted in the Solenoid Editor. The solenoid you select from the library 
may have contacts associated with it. These contacts are controlled by the solenoid. If this is the case, 
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the contact information will also be retrieved from the library and substituted in the Contact page of the 
Solenoid Editor. 


The Quick Pick dialog also contains several other buttons. Clicking on the Help button will bring up 
ETAP online help. Clicking on the Cancel button will close the Quick Pick dialog without transferring 
any data. 


If the ‘None’ button is clicked, the library data information that appears next to the Library button in the 
Rating page of the Solenoid Editor will be blanked out. However, the data in the Solenoid Editor that 
may have been previously retrieved from the library will not change. Additionally, when the None button 
is clicked, if there are unassigned contacts in the Contact page that has Solenoid Lib as Source, these 
contacts will be removed from the contact list. 


CSD Library Quick Pick - Solenoid |u| 


DC Device Manufacturer | ASCO ~ 
Model | 206-381 a 


Class Direct-Acting Solenoid 


Vrated | Avmax Vpickur| %Vvdrop | VA] wo | Amp [OR | tol | Pr | 


WE 206-391-1F 12... | 12! 112 0.28 445.16 


"7 | 206-381-2F 12... 
8 | 206-301-2F 25... 


no faner ad aw Aas 


0 
0 
0 
0 
0 
0 
0 
0 
nm 


oO CoCo CoC Coo 
2 oO ooo oo co 


Voltage Rating 


Vrate 
Enter the rated voltage in volts for the solenoid in this field. This value serves as the base for other 
voltage values. 


% Vmax 
Enter the maximum allowed operating voltage for the solenoid in this field. The value is a percent based 
on the rated voltage. 


% Vpickup 

Enter the minimum pickup voltage for the solenoid in this field. The value is a percent based on the rated 
voltage. This is the minimum voltage across the solenoid that is required to change the state of controlled 
contacts from their normal state to an off-normal state when the solenoid becomes energized. If the 
voltage drop on the solenoid becomes less than the Vpickup value starting from the moment that the 
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solenoid becomes energized up to the operating time of a controlled contact, the contact will fail to 
operate and will stay in the normal state. 


%Vdropout 

Enter the maximum dropout voltage for the solenoid in this field. The value is a percent based on the 
rated voltage. This is the maximum voltage across the solenoid that will result in changing the state of 
controlled contacts from their off-normal state to normal state. While the solenoid is energized, if the 
voltage drop on the solenoid becomes less than the Vdropout value for a duration of the release time of a 
controlled contact, the contact will change from its off-normal sate to normal state. 


%/V button 

This will switch between '%' and 'V' mode. By default, the values for Vmax, Vpickup and Vdropout can 
be entered in percent. Click on this button to toggle voltage limits between % and Volts. For example, if 
%Vmax= 120 and Vrate= 50V, then Vmax in volts would be 60V. 


Operating Temp. 


Tmin 
This field allows you to enter the minimum operating temperature in degree of Celsius. This value is 
currently not used in CSD calculations. 


Tmax 
This field allows you to enter the maximum operating temperature in degree of Celsius. This value is 
currently not used in CSD calculations. 


Time Delay 


On-Delay 

This field is used to enter the intentional delay time before the device becomes energized. Please refer to 
Chapter 40 - Control System Diagram > CSD Simulator and Calculation Method for more information 
on how this field are implemented in calculations methodology. 


Off-Delay 

Enter the intentional delay time before the device becomes de-energized. Please refer to Chapter 40 - 
Control System Diagram > CSD Simulator and Calculation Method for more information on how this 
field is implemented in calculations methodology. 


Burden Rating 

The Burden rating is the continuous rating of the solenoid. When a solenoid is initially energized, for a 
brief period the inrush current can be several times higher than the burden current. After the initial inrush 
period, the behavior of a control coil is defined by the burden rating. 


The burden rating values are related to each other and to the rated voltage. Once one rating value, such as 
the Amp value, is changed, the other rating values will automatically update to keep the integrity of 


parameters based on Ohm’s law. 


WwW 
Enter the power rating in watts in this field. This is the continuous power rating of a DC solenoid. 


ETAP 39-88 ETAP 19.0 User Guide 


CSD Elements Solenoid Editor 


Amp 
Enter the current rating in amperes in this field. This is the continuous current rating of a DC solenoid. 


VA 
This field displays the power rating in volt-amperes. For DC solenoid, the VA rating is the same as the 
W rating. 


Ohm 
Enter the DC resistance in ohms of the solenoid under normal operating condition in this field, that is, 
when the rated voltage is applied across the solenoid. 


%Tol 

Enter the burden rating tolerance as a percentage in this field. This value is used to adjust the burden load 
of a solenoid. In CSD calculations, the burden is adjusted in a conservative way. When a 10% tolerance 
is entered, the resistance of a constant Z device will reduce by 10% and for a constant VA (or I) device its 
VA (or J) will increase by 10%. 


Burden Load Type — Constant VA, Constant Z, or Constant I 
In CSD calculations, a solenoid can be represented as a constant VA, constant Z, or constant I device as a 
burden load. This group of radio buttons allows you to select one of the three choices. 


Inrush Rating 


The inrush rating of a solenoid applies to the initial short duration (in milliseconds) just after it becomes 
energized. In general, the inrush rating of a solenoid is several times higher than its burden rating. 


Similar to the burden rating parameters, the inrush rating values are also related to each other and to the 
rated voltage. Once one rating value, such as the Amp value, is changed, the other rating values will 
automatically update to keep the integrity of parameters based on the Ohm’s law. 


Inrush Rating 

Because many solenoid manufacturers do not provide parameters for the inrush rating of their solenoids, 
ETAP provides a checkbox to indicate availability of inrush parameters. If this box is checked, non-zero 
inrush rating parameters (such as power and current) must be entered. Otherwise, the CSD calculations 
will be blocked. If no inrush rating data is available, simply uncheck this box. 


W 
Enter the power rating in watts in this field. This is the inrush power rating of a DC solenoid. 


Amp 
Enter the current rating in amperes in this field. This is the inrush current rating of a DC solenoid. 


VA 
This field displays the power rating in volt-ampere. For DC solenoid, the VA rating is the same as the W 
rating. 


Ohm 
Enter the DC resistance in ohms of the solenoid during inrush period in this field. 


Duration (ms) 


Enter the inrush duration in milliseconds. If the inrush duration is equal to zero, this is equivalent to a 
case where the Inrush Rating box is not checked. 
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Duty 

Select the duty of a solenoid from the list or enter the duty in percent in the box. This is the percentage of 
time that a solenoid is in service. This field is for user information only, as CSD calculation does not 
utilize it. 
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39.10.3 Contact Page 


A solenoid can control the states of multiple contacts in order to achieve its control objectives, such as 
valve control operations. The data related to the contacts controlled by a solenoid are entered in the 
Contact page. This page allows you to add/delete contacts, associate unassigned contacts with this 
solenoid, and modify contact parameters. 


The link between a solenoid and its contacts is established by assigning the contacts to the solenoid. This 
assignment can be accomplished either from the CSD view or from the Contact page. When a new 
contact is added to a CSD, it initially is not assigned to any controlling device. Double clicking on the 
contact will open the Contact Controlling Device Assignment dialog, where you can select a controlling 
device, such as a solenoid or a solenoid, to make the assignment. Once a contact has been assigned to a 
controlling device, double clicking on the contact will open the Contact page of the controlling device. 


Solenoid - Solenoid 1 [eee Son 


[iio [Rang | Cortect | Dty Gye | Remais [Conner 


125V 35.1W 445.16 Ohm 


a | oraa [Sance [San [vated [mc] [oro 
30 


1 Solenoid 1-1 NO 120 333 100 


Contact Library Unassign Add Delete 


E50 hema 1) we 


Contact List 


The contact list in the Contact page contains all the contacts controlled by the solenoid. These contacts 
may or may not be associated with assigned contact elements in the CSD view. You can make an 
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assignment from this list for an unassigned contact in CSD view, change the contact type, change the 
contact source type, and modify a contact parameter. 


e When retrieving solenoid data from a library, if the selected solenoid library data has controlled 
contacts, these contacts will add to the contact list with all contact parameter values. Each 
contact will generate a new row with contact parameters displayed in the fields on the row. 
Initially, the Contact ID will be blank for these contacts, indicating that no contact element in the 
CSD view has been assigned to it. Once a contact element in a CSD view is assigned to a contact 
in the list, the ID of the contact element will display in the Contact ID field. 

# 
This is the order number of contacts controlled by the solenoid. When assigning a contact to a relay, this 
number is used to identify individual contacts. Once assigned, it becomes part of the ID for the contact. 


Contact ID 

This field displays the ID of the contact element for contacts in the list that have been assigned to contact 
elements in a CSD view. The contact element ID is a combination of the controlling device and the order 
number of the contact in the contact list. 


The assignment of a contact can also be carried out from the Contact ID field. To make an assignment, 
click on the Contact ID field of a contact that has not been assigned to a contact element, for example 
contact number 5 as shown below. If the CSD view that contains this solenoid has unassigned contact 
elements, a list will appear as you click the Contact ID field. All unassigned contacts that have the same 
type (Convertible or Form C) as contact number 5 are included in the list. Selecting a contact from the 
list will implement the assignment. 


| Source [status |vrated |oevmax] R_JAmp, 
125 150 0 10 


1 
125 150 10 10 
250 275 8 15 
8 
Convertible User Defined ] 0 
NO 0 
7 Convertible User Defined {NO 0 0 0 0 


Type 

There are two types of contacts in ETAP: Convertible contact and Form C contact. For contacts that have 
data from library, either the Solenoid Library or the Contact Library, their type is provided by the 
manufacturer and therefore it cannot be changed. These contacts have Solenoid Lib or Solenoid Lib 
Overwrite displayed in the Source field. 

The type of contacts that were added to the list by clicking on the add button can be changed from the 
Type field. Clicking on the Type field brings up a selection list from which you can select the required 


type. 


Source 

This field shows the data source of a contact. For contacts whose data comes from the Solenoid Library 
or the Contact Library, this field indicates Solenoid Lib or Contact Lib. In general, if the parameters of a 
contact originate from a library, they cannot be modified. There are two exceptions. One is the Status 
field, since it is operating related. The second exception is the Type field when the Source is Contact 
Lib, because the Type information is not part of Contact Library data. 
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If you have retrieved contact data from the library and you wish to modify it, change the source type from 
Solenoid Lib (or Contact Lib) to Solenoid Lib Overwrite (Contact Lib Overwrite). This change allows 
you to modify contact parameters. However, if the Source is Solenoid Lib Overwrite, the contact Type 
still cannot be changed, since the manufacturer of the solenoid has fixed the type of a contact. 


For the contacts added from the page by clicking on the Add button, the Source is initially set as User 
Defined. For these contacts, all contact parameters can be modified from the editor. 


Status 

This field defines the normal status of a contact, which is the state of the contact when the controlling 
device is not energized. For a Form C contact, the Status can be either Pos A or Pos B. For a Convertible 
or a Fixed contact, the Status can be either NO (Normally Open) or NC (Normally Closed). The Status 
field can still be changed except when the data Source is Solenoid Lib and the contact Type is Fixed. 


Vrated 
Enter the rated voltage of the contact in volts in this field. This is the rated operating voltage of the 
contact. 


% Vmax 
Enter the maximum contact operating voltage in percent based on rated voltage in this field. 


R 

Enter contact resistance in milliohms in this field. This is the resistance value considered in CSD 
calculations. In the CSD Study Case, there are options to use individual contact resistance or global 
contact resistance. Many contact manufacturers do not provide this value. Since it is so small comparing 
to the resistance values of other elements in ETAP, neglecting contact resistance does not cause a 
significant difference in calculation results. 


Amp,r 
Enter the contact current rating in amperes for resistive load in this field. This rating is for control 
systems that do not contain any inductive coils. 


Amp,i 

Enter the contact current rating in amperes for inductive load in this field. This rating is for control 
systems that have a substantial amount of loads as inductive coils. For control systems in electrical power 
systems, this rating will be used since most of the loads are control relays and solenoids. 


Top 

Enter the operating time in milliseconds for the contact in this field. This is one of the most important 
parameters for contacts in CSD simulations. Top is the time for a contact, initially at its normal state, to 
change to off-normal state, assuming that during the Top interval the voltage drop across the controlling 
device (a solenoid) of the contact is maintained higher than or equal to the pickup voltage of the 
controlling device. It should be noted that different contacts controlled by the same device might have a 
different operating time. 


Trelease 

Enter the release time in milliseconds for the contact in this field. This is one of the most important 
parameters for contacts in CSD simulations. Trelease is the time for a contact, initially at its off-normal 
state, to change to normal state, assuming that during the interval of Trelease the voltage drop across the 
controlling device (a solenoid) of the contact is maintained below the dropout voltage of the controlling 
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device. It should be noted that different contacts controlled by the same device might have a different 
release time. 


Solenoid - Solenoid 1 | eeSommn| 
Duty Cycle | Remarks | Comment | 
125V 35.1W 445.16 Ohm 


[a [ Gora © [Aro.[Arw.1| Too [iews[eoact tb Renak [Daa Rov. [Rl 


1 Solenoid 1-1 | 100 100 50 30 OMRON-... Amp,r= 


10 | 10 | 30 | 15 |AGASTA.|Ampr=| | 
0 0 0 0 
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Contact Lib 
If the contact data is retrieved from a library, this field displays the Part ID from the Contact Library. 
Otherwise, the field is blank. 


Remark 

If the contact data is retrieved from a library, this field displays the Remark from the Contact Library. 
When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable, where you 
can enter text for up to 50 characters provided the field width is set wide enough. 

Note: The field width can be adjusted from the top of the contact list. 


Data Rev. 

If the contact data is retrieved from a library, this field displays the Data Revision from the Contact 
Library. When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable, 
where you can enter text for up to 25 characters provided the field width is set wide enough. 


Note: The field width can be adjusted from the top of the contact list. 
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Reference 

If the contact data is retrieved from a library, this field displays the Reference from the Contact Library. 
When the Source for the contact is User Defined or Lib Overwrite, this field becomes editable, where you 
can enter text for up to 25 characters provided the field width is set wide enough. 


Note: The field width can be adjusted from the top of the contact list. 


Contact Library 


The Contact Library button allows you to retrieve contact data for the selected contact from the Contact 
Library, assuming that the Source of the contact is User Defined, Contact Lib, or Contact Lib Overwrite. 
When the Source of the contact is Solenoid Lib or Solenoid Lib Overwrite, the button is disabled. 


To retrieve contact data from the Contact Library, select a contact from the list that has the Source of the 
contact displayed as User Defined, Contact Lib, or Contact Lib Overwrite and then click the Contact 
Library button. This will bring up the Contact CSD Library Quick Pick dialog box, shown below. The 
Quick Pick dialog lists all the contacts in the library from which you can make a selection. 


CSD Library Quick Pick - Contact |e 
DC Device 

ID Vrated | 2Vmax R Amp. | Amp | VAber | VAbrio | VAmk | VAmk.i Top | Trelease 
2 JAB “2-25 8-2... 28 100 50 25 25 700 700 700 700 20 15 
3 J AB-28V-304-2... | 28 100 50 30 30 840 840 840 840 20 15 
4 J AB-28V-304-4... | 28 100 50 30 30 840 840 840 {840 40 35 
5 JAB-30¥-54-15... | 30 /100 50 5 5 150 150 150 (150 15 15 
6 JAB-30¥-64-10... | 30 }100 50 6 6 180 180 180 (180 10 10 
# J AB-30¥-64-10... | 30 100 30 6 6 180 180 180 /180 10 10 
8 JAB-30¥-74-10... | 30 }100 50 ? 7 210 210 210 (210 10 3 _ 
OAD BHI OA 19 an ann En o o 74n 74n 34n 194n 19 4 

< Wm b 
| None | Cancel 


When an entry in the Contact Quick Pick dialog is selected, clicking on the Ok button will substitute this 
selected data to the Contact page of the Solenoid Editor. Pressing the None button will close the dialog 
and the data for the selected contact in the Contact page will be set to zero as well as setting the Source 
for the contact information to User Defined. When the Cancel button is pressed, ETAP will close the 
Contact Library Quick Pick dialog without transferring any data. 


Unassign 

The Unassign button allows you to remove the link between a CSD contact element and this solenoid. 
This button becomes enabled when an assigned contact is selected in the contact list of the Contact page. 
Clicking on the button will make the contact an unassigned one and the Contact ID will become blank. 
The data in the in the contact list will stay the same. The contact element in the CSD view can then be 
assigned to another controlling device or another unassigned contact in the contact list. 


Add 


When the Add button is clicked, a new contact will be added to the end of the contact list in the Contact 
page. The newly added contact is unassigned and has User Defined as its Source. 
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Delete 

When the delete button is clicked, the selected contact from the contact list will be removed from the list. 
If it is an assigned contact, the corresponding contact element in CSD will change to an unassigned 
contact. 


Revisions for Data in the Contact Page 


In the current release of ETAP, the data revision feature is not supported for the data in the Contact page 
of the Control Relay Editor. Therefore, any item of information in the Contact page can only be modified 
while the ETAP project is in the Base revision. The information contained in the Contact page includes 
two categories: contact assignment and contact engineering data. When switched to a revision other than 
the Base, the whole Contact page is disabled, so that neither category of the contact information can be 
changed. Accordingly, while the project is in a revision other than the Base, you cannot make assignment 
for an unassigned contact. When double-clicking on an unassigned contact, the Contact Controlling 
Device Assignment dialog will not appear. 
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39.10.4 Duty Cycle Page 


You can use the Duty Cycle page to specify the duty cycle category and load a profile for each duty cycle. 
ETAP displays the load profile for viewing and printing. 


Solenoid - Solenoid 1 [ee Somn| 


| Info | Rating | Contact | Duty Cycle | Remarks | Comment | 


125 V 35.1W 445.16 Ohm 
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Duty Cycle 

This section is used to specify the load profile for each of the five duty cycle categories. A load profile is 
defined by a duty cycle that consists of a number of consecutive load segments. Each segment is a square 
form and is entered in a line in the duty cycle list. 


Duty Cycle Category 

Select a duty cycle category from the list box and view the load profile for it in this page. Each load can 
have up to five duty cycle categories with independent load profiles. You can name the duty cycle 
categories from the Project menu bar. 


Type 


The Type field defines the load type of a segment of the load profile. When the field is clicked, a list of 
load types shows up. The options include Other, Load, Motor, Solenoid, Control Relay, Contact, 
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Constant P, Constant Z, and Constant I. If Constant I is selected, the device will behave as a constant 
current load for the load segment. If Constant P or Motor is selected, the device will behave as a constant 
power load for the load segment. If any other option is selected, the device will behave as a constant Z 
load for the load segment. 


Name 
Enter a text string up to 25 characters in this field. It allows you to identify a load segment. The names 
for different sections do not have to be different. 


%Load 

Enter the load for a segment in percent of the rated burden Amps of the device in this field. When a new 
value is entered here, the Amp field for the same section will update automatically. The %Load field for 
the last load segment is always zero, indicating that a load profile must end with zero value. 


Amp 

Enter the load for a segment in amperes. When a new value is entered in this field, the %Load field for 
the same segment will update automatically. The Amp field for the last load segment is always zero, 
indicating that a load profile must end with zero value. 


St Time 
Enter the starting time for a segment in milliseconds. This is the time when the current load segment 
starts. The duration of a load segment starts at its St Time and ends at the St Time of next following load 
segment. 


Load Profile 
To add a load section to the load profile, click on the Ins button to create a row in the load profile table. 


Each row represents a segment of the load profile for this duty cycle. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or press the Delete key. 


Click on the Print-> button, and the displayed load profile curve for the selected duty cycle will print. 


Note: You can select any of the duty cycle categories when conducting CSD studies. To edit the loading 
category names, select Duty Cycle Category from the Project menu. 
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39.10.5 Remarks Page 


Solenoid - Solenoid 1 (qe-Soo| 
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Last Maint. 02/04/2002 


Next Maint. 02/04/2003 Reference OT! 


Test . 4and6 
—_ Manufacturer 


UD Field A5 12 Character 


Name ASCO 


UD Field AS Alphanumeric 


Purchasing 
UD Field A7 “Any Info Date 05/01/01 


585 de we 


User-Defined Info 


These fields allow you to maintain additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 


This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 
alphanumeric characters. For example, the title of a manufacturer’s diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.10.6 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Solenoid - Solenoid 1 ._ — [tune Sove| 
| Info | Rating | Contact | Duty Cycle | Remarks | Comment 
125V 35.1W 445.16 Ohm 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS INI file. 


BES Kec) 0 [coe 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.11 Light Editor 


Lights are visual indicating devices used to draw an operator’s attention to various conditions in the 
system, such as the status of a circuit breaker. Lights are common devices in a control system diagram. 


39.11.1 Info Page 
Light - Red |_| 


Info | Rating | Duty Cycle | Remarks | Comment 
125V 30 W 520.83 Ohm 


"ee o 


From Node Node69 Revision Data 
To Node [Node71 


Calculation Model 


@) Burden & Inrush Rating 
© Duty Cycle 


Data Type | Estimate A 


Priority | Critical hd 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each light element. The assigned IDs consist of the default ID (Dev) plus an 
integer, starting with the number one and increasing as the number of buses increases. 


The default ID (Dev) for the light can be changed from the Defaults menu (the Control System diagram 


submenu, Device item) in the menu bar or from the System Manager by entering a new name having up 
to 25 alphanumeric characters. 
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From Node 
A device, such as a light, is graphically connected between two nodes/buses. This field shows the ID of 
the node/bus connected at the From side of the light. 


To Node 
This field shows the ID of the node/bus connected at the To side of the light. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


Calculation Model 


ETAP provides two methods to model a light: Burden & Inrush Rating or Duty Cycle. The method can 
be selected from the editor. It can also be globally selected from the Control System Diagram Study 
Case. 


Burden & Inrush Rating 
When this option is selected, in a CSD simulation, the model entered in the Rating page of the Device 
Editor will be used to represent the device. The model includes burden rating and inrush rating. 


Duty Cycle 
When this option is selected, in a CSD simulation, the model entered in the Duty Cycle page of the 
Device Editor will be used to represent the device. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 
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Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.11.2 Rating Page 


The Rating page holds parameters for voltage rating, burden rating, and inrush rating of a light. The 
parameters can be entered manually. The rating parameters consist of three separate sections: voltage 
rating, burden rating and inrush rating. 


DC Light - G(Open) eas 


Burden Rating 
W Amp 
30 0.24 


© Constant VA ©) Constant Z 


[] Inrush Rating 


») Constant | 
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Voltage Rating 


Vrate 


Enter the rated voltage in volts for the light. This value serves as the base for other voltage values. 


% Vmax 


Enter the maximum allowed operating voltage for the light. The value is a percentage based on the rated 


voltage. 


ETAP 


39-105 
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%/V button 

This will switch between '%' and 'V' mode. By default, the values for Vmax, Vmin can be entered in 
percent. Click on this button to toggle voltage limits between % and Volts. For example, if %Vmax= 120 
and Vrate= 50V, then Vmax in volts would be 60V. 


Burden Rating 


Burden rating is the continuous rating of the light. When a light is first energized, for a brief interval it 
takes an inrush current that can be several times higher than the burden current. After this initial inrush 
period, the behavior of a control coil is defined by the burden rating. 


The burden rating values are related to each other and to the rated voltage. Once one rating value, such as 
the Amp value, is changed, the other rating values will automatically update to keep the integrity of 
parameters based on the Ohm’s law. 


WwW 
Enter the power rating in watts. This is the continuous power rating of a DC light. 


Amp 
Enter the current rating in amperes. This is the continuous current rating of a DC light. 


VA 
This field displays the power rating in volt-amperes. For a DC light, the VA rating is the same as the W 
rating. 


Ohm 
Enter the DC resistance in ohms for the light under normal operating condition, that is, when the rated 
voltage is applied across the light. 


Burden Load Type — Constant VA, Constant Z, or Constant I 
In CSD calculation, a light can be represented as a constant VA, constant Z, or constant I device as a 
burden load. This group of radio buttons allows you to select the load type you prefer. 


Inrush Rating 


The inrush rating of a light applies to the initial brief interval (in milliseconds) after it becomes energized. 
In general, the inrush rating of a light is several times higher than its burden rating. 

Very similar to the burden rating parameters, inrush rating values are also related to each other and to the 
rated voltage. Once one rating value, such as the Amp value, is changed, the other rating values will 
automatically update to keep the integrity of parameters based on the Ohm’s law. 


Inrush Rating 

Because many light manufacturers do not provide parameters for the inrush rating of their lights, ETAP 
provides a checkbox to indicate availability of inrush parameters. If this box is checked, non-zero inrush 
rating parameters (such as power and current) must be entered. Otherwise, the CSD calculations will be 
blocked. If no inrush rating data available, simply uncheck this box. 


WwW 
Enter the power rating in watts in this field. This is the inrush power rating of a DC light. 


Amp 
Enter the current rating in amperes in this field. This is the inrush current rating of a DC light. 
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VA 
This field displays the power rating in volt-ampere in this field. For DC light, the VA rating is the same 
as the W rating. 


Ohm 
Enter the DC resistance in ohms of the light during inrush period in this field. 


Duration (ms) 


Enter the inrush duration in milliseconds. If the inrush duration is equal to zero, it is the equivalent of 
leaving the Inrush Rating box unchecked. 
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39.11.3 Duty Cycle Page 


You can use the Duty Cycle page to specify the duty cycle category and load profile for each duty cycle. 
ETAP displays the load profile for viewing and printing. 


Light - Red |_| 


Remarks | Comment | 


520.83 Ohm 


>) AR 


Duty Cycle 

This section allows you to specify a load profile for each one of the five duty cycle categories. A load 
profile defined by a duty cycle consists of a number of consecutive load segments. Each segment is a 
square form and is entered in a line in the duty cycle list. 


Duty Cycle Category 

Select a duty cycle category from the list box to view the load profile for it on this page. Each load can 
have up to five duty cycle categories with independent load profiles. You can name the duty cycle 
categories from the Project menu bar. 


Type 


The Type field defines the load type of a segment of the load profile. When this field is clicked, a list of 
load types appears. The options include Other, Load, Motor, Solenoid, Control Relay, Contact, Constant 
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P, Constant Z, and Constant I. If Constant I is selected, the device will behave as a constant current load 
for the load segment. If Constant P or Motor is selected, the device will behave as a constant power load 
for the load segment. If any of the remaining options are selected, the device will behave as a constant Z 
load for the load segment. 


Name 
Enter a text string up to 25 characters in the field. This allows you to identify a load segment. The names 
for different sections do not have to be different. 


%Load 

Enter the load for a segment in percent of the rated burden Amps of the device. When a new value is 
entered in this field, the Amp field for the same section will update automatically. The %Load field for 
the last load segment is always zero, indicating that a load profile must end with zero value. 


Amp 

Enter the load for a segment in amperes in this field. When a new value is entered in this field, the 
%Load field for the same segment will update automatically. The Amp field for the last load segment is 
always zero, indicating that a load profile must end with zero value. 


St Time 

Enter the starting time for a segment in milliseconds in this field. This is the time when the current load 
segment starts. The duration of a load segment starts at its St Time and ends at the St Time of next 
following load segment. 


Load Profile 
To add a load section to the load profile, click on the Ins button to create a row in the load profile table. 


Each row represents a segment of the load profile for this duty cycle. 


To delete a row of data, highlight the row by clicking on the number of that row, then click on the Del 
button or press the Delete key. 


Click on the Print-> button, and the displayed load profile curve for the selected duty cycle will print. 


Note: You can select any of the duty cycle categories when conducting CSD studies. To edit the loading 
category names, select Duty Cycle Category from the Project menu. 
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39.11.4 Remarks Page 
Light - Red [prem 


| info | Rating | Duty Cycle | Remarks | Comment 
125V 30 W 520.83 Ohm 
User Defined Info 


Eq. Ref. 0 (numeric) 
Last Maint. 
Next Maint. 
Tests Req. 
UD Field A5 
UD Field A 


UD Field A7 
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User-Defined Info 


These fields allow you to enter additional data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any extra data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 


alphanumeric characters. For example, a manufacturer’s diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 


ETAP 39-111 ETAP 19.0 User Guide 


CSD Elements Light Editor 


39.11.5 Comment Page 


This page allows you to enter any additional data or comments regarding condition, maintenance, tests, or 
studies, associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS.INI file. 


Light - Red ; |v 


[Info| Rating | Duty Cycle | Remarks | Comment 
125V 30W 520.83 Ohm 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS INI file. 


Be5 de) we 


When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.12 General Load Editor 
A general load is a “catch-all” category for a generic type of elements used to represent devices in a CSD 


that are not control relays, solenoids, or lights. For example, a spring charging motor for a circuit breaker 
can be represented by a general load. 


39.12.1 Info Page 


Info 


ID 


info | Rating | Duty Cycle | Remarks | Comment 


General Load - DCLoad 


General Load Fditor 


240 V 800 W 72 Ohm 
Info 


ID DCLoad 


From Node |Node15 
To Node [Node21 
Calculation Model 


@) Burden & Inrush Rating 
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Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each general load element. The assigned IDs consist of the default ID (Dev) plus 
an integer, starting with the number one and increasing as the number of buses increases. 


ETAP 


39-113 
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The default ID (Dev) for the general load can be changed from the Defaults menu (the Control System 
diagram submenu, Device item) in the menu bar or from the System Manager by entering a new name 
with up to 25 alphanumeric characters. 


From Node 
A device, such as a general load, is graphically connected between two nodes/buses. This field shows the 
ID of the node/bus connected at the From side of the general load. 


To Node 
This field shows the ID of the node/bus connected at the To side of the general load. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


Calculation Model 


ETAP provides you with two methods to model a general load: Burden & Inrush Rating or Duty Cycle. 
You select the method from the editor. It can also be globally selected from the Control System Diagram 
Study Case. 


Burden & Inrush Rating 
If this option is selected, the model entered in the Rating page of the Device Editor will be used to 
represent the device in the CSD simulation. The model includes burden rating and inrush rating. 


Duty Cycle 


When this option is selected, the model entered in the Duty Cycle page of the Device Editor will be used 
to represent the device in a CSD simulation. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Data Type 


This field provides a convenient way to track data entry. Select one of the data types (such as Estimate, 
Typical, Vendor, Final, etc.) from the pull-down list. As the data is updated, this field can be changed to 
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reflect the source of the latest data. There are a total of ten load types. To change the data type names, 
navigate to the Project Menu, point to Settings and select Data Type. 


Priority 

Select the load priority of this machine from the drop-down list. This field can be used for load priority, 
operating priority, load-shedding priority, etc. Ten different priorities are allowed. To change priority 
names, from the Project Menu, point to Settings and select Load Priority. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only expect condition information. The user can change 
condition information (service & state) even though the element properties are locked. 
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39.12.2 Rating Page 


The Rating page lets you set the parameters for the voltage rating, burden rating, and inrush rating of a 
general load. These parameters can be entered manually. The rating parameters are grouped in three 
sections: voltage rating, burden rating and inrush rating. 


DC General Load - Dev2 


Rating | Duty Cycle | Remarks | Comment | 
800 W 72. Ohm 


Burden Rating 
Ww Amp 
800 3.333 800 72 


© Constant VA ©@)ConstantZ © Constant | 


Inrush Rating 


80.56 
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Voltage Rating 


Vrate 
Enter the rated voltage in volts for the general load in this field. This value serves as the base for other 
voltage values. 


% Vmax 


Enter the maximum allowed operating voltage for the general load in this field. The value is a percentage 
based on the rated voltage. 


ETAP 39-116 ETAP 19.0 User Guide 


CSD Elements General Load Editor 


%Vpickup 

Enter the pickup voltage as a percentage of the rated voltage of the general load. Since a general load 
does not control other devices, the Vpickup value serves to alert you to possible problem areas. For 
example, when the voltage across a spring charging motor is too low, the CB may fail for the next 
operation. In CSD simulation, a alert can be generated when the voltage across a general load is less than 
the Vpickup value, if this option is selected in the CSD Study Case. 


% Vdropout 

Enter the dropout voltage as a percentage of the rated voltage of the general load. Since a general load 
does not control other devices, the Vdropout value serves to alert you to possible problem areas. In CSD 
simulation, an alert can be generated when the voltage across a general load is less than the Vdropout 
value, if this option is selected in the CSD Study Case. 


%/V button 

This will switch between '%' and 'V' mode. By default, the values for Vmax, Vickup and Vdropout can be 
entered in percent. Click on this button to toggle voltage limits between % and Volts. For example, if 
%Vmax= 120 and Vrate= 50V, then Vmax in volts would be 60V. 


Burden Rating 


Burden rating is the continuous rating of the general load. When a general load is first energized, for a 
brief interval the inrush current can be several times higher than the burden current. After this initial 
inrush period, the behavior of a control coil is defined by the burden rating. 

The burden rating values are related to each other and to the rated voltage. Once one rating value, such as 
the Amp value, is changed, the other rating values will automatically update to keep the integrity of 
parameters based on Ohm’s law. 


W 
Enter the power rating in watts in this field. This is the continuous power rating of a DC general load. 


Amp 
Enter the current rating in amperes in this field. This is the continuous current rating of a DC general 
load. 


VA 
This field displays the power rating in volt-ampere in this field. For DC general load, the VA rating is 
the same as the W rating. 


Ohm 
Enter the DC resistance in ohms for the general load under normal operating conditions. That is, when the 
rated voltage is applied across the general load. 


Burden Load Type — Constant VA, Constant Z, or Constant I 
In a CSD calculation, a general load can be represented as a constant VA, constant Z, or constant I device 
as a burden load. This group of radio buttons allows you to select your preference. 


Inrush Rating 


The inrush rating of a general load applies to the initial brief interval (in milliseconds) after it becomes 
energized. In general, the inrush rating of a general load is several times higher than its burden rating. 
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Very similar to burden rating parameters, the inrush rating values are also related to each other and to the 
rated voltage. Once one rating value, such as the Amp value, is changed, the other rating values will 
automatically update to maintain the integrity of parameters based on Ohm’s law. 


Inrush Rating 

Because many general load manufacturers do not provide parameters for the inrush rating of their general 
loads, ETAP includes a checkbox that lets you indicate the availability of inrush parameters. If this box is 
checked, non-zero inrush rating parameters (such as power and current) must be entered. Otherwise, the 
CSD calculations will be blocked. If no inrush rating data are available, simply uncheck this box. 


WwW 
Enter the power rating in watts in this field. This is the inrush power rating of a DC general load. 


Amp 
Enter the current rating in amperes in this field. This is the inrush current rating of a DC general load. 


VA 
This field displays the power rating in volt-amperes. For DC general load, the VA rating is the same as 
the W rating. 


Ohm 
Enter the DC resistance in ohms of the general load during inrush period in this field. 


Duration (ms) 


Enter the inrush duration in milliseconds in this field. If the inrush duration is equal to zero, it is the 
equivalent of leaving the Inrush Rating box unchecked. 
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39.12.3 Duty Cycle Page 


Using the Duty Cycle page, you can specify the duty cycle category and load profile for each duty cycle. 
ETAP displays the load profile for viewing and printing. 


General Load - DCLoad [sven 


BBS hoc J) SB CS (cee) 


Duty Cycle 


This section allows you to specify a load profile for each of the five duty cycle categories. A load profile 
defined by a duty cycle consists of a number of consecutive load segments. Each segment is a square 
form and is entered on a line in the duty cycle list. 


Duty Cycle Category 

You can select a duty cycle category from the list box and view the load profile for it in this page. Each 
load can have up to five duty cycle categories with independent load profiles. You can name the duty 
cycle categories from the Project menu bar. 


Type 


The Type field defines the load type of a segment of the load profile. When the field is clicked, a list of 
load types appears. The options include Other, Load, Motor, Solenoid, Control Relay, Contact, Constant 
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P, Constant Z, and Constant I. If Constant I is selected, the device will behave as a constant current load 
for the load segment. If Constant P or Motor is selected, the device will behave as a constant power load 
for the load segment. If any of the remaining options are selected, the device will behave as a constant Z 
load for the load segment. 


Name 
Enter a text string up to 25 characters in the field. This allows you to identify a load segment. The names 
for different sections do not have to be different. 


%Load 

Enter the load for a segment as a percentage of the rated burden Amps of the device. When a new value 
is entered in this field, the Amp field for the same section will update automatically. The %Load field for 
the last load segment is always zero, indicating that a load profile must end with zero value. 


Amp 

Enter the load for a segment in amperes. When a new value is entered in this field, the %Load field for 
the same segment will update automatically. The Amp field for the last load segment is always zero, 
indicating that a load profile must end with zero value. 


St Time 
Enter the starting time for a segment in milliseconds. This is the time when the current load segment 
starts. The duration of a load segment starts at its St Time and ends at the St Time of next following load 
segment. 


Load Profile 
To add a load section to the load profile, click on the Ins button to create a row in the load profile table. 


Each row represents a segment of the load profile for this duty cycle. 


To delete a row of data, highlight the row by clicking the number of the row, then click on the Del button 
or press the Delete key. 


Click on the Print-> button, and the displayed load profile curve for the selected duty cycle will print. 


Note: You can select any of the duty cycle categories when conducting CSD studies. To edit the loading 
category names, select Duty Cycle Category from the Project menu. 
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39.12.4 Remarks Page 
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User-Defined Info 


These fields allow you to maintain additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu of the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or another number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


ETAP 39-121 ETAP 19.0 User Guide 


CSD Elements General Load Editor 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.12.5 Comment Page 


Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


General Load - DCLoad _ [eS 
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When entering information on this page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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39.13 Contact Editor 


A contact is a controlled switch whose status is dependent on the operating condition of its controlling 
devices, such as a control relay or a solenoid. The logic established between contacts and their 
controlling devices is the essential part of control system that supports the functioning of the entire 
control mechanism. 


In ETAP, there are two types of contacts: regular contact and Form C contact. A regular contact has two 
terminals. A Form C contact has three terminals and is similar to two regular contacts connected back to 
back, with one always being open and the other always being closed. 


Due to the natural logic relationship between a contact and its controlling device, a contact does not have 
its own property editor. The engineering property of a contact is entered through the Contact page of the 
Property Editor of the controlling device of the contact. When a new contact is added to a CSD view, it is 
called an unassigned contact because its controlling device has not yet been determined. When you 
double click on the unassigned contact, the Contact Controlling Device Assignment dialog will open, 
allowing you to select a controlling device for the contact. Once its controlling device is selected, the 
contact becomes an assigned contact. When you double-click on an assigned contact, ETAP opens the 
Property Editor of the controlling device. The contact information will be located in the Contact page of 
this editor, and you can obtain contact data from Contact Library or manually specify this information. 


39.13.1 Contact Controlling Device Assignment Dialog 


The Contact Controlling Device Assignment Dialog allows you to assign an unassigned contact to a 
controlling device. 


Controlling Device Type 


Select a type of controlling device from the list. There are two types of controlling devices in the current 
version of ETAP: Control Relay and Solenoid. Once you have selected a controlling device type, the 
Controlling Device list will update automatically with all the devices of the selected device type. 


Controlling Device 


This list presents all device IDs of the selected device type in a CSD View. Clicking on an ID will 
highlight that row and the Available Contacts list will update with all unassigned contacts that appear in 
the Contact page of the Device Editor. 


Available Contacts 


This list presents available contacts from the controlling device that you selected in the Controlling 
Device list. An available contact is one that appears in the Contact page of the controlling Device Editor 
that does not have a contact element assigned to it from the CSD view. The Contact ID field is blank for 
available contacts in the Contact page of the Controlling Device Editor. 


The contacts displayed in the list are also determined by the type of the contact element from which this 
dialog was opened. If the contact element is a regular contact, the list will include all unassigned Fixed 
and Convertible contacts, plus the Form C contacts that have User Defined or Contact Lib Overwrite 
shown as their data source. If the contact element is a Form C contact, the list will include all unassigned 
Form C contacts, plus the Fixed and Convertible contacts that have User Defined or Contact Lib 
Overwrite shown as their data source. 
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Ei 
Contact Controlling Device Assignment 
Contact State 
c-61 Pos B 
Controlling Device Type | Control Relay ’ 
Controlling Device Available Contacts 
La # Status Contact Lib Vrated R 
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Help | | Select | | Select/Editor | | Cancel 


If a CSD contact element is assigned to a contact in the list that has different type, the type of the CSD 
element will overwrite the type in the Contact page of the Device Editor. For example, when the Contact 
Controlling Device Assignment dialog shown above is opened from a Form C contact, the Available 
Contact list includes two Form C contacts (5 and 8) and one Convertible contact (9). If number 9 is 
selected for the assignment, the type of this contact in the Contact page of control relay M will change 
from a Convertible contact to a Form C contact. 


Select 


Clicking on the Select button completes the assignment of the contact element in CSD to your selected 
available contact from the controlling device. The Contact Controlling Device Assignment dialog will 
close. 


Select/Editor 


Clicking this button completes the assignment of the contact element in CSD to the selected available 
contact from the controlling device. The Contact Controlling Device Assignment dialog will close and 
the editor of the controlling device for the contact that was just assigned will be brought up as the Contact 


page. 


Cancel 


If you click on this button the Contact Controlling Device Assignment dialog closes without making any 
contact assignment. 
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39.14 Macro Controlled Contact 


A Macro Controlled Contact is an element in ETAP used to simulate a time-controlled switch. Its 
primary purpose is to represent the control logic of a CSD when device duty cycle model is chosen to 
represent devices. In this case, a controlling device cannot control the state of contacts, but macro 
controlled contacts can be utilized to simulate the same logic to change system configurations. The 
behavior of a macro controlled contact is defined by its duty cycle where its status, open or closed, can be 
flexibly defined as a function of time. 


39.14.1 Info Page 


Macro Controlled Contact Editor - AutoStart [tuo 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each impedance branch element. The assigned IDs consist of the default ID (MC) 
plus an integer, starting with the number one and increasing as the number of buses increases. 


The default ID (MC) for the DC bus can be changed from the Defaults menu in the menu bar or from the 
System Manager by entering a new name of up to 25 alphanumeric characters. 


From / To 

These two fields display the ID of the connected elements of a macro controlled contact. A macro 
controlled contact can be connected between two nodes, a bus and a node, a bus and a device, or a bus 
and a branch. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


Initial (Normal) State 


This is the state a macro controlled contact takes when the CSD view is in the Edit mode and when ETAP 
determines the initial steady state of the CSD in the Study mode. There are two options: Normally Open 
and Normally Closed. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 
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39.14.2 Duty Cycle Page 


The behavior of a macro controlled contact is defined by its duty cycle, which specifies the state of the 
macro controlled contact in a time sequence. 


Macro Controlled Contact Editor - AutoStart [ero 
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Duty Cycle 

The duty cycle of a macro controlled contact consists of a number of states in a sequence of increasing 
time intervals. The duty cycle list is presented in three columns: Name (of the duty cycle step), State (On 
or Off), and Time (interval). Each state is defined as a row of this duty cycle list. 


Duty Cycle Category 

Select one of the five duty cycles from the list box to establish the category. States for each category can 
be added and named. When a duty cycle is selected, the data will display in the duty cycle list and can be 
modified. 
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Name 
Enter a description of a step of the duty cycle in this field, using up to 25 alphanumerical letters. 


State 
Select the state of the macro controlled contact. When you click on this field, an arrow for a drop-down 
list appears; click on it and two options appear: ON and OFF. Click on your choice. 


Time 
Specify time for a state. The duty cycle list is refreshed when you change a page or duty cycle category 
and it is sorted according to the time column in increasing order when the list is refreshed. 


Ins 
The Insert button becomes enabled when a row (other than row 1) is selected in the duty cycle list. 
Clicking this button will insert an empty row in the duty cycle list above the selected row. 


Add 
Clicking on the Add button will add an empty row underneath the selected row of the duty cycle list. 


Del 
The Delete button becomes enabled when a row is selected in the duty cycle list. Clicking on this button 
will delete the selected row. 


Print 
Clicking on this button sends the duty cycle curve to the selected printer. 
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39.14.3 Remarks Page 


Macro Controlled Contact Editor - AutoStart el 
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User-Defined Info 


These fields allow you to maintain additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


ETAP 39-130 ETAP 19.0 User Guide 


CSD Elements Macro Controlled Contact 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing / Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.14.4 Comment Page 
Enter any additional data or comments regarding condition, maintenance, tests, or studies, associated with 
this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


Macro Controlled Contact Editor - AutoStart 


Macro Controlled Contact 


increase the size of this field, refer to the entries in the ETAPS INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste. 
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39.15 Control Cable Schedule 


Wires in a control system are typically much smaller than power cables. A control cable installed 
between locations A and B can contain a number of wires being used in a control system. In ETAP, all 
control cables are created in the Control Cable Schedule, which is a holding place located at the ETAP 
project level for all control cables. Using the Control Cable Schedule, you can create/delete control 
cables, modify control cable parameter, and assign CSD wires to control cables. Any cables created in 
the Control Cable schedule will not appear in an ETAP one-line view, since the Control Cable Schedule is 
primarily a place that defines the properties for CSD wires that physically form a control cable. 


39.15.1 Control Cable Schedule Dialog 


To open the Control Cable Schedule, go to the Project menu and select the Control Cable Schedule 
option. This opens the CSD Control Cable Schedule dialog, which presents a list of all control cables in 
the project and several buttons for adding, deleting, and modifying cable parameters. 


CSD Control Cable Schedule [pee 


Cable Number OF Wires 


From Loc 


CtriCable1 
CtrlCable2 


[ edit... | | Pint Schedule... Help 


Control Cable List 


The Control Cable List displays all control cables in the project. These are display only fields and the 
data can be modified in the Control Cable Schedule Editor. The list shows the cable information and wire 
assignment information for each cable. A detailed explanation of each field is given in the Control Cable 
Schedule Editor section. 


Add 


Clicking the Add button will bring up a blank Control Cable Schedule Editor, where you can create a new 
control cable. 


Delete 
Clicking the Delete button will remove the selected control cable. 
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Edit 
Clicking the Edit button will bring up the Control Cable Schedule Editor and allow you to modify the 
parameters for the selected control cable. 


Print Schedule 
Clicking the Print Schedule button will send the displayed control cable list to the selected printer. 


39.15.2 Control Cable Schedule Editor 


Using the Control Cable Schedule Editor, you can enter cable parameters, change the number of wires for 
a cable, and set the status of an unassigned wire. 


Info Page 
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Connection 
Enter the cable ID and the two physical locations of the cable in this section. 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each impedance branch element. The assigned IDs consist of the default ID (CtrlCable) plus an 
integer, starting with the number one and increasing as the number of buses increases. 
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From Loc 

Enter an alphanumeric location with a maximum of 22 characters or select an existing location from the 
list. This is the physical From location of the control cable. This information is for your reference only 
and does not affect a CSD calculation. 


To Loc 

Enter an alphanumeric location with a maximum of 22 characters or select an existing location from the 
list. This is the physical To location of the control cable. This information is for your information only 
and does not affect a CSD calculation. 


Length 


Enter the cable length in this field. This length value will be used to calculate wire impedance. 


Unit 
Select a unit of measure for the cable length from the drop-down list. There are four options available: ft, 
mile, m, and km. 


%Tol. 
Enter cable length tolerance as a percentage. This tolerance value will be used in CSD calculations to 
increase wire length. 


Z 


Enter or modify cable impedance values in the Z section in this field. If Impedance values originate from 
the Cable Library, when the values are modified, the cable header information will change to a dark blue 
color, indicating that the original data from the Cable Library has been modified. 


R 
Enter the cable DC resistance value in Ohms at the specified length unit and base temperature in this 
field. 


L 
Enter the cable DC inductance value in Henries at the specified length unit in this field. 


Length Unit 

Select length unit for cable resistance and inductance. There are two options: total Z value or Z per unit 
length. When the total Z value option is selected, the R and L values entered are for the entire cable, no 
matter what the length of the cable. When the Z per unit length option is selected, the R and L values 
entered are for the specified unit length. ETAP will calculate the cable impedance automatically for the 
study based on the cable length. 


Unit Length 
When the Z per unit length option is selected, this field and the field for the unit for Unit Length become 
enabled. Enter unit length at the unit for Unit Length. 


Unit for Unit Length 

When the Z per unit length option is selected, this field and the Unit Length field become enabled. Select 
a unit of measure for Unit Length from the drop-down list. There are four options available: ft, mile, m, 
and km. 
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Base Temp. 

Enter a temperature or select from the drop-down list a base temperature for cable DC resistance. This is 
the temperature value at which the DC resistance is specified. In CSD calculations, the cable resistance 
value will automatically adjust to the operating temperature based on the specified Study Case and Wire 
Editor options. 


Assign Page 


| Dc CSD Control Cable Schedule -- Edit [3 | 
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Wire 
This section includes fields for specifying number of wires contained in the cable and a list of all wires 


with status. For assigned wires, it also displays the name of the assigned wire element and its CSD 
location. 


Status 

This column identifies the status of a wire contained in the cable. A wire can have one of three different 
statuses: Assigned, Reserved, and Free. 

The Assigned status indicates that this wire has been assigned to a CSD wire element. Such an 
assignment can only be made from the Wire Editor. In addition, a wire can only be assigned to one CSD 
wire element. Once assigned, the CSD wire element takes all of its wire parameters from the cable 
specifications in the Cable Schedule for CSD calculations. 
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A Reserved status indicates that this wire has been set aside for future use and cannot be assigned to any 
CSD wire element. The Free status indicates that this wire is available for assignment or can be defined 
as reserved for future use. 


You may change the wire status between Free to Reserved. To make this change, click on the status field 
of a wire that shows either Reserved or Free and a list with two options will appear that allows you to 
make the selection. 


Name 
This column applies to wires that have Assigned status and displays the ID of the CSD wire element to 
which this wire has been assigned. 


CSD 
This column applies to wires that have Assigned status and displays the ID of the CSD view in which the 
assigned wire element is located. 


Total 

Enter the total number of wires contained in the cable in this field. 

Note: If changing this quantity to a smaller value, the value cannot be less than the number of wires that 
have Assigned or Reserved status. 


Assigned 
This display only field shows the total number of assigned wire in the cable. The assigned wires are 
identified in the wire list. 


Reserved 
This display only field shows the total number of reserved wire for the cable. The reserved wires are 
identified in the wire list. 


Free 


This display only field shows the total number of free wires for the cable. The free wires are identified in 
the wire list. 
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Cable Librar 
Clicking the Cable Library button will bring up the Cable Library Quick Pick dialog shown below to 
retrieve cable data from the library. The data retrieved from Cable Library includes cable header 
information and parameters in the Z section. If any parameter in the Z section is changed, the cable 
header text will turn a dark blue color to indicate that the cable data extracted originally from the library 
has been modified. 
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39.15.3 Revisions for Control Cable Schedule 


Due to the complexity of the Control Cable Schedule and the required flexibility in control cable 
assignments, the procedure for revisions to the Control Cable Schedule follows specific rules, which are 
explained in this section. 


Rules for Control Cable Schedule Revisions 


The data contained in Control Cable Schedule classifies into two groups: the cable engineering 
parameters and the wire assignment information. These two groups of data behave differently in 
revisions. 


Cable Engineering Data 

The cable engineering data includes parameters in the following sections: Cable Header, Connection, 
Length, and Z. In the current version of ETAP, these parameters are not supported by revisions. This 
means that these parameters cannot be changed in a revision. In any revision, they are always the same as 
the values in the Base revision. 


Wire Assignment Data 

Wire assignment data includes assignment table, number of free and total wires. The data revision of 
wire assignment works on individual wire slot basis. 

A revision for a wire slot is created when the status of the wire slot is changed. After the status of a wire 
slot is changed in a revision, any change on the same wire slot in Base will not affect the status of the 
wire slot in the revision. 


A change in the status of a wire slot is made when the status is changed from Free to Reserved or vise 
versa, when the status is changed from Assigned to Free by un-assigning a wire, or when the status is 
change from Free to Assigned by assigning a wire to the wire slot. 


Note: When an assigned wire slot is reassigned with a different wire, the revision for the slot is also 
made, since the process requires you to un-assign the wire slot first. 


When implementing a revision, the number of Total or Free wires can be changed, as long as the 

Total wire number is not less than the last assigned or reserved wire number. However, after you have 
made changes to these numbers in a revision, if you increase the Total wire number in Base to a value 
larger than the Total wire number in the revision, the Total and Free wire number in the revision will 
update accordingly. This is because as the Total wire number is changed in Base, new wire slots are 
added to the system in both Base and revisions. 


Rules for Wire Editor Revision Related to Control Cable Schedule 


Parameters in the Impedance page of the Wire Editor are related to Control Cable Schedule. Revisions of 
these parameters follow some specific rules as described below. Revisions for parameters on other pages 
behave the same as other elements. 


e If awire element is not assigned to a control cable and the impedance page data has been changed 
in a revision, when you make assignment of this wire to a control cable in Base, the same 
assignment will take effect in the revision. In the revision, this wire will assume control cable 
impedance parameters. 
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If a wire element is not assigned to a control cable and, in a revision, it has retrieved impedance 
data from a Cable Library, when you make assignment of this wire to a control cable in Base, the 
assignment will not take effect in the revision. In the revision, this wire will still use the 
impedance parameters from the Cable Library, even though in the Control Cable Schedule it may 
show that the wire is assigned to a wire slot. 


If a wire has been unassigned from a control cable in a revision, when you assign this wire to the 
same or a different wire slot in Base, the assignment will not take effect in the revision. In the 
revision, this wire will use the impedance parameters displayed in the Wire Editor, even though 
in the Control Cable Schedule it may show that the wire is assigned to a wire slot. 


If a wire has been assigned to a control cable in a revision, when you make assignment of 
additional wire slots from the same control cable to the wire in Base, the additional assignment 
will take effect in the revision, as long as these additional wire slots have no revision data in the 
revision. 


In some cases, an assignment made in Base may cause a conflict in a revision. For example, in 
Base a wire element (wire-A) is assigned to a wire slot (slot-1) of a control cable, but in a revision 
the same wire slot (slot-1) has already been assigned by another wire element (wire-B). Even 
though wire-A may have no revision data in the revision, the wire slot (slot-1) has revision data 
already and hence it does not follow the change in the Base. 


When such conflicts occurs, if wire-A is only assigned to s single slot (slot-1) in Base, a message 
will be displayed in the revision. If wire-A has multiple wire slots assigned in Base, ETAP will 
keep only non-conflict assignments for wire-A in the revision. 


In some special cases, the Cable Schedule assignment list may not agree with what is shown in 
the Wire Editor, as in the cases discussed in items 2 and 3. Under all conditions, the impedance 
data displayed in the Wire Editor will be used in the CSD calculation. 


Revision Merge for Control Cable Schedule and Wire Impedance Data 


When merge control cable schedule and wire impedance data from one revision to another, conflicts in 
wire assignments may occur. If this occurs, the assignments with conflicts will drop in the destination 
revision (the To Revision). However, under all conditions the impedance data displayed in the Wire 
Editor will be used in the CSD calculations. 


ETAP 
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39.16 Wire Editor 
39.16.1 Info Page 


CSD Wire Editor - W1-F |S 


Impedance | Remarks | Comment | 


Size 
O.6kV wo CU SC 18 AWG/kcmil 


loi # | = 


From dcBus2+ Revision Data 


To Nodes 


Description 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each impedance branch element. The assigned IDs consist of the default ID (Wire) 
plus an integer, starting with the number one and increasing as the number of buses increases. 


The default ID (Wire) for the wires can be changed from the Defaults menu in the menu bar or from the 
System Manager by entering a new name with up to 25 alphanumeric characters. 


From / To 
These two fields display the buses or nodes connected at two terminals of the wire. 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element; however, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color coded with the 
deenergized color (theme manager). The default color for a deenergized element is grey. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


Equipment 


Tag # 
This allows the user to enter the the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 
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39.16.2 Impedance Page 


Wire impedance parameters are specified in the Impedance page of the CSD Wire Editor. There are three 
ways to enter wire impedance data. You can enter wire impedance parameter directly to the fields in the 
editor, you can assign the CSD wire to a control cable to utilize the parameters from the Control Cable 
Schedule, or you can retrieve parameters from the Cable Library. 


CSD Wire Editor - W1-F |r| 


Size 
O.6kV wo 6UCcU dC 18 AWG/kcmil 


Cable Library... | [Link to Library 
Length 


Impedance (per wire) 
R 
7.21 


Wire Temperature 
Base 25 
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Library Header 


The top of the page displays library header information, which includes cable library source, insulation 
type, voltage level, conductor type, and cable size, etc. If the wire impedance data originates from the 
Cable Library, or from a Cable Schedule that retrieved data from the Cable Library, the library 
information will display in the header section. Otherwise, the library header section will be blank. 


Size 

If the wire parameters have been retrieved from the Cable Library, the wire size can be changed by 
selecting a new size form the list. If the wire parameters are from the Cable Schedule, this field is 
disabled, since the size of the cable can only be changed form the Cable Schedule. 
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Control Cable Schedule 


Clicking on the Control Cable Schedule opens the CSD Control Cable Quick Pick dialog. You can assign 
the CSD wire to different wires slots in a cable from the Control Cable Schedule from this dialog. Once a 
wire is assigned to a cable in the Control Cable Schedule, this wire becomes part of the cable and all 
impedance parameters of the wire will come from the Cable Editor in the Control Cable Schedule. 


Wire Name 
This field displays the name of the CSD wire for which you opened the Quick Pick dialog. Any wire 
assignment changes done from the dialog applies to this wire. 


Cables 


This list itemizes all control cables entered in the Control Cable Schedule. When a cable is selected by 
clicking on its ID in the list, all the wire assignments for the cable displays in the Wires list at right. 


CSD Control Cable Quick Pick [meee 


Cables 


CtriCable1 
CtriCable2 BW Assion WHF 


Selected Wires 


Wire Slot (Wire Number) 

This column in the Wires list gives the order number of all wires contained in the selected cable (CCable- 
B). The numbers are not necessarily in sequence. Each number represents a wire in the cable. As given 
in the example above, CCable-B has ten wires in total, five assigned wires, two reserved wires and three 
free wires. 


Status 
Each wire can be in one of the three different statuses: Assigned, Reserved, and Free. You can use the 
CSD Control Cable Quick Pick dialog to change a Free status wire to Assigned, but the Assigned and 
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Reserved status cannot be changed. By changing the status of a wire from Free to Assigned, you are 
assigning the wire from the control cable to the CSD wire. For example, wire number 9 has been assigned 
to Wire2. This can be seen from the Name column of wire number 9 as well as the number displayed in 
the Selected Wires field. Note that multiple wires can be assigned to the same CSD wire element. 


Name 
For the assigned wires, this field displays the name of the CSD wire element to which the wire has been 
assigned. 


CSD 
For the assigned wires, this field displays the CSD name of the wire element to which the wire has been 
assigned. 


Selected Wires 
This field displays all the wires that are to be assigned to the CSD wire element (Wire 2). 


Select 
Clicking this button will accept the assignment made from the CSD Control Cable Quick Pick dialog and 
return to the CSD Wire Editor. 


Note: Wires assigned to a CSD wire element must be from the same control cable. If the CSD wire 
element has been assigned with wires from another control cable other than the currently selected cable, 
clicking the Select button will remove the previous assignment and set the status of the wires previously 
assigned to the CSD wire element to Free. 


None 

Clicking this button will remove all assignment to the CSD wire element, close the CSD Control Cable 
Quick Pick dialog, and return to the CSD Wire Editor. The impedance data in the CSD Wire Editor will 
remain unchanged. 


Cancel 
Clicking this button will close the CSD Control Cable Quick Pick dialog without making any assignment 
changes. 


Cable Library 

Clicking on the Cable Library button will bring up the Cable Library Quick Pick, where you can select 
cable impedance data for the CSD wire. The selected cable impedance data will be copied to the wire 
Editor. The data includes parameters in the Impedance section, Unit section, and the wire Base 
Temperature. 


The data retrieved from a Cable Library may also be modified in the Wire Editor. If any data retrieved 
from Cable Library is changed in the editor, the Library Header text will turn to a dark blue color, 
indicating that the original library data has been modified. You may also select a new size from the Cable 
Library from the Size list in the Cable Header section. 
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: 
Library Quick Pick - Cable ae! 


[Unt , Fea. Te ~ kV “ca 
19 English vec ‘Rubber 2 Non-Mag. 
ED a 
English Mag. 
English 0.6 100 Rubber 2 ICEA-1994 Mag. 
English 06 100 Rubber NEC Mag. 
English 0.6 100 Rubber 2 NEC Mag. 
English 1.0 100 Rubber Mag. 
English 1.0 100 Rubber 2 Mag. 
English 1.0 100 - Mag. 
English 1.0 100 Mag. 
English 1.0 100 Mag. 


2S8282e2e28288 
FRPP PPP PEP 


; ; Size 
U/G Ampacity 4/G Ampacity Unit Rac Base Phase G/N 
Ta Tce RHO Ta “Te Length Temp. : AWG /kemil 


20 90090 40 390 1000 ft fis) 


@ Avail. Sizes 


~) All Sizes 


Cox None Cancel 


Link to Library 

This checkbox becomes enables when the wire has complete cable header information. The wire will 
have cable header information under one of the two conditions: one, the wire data have been retrieved 
from a Cable Library; and two, the wire is assigned to a cable in the Control Cable Schedule and that 
cable has retrieved data from the Cable library. 


When the Link to Library box is checked, the impedance data displayed in the wire Editor are directly 
from the Cable Library as described in the cable header. These are the data used in CSD calculations. 


Control Cable 


No. of Wires 

This field shows the number of physical wires that form the wire element. When assigned to a cable in 
the Control Cable Schedule, this is a display field only. Otherwise, it is an editable field for you to enter 
number of wires for the wire element. In CSD calculations, ETAP will automatically adjust wire total 
impedance accordingly. 


Cable ID 


When the wire element is assigned to a cable in the Control Cable Schedule, this field displays the ID of 
the assigned cable. Otherwise, the field is hidden. 
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Wire No. 
When the wire element is assigned to a cable in the Control Cable Schedule, this field displays the wire 
slot number of the cable the wire element has been assigned to. Otherwise, the field is hidden. 


Length 


Length 
Enter the length of the wire at the unit in this field. If the wire is assigned to a cable in the Control Cable 
Schedule, this field becomes a display only field. 


Unit 

Select a unit for wire length from the drop-down list. The available options include foot, mile, meter and 
kilometer. If the wire is assigned to a cable in the Control Cable Schedule, this field becomes a display 
only field. 


Tolerance 

Enter the length tolerance in percent for the wire in this field. The CSD Study Case also provides an 
option to apply length tolerance for the wire. When applied, the tolerance will be used as positive value 
to increase the length of the wire. If the wire is assigned to a cable in the Control Cable Schedule, this 
field becomes a display only field. 


Impedance (per conductor) 


R 

Enter the wire resistance per conductor in Ohms at the unit specified in the Unit section in this field. 
When the wire is assigned to a cable in the Control Cable Schedule or the Link to Library box is checked, 
this field becomes display only. 


L 

Enter wire inductance per conductor in Henrys at the unit specified in the Unit section. When the wire is 
assigned to a cable in the Control Cable Schedule or the Link to Library box is checked, this field 
becomes display only. 


Unit 


Zper/Z 

There are two ways to specify the unit for wire impedance. When the Z per option is selected, the R and L 
of the wire are entered at the unit specified in the Unit Length and Unit for Unit Length next to the 
selection. The actual per conductor impedance value for the wire will be calculated considering the wire 
length. If the Z option is selected, the impedance value specified in the Impedance section will be the 
total wire impedance per conductor. 

When the wire is assigned to a cable in the Control Cable Schedule or the Link to Library box is checked, 
this field is grayed out and is non-editable. 


Unit Length 

When the Z per option is selected, this field becomes enabled. Enter the unit length at the unit in the next 
field. When the wire is assigned to a cable in the Control Cable Schedule or the Link to Library box is 
checked, this field is grayed out and is non-editable. 
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Unit for Unit Length 

When the Z per option is selected, this field becomes enabled. Select a unit for unit length. The available 
options include foot, mile, meter and kilometer. When the wire is assigned to a cable in the Control 
Cable Schedule or the Link to Library box is checked, this field is grayed out and is non-editable. 


Wire Temperature 


Base 

Enter the base temperature in Celsius for the wire resistance in this field. When the wire is assigned to a 
cable in the Control Cable Schedule or the Link to Library box is checked, this field becomes display 
only, showing the based temperature from the cable or the library. 


Min. 
Enter the minimum temperature in Celsius for the wire resistance in this field. 


Max. 
Enter the maximum temperature in Celsius for the wire resistance in this field. This temperature may be 
used to adjust wire resistance depending on the option selected in the CSD Study Case. 


Revision Data for Wire Impedance 

When the wire is not assigned to a cable in the Control Cable Schedule, the revision data for the 
impedance page behaves the same as the data in any other page and the same as other elements in ETAP. 
However, if the wire is assigned or has been assigned to a cable in the Control Cable Schedule, specific 
rules apply. For details, see section Revisions for Control Cable Schedule in Control Cable Schedule. 
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39.16.3 Remarks Page 


CSD Wire Editor - W1-F |S 


| Info | Impedance Remarks | Comment 


GenCab TypeP Mag. Size 
Rubber 100 % O.6kV vc CU |18 AWG/kcmil 


User Defined Info Drawing / Diagram 


Eq. Ref. 
One-Line 
Last Maint. 


Next Maint. 


Tests Reg. 


UD Field A5 


UD Field A6 


UD Field A7 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 


This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing / Diagram 
One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element in this field, up to 50 


alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 
Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.16.4 Comment Page 


You can use this page to enter any additional data or comments regarding conditions, maintenance, tests, 
or studies, associated with this element. This field can be up to 64kb with a default size of 4kb. To 
increase the size of this field, refer to the entries in the ETAPS.INI file. 


CSD Wire Editor - W1-F | ee-Sommn| 


Size 
O.6kV we [UCU SC 18 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies, 
associated with this element. This field can be up to 64kb with a default size of 4kb. To increase 
the size of this field, refer to the entries in the ETAPS INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste. 
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39.17 Impedance Editor 
39.17.1 Info Page 


DC Impedance Editor - R1 |S 
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Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters in this field. ETAP automatically 
assigns a unique ID to each impedance branch element. The assigned IDs consist of the default ID (dcZ) 
plus an integer, starting with the number one and increasing as the number of buses increases. 


The default ID (dcZ) for the DC Impedance can be changed from the Defaults menu in the menu bar or 
from the System Manager by entering a new name with up to 25 alphanumeric characters. 


From / To 
This two fields display the buses or nodes connected at two terminals of the impedance. 
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In Service / Out of Service 


The operating condition of impedance can be selected by choosing either the In Service or Out of Service 
option. The properties of Out of Service impedance can be edited similar to an In Service bus; however, 
Out of Service impedance will not be included in any system studies. When Continuity Check is 
activated, Out of Service impedance automatically becomes grayed out in the one-line diagram. 


Equipment 


FDR Tag 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter the equipment name in this field, using up to 50 alphanumeric characters. 


Description 
Enter the equipment description in this field, using up to 100 alphanumeric characters. 


Data Type 

This field provides a convenient way to track data entry. Select one of the data types (such as estimate, 
typical, vendor, final, etc.) from the list box. As the data is updated, this field can be changed to reflect 
the source of the latest data. There are ten data types and you can change their name from the Project 
menu under Settings and Data Type. 


Priority 

Select the load priority of this battery from the list box. This field can be used for load priority, operating 
priority, load shedding priority, etc. You can select from ten different priorities on the list and you can 
change their name from the Project menu under Settings and Load Priority. 


Impedance 


R 
Enter impedance resistance in Ohms. 


L 
Enter wire inductance in Henrys. 


ETAP 39-153 ETAP 19.0 User Guide 


CSD Elements Impedance Editor 


39.17.2 Remarks Page 


DC Impedance Editor - R1 |S 


| Info | Remarks | Comment | 


User Defined Info 
Eq. Ref. 0 


Last Maint. 
Next Maint. 
Tests Reg. 
UD Field A5 
UD Field A6 


UD Field A7 
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User Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 5 
This is an alphanumeric field with the default name UD Field 5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 6 
This is an alphanumeric field with the default name UD Field 6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 7 
This is an alphanumeric field with the default name UD Field 7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 

Enter the name or ID of a one-line drawing or diagram associated with this element in this field, using up 
to 50 alphanumeric characters. An example is the manufacturer diagram or specifications for this 
element. 


Reference 


Enter the name or ID of a reference drawing or document for this element in this field, using up to 50 
alphanumeric characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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39.17.3 Comment Page 


Enter any additional data or comments regarding conditions, maintenance, tests, or studies, associated 
with this element. This field can be up to 64kb with a default size of 4kb. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. 


DC Impedance Editor - R1 | Srmen| 


Enter any additional data or comments regarding the condition, maintenance, tests, or “ 
studies, associated with this element. This field can be up to 64kb with a default size of 4kb. 
To increase the size of this field, refer to the entries in the ETAPS.INI file. 
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When entering information in the page, use Ctrl+Enter to start a new paragraph. Standard key 
combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information 
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Control System Diagram (CSD) 


ETAP now provides the ability to create a Control Systems Diagram (CSD) as a separate presentation. 
The icon for this feature, shown below, is accessed on the System (left) toolbar. 


Hi 


ei Ea 


The CSD presentation feature allows you to construct a control systems diagram and simulate 
complicated sequences of control operations, such as motor starting control and power circuit breaker 
operations. In a CSD, any number of devices, wires, and other components can be placed and connected 
in the same manner as a real control system inserted between the positive and negative buses. This highly 
flexible tool allows the user to establish control logic between the controlling devices (control relays and 
solenoids) and the controlled switches (contacts). This technique is the key to simulating a sequence-of- 
operations in a control system. Using the ETAP Control System Diagram, the user can model and 
simulate control systems just as ETAP can model DC and AC systems. This is a powerful tool for design 
and verification of control system diagrams. 


This chapter is organized into seven sections: 


1. The Control System Diagram Presentation section describes the creation of a CSD. There are several 
ways you can create new CSD presentations and this section covers each method. 


2. The Edit Mode section describes the functions and display options in the Edit Mode. 


3. The Voltage Drop Mode section covers items related to CSD calculations, including the Study 
toolbar, CSD Study Case Editor, display options, and CSD Calculation Methods. 


4. The Required Data section lists the parameters necessary to perform CSD calculations. 


5. The Output Reports section describes the reporting schemes available to the user after performing 
CSD calculations, which include Crystal Reports, the Event Viewer, and the Alert Viewer. 
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40.1 Control System Diagram Presentation 


A Control System Diagram (CSD) Presentation is an interactive diagram view generated by ETAP. All 
the different CSD devices can be inserted and connected in this presentation to form complex logical 
diagrams. The motor starter control circuit shown below is a typical example of such a diagram. 


Using ETAP you can create as many CSD presentations as needed. However, it should be noted that, 
unlike elements in One-Line-Diagram presentations, the elements contained in any two CSD 
presentations are completely different physical elements. That is, ETAP does not permit the same 
element to appear in more than one CSD presentation. Each CSD presentation models a separate control 
circuit diagram. 


deCB1l oy_p Motor Starter Control Circuit 


The following sections describe the three methods available to create a CSD presentation. 
e From the ETAP System toolbar 


e From the New Presentation button 
e From the ETAP System Manager 
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40.1.1 Creating a CSD Presentation from the System Toolbar 


If the ETAP project does not have any CSD presentations, clicking on the Control System Diagram 
button will bring up the Create Presentation dialog box shown below. This dialog box provides a 
suggested ID for a new CSD presentation. The default name is (CSD) with a number suffix. This ID can 
be modified to meet your specific needs. 


fa 
Create Presentation ==) 


Copy 


® New 


| Help | | Cancel 


40.1.2 Creating a CSD Presentation from the CSD Presentation 
Toolbar 


If there is at least one CSD presentation in the project, the CSD Presentation toolbar will display its name 
as shown below. This toolbar also contains a New Presentation button. Clicking on the New Presentation 
button will bring up the Create Presentation dialog box, which permits the user to create more CSD 
presentations if needed. 


[a,|[cs01 x) 


New Presentation | 


Note: The Create Presentation dialog has a Copy option. When the Copy option is selected, the user can 
specify the From and To CSD presentation files. The Copy function means the new CSD (CSD6) will 
have the same types of elements and connections as the source CSD1 (except for the sources). 


Note: A CSD source can only appear in one CSD presentation. Sources in a CSD presentation must be 
brought in by separate actions (see Section Element Connections in CSD Presentations, CSD Source). 


r ’ 
Create Presentation ==) 


® Copy From: | CSD1 a | 


New To: CSDE 
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40.1.3 Creating a CSD Presentation from the ETAP System 


Manager 


The third way to create a CSD presentation is from the ETAP System Manager. In this view, you will 
find a folder named Control Systems. Right mouse clicking on this folder will bring up the “Create New” 
option. When this option is selected, it brings up the “Create Presentation” dialog box. 
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40.2 Edit Mode 


The CSD presentation can be placed under two modes. Edit Mode and Voltage Drop Mode. In the Edit 
Mode, a control system can be constructed and modified. This includes adding and deleting elements, 
making connections, and changing element parameters. A variety of elements are provided by ETAP for 
inclusion in the control system diagram, as listed below: 


CSD Bus 

CSD Node 

CSD Control Relay 

CSD Solenoid 

CSD Light 

CSD General Load 

CSD Contact 

CSD Double Contact (Form C Contact) 
CSD Macro Controlled Contact 
CSD Push-Button 

CSD Fuse 

CSD Breaker 

CSD Switch 

CSD Wire 

CSD Impedance 


Adding, deleting (cutting), and copying elements in a CSD presentation is done in an identical manner as 
in the regular One-Line Diagram (OLD) presentations. The right-mouse-click menu also provides the 
same options as the OLD presentation tools. 


The control logic between the controlling devices (control relays and solenoids) and the controlled 
switches (contacts) can be set up by assigning contacts to a controlling device (a control relay or a 
solenoid). Once assigned, the status of a contact will be determined by the state of the controlling device 
(i.e., energized or not energized). 
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40.2.1 Element Connections in CSD Presentations 


Bus and Node 


Each CSD bus element consists of two separate parallel lines when drawn on the CSD. These two CSD 
buses share the same Bus Editor and move as if “locked” together when extended in a horizontal 
direction. However, a selected bus can be moved independently of the other, up or down, when it is 
shifted in a vertical direction, as shown below. 


A bus can be connected to a CSD source directly, or through a protective device, or a branch, which 
might be a wire or impedance. Two buses of the same polarity can be connected through protective 
devices or a branch. A device, such as a control relay, a solenoid, a light, or a general load, can be 
connected directly between two buses of different polarity, but a branch or a protective device cannot be 
connected directly between a positive and a negative bus. 


dcBus1l+ dcBuslt+ 


dcBusl+ 


dcBusl- deBbuei= dcBusl- 


Initial insertion Horizontal Extension Vertical Shift of One Bus 


A node in a CSD is a connection point for two or more devices and branches. When a device or branch is 
connected to another device or branch, a node will be automatically inserted. 


CSD Source 


CSD elements are energized when they are connected to a CSD source. In the current version of ETAP, 
the only source element is a composite CSD that serves as a voltage source. In a DC system, it is a load 
element aggregating all the elements in the CSD that are powered by it. Therefore, in ETAP a CSD 
source is not a real element in an actual system, but rather an abstract element that serves as a bridge 
between a DC bus and a CSD. 


A CSD source cannot be added to a CSD, it can only be placed on the CSD by dragging it from a one-line 
diagram. Furthermore, this composite CSD can appear as a source element in only one CSD. To drag a 
composite CSD element into a CSD, it is necessary to make both the OLD presentation and the CSD 
presentation appear side by side. Select the composite CSD element in the OLD presentation and then 
drag the composite CSD element into the CSD presentation by the left mouse button while pressing and 
holding down the Shift button. 


In an OLD presentation, the status (energized or not) of a composite CSD element is dependent on the In 
Service field of the element, as well as the status configuration attached to the OLD presentation. 
However, since status configurations are not supported in a CSD, if there are multiple OLD presentations 
attached to different configurations these could result in different status states for the composite CSD 
element. To resolve this possible conflict, ETAP is designed so that the status (energized or not) of a CSD 
source in a CSD presentation is solely dependent on the selection of the In Service field, no matter if the 
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corresponding composite CSD element is energized or not according to the status configuration in an 
OLD presentation. 


Continuity Check in a CSD Presentation 


When the Check Circuit Continuity button is selected, a continuity check is always running to show 
elements according to the specified color scheme, normally black for energized elements and grey for de- 
energized elements. In a CSD, the continuity check also enforces the rule that all contacts on the diagram 
assigned to a CSD device are always shown in their normal position. The normal position of an assigned 
contact is defined as the position of the contact when the controlling device is in a de-energized state. 
Unassigned contacts, protective devices, and pushbuttons may be placed in any desired condition by 
selecting the appropriate entry on the right-click menu. 


For an element to be energized in a CSD presentation, it must be connected as part of a path between an 
energized positive bus and an energized negative bus. 
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Device Page 


The device page presents the display options for various CSD elements. The checkboxes for the element, 
and its related information, must be checked for this information to be shown on the CSD diagram. 


G ¥ ’ 
Display Options - Edit x=) 


Loth 
i 


Show Cable Schedule |D for Wire 


Use Default Options 


ID 
Select the checkboxes under this heading to display the IDs of the CSD elements listed on the control 
system diagram. 
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Vv 


Selecting the V checkboxes displays the rated or nominal voltages of the selected elements on the CSD. 


For wires, the V checkbox is replaced by the S button. Click on this button to display the size of wires on 
CSD. 


Continuous Rating 
Select the checkboxes under this heading to display the Burden VA rating of the selected CSD devices on 
the CSD. 


For wires, click on the checkbox to display the conductor type on the CSD Diagram. 


A 
To display the ampere ratings of the selected elements on the CSD, check the boxes under the A heading. 
Device Type Rating 
Control Relay Burden Amp 
Solenoid Burden Amp 
Light Burden Amp 
General Load Burden Amp 
Contact Current Rating for Inductive Load (Amp,J) 
CB Continuous Amp 
Fuse Continuous Amp 
Switch Continuous Amp 


For cables, click the checkbox to display the wire length on the one-line diagram. 


Z 

Selecting the checkboxes under this heading displays the burden impedance values for control relays, 
solenoids, lights, and general loads, and the impedance values of the wires and impedance branches on 
the CSD. 


Under the Z category the CB, fuse, and pushbutton switch checkboxes are replaced by the [S! button. 
Check this button to display the NO (Normally Open) annotation for contacts, CBs, and switches in the 
CSD diagram, providing their normal status is open. 


Inrush A 
Click on this checkbox to display the inrush amp rating for control relays, solenoids, lights, and general 
loads on the CSD diagram, if there is an inrush rating entered in the editor. 


Note: On the Rating page of the Device Editor, there is an Inrush Rating checkbox to enable/disable the 
Inrush Rating section. 


Use Default Options 


This checkbox applies ETAP’s default display options, making it unnecessary for you to configure the 
checkboxes described above. 
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Colors Page 


This page includes options for selecting color themes. 


r . 
Display Options - Edit ox 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 
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Theme 
Clicking on the Theme button brings up the Theme Editor, where existing color themes or a new color 
theme can be defined. 


Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 
on this page may also affect other modes and presentations if the color themes option has been previously 
selected. 


Ce 

Theme Editor 
Theme | ETAP (Default) 7 | Color Code | Phase 
[Layer || Phase" 1-Phase | Fomats | Votage | Feeder | Area _| Grounding/Earthing | Font _| 


Standard Bement Colors 
Composite 


Energized 


De-energized 
Pins 


Selected 


AC 
——— 
| 
=) 
Faulted Bus | 
| 
= 
ad 
ma 


Annotation 
Alarm Hyperlink _—__ 
Warning Visited Hyperlink = 
No Tag Online Meter | 
Acknowledged Playback Meter == 
Bad Quality 
Zoom Grid Faulted Bus 
Color as Color Color 
Transparency 80 : Size 16 Symbol 
Style 
Background 


Help | [ Save As... SetGlobal | [Apply | {OK} 


Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all CSD diagrams. When the option is selected, the name assigned to the applied 
color theme is also displayed in a box at the right of the button. 
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User-Defined 
Select this option to specify a color for CSD element annotations. When this option is chosen, the DC 
element annotation color selection list will appear. 


DC Element Annotation Color 


When the User-Defined annotation color option is selected, the field is enabled and allows the user to 
define a color for DC element annotations in the CSD. 
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40.3 Voltage Drop Mode (Study Mode) 


While in Study Mode, the Auto-Run button on the Study Mode (right) toolbar allows the user to tun CSD 
auto-run mode on and off. When Auto-Run Mode is on, the CSD behaves as a simulator that imitates 
control operations triggered by events such as a pushbutton action. When in the study mode, the 
simulator controls the position of pushbuttons and all contacts that are assigned to CSD devices. On the 
other hand, the position of unassigned contacts, protective devices, and pushbuttons may be changed 
using the right-click menu. 


When Study Mode is initially entered, Auto-Run Mode is on as the default condition and the CSD starts 
the simulator. This resets all assigned contacts to their normal state, engages the state machines, and 
determines the initial steady state of the control system. The CSD then stays in the initial steady state and 
waits for a triggering event to start a new simulation sequence. 


A simulation sequence is initiated by a triggering event, such as a status change from a pushbutton, a 
protective device, or an unassigned contact. The triggering event can cause other CSD elements to react in 
a time sequence, actions such as energizing (or de-energizing) elements and executing control logics set 
between different devices and contacts. The generated sequence encompasses all actions produced by 
status changes of CSD elements and terminates when the simulator can no longer generate additional 
actions. The CSD diagram reaches a new steady state at this point and the simulator becomes inactive 
again, waiting for the next triggering event to initiate the next sequence. 


For each simulation sequence generated from the two steady states of a control system diagram, ETAP 
reports all simulation steps and voltage drop calculation results ina CSD report. It also generates an alert 
report for device pickup voltage and dropout voltage. The Event View also reports the detailed steps of 
the control process of the system as it evolves to its new state. 
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40.3.1 Study Toolbar 


The CSD Study toolbar will appear on the right side of the screen when you are in CSD Voltage Drop 
Mode. 


Auto-Run Mode 

Run Simulation with Vd 
Sequence-of-Operation 
Display Options 

Halt Current Calculation 
Alert View 

Report Manager 


Event Viewer 


Auto-Run Mode 


The Auto-Run Mode button is a two-state button, which switches between down and up states as it is 
clicked. The Auto-Run Mode is on when the button is at the down state. As the CSD is switched from 
Edit Mode to Study mode, Auto-Run Mode is the default mode. While the Auto-Run Mode is on, ETAP 
will determine an initial steady state according to the Study Case settings and the initial state of various 
elements. 


When Auto-Run Mode is on, the CSD behaves as if it were a control system simulator and remains at a 
steady state condition. Any single change of state on protective devices, such as a switch or circuit 
breaker being closed or opened, will trigger the CSD to evolve from the current steady state to the next 
condition according to the control logics setup between controlling devices and contacts. If the CSD 
contains macro-controlled contacts or devices that are modeled by duty cycles, as the CSD evolves from 
one steady state to the next, these devices will also perform as specified in their duty cycles. If any 
parameters are changed that have an effect on calculations results, such as control relay rating data or 
Study Case parameters, the current steady state is invalidated and the Auto-Run Mode will be 
automatically turned off. 


While the Auto-Run Mode is off, CSD will not perform simulations. This means you can change any 
element parameter or the Study Case settings. However, should the state of protective devices be 
changed, a continuity check will be conducted, providing the Check Circuit Continuity is on. 


Run Simulation with Vd 


This button is enabled when the Load flow Calculation Method is checked in the selected Study Case. 
Clicking on this button will reinitialize the initial state of the CSD and start a simulated sequence-of- 
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operations. Load flow calculations will be conducted and device pickup and dropout voltage limits will be 
checked at each step. In this condition, the sequence-of-operations of the CSD evolves according to the 
duty cycle of the devices that have been selected for modeling by the duty cycle model in the Study Case 
or the Device Editor. 


Sequence-of-Operation 

This button is enabled when the Sequence-of-Operation Method is selected in the active Study Case. 
Clicking this button will reinitialize the initial state of the CSD and start simulating a sequence-of- 
operations. However, in this mode, ETAP will only simulate the logic sequence of the control system 
without conducting load flow calculations or checking device voltage limits. This is the primary 
difference between this option and the Run Simulation with Vd option. In this mode, the sequence-of- 
operations of the CSD also evolves according to the duty cycle of devices that have been selected to be 
modeled by the duty cycle model in the Study Case or Device Editor. 


Because load flow calculation is not conducted when the Sequence-of-Operation option is selected, the 
simulation results are reported only in Event Viewer and a Crystal Report will not be generated. 


Display Options 


Click this button to customize the information and results annotations displayed in the CSD view. 


Halt Current Calculation 
Clicking this button will halt the current calculation. 


Alert View 


This button will bring up a list of all alert information when it is clicked. 


Report Manager 

Click on this button to open the CSD Voltage Drop Report Manager. Use this tool to define the Crystal 
Reports format for your Output Reports. A detailed explanation of the CSD Voltage Drop Report 
Manager is provided in section Output Reports. 


CSD Event Viewer 


When clicked, the CSD Events Viewer button brings up a page that lists all steps of the sequence-of- 
operations. A sample CSD Events page is presented below. The events can be sorted by step number, 
time, device type, etc. There is also a filter that only shows the most essential events in the window. The 
filter can be activated by clicking on the “Verbose” checkbox. 
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Step Time(ms] DeviceType Device Name Vd(Volt) Vd(%) = Amp Description Remarks Goa Clear 
1 0 Scheduler Finding stable ... Friday, July 10, 2015 10:37:38 AM 

1 it} Scheduler Starting simula... Friday, July 10, 2015 10:38:09 AM Export... 
1 0 PushButton START Operating 

1 it} Macro-Contr... AutoStart Closed 

1 0 Control Relay =M Energized 

1 0 Control Relay =1R1 Energized 

3 10 Control Relay TRI Operating 

3 10 Contact M-2a Closed Control Relay M 

3 10 Contact M-la Closed Control Relay M 

3 10 Contact TR1-2a Closed Control Relay TR1 

3 10 Control Relay = 14 Energized 

3 10 Control Relay = =TR2 Energized 

4 15 Control Relay M Operating 

4 15 Contact M-3a Closed Control Relay M 

4 15 Contact M-4a Closed Control Relay M 

4 15 GeneralLoad DCLoad Energized 

4 15 GeneralLoad DCLoad Operating Fl Verbose 
5 20 Control Relay = 14 Operating a 
5 20 Control Relay = =TR2 Operating q 
5 20 Contact Ala Closed Control Relay 14, 

5 20 Contact TR2-2a Closed Control Relay TR2 

5 20 Control Relay = 24, Energized 

5 20 Control Relay TR3 Energized 

6 30 Control Relay = TR3 Operating 

6 30 Contact TR3-2a Closed Control Relay TR3 

6 30 Control Relay = 34 Energized 

7 32 Control Relay = 24 Operating 

7 32 Contact 2A-la Closed Control Relay 24 

8 40 Contact BA-la Closed Control Relay 34 

8 40 Contact 34-28 Opened Control Relay 34 

8 40 Control Relay =TR1 De-energized 

10 55 Contact 34-3a Closed Control Relay 34 

1 60 Control Relay = 34 Operating 

W 60 Contact 34-4a Opened Control Relay 34 

VW 60 Contact 34-5a Opened Control Relay 34 

12 100 PushButton START Set PB contacts Normal 

Vv 540 Contact TR1-2a Opened Control Relay TR1 

Vv 540 Control Relay = 14 De-energized 

7 540 Control Relay = TR2 De-energized 

18 590 Contact Ala Opened Control Relay 14, 

19 1000 Macro-Contr... AutoStart Opened 

a 1040 Contact TR2-2a Opened Control Relay TR2 3 
« mW r 
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40.3.2 Study Case Editor 


The CSD Study Case Editor allows the user to view and modify the parameter settings required to 
perform a specific simulation of a sequence-of-operations. The calculation results are dependent on these 
settings and will change if they are modified. When a new Study Case is created, ETAP generates default 
parameters. However, it is important that the user check these default Study Case values and modify them 
where necessary so that all calculation requirements can be met. 


The CSD Study Case Editor presents four pages: Info, Model, Adjustment, and Alert. The Information 
page is where you specify the Simulation Method and other parameters related to general Calculation 
Method. The Model page allows the device model type and device voltage limit for the pickup voltage 
and dropout voltage to be defined. The Adjustment page allows you to modify the elements in a CSD. 
This could be the resistance consideration for switching devices, resistance adjustment for operating 
temperature for wires, tolerance for device burden rating and wire length, etc. The Alert page permits the 
user to configure the alerts for device pickup and dropout voltages as well as current ratings for devices 
and wires to specific requirements. 
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40.3.3 Info Page 


Control System Diagram Study Case 


Info = Model Adjustment Alert 
Study Case ID Simulation Method Duty Cycle (If Applicable) 


CSD 


©) Sequence of Operation Normal ~ 


Constant Power Load Model @ Load Flow Calculation Update Composte CSD 


oO Constant Power Initial Time 1 ‘ 
ff Vis within Range Shift 


Vmax 120 a — [ oO 


CSD Source Voltage 


Voltage Variation 


@ Nominal Voltage of Composite CSD Terminal Bus Xx 
O Nominal Voltage of Composite CSD Terminal Bus 

O Rated Voltage of Composite CSD 

© Voltage Profile of Composite CSD Terminal Bus Offset by 


Study Remarks 


<|/ |CSD v Bl Copy New Delete Help OK ||| Cancel 


Study Case ID 

Enter a unique alphanumeric ID with a maximum of 12 characters. ETAP automatically assigns a unique 
ID, which consists of the letters CSD plus an integer, the number 1, which increments up as the number 
of Study Cases increases. 


Simulation Method 
Two Simulation Methods are provided: Sequence-of-Operation and Load Flow Calculation. 


Sequence-of-Operation 

When the Sequence-of-Operation Method is selected, ETAP will simulate a logical sequence based only 
on the logical setup in devices and duty cycle. A voltage drop calculation is not carried out to check if the 
voltage across a device is sufficient to perform the required control task. Because of this, the pickup and 
dropout voltage requirements are ignored. When this option is selected, the sections for Constant Power 
Load Model, CSD Source Voltage, and Solution Parameters will be hidden. 
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Load Flow Calculation 

When the Load Flow Method is selected, ETAP will simulate sequence-of-operations based on the logical 
setup of devices and their duty cycle as well as performing voltage drop calculations for each step. 
Pickup and dropout voltage requirements are checked and the operation sequence is altered depending on 
the calculated voltages. For example, if the voltage across a just energized control relay is less than its 
pickup voltage, it will not cause its controlled contact to change from normal state to off-normal state. 
When this method is selected, an alert list will also be generated. 


Duty Cycle 


The duty cycle is selected from the duty cycle list. There are five duty cycles in the list. The names of 
the duty cycles are defined from the Project menu, Settings, Duty Cycle Categories option. When a duty 
cycle is selected it is applied to any device in the CSD that is to be modeled by duty cycle. This is also 
the duty cycle that is selected to be updated to a composite CSD element (Elementary Diagram) in a DC 
system, if the Update Composite CSD option is checked. 


Update Composite CSD 
Check this box to update the composite CSD element (Elementary Diagram) duty cycle based on the 
simulation of sequence-of-operation. 


Note: This option is available only when the Load Flow Calculation Method is selected. 


Initial Time Shift 
This field is enabled only when the Update Composite CSD option is checked. The initial time shift is 
the time offset added to the duty cycle when the composite CSD duty cycle is updated. 


Constant Power Load Model 


A device in a CSD can be represented as a constant power device, a constant impedance device, or a 
constant current device. An example of a constant power device is a spring charging motor. It behaves as 
a constant power device when the voltage across it remains close to its rated voltage. However, as the bus 
voltage deviates considerably from its rated voltage, its behavior becomes similar to a static load. This 
group allows you to set the voltage range within which you want such a device to be modeled as a 
constant power device. 


Constant Power if V is within Range 

Click on this checkbox to set the Vmin and Vmax limits. When the device terminal voltage is within this 
range, it is represented as a constant power device. However, once the voltage is outside this range, it is 
automatically converted to a constant impedance device. 


If this box is not checked, all of the constant power device will be modeled as such regardless of their 
terminal voltage. 


Vmin 
Enter the minimum voltage as a percentage, below which the constant power device will be modeled as a 
constant impedance device. 


Vmax 


Enter the maximum voltage as a percentage, above which the constant power device will be modeled as a 
constant impedance device. 
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Solution Parameters (Newton-Raphson) 


The ETAP CSD voltage drop computation uses the Newton-Raphson Method. 


Max. Iteration 
Enter the maximum number for iterations. If the solution has not converged before the specified number 
of iterations is reached, a pop-up message will alert you. 


Precision 

Enter a value to specify the precision of the final solution that will be used to check for convergence. A 
load flow solution is attained if, when measured between two iterations, the maximum bus or node 
voltage difference per unit is less than the specified precision value. 


CSD Source Voltage 


ETAP provides the user with four different choices for voltage values of CSD sources. 


Note: A CSD source represents an Elementary Diagram element in the DC system. This Elementary 
Diagram element is also called a Composite CSD element. During simulation, CSD sources are modeled 
as constant voltage sources. 


Nominal Voltage of Composite CSD Terminal Bus Multiplied by Initial V% 

When this option is selected, the CSD source voltage will remain a constant value during the entire 
sequence-of-operation simulation. This voltage value is equal to the nominal voltage of the terminal bus 
of the composite CSD multiplied by the bus initial voltage. 


Nominal Voltage of Composite CSD Terminal Bus Multiplied by V% 

When this option is selected, the CSD source voltage will remain at a constant value for the entire 
sequence-of-operation simulation. This voltage value is equal to the nominal voltage of the terminal bus 
of the composite CSD multiplied by a specified V%. When this option is selected, an edit box on the 
right of the button is enabled so that the user can enter a value for V%. 


Rated Voltage of Composite CSD Multiplied by V% 

When this option is selected, the CSD source voltage remains at a constant value for the entire sequence- 
of-operation simulation. This voltage value is equal to the rated voltage of the composite CSD multiplied 
by a specified V%. When this option is selected, an edit box to the right of the button will be enabled for 
the user to enter a value for V%. 


Voltage Profile of Composite CSD Terminal Bus Offset by Tottset 

When this option is selected, the CSD source voltage will be the terminal bus voltage of the composite 
CSD element obtained from a Battery Discharge calculation. The starting point of the bus voltage can be 
offset by a user specified value. When this option is selected, Torrser can be entered in the edit box to the 
right of the button. 


This option allows the user to apply the battery discharge results in CSD simulation to simulate the worst 
condition ina CSD. The Toftset value can be set to any time for simulation. To simulate the worst case, 
set it to the time when the bus has the lowest voltage. 


In order to use this option, first run a Battery Sizing or Battery Discharge calculation. The bus voltage 


will be saved internally for CSD calculation. Open the bus plot from the DC system to check the bus 
voltage values. 
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The voltage plot at the bus might look something like the one shown below: 


Bus Voltage (zoom view) 


a CSD Tam Bus 


109 


108 


107 


106 


105 


J 


104 


pier V de 
ee 


104.435 V de 


¥ Woit) 


103.52 V dc 


104.177 V de 


103 


102 


101.54 V dc 


101 


, 101.27 V de 


100 


16 17 18 19 20 21 22 23 24 25 26 
Time din) 


The CSD Terminal bus voltage points are taken from the bus voltage profile. Please note that the CSD 
Terminal Bus voltage profile points are usually collected at 1 minute intervals. The table below shows the 
voltage profile points in tabulated format: 


CSD Terminal Bus Voltage Profile points 


Time (min) (C.D terontgall ets Description 
Voltage (V dc) 

T= 20 - 104.435 Instant before CSD is energized 
T=20+ 101.54 Instant right after CSD is energized 
T=21- 101.27 Terminal bus voltage at the end of the 20 minute 
T=21+ 104.177 voltage at the beginning of the 21 minute 
T=23 - 103.75 voltage at the end of the 22 minute 
T=23+ 103.75 voltage at the beginning of the 23 minute 
T= 24 - 103.52 voltage at the end of the 23 minute 
T=24+ 103.52 voltage at the beginning of the 24 minute 


The following rules apply for transferring the values from the bus voltage profile to the CSD terminal 
source: 
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Case 1: CSD operation occurs “exactly” at a bus voltage plot step where there is a voltage change. 
At transition points like, T = 20+ and 20-, the program will always select the T+ point. For this case, the 
value passed to CSD will be 101.54 V dc. 


Case 2: CSD operation does not occur at a bus voltage plot step and there is no voltage change. 
Always Use the lower value between Vt-1 and Vt+1. This means that if the CSD action takes place in 
between T = 23+ (103.75 V dc) and T = 24- (103.52 V dc), that the T = 24- value would be passed to 
CSD since it is the lower of the two values. (103.52 V dc at T = 24- would be used inthis case). 


Please note that previous versions of ETAP (i.e. ETAP 7.0.0 or before), for Case1, ETAP would use the 
T- value (104.435 V dc) and for Case2, ETAP would use the T = 23+ value (103.75 Vdc). 


Voltage Variation 
This field is used to provide source voltage variation in percent on nominal/rated kV. Enter a value in this 
field to further increase or decrease the final CSD source voltage. 


Study Remarks 

Up to 74 alphanumeric characters can be entered in the remarks box at the bottom of the page. 
Information entered here will be printed on the second line of every Output Report page header. These 
remarks can be used to provide specific information regarding each Study Case. The first line of the 
header information is global for all study cases and is entered in the Project Information Editor. 
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40.3.4 Model Page 


ETAP provides two alternative methods to represent a device in a simulation: the burden and inrush 
rating, which can be entered from the Rating page of Device Editor, and a duty cycle model that is 
entered from the Duty Cycle page of Device Editor. Selecting the Model page of the Study Case, specify 
the device model type that is to be used in the device simulation. Using this page, you can also designate 
the pickup and dropout voltage for devices. These voltage values are very important in CSD sequence-of- 
operation, since they can change the control sequence in a simulation, in addition to serving as the voltage 
base for alert checking. 


Control System Diagram Study Case 


Info § Model Adjustment Alert 


Device Model Device Voltage Limit 
Pickup Voltage 


@ Individual Vpickup 
© Global V # Individual Vpickup = 0 
CO Global Vpickup 


@ Burden & Inrush Rating 
O Duty Cycle 
O Individual Editor 


Dropout Voltage 


@ Individual Vdropout 


© Global V # Individual Vdropout = 0 
© Global Vdropout 


Device Model 


There are two methods in ETAP to model a device: the Burden and Inrush Rating model and the Duty 
Cycle model. These two models are specified from the Rating and Duty Cycle pages of a Device Editor 
respectively. It should be noted that, in the current version of ETAP, the control logic between a device 
(control relay or solenoid) and its controlled contacts is supported only when the Burden and Inrush 
Rating model is used. If you decide to use the Duty Cycle model, the control logic and timing can be 
easily built into the duty cycles of devices and Macro Controlled Contacts. The Macro Controlled 
Contact is a time controlled switch whose status (open or close) can be designated by a duty cycle. 
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Burden & Inrush Rating 

When this Global option is selected, all the devices will be modeled by the burden and inrush rating 
model entered from the Rating page of the Device Editor. The Calculation Model option that has been 
selected in the Device Editor will be ignored. 


Duty Cycle 
When this Global option is selected, the model entered from the Duty Cycle page of the Device Editor 
will represent the device. The Calculation Model option selected in the Device Editor will be ignored. 


Note: When a new device is created, its duty cycle has a zero current value that is interpreted by ETAP as 
indicating that the device is out of service. 


Individual Editor 
When this option is selected, a device is modeled in the simulation according to the Calculation Model 
option selected in the Device Editor. 


Pickup Voltage 


The pickup voltage of a device is the limit of the minimum voltage value across the device that allows it 
to successfully change the state of controlled contacts from normal state to off-normal state. Once a 
device become energized, if the voltage across the device remains equal to or higher than the pickup 
voltage for a time duration equal to or longer than the operating time of a controlled contact, the contact 
will switch to its off-normal state. This voltage limit is used for simulating the sequence-of-operation of a 
control system, as well as for alert checking. This section allows you to specify pickup voltage for control 
relay, solenoid, and general load. For a general load, the pickup voltage is only used for alert checking. 


Individual Vpickup 
When this option is selected, the pickup voltage for a control relay or a solenoid will be the value defined 
on the Rating page of the Device Editor. 


Global V if Individual Vpickup = 0 

When this option is selected, the pickup voltage for a control relay or a solenoid will be the value defined 
on the Rating page of the Device Editor, providing this value is greater than zero. For devices where this 
value is zero, the global value for the pickup voltage will be used. This option is useful in situations 
where pickup voltage values have not been supplied by the manufacturer. 


Global Vpickup 

When this option is selected, the global value for pickup voltage will be used for all control relays and 
solenoids. The global Vpickup can be entered in the edit box next to the selection and is defined as a 
percentage of device rated voltage. 


Dropout Voltage 


The dropout voltage of a device is the limit of voltage across the device. While a device is energized, if 
the voltage across a device falls below this voltage limit, the device will not be able to keep its controlled 
contacts at off-normal state. Under this condition, a controlled contact will return to its normal state if the 
voltage across the device remains below Vdropout for a time duration equal to, or longer than the release 
time of the contact. This voltage limit is used in simulations of the sequence operation of a control 
system as well as for alert checking. In this section you can specify the dropout voltage for a control 
relay, solenoid, and general load. For a general load, the dropout voltage is used only for alert checking. 
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Individual Vdropout 
When this option is selected, the dropout voltage for a control relay or a solenoid will be the value defined 
on the Rating page of Device Editor. 


Global V if Individual Vdropout = 0 

When this option is selected, the dropout voltage for a control relay or a solenoid will be the value defined 
on the Rating page of Device Editor, if this value is greater than zero. When devices have a value of zero 
assigned in the editor, the global value for dropout voltage will be used. This option is useful in situations 
where pickup voltage values have not been supplied by the manufacturer. 


Global Vdropout 

When this option is selected, the global value for dropout voltage will be used for all control relays and 
solenoids. The global Vdropout value can be entered in the edit box next to the selection and is defined in 
percent of device rated voltage. 
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40.3.5 Adjustment Page 


In the Adjustment page, options are selected that setup equipment parameters. These options include 
resistance temperature correction for wires and cables, length tolerance adjustment for wires and cables, 
resistance tolerance for control relays and solenoids, and resistance for contacts, circuit breakers, fuses, 
switches, and push buttons located in a Control System Diagram. 


Control System Diagram Study Case x 
Info Model Adjustment Alert 
Resistance 
Contact CB, Switch, Push Button 
@ Individual Resistance 10_| miohm 
Fuse 
O Global M ; 
100 | milli-ohm 
Resistance Temperature Correction Length Tolerance 
Wire / Cable Wire / Cable 
O Individual Max. Temperature @ Individual 
@) Global Temperature 2 | (©) Global 
Control Relay / Solenoid Burden 
O Individual 
@ Global 5 % 
<] |CSDAC v 5) Copy New Delete | Help OK | Cancel 


Resistance 


This selection group allows the user to specify the resistance of contacts, push buttons and other 
switching devices in the calculation for a Control System Diagram. Since the resistance value of these 
devices is typically very small, ETAP provides an option to the user to either include or exclude this 
information. 


Contact 

Use this checkbox to include contact resistance in the CSD calculation. Then specify the resistance to be 
used. There are two choices available: using the individual contact resistance entered on the Contact page 
of the Control Relay or Solenoid Editor (so that each contact uses its own unique resistance), or click the 
global button and specify the resistance value to be applied to all contacts. 
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CB, Switch, Push Button 

Check this box to include resistance values for circuit breakers, switches, and push buttons in the 
calculation for a Control System Diagram. With this box checked, a global resistance value can be entered 
for all these devices. 


Fuse 
Check this box to include resistance values for fuses in the calculation for a Control System Diagram. 
With this box checked, a global resistance value can be entered for all these devices. 


Resistance Temperature Correction 


Wire and cable resistance varies according to operating temperature, typically increasing as the 
temperature is elevated. This selection group allows the user to specify a temperature that will be used for 
resistance correction. 


Wire / Cable 

Check this box to apply a temperature correction for wire and cable resistance. Once this box is checked, 
the user can specify the temperature to be used for the correction. There are two choices available: use the 
individual maximum temperature entered in the Wire or Cable Editor (each wire or cable will use its own 
operating temperature for correction) or specify a global temperature that will be applied to all wires and 
cables. 


Tolerance 


Wire / Cable Length 

When the actual length of a wire or a cable is not known, the tolerance selection group can be used to 
account for this uncertainty in the calculation. In its CSD calculations, ETAP considers wire and cable 
tolerance as a positive value, so a non-zero length tolerance will increase the length and therefore the 
resistance of a wire or cable. 


Checking the box applies length tolerance on wires and cables. Once this box is checked, specify the 
tolerance to be used. There are two choices available: use the individual tolerance entered in the Wire or 
Cable Editor (each wire or cable will then use its own length tolerance for correction) or specify a global 
length tolerance that will be applied to all wires and cables. 


Control Relay / Solenoid Burden 

This option permits the adjustment of the burden of a control relay or solenoid located in a Control 
System Diagram. This tolerance is applied only to devices that are modeled by burden and inrush rating 
and only when burden rating is used. When this tolerance is considered the devices will consume more 
power under the rated voltage. 


The application of this burden tolerance differs for devices modeled as constant Z, constant VA or 
constant I. For devices modeled as constant Z, the tolerance is taken as a negative value on device 
impedance to reduce its value. For example, a 10% tolerance will reduce the device impedance by 10%. 
For devices modeled as constant VA or I, this tolerance is considered to be a positive value to increase 
VA or I. For example, 10 % tolerance will increase the device power consumption by 10%. 


Check the box to apply a burden tolerance on control relays and solenoids. Once this box is checked, you 
can specify the tolerance to be used. There are two choices available: use the individual tolerance entered 
on the Rating page of Control Relay Editor or Solenoid Editor, or specify a global burden tolerance that 
will be applied to all control relays and solenoids. 
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40.3.6 Alert Page 


CSD simulation generates two groups of alerts. The first group includes pickup and dropout voltages for 
control relays and solenoid. The second group provides current alerts for control relays, solenoids, 
contacts, switch devices, and wires. 


Control System Diagram Study Case 


Pickup Voltage 


Control Relay 


Solenoid 
General Load 


Dropout Voltage 


Control Relay 


Solenoid 
General Load 


Marginal 


Two checkboxes in this page allow for device marginal alerts, one for device voltage alerts and another 
for device current alerts. Check these boxes if you want ETAP to generate marginal alerts. 


Note: If the Marginal box is not checked, the corresponding percentage fields for marginal limit will not 
be editable. 


Pickup Voltage 

For this selection group, specify the pickup voltage alert limits for the control relay, solenoid, and general 
load. The pickup voltage alert check is applied to devices that are to be energized to execute a given task, 
such as changing the state of a controlled contact. Since pickup voltage alerts are under-voltage alerts, the 
limit for a marginal alert must be higher than for critical alerts. 
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Control Relay 

Check the box to enable alert checking on pickup voltage for control relays. Once it is checked, the 
critical voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a 
percentage value for marginal voltage limit, the Marginal alert box above must also be checked. 


The limits are percentages based on the control relay pickup voltage previously specified for Vpickup 
option on the Model page. For example, if the global Vpicup was specified at 80% and you entered 110% 
for the Marginal Limit for Control Relay pickup voltage, the voltage limit for a marginal alert is 88% of 
the rated voltage of control relays. When a control relay becomes energized and the voltage across it is 
less than 88% of its rated voltage, a marginal alert on pickup voltage will be generated for the control 
relay. 


Solenoid 

Check this box to enable alert checking on the pickup voltage for solenoids. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a percentage 
value for marginal voltage limit, the Marginal alert box above must also be checked. 


These limits are percentages based on the solenoids pickup voltage specified for Vpickup option on the 
Adjustment page. For example, if the global specification for Vpicup was 80% and a percentage of 100% 
for the Critical Limit for solenoid pickup voltage was set, the voltage limit for a critical alert will be 80% 
of the rated voltage of the solenoids. When a solenoid becomes energized and the voltage across it is less 
than 80% of its rated voltage, a critical alert on pickup voltage will be generated for the solenoid. In such 
and instance, the solenoid will not be able to execute the task it is supposed to accomplish. 


General Load 

This checkbox enables alert checking on pickup voltage for general loads. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a value for 
marginal voltage limit, the Marginal alert box above must also be checked. The limits are a percentage 
based on the general load pickup voltage previously specified for Vpickup option on the Adjustment 


page. 


Dropout Voltage 


In this selection group you can specify the dropout voltage alert limits for the control relay, solenoid, and 
general load. The dropout voltage alert check is applied to a device that is energized. If the voltage across 
the device is below the dropout voltage limit, the device will not be able to continue its normal function, 
such as keeping a controlled contact in a certain state. Since dropout voltage alerts are under-voltage 
alerts, the limit for the marginal alert should be higher than that for critical alerts. 


Dropout Voltage Limit for Control Relay 

Check this box to enable alert checking on the dropout voltage for control relays. Once checked, the 
critical voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a 
percentage value for marginal voltage limit, the Marginal alert box must also be checked. 


These limits are percentages based on the control relay dropout voltage previously specified for the V 
dropout option on the Adjustment page. For example, if a global percentage for Vpicup of 30% and a 
percentage of 100% was specified for the Critical Limit for Control Relay dropout voltage, the voltage 
limit for a critical alert is 30% of the rated voltage of control relays. When a control relay is energized and 
the voltage across it is less than 30% of its rated voltage, a critical alert on dropout voltage will be 
generated for that control relay. In this instance, the control relay will not be able to execute the task it is 
supposed to accomplish. 
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Dropout Voltage Limit for Solenoid 

Check this box to enable alert checking on the dropout voltage for solenoids. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a percentage 
value for marginal voltage limit, the Marginal alert box above must also be checked. 


The limits are percentages based on the solenoids dropout voltage specified previously for the V dropout 
option on the Adjustment page. For example, if it was specified to use a global V dropout of 30% and 
110% was entered for the Marginal Limit of the solenoid dropout voltage, the voltage limit for a marginal 
alert is 33% of the rated voltage of solenoids. When a solenoid is energized and the voltage across it is 
less than 33% of its rated voltage, a marginal alert on pickup voltage will be generated for the solenoid. 


General Load 

Check this box to enable alert checking for dropout voltage on general loads. Once checked, the critical 
voltage limit will show a value of 100 percent, which cannot be changed. In order to enter a value for 
marginal voltage limit, the Marginal alert box above must also be checked. The limits are a percentage 
based on the general loads pickup voltage specified previously for the Vdropout option on the Adjustment 


page. 


Loading 


In this selection group, specify the critical and marginal alert limits for device overload alerts. 


Control Relay 
Enter the critical limit and marginal limit for control relay overload alerts. The limits are a percentage 
based on the rated burden current entered on the Rating page of the Control Relay Editor. 


Solenoid 
Enter the critical limit and marginal limit for solenoid overload alerts. The limits are a percentage based 
on the rated burden current entered on the Rating page of the Solenoid Editor. 


Contact 
Enter the critical limit and marginal limit for contact overload alerts. The limits are a percentage based on 
the rated inductive current entered on the Contact page of the Control Relay Editor or Solenoid Editor. 


Switching Device 

Enter the critical limit and marginal limit for switching devices, such as circuit breakers, fuses, and 
switches. The limits are a percentage based on the rated inductive current entered on the Contact page of 
the Control Relay Editor or Solenoid Editor. 


Wire / Cable 
Enter the critical limit and marginal limit for wires and cables. The limits are a percentage based on the 
rated continuous current of the wire or cable. 


Auto Display 
This is a two-state button that can be clicked on or off. When Auto Display is activated the Alert View 
will display automatically after a simulated sequence-of-operation is completed. 
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40.3.7 Display Options 
The CSD Display Options for voltage drop calculation consist of a Results page, a Device page, and a 
Colors page. The colors and displayed annotations selected for the CSD are specific to a CSD view. 
40.3.8 Results Page 
Display Options - Results [ee 
Results | Device | Colors 


[¥] Show Units 


Flow Results 


(VA 


(¥] General Load 


Show Units 
When this box is checked the units of the calculation results will be displayed on the CSD presentation 


along with the results. 
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Check All 
When this box is checked, all the display item options on the page are selected, providing a fast and easy 
method of having all annotations visible on a CSD diagram. 


Voltage Drop 


Control Relay and Solenoid 
Click this checkbox to display the calculated voltage drop across control relays and solenoids shown on 
the CSD diagram. The voltage drop is displayed in volts based on the rated voltage of the devices. 


Light 
Click this checkbox to display the calculated voltage drop across lights shown on the CSD diagram. The 
voltage drop is displayed in volts based on the rated voltage of the lights. 


General Load 
Click this checkbox to display the calculated voltage drop across general loads shown on the CSD 
diagram. The voltage drop is displayed in volt based on the rated voltage of the general loads. 


Wire 
Click this checkbox to display the calculated voltage drop across wires shown on the CSD diagram. The 
voltage drop is displayed in volts. 


Impedance 


Click this checkbox to display the calculated voltage drop across impedance elements shown on the CSD 
diagram. The voltage drop is displayed in volts. 


Voltage 


Node 
Click this checkbox to display the calculated voltage in volts at the connection nodes. 


Note: Voltage values at buses are always displayed. 
Flow Results 


VA 
Click this checkbox to display the calculated flow results in VA for devices, wires, and impedances. The 
VA through an element is calculated by multiplying the current through it by its terminal node voltage. 


Amp 
Click this checkbox to display the calculated flow results in Amps for devices, wires, and impedances. 


Control Relay and Solenoid 
Click this checkbox to display the flow result through relays and solenoids, in VA or Amps depending on 
the type of selection made above. 


Light 


Click this checkbox to display the flow result through lights, in VA or Amps depending on the type of 
selection made above. 
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General Load 
Click this checkbox to display the flow result through general loads, in VA or Amps depending on the 
type selection made above. 


Wire 
Click this checkbox to display the flow result through wires, in VA or Amps depending on the type 
selection made above. 


Impedance 
Click this checkbox to display the flow result through impedance elements, in VA or Amps depending on 
the type selection made above. 


Device Page 
The Device page of the Display Option in Study Mode is the same as that in the Edit Mode. See section 
Display Options in Edit Mode for detailed descriptions. 
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40.3.9 Colors Page 


This page provides options for setting up user defined color themes. 


Display Options - Results |r| 


Color Theme 
Select a previously defined color theme from the pull down list. The selected color theme will be applied 
when the Theme option is selected. 


Theme 


Clicking on the Theme button brings up the Theme Editor. This is where existing color themes can be 
modified by the user or a new color theme can be created. 
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Note: Color themes are applied globally within a project file. Changes made on a color theme here may 
also affect other modes and presentations if global color themes are used. 


Theme 
Select this option to apply the color theme selected in the color Theme list for element annotations. When 
this option is selected, the name of the applied color theme is displayed to the right of the Theme button. 


User-Defined 
Select this option to specify a color for CSD element annotations. When this option is chosen, color 
selection fields, hidden when the Theme option is active, will appear below the button. 


DC Element Annotation Color 
When the User-Defined annotation color option is selected, the field becomes enabled and you can assign 
a color for DC element annotations in the CSD. 


Results Color 


When the User-Defined annotation color option is selected, the field becomes enabled and you can assign 
a color for calculation results in the CSD. 
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40.3.10 CSD Simulator and Calculation Method 


CSD Simulator 


While in Voltage Drop Mode with Auto-Run Mode on, the CSD behaves as a simulator that imitates the 
control operations of an actual control system diagram. During operation, the simulator controls the 
status of pushbuttons and all contacts assigned to CSD devices based on the logics setup by the user. The 
status of unassigned contacts, protective devices, and pushbuttons may be changed while working in 
Study Mode by using the right-click menu, but this option is disabled once the simulator is running. 


When the simulator starts, Auto-Run Mode is automatically activated and ETAP finds the initial steady 
state for the CSD and uses it as a starting point. If no device or macro-controlled contact is modeled by a 
duty cycle, the simulator will stay in the steady state waiting for a triggering event to start a sequence-of- 
operation. If there are devices or macro controlled contacts that are modeled by duty cycle, it will 
simulate the sequence-of-operations and find the new steady state. It then stays in this steady state and 
waits for a triggering event to start a new sequence-of-operation. A simulation sequence is defined as the 
process between two steady states. 


For each simulation sequence, ETAP prepares an event log that provides detailed information on a step- 
by-step process for the simulated sequence-of-operation. If the Load Flow Method is used, a Crystal 
Report is also generated and provides detailed voltage drop calculation results. 


Sequence-of-Operation 

A simulation sequence is defined as the process between two steady states. The simulator typically 
executes a sequence that begins with the current status of the CSD diagram (a steady state) once a status 
change is triggered from a protective device, unassigned contact, or other CSD element. This generated 
sequence encompasses all actions that result from the status change and terminates when the simulator 
can no longer generate additional actions. The CSD diagram is said to be in a steady state at this point 
and the simulator becomes inactive, waiting for the next triggering event (any status change of a 
switching device) to generate the next sequence. 


Never-Ending Loop 

If a steady state does not result from the simulator-generated actions, the simulator may execute in a 
manner where one action causes another action which undoes the first action, etc., leading to a never- 
ending loop. To detect and prevent this type of loop, each CSD device participating in the simulation 
counts the number of energized actions that it receives. If the CSD device is energized a given number of 
times within a sequence, the simulator determines that the CSD diagram is not stable and places the CSD 
device into an ERROR state. The ERROR state prohibits the CSD device from participating in any 
subsequent actions generated by the simulator. 


Initial Steady State 


The CSD simulator determines its initial steady state through one of the following two conditions: while 
switched to the Voltage Drop Mode or when the Run Voltage Drop button is pressed. To determine the 
initial steady state, the simulator resets all assigned contacts to their normal state and runs a single 
simulation sequence. 


Once the initial steady state is determined, if there are devices or macro controlled contacts modeled by 


duty cycles, the CSD simulator will begin a sequence-of-operation by executing the duty cycles. 
Otherwise, it will stay in the initial steady state. 
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It is possible that the CSD can be set up so that it never discovers an initial steady state, and while 
attempting to determine the initial steady state the simulator enters in a never-ending loop. If this occurs, 
an error message will be displayed to warn you of this situation. 


Triggering Event 


Once a steady state is reached, the simulator will stay in this state and wait for a triggering event to launch 
a new sequence. A triggering event can be any action by the user that makes the current steady state 
invalid. These actions include: 


e Pressing a pushbutton to momentarily switch it to off-normal state 
e A change of status for a fuse, a circuit breaker, or a switch through right-click menu option 


Because a steady state is also an operating state of a control system and any parameter change of a device 
will change that state, while it is in Study Mode ETAP disables the editor fields for all elements, in effect, 
anything that could falsely affect a steady state condition. 


Simulation Method 


There are two methods of simulation in ETAP: Sequence-of-Operation and Load Flow Calculation. The 
Simulation Method is selected from the Info page of the Control System Diagram Study Case. 


Sequence-of-Operation 

In a Sequence-of-Operation simulation, ETAP models a sequence-of-operation without calculating 
voltage drops across any devices. ETAP assumes that all voltage requirements are satisfactory for the 
devices to operate. The control logics set between control devices and contacts and time sequence in duty 
cycles will be simulated. When designing a control system, this method can be used to replicate a control 
sequence to check logics. 


Because the voltage drop is not calculated by this method, ETAP will not generate a Crystal Report for 
this simulation. Instead, use the Event Viewer to check the detailed control sequence. 


Load Flow Calculation 

When the Load Flow Calculation Method is used, the CSD simulator will carry out load flow calculations 
at each step of a sequence. The calculated voltage drop across devices will be compared with the 
requirements for pickup voltage and dropout voltage. The devices can operate as specified only when 
these requirements are met. Therefore, this method not only simulates the control logics for a control 
sequence, by enforcing the voltage requirements in the simulation, it also simulates an actual real world 
sequence. 


In a load flow simulation, ETAP will generate both a Crystal Report and an event log that lists the results 
of the simulation. The Crystal Report is refreshed for each sequence-of-operation, while the event log 
accumulates events across sequences. Each can be reset either manually, or by clicking on the Run 
Voltage Drop button. 


Device Duty Cycle Model 


ETAP provides two types of device models: the Burden and Inrush Rating model and the Duty Cycle 
model. Specify the device model you wish to use from the Model page of the Control System Diagram 
Study Case and the Info page of Device Editor. 
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In the current version of ETAP, if a device is modeled by its duty cycle, ETAP will not simulate the 
control logic between the device and the contacts listed on the Contact page of the device. The contacts 
will remain in their normal state for the entire simulation process. 


40.3.11 Calculation Method 


Calculations conducted in the CSD simulator are load flow type calculations. The CSD sources are 
modeled as constant voltage sources using the voltage value specified on the Info page of the Control 
System Diagram Study Case. At any given time, a device may be modeled as a constant power, constant 
impedance, or a constant current device. The current Injection Method is used to determine CSD voltage 
and current flows. Using these calculation results, the device voltage requirements are verified. In this 
section, several issues related to CSD calculation will be explained. 


Device Modeling 


ETAP uses two types of device modeling: Burden and Inrush Rating model and Duty Cycle model. The 
type of device modeling is selected on the Model page of the Control System Diagram Study Case. If the 
Burden & Inrush Rating option is selected in the Device Model section, all devices will be modeled by 
their burden and inrush rating as entered on the Rating page of Device Editor. If the Duty Cycle option is 
selected, all devices will be modeled by their duty cycle, as entered on the Duty Cycle page of the Device 
Editor. If the Individual Editor option is selected, the model for a device is dependent upon the option 
selected in the Calculation Model section of the Info page of Device Editor. You can select either Burden 
& Inrush Rating or Duty Cycle from the Device Editor. 


Burden and Inrush Rating Model 

The burden and Inrush Rating of a device is entered on the Rating page of the Device Editor. If the 
Inrush Rating box is checked, you can enter the inrush rating data in this section. The inrush rating is 
applied each time a device is energized. In the inrush rating duration, the device will be represented as a 
constant impedance element according to the rating data set in this section. Once beyond the inrush rating 
duration, the device will be modeled according to its Burden Rating parameters. If the Inrush Rating box 
is not checked, the device will be modeled by its burden rating only. 


You can specify the type of device burden model in the Burden Rating section. Three options are 
available: Constant VA, Constant Z, and Constant I. When the device is energized, and after its inrush 
duration, the device will be modeled according to the model type selected. 


Duty Cycle Model 

If a device is modeled by its duty cycle, its behavior will be dominated by that duty cycle and its 
connection to the source. At any given interval, a device is included in the calculation only when it is 
energized and its duty cycle current at the time is not zero. Whenever the duty cycle current is equal to 
zero, the device is considered of being out of service. Otherwise, it will be modeled according to its load 
type and current value defined in the duty cycle. 


When determining the initial steady state of a Control System Diagram, devices that are modeled by their 
duty cycle will take the current value at the start time (t = 0). Thereafter, in each sequence-of-operation 
simulation, either initiated by status change of a protective device or a click on the Run Voltage Drop 
button, the device duty cycle sequence will be executed. 


In the current version of ETAP, if a device is modeled by its duty cycle, ETAP will not simulate the 


control logic between the device and the contacts listed on the Contact page of the device. The contacts 
will remain in their normal state for the entire simulation process. 


ETAP 40-38 ETAP 19.0 User Guide 


Control System Diagram Simulation Voltage Drop Mode (Study Mode 


Macro Controlled Contact Modeling 


A macro-controlled contact is a time-controlled switch used to change system connectivity as function of 
time. You can specify the initial (normal) state of the switch from the Info page and the control sequence 
on the Duty Cycle page. During the initial steady state, a macro-controlled contact takes its initial 
(normal) state. In each simulation of sequence-of-operation, the duty cycle of a macro-controlled contact 
will be executed. 


A macro-controlled contact can be used to simulate control logics between a device and controlled circuit 
when the device is modeled by duty cycle, and where the automatic logic between the device and its 
contacts is not simulated in the current version of ETAP. It can also be used to simulate a triggering 
event when a Control System Diagram is part of a battery discharge calculation, since in this case no 
manual triggering event is allowed. 


Special Conditions 


Several circumstances require special considerations in control system diagram calculation. 


Voltage Range for Constant Power Device 

Because CSD calculation derives from load flow type calculations, in the rare case where the voltage 
across a constant power type device is small, the current flowing through the device will be large. This 
will then cause a large voltage drop on series connected elements, which in turn could make the voltage 
across the device smaller and the current flowing through the device larger. This process can lead to a 
convergence problem for CSD calculations. To avoid this situation, open the Info page of the Control 
System Diagram Study Case and specify a voltage range in the constant Power Load Model section. 
When the voltage across a constant power device is within this range, the device will behave as a constant 
power load. Once the voltage across the device is outside this range, it will be automatically switched by 
ETAP to a constant impedance device. Since most of the constant power devices in a CSD are motors, 
this option provides more accurate modeling of this type of device. 


Devices Connected in Series 

In most control systems, devices (such as control relays and solenoids, etc.) are connected in series with 
wires and switching elements and in parallel with other devices. ETAP does not restrict the user from 
connecting several devices in series. However, you cannot connect multiple constant power or constant 
current devices in series because of the conflicts this creates in system modeling. For example, two 
constant current devices may have different current values. The CSD error check routine detects these 
connections and an error message will be posted if such a connection is detected. 


Note: It is possible to connect constant impedance devices in series, or connect a constant power (or 
constant current) device in series with other constant impedance devices. 


Handling Intentional Time delays 
Intentional time delay has been included in ETAP 14. There are two delays associated with it: 


1) On-Delay time 
2) Off-Delay time 


The following picture shows how the logics on time delay works: 
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l | | | 
r | Energized 
Coil | | . 
| l i Deenergized 
1, | 
Non | Closed 
CONTACTS | I 5 
pen 
n.o. | | 
CONTACTS | : Closed 
Open 
—+! 7 ne 
On-Delay T ff-Delay T| <—— 
; 7 : | | + Trelease | 
4 Vy 
Check Vpicup @ For Off-Delay and Trelease 
time when the coil Check Vpicup during time, check if voltage if higher 
is energized Top period than ee to reset the 
clock’ 
During Delay time, only 
check Vdropout to 
reset the clock 


Rules on On-Delay Time Logic: 


a. The time for a contact change its state from normal to off-normal is the sum of On-Delay time 
plus the Top of the contact. 


b. The timing starts when the coil becomes energized and the voltage is larger than or equal to the 
device pick-up voltage, or when the voltage is increased to a value larger than or equal to the 
device pick-up voltage. 

c. Once the timing starts, it only needs to check the device drop-out voltage, not the pick-up voltage. 

d. Once the timing starts, if the device voltage is maintained above the drop-out voltage for On- 
Delay T and the device voltage is maintained above the pick-up voltage for T.), the contact will 


change state after the On-Delay T plus Top. 


e. If the voltage of the device becomes less than the drop-out voltage value in On-Delay T or 
becomes less than the pick-up voltage value in Top, stop time count and reset the clock. 
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Rules on Off-Delay Time Logic: 


a. The time for a contact change its state from off-normal to normal is the sum of Off-Delay time 
plus Trelease of the contact. 


b. The timing starts when the coil becomes de-energized or when the voltage is decrease to a value 
smaller than the device drop-out voltage. 


c. Once the timing starts, if the device voltage is maintained below the drop-out voltage before Off- 
Delay T plus Tyetease, the contact will change state after the Off-Delay T plus Tretease. 


d. If the voltage of the device becomes larger than the drop-out voltage value before Off-Delay T 
plus Tretease, Stop time count and reset the time. 


Duty Cycle Update 

Click the checkbox for the Update Composite CSD option in the Duty Cycle section of the Info page of 
the Control System Diagram Study Case and ETAP will automatically update the calculated CSD duty 
cycle for the source elements. These are Elementary Diagram elements in a DC system. The duty cycle 
update is calculated based on the power provided from each source in the simulation of the latest 
sequence-of-operation. When any change is made in a CSD, or the Run Voltage Drop button is clicked, a 
new sequence-of-operation is simulated and the duty cycle for each CSD source element is updated for 
this new sequence. 


Because a CSD can contain devices of constant power, constant impedance, and constant current, the duty 
cycle updated to CSD source elements also can include a duty cycle for different types of loads. The load 
type is indicated in the Type field for each section of duty cycle. If a CSD is powered by multiple source 
elements connected together, the duty cycle for each source element will be based on the actual power 
provided by each source element. 
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40.4 Required Data 


The two methods the ETAP Control System Diagram uses for simulation (Sequence-of-Operation and 
Load Flow Calculation) require different data. 


When the Sequence-of-Operation is selected, the CSD will only simulate logics built into the control 
sequence without performing voltage drop calculations. Therefore, device rating data and wire 


impedance data are not required. 


When the Load Flow Calculation Method is selected, device rating data and wire impedance data are 
required for the voltage drop calculations. 


The following sections identify the data required for the specified elements and the page where the data 
can be entered. 


40.4.1 Source Data 


DC Composite CSD Element 


Info Page 
e ID 
e Bus connection 


Rating Page 
e Rating data —- kW, V, and FLA. This data is required if the Load Flow Calculation Method is 
selected. 


40.4.2 Control Relay, Solenoid, General Load and Light 


Info Page 
e ID 
e From Node and To Node 


Rating Page 
e Voltage rating, burden rating and inrush rating data. This data is required if the Load Flow 


Calculation Method is selected. 


Duty Cycle 
e Duty cycle data is required if the device is to be modeled by Duty Cycle model. 
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40.4.3 Contact Data 


Fixed, Convertible, and Form-C Contacts 
Contacts do not have their own editors. Once a contact is assigned to a controlling device, for example a 


control relay or a solenoid, the contact parameters can be entered from the Contact page of the controlling 
Device Editor. 


ID 

Type 
State 
Top 
Trelease 


Macro Controlled Contact 


Info Page 

e ID 

e From and To connection 
e Initial (Normal) State 


Duty Cycle 
e Duty cycle data 
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40.4.4 Branch Data 


DC Cable 


Info Page 
e ID 
e From and To connection 


Impedance Page 
Impedance page data is required only if the Load Flow Calculation Method is selected. 


No. of wires 

Link to Library 

Impedance section data 
Length section data 

Wire Temperature section data 


DC Impedance 


Info Page 

e DC impedance ID 

e From and To connection 

e Impedance resistance required only if the Load Flow Calculation Method is selected. 


Protective Devices (CB, Fuse, Switch, and Pushbutton) 


Info Page 

e ID 

e From and To connection 

e Status for CB, Fuse and Switch. Initial (Normal) State) for Pushbutton. 
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40.5 Output Reports 


The CSD simulation results are reported in several ways. The CSD view displays the calculation results, 
which include the bus voltages, device voltage drops, and flows through devices, wires, impedances, and 
protective devices. Use the Display Options Editor to specify the content that you want to be displayed. 


CSD results are also presented in Crystal Reports, the Event Viewer, and Alert View. The Crystal 
Reports listing provides input data for all elements involved in a simulation and detailed calculation 
results for each step of the simulation. Use the CSD Report Manager to view the Output Report. 


The Event Viewer provides a detailed list of the operation sequence for a simulation, including control 
device operations, contact operating time, and voltage limit checking results. This report page is designed 
to be an easy to use reference tool for the design and verification of the control logic of a control system. 


The Alert View list all critical and marginal alerts detected in the simulation based on the settings on the 
Alert page of the CSD Study Case. 


Note: The Crystal Report and Alert View will be generated only when the Load Flow Calculation option 
is selected on the Info page of the CSD Study Case, since a load flow calculation is required to prepare 
these results. 


40.5.1 CSD Simulation Report Manager 


Open the CSD Simulation Report Manager by clicking on the Report Manager button on the CSD 
Simulation toolbar. 


The Report Manager Editor includes four pages (Complete, Input, Results, and Summary) each 
representing different sections of the Output Report. The Report Manager allows you to select the formats 
that are available for different portions of the report and view them through Crystal Reports. There is an 
option to specify the format of the report you wish to view. Use the Crystal Reports viewer to read the 
report, or have ETAP convert the report to one of your favorite document formats, such as PDF, MS 
Word, Rich Text Format, and MS Excel, etc. Several fields and buttons are common to every page. These 
are described below. 


Output Report Name 
This field displays the name of the Output Report. 


Path 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 
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Help/OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports viewer to show the selected 
portion of the Output Report. Click on the Cancel button to close the editor without viewing the report. 
Clicking on Help will bring up the ETAP Help Text for the Report Manager topic. 


Report Document Format 

You can choose one of the document formats listed on the page to display the Output Report. Click on the 
button to select that format. If you select the Viewer option, ETAP will show the results in Crystal 
Reports. If you choose one of the other options, such as PDF, MS Word, Rich Text Format, and MS 
Excel, ETAP will convert the report to this format for viewing. 


Set As Default 

When this box is checked, the selected document format becomes the default format to display the CSD 
simulation result for all future reports. If this box is not checked, the default viewing option will be the 
Viewer. 


Complete Page 


On this page there is only one format available, Complete, which opens the complete report for the CSD 
Simulation. The Complete Report includes the Input Data, Results, and Summary Reports. 


Gi \ 
Control Systems Report Manager =) 


Complete | input | Results Summary 


| Complete ® Viewer 
PDF 
MS Word 
Rich Text Format 
MS Excel 
|| Set As Default 


Output Report Name 
csD 


Path 
C:\ETAP\\Exemple-ANS! 
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Input Data Page 


On this page the different categories of input data are grouped according to type. They include: 


Bus and Source 
Contact 

Cover 

Device 

Duty Cycle 

Study Case 

Wire - Impedance 


Clicking on one of the categories in the list will select it for report generation. 


é 
Control Systems Report Manager se 


CSD 


Path 
C:\ETAP\Example-ANS! 
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Results Page 


This page is used for the selection of the Output Report format for the voltage drop and power flow result 
portion of the output report. Click on the report format button to select it. The selected format can be used 
as the default format by clicking the Set As Default box. 


6 
Control Systems Report Manager =x 


Complete | input | Results | Summary 


Voltage Drop & Power Flow 


Path 
C:\ETAP\Example-ANS! 
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Summary Page 


This page allows you to select different portions of the load summary for viewing. The categories are 
listed below: 


Alert Complete 
Alert Critical 
Alert Marginal 
Summary 


a hy 
Control Systems Report Manager (we Sm] 


CSD 


Path 
C:\ETAP\Example-ANS! 
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40.5.2 View Output Reports from Study Case Toolbar 


This pull-down menu is a shortcut to the Report Manager. When you click on the View Output Report 
button, ETAP automatically opens the Output Report, which is listed in the Study Case toolbar with the 
selected format. In the Study Case sample below, the Output Report name is Untitled and the selected 
category is alert Complete. 


Alert Complete 


4 
Alert Critical 
Alert Marginal 
Bus and Source 
Complete 
Contact 
Cover 
Device 
Duty Cycle 
Study Case 
Summary 
Voltage Drop & Power Flow 
Wire - Impedance 


ETAP 40-50 ETAP 19.0 User Guide 


Control System Diagram Simulation Output Reports 


40.5.3 Input Data 


Input data are grouped together according to element type. The following are some samples of input data. 


Study Case Option Samples 
The following pages present Study Case Reports. 


Study Case Options 


Maximum No. ofIterations: 999 


Precision of Solution: 0.000100 
Source Voltage: Bus Initial Voltage 
Adjustments: 
Apply Individual Global 
Adjustments ‘Global Value 
Contact Resistance: Yes Individual 
CB, Switch, & Push Button Resistance: No 
Fuse Resistance: No 
Wire/Cable Resistance Temp. Correction: Yes Individual 
Wire/Cable Length Tolerance: Yes Individual 
Control Relay/Solenoid Burden: Yes Individual 
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CSD Device Input Data 


Device 
ID 


Type 


Contol Relay 


Contol Relay 
Contol Relay 
Control Relay 
Control Relay 
Control Relay 
Control Relay 
General Load 


Model 


Burden & Inmsh 


Burden & Inmsh 
Burden & Inmush 
Burden & Inmsh 
Burden & Inmush 
Burden & Inush 
Burden & Inush 
Burden & Inmsh 


Device Input Data 


CSD1 
Voltage 

Rated Pickup Dropout 
Volts % % 
120.00 70.00 15.00 
120.00 80.00 10.00 
120.00 80.00 10.00 
120.00 75.00 30.00 
120.00 70.00 15.00 
120.00 70.00 15.00 
120.00 70.00 15.00 
240.00 0.00 0.00 


Burden 
Watt Amp Ohm 
1680 0140 857.14 
1680 0140 857.14 
1680 0140 857.14 
16.80 0.140 857.14 
12.00 0.100 1200.00 
12.00 0.100 1200.00 
12.00 0.100 1200.00 
800.00 3.333 72.00 


Wire, Impedance and Protective Device Input Data 


Element 
ID 

AS TS witch 
deC Bl 
deC B2 
Fuce-C 
Fuse-A 
Fuse-B 
Fuse-D 
Rl 
R2 
R3 
STOP 
Sw-N 
SW-N 
Sw-P 
SW-P 
Wire-1 
Wire-2 
Wire-3 
Wire-A 
WireLd-F 


ETAP 


Node2 
DCED2_P 
deBus2-1+ 
dcBus2-1+ 
dcBus 1+ 
Nodel4 
deBus2-1- 
Nodel8 
Nodel? 
Nodel6 
Nodel3 
DCED1_N 
DCED2_N 
dcBus2-1+ 
dcBus 1+ 
Node? 
Node? 
Nodell 
dcBus 1+ 
dcBus2-1+ 


Wire, Impedance and Protective Device Input Data 


Connection 


From 


AutoS tart 
dcBus 1+ 
DCED1_P 
WireLd-F 
Wire-A 
dcBus 1- 
WireLd-R 
Nodel? 
Nodel6 
Nodel5 
Node2 
dcBus2-1- 
dcBus 1- 
deC B2 
deC Bl 
Nodel4 
Nodel4 
Nodel4 
Nodel3 
Nodel8 


40-52 


CSD1 


To 


Leng th(ft) 


Wire 


% Tol. 


Inrush 
Watt Amp Ohm = Time (ms) 
36.00 0300 400.00 100 
36.00 0300 400.00 100 
36.00 0300 400.00 100 
36.00 0.3500 400.00 50 
24.00 0.200 600.00 100 
36.00 0300 400.00 100 
36.00 0300 400.00 100 
80.56 0336 715.00 250 


#of Wires T(°C 


Resistance 
J ohm 


220.00 
220.00 
220.00 
220.00 
300.00 


5.00 
5.00 
5.00 
5.00 
4.00 


1 75 
1 75 
1 75 
1 cs) 
2 75 


100,00000 
100.00000 
100.00000 


1.98642 
1.98642 
1.98642 
1.98642 
1.34148 
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40.5.4 Voltage Drop and Power Flow Results 


The results section of the Output Report includes the calculated results of voltage drops across devices 
and power flows through devices and branches. 


CSD1 


Voltage Drop and Power Flow Report 


Voltage Drop 


0.000 1 Wire-A 
0.000 1 Wire-M 
0.000 1 AutoStart 
0.000 1 Fuse-B 
0.000 1 STOP 
0.000 1 Sw-N 
0.000 1 deCB2 
0.000 1 SW-N 
0.000 1 deCBl 
0.000 1 M 

0.000 1 TRI 
0.000 1 DCED1 
0.000 1 DCED2 
0.010 3 Wire-1 
0.010 3 Wire-A 
0.010 3 Wire-M 
0.010 3 AutoStart 
0.010 3 Fase-B 
0.010 3  M-l 
0.010 3 M-2 


ETAP 


Control Relay 
Control Relay 
CSD Source 
CSD Source 
Cable 

Cable 

Cable 

Tie PD 

Tie PD 

Tie PD 

Tie PD 
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120.00 
120.00 
250.00 
125.00 


102.47 
102.47 
100.00 
100.00 


Power Flow nea 4 
Watt Amp Watt 
64.04 0.512 0.52 
0.52 0.512 0.52 
0.00 0.512 0.00 
0.00 0.512 0.00 
0.00 0.512 0.00 
0.00 0.000 0.00 
0.00 0.000 0.00 
0.00 0.000 0.00 
0.00 0.512 0.00 
38.11 0.307 37.80 
25.41 0.205 25.20 
0.00 0.000 0.00 
64.04 0.512 64.04 
0.73 0.608 0.73 
139.40 1.115 2.47 
0.51 0.507 0.51 
0.00 0.811 0.00 
0.00 LUIS 0.00 
37.31 0.304 0.00 
37.31 0.304 0.00 
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40.5.5 Summary Reports 


The summary portion of the Output Report includes the Alert option settings from the Study Case and 
critical and marginal alerts generated from the simulation. 


Summary Report 


% Alert Settings 


Critical Marginal 
Pickup Voltage 
Control Relay 100.0 110.0 
Solenoid 100.0 110.0 
General Load 100.0 110.0 
Use Individual V pickup 
Dropout Voltage 
Control Relay 100.0 110.0 
Solenoid 100.0 110.0 
General Load 100.0 110.0 


Use Individual V dropout 


Current 

Control Relay 100.0 95.0 

Solenoid 100.0 95.0 

Contact 100.0 95.0 

Switching Device 100.0 95.0 

Wire/Cable 100.0 95.0 

Critical Report 
CSD1 

Time (sec) = Step Device ID Type Alert Condition Ratng/Limit Unit Operatmg % Operatng State 
0.000 1M Control Relay Inrush Current Overcurrent 0.300 Ampere 0.307 102.5 Inrush 
0.000 1 TRI Control Relay Inzush Current Overcurrent 0.200 Ampere 0.205 102.5 Inush 
0.010 3 1A Contol Relay Inmush Current Overcurrent 0.300 Ampere 0.304 101.3 Immush 
0.010 3° M Control Relay Inrush Current Overcurrent 0.300 Ampere 0.304 101.5 Inmush 
0.010 3 TRI Contol Relay Tush Curent Overcurrent 0.200 Ampere 0.203 101.5 Imush 
0.010 3 TR2 Control Relay Intush Curent Overcurrent 0.300 Ampere 0.304 101.3 Inmush 
0.015 4 14 Control Relay Inrush Current Overcurrent 0.300 Ampere 0.304 101.3 Imush 
0.015 4 M Control Relay Inrush Current Overcurrent 0.300 Ampere 0.304 101.5 Inrush 
0.015 4 TRI Control Relay Inrush Current Overcurrent 0.200 Ampere 0.203 101.5 Inmush 
0.015 4 TR2 Control Relay Inrush Current Overcurrent 0.300 Ampere 0.304 101.3 Inrush 
0.020 5 14 Control Relay Inrush Current Overcurrent 0.300 Ampere 0.301 100.3 Imush 
0.020 5 24 Contol Relay Inrush Current Overcurrent 0.300 Ampere 0.301 100.3 Imush 
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40.5.6 Event Viewer 


The Event Viewer provides detailed information generated for each device and contact during a 
simulation. The information includes the energizing status of devices, operating conditions of devices, 
status of contacts, and pickup and dropout voltage check results of devices. This information makes it 
possible to trace the control system states occurring at each step of a simulation. It is a very useful tool 
for logic design and verification of a control system. 


The Event Viewer can float on top of the CSD view during a simulation to CSD simulation results on- 
line. As the CSD simulation develops according to its logic, the progress of the control system and 
elements stats are displayed in the Event Viewer. 


Clear 
When the Clear button is clicked, the Event Viewer is refreshed. 


Note: When the Event Viewer is open, it appends simulation results for consecutive simulations until the 
Clear button is clicked. 


Verbose 


When the Verbose box is checked, the Event Viewer will display extra information, such as the steps for 
checking for pickup and dropout voltage that has not lead to any violations. 


7 
f a’ CSD Event Viewer |S 
Step Time (ms) Device Type Device Name Vad[Volt) Vd[%) Amp Description Remarks S Clear 
1 Scheduler Finding stable ... Friday, July 10, 2015 10:37:38 AM —————t 
1 i Scheduler Starting simula... Friday, July 10, 2015 10:38:09 4M Expott... 
1 it) PushButton START Operating 
1 0 Macro-Contr.... AutoStart Closed 
1 it) Control Relay = =M Energized 
1 it) Control Relay RI Energized 
3 10 Control Relay TRI Operating 
3 10 Contact M-2a Closed Control Relay M 
3 10 Contact M-la Closed Control Relay M 
3 10 Contact TR1-2a Closed Control Relay TR1 
3 10 Control Relay = 14 Energized 
3 10 Control Relay = TR2 Energized 
4 15 Control Relay = M Operating 
4 15 Contact M-3a Closed Control Relay M 
4 15 Contact M-da Closed Control Relay M 
4 15 GeneralLoad DCLoad Energized 
4 15 GeneralLoad DCLoad Operating 1 Verbose 
5 20 Control Relay = 14 Operating a 
5 20 Control Relay = =TR2 Operating 7 
5 20 Contact 1A-la Closed Control Relay 14 
5 20 Contact TR2-2a Closed Control Relay TR2 
5 20 Control Relay = 24 Energized 
5 20 Control Relay = =TR3 Energized 
6 30 Control Relay = TR3 Operating 
6 30 Contact TR3-2a Closed Control Relay TR3 
6 30 Control Relay = 34 Energized 
7 32 Control Relay = 24 Operating 
7 32 Contact 2A-la Closed Control Relay 24 
8 40 Contact 34-la Closed Control Relay 34 
8 40 Contact 3A-2a Opened Control Relay 34 
8 40 Control Relay R11 De-energized 
10 55 Contact 34-34 Closed Control Relay 34, 
an] 60 Control Relay = 34 Operating 
1 60 Contact 34-4a Opened Control Relay 34, 
an] 60 Contact 34-54 Opened Control Relay 34 
12 100 PushButton START Set PB contacts Normal 
7 540 Contact TR1-2a Opened Control Relay TR1 
V7 540 Control Relay = 14 De-energized 
7 540 Control Relay = TR2 De-energized 
18 590 Contact 1A-la Opened Control Relay 14 
19 1000 Macro-Contr... AutoStart Opened 
20 1040 Contact TR2-2a Ovened Control Relay TR2 & 
« " ' 
— I= ———_—_=_><*_>_—>~———L—[=[>>*_*i—>“<C<>_*_—i*i*~*—*—*_*—_——i*~*>_——~~~<c<Kc<{KcK_—_—_£*<{_>{<<>*~*_~—~>*_*—*—<~—*_*K___*_*_*<_<—_- -=D=KR=anaa_] != \h]@_=_ _=_=_=_=_=_=_=|=|=|=_=_~” 
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40.5.7 Alert Viewer 


The Alert Viewer displays critical and marginal alerts generated during CSD simulation that is based on 
the options set on the Alert page of the CSD Study Case. The Alert View can be brought up manually by 
clicking on the Alert View button in the CSD Simulation toolbar. If the Auto Display button on the Alert 
page of the CSD Study Case has been clicked and set to on, the Alert View will be automatically open 
after a simulation, assuming that alerts have been generated during simulation. 


Study Case: CSD Data Revision: 
Configuration: Date: 07-07-2015 


Zone Filter Area Filter Region Filter 
1 & ’ 1 Kk ’ 1 


Critical 


Step Device ID Type Alert Condition Rating/... Unit Operating % Oper... 


Marginal 


Step Device ID Type Alert Condition FRating/... Unit Operating % Oper... 
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ETAP DataX (Data Synchronization) 


ETAP Data Exchange (DataX) modules for Microsoft Excel, Project Merge, e-DPP, SmartPlant 
Electrical, and AVEVA Electrical are used to import data from a Microsoft Excel file, a MS Access 
database exported from e-DPP, a XML or OTA file from Project Merge, or a XML file exported from 
SmartPlant Electrical or AVEVA Electrical into an ETAP project. This import can be done multiple times 
to update data in the ETAP project whenever the data in the Microsoft Excel file, Project Merge XML or 
ORTA file, e-DPP exported MS Access database, SmartPlant Electrical exported XML file, or AVEVA 
Electrical exported XML file changes. 


The block diagram shown below explains the data flow process. 


MS Excel file, MS Data Data 
Access database, Mapping Exchange 


XML file, OTA file Tool Interface 


Add, Modify, 
Rename & 
Delete Actions 


User 
Confirmation 


The Data Mapping Tool may be used to customize the mapping of data in the MS Excel worksheets or e- 
DPP exported MS Access database table. The Universal DataX Mapping Utility may be used to 
customize the mapping of data for the SmartPlant Electrical or AVEVA Electrical exported XML files 
with ETAP elements and their attributes. Once the mapping is available, the Data Exchange Interface 
compares the data in MS Excel file, MS Access database, OTA file, or XML file with the data in the 
ETAP project and creates a list of Add, Modify, Delete and Rename actions. Accepted actions are applied 
to the ETAP project. 
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41.1 Accessing the DataX Tools 


The Data Exchange module commands can be invoked by going to the Data Exchange menu as shown 
below: 


DataX 
DataX Manager... 
Project Merge r 
DataHub... 
AVEVA Electrical » 
SmartPlant Electrical r 
Export to PSCAD... 
Export to EMTP-RV... » 
Export RAW Format r 
Import Revit... 


Import Excel - Open Format... 
Import Excel - Fixed Format... 
Import XML... 


Import RAW Format Li 
Import IEEE Format... 


Import SKM Project » 
Import EasyPower Project » 
Import e-DPP... 


Import from Clipboard 


Import Status Configuration... 


Export to Clipboard 

Export Status Configuration... 
Export Load Ticket r 
Export XML - One-Line r 
Export Excel - Open Format 

Export DXF File... 

Export Metafile... 

Export Protective Device... 


Universal Mapping... 


As the tools are used to add or modify data in the ETAP project, they are active only in the Edit Mode. 
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41.2 Excel - Fixed Format 


This “Excel — Fixed Format...” command is used to transfer data from a MS Excel file with fixed format 
into an ETAP project. 


41.2.1 Data Comparison Logic 


Elements inside an ETAP project always have unique identifiers known as GUID or Global Unique 
Identifier. GUIDs are assigned to each created element inside a project automatically apart from their IDs 
which user would assign them. Therefore each element when it is created will have an ID (assigned by 
user or from default) and also will have a GUID automatically assigned by ETAP. 


When importing from Excel to ETAP the equipments between ETAP project (if exists any) and Excel 
will get compared based on their GUIDs and the required actions will be determined accordingly. 
However importing Excel equipments would not have GUIDs assigned to them. This assignment will be 
done automatically by ETAP at the import time and will be written to the Excel file for each equipment. 


41.2.2 Select Data File Editor 


Click on this command to display the “Select Data File” Editor shown below. Use this command to 
select: 


e The equipment list that is linked to the ETAP project and 
e The database with default mapping of elements in the equipment list and ETAP 


fT 7 
% ETAP MS Excel DataX: Select Data File ==) 


Default Database 


|C\ETAP\DataExRes\TDB_MSExcel mdb Browse... | 


Equipment Data File Name 


[C. \ETAP\DataExExamples \DataX MS Excel\ Excel to Etap xis 


Cable Sizing File Name 


PO Browse... | 
OK | Cancel] _ Help 


w 


Default Database 

Displays the fully qualified name of the selected default database file that will be used to create the new 
ETAP Microsoft Access data exchange project. Click on the Browse button to change or select a different 
default database. 


The default database includes information about default mapping between the equipment in the MS Excel 
Sheets and ETAP elements. 
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Equipment Data File 
Displays the fully qualified name of the selected Microsoft Excel file that is linked with the ETAP 
project. Click on the Browse button to select an equipment data file. 


The structure of the equipment data file required by the data exchange program is described below. Please 
refer to \DataExExamples\DataX MS Excel\Excel to Etap.xls file in the ETAP installed folder for the 
template. 


loan Q-@-)s Excel to Etap.xls [Compatibility Mode] - Microsoft Excel [Sa ) 
f a P P 
fs) 7 5 
Home | Insert Page Layout Formulas Data Review View Developer Add-Ins Acrobat @ - ox 
SA ca) le) a. oar a, 
Arial 4 (eed B=|0-| | a General 7 = i Ty 
le a [Aa] = ae} |S fa) lig ae pecte~ || Gl- 2 
Paste iB Z ~|| £23 || O~ ~+| |= SB) SE SE | ag~ || GS ~ %  » || 449 399), Conditional Format Cell |. __ Sort & Find & 
ef gee 1 a | ad —— a " — Formatting ~ as Table Styles > [=| Format * || 4” Filtery Select 
Clipboard ™ Font te Alignment ry Number iri Styles Cells Editing 


Cablel ane Te 


4 > bi] Impedance . Reactor, XLine | Cable VFD , MOV, NonMotorLoad , Heater, 3W-Transformer_ 2W-Transformer_ 
Cell G commented by haijun.liu | 


e There are 12 Sheets in-order for entering equipment data. The default names are: Impedance, Reactor, 
XLIne, Cable, VFD, MOV, NonMotorLoad, Heater, 3W-Transformer, 2W-Transformer, Motor and 
Bus. 


e The sheet having equipment data will always have one field with a name containing “Equipment ID”. 
This field will represent the unique ID of equipments. 


e For all elements in ETAP, “UserField 7” is reserved and is used by the program. Information in this 
field should not be altered. 


e Additional columns may be added to the equipment data table. However they need to be mapped 
before the initial transfer. Data columns may not be added after the initial data transfer. If new 
columns are required, a new project may be created. 


e To assist data entry, comment has been added to the head for some of the columns when needed. 
Please point the mouse to the column head for comment. 


e At the time of import, right after pressing the OK button on “ETAP MS Excel DataX: Select Data 
File” dialog box a warning message will pop up informing the user that GUIDs will be written to each 
worksheet for each component. For information about GUID please refer to “Data Comparison 
Logic” section. 


Cable Sizing File 
This file is presently not required and is for future use. 


OK 
Click on OK to start the data synchronization process. This will activate the Data Synchronization Editor. 
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Cancel 
Click on Cancel to cancel the data synchronization process. 


= 
ETAP Data Exchange 


A Warning! 


* Unique Global Identifiers (GUIDs) will be added to the Excel file. 


« User will be blocked from row insertion/deletion for blocked 
worksheet(s) after import unless it is manually unblocked. 


+ There is a risk of changing/losing the generated GUIDs in the case of 
unblocking the worksheet(s). 


+ Please refer to the Open-Format user guide regarding the usage of 
generated GUIDs. 


OK 
Press OK to proceed with writing GUIDs to importing Excel file for all equipments contained in each 
worksheet 


Cancel 
Press cancel to quite importing the Excel file to ETAP 


GUIDs written in Excel 

Right after the first import of the Excel file to ETAP there will be a new column added to each existing 
worksheet inside the Excel file (if those worksheets contain any equipment) named as “OtiGUID”. This 
column will contain a global unique identifier for each element (each existing row of data). 


As soon as this column is created it will be automatically blocked by ETAP from any changes from the 
user. ETAP will recognize this Excel file as a protected Excel file from now then. The reason is that each 
GUID needs to remain intact during the cycle of multiple imports of this file thus ETAP project can 
recognize the differences between existing elements (in ETAP project & Excel file) vs. newly added 
elements to Excel. 


As part of the OtiGUID column blocking, insertion of new rows or deletion of existing rows also will be 
blocked, unless user manually unblock each worksheet by “Unprotect Sheet” command located under 
“Review” tab of MS Excel 2007. 


In the case of unblocking the worksheet it has to be made sure that the OtiGUID column values remain 


intact. In the case of changing any GUID for any element, in the next run of Excel import that element 
will be recognized as a new element. 
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41.2.3 Data Synchronization Editor 


When the OK button on the Select Data File Editor is clicked, the Rows Per Record Editor is displayed as 
shown below. 


la a 
% MS Excel Format 2 Rows Per Record ama) 


[NONMOTORLOAD | 


3W-TRANSFORMER 
OK | Cancel | 


Enter the number of rows per record in the data sheets. The default is 1 row per record. 


XM 


When the OK button on the Select Data File Editor is clicked, the Data Synchronization Editor is 
displayed as shown below. 


r 
Data Synchronization ==) 


;- Equipment List 


| C:\ETAP\DataExExamples\DataX MS Excel\Excel to Etap.xls 


> ETAP Project 
C:\ETAP\Example-ANSI\DataExExample-ANSI 


Mapping 
Map Data | Set Defaults | l Save As Default 


we | [Gem] om 


NL 


Equipment List 


This is the name of the Microsoft Access source file from which data is transferred. 
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ETAP Project 


This is the name of the ETAP project file with which the data from Microsoft Excel file (equipment list) 
is synchronized. 


Map Data 
Click on this button to perform data mapping. This action displays the Data Mapping Editor. 


Save As Default 
Check this option to save: 


e The Equipment List - ETAP elements map as default table map 
e The Equipment attributes -ETAP element attributes map as default field map 


Once the mapping information for a project (e.g. Project A) is saved as default, it may be selected as 
“Default Database” on the “Select Data File” Editor, while creating a new project (e.g. Project B). This 
will ensure that the equipment and attribute mapping used in the new project (Project B) is the same as 
Project A. 


Set Defaults 
This is the same as for DataX MS Access. 


Transfer Data 


Click on this button to synchronize data, that is add, modify, delete, or rename elements in the ETAP 
project based on the data in the equipment list. Clicking on the Transfer Data button displays the list of 
modifications prepared after comparison of existing ETAP project data and the data in the Microsoft 
Excel file (equipment list). 


Close 
Click on the Close button to close the editor. Data synchronization will not be performed. 
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41.2.4 The Data Mapping Editor 


Equipment attributes in the MS Excel equipment list can be mapped to ETAP element attributes using the 
Data Mapping Editor as shown below. The Data Mapping Editor performs the same as for DataX MS 


Access. 


Excel - Fixed Format 


» 
@ Mapping Table 


Js Be) Be 


i) 


Field 
Equipment ID 


Service Type 1 =In Service 


Description 
POWER_REQ 


From Bus ID 


To Bus ID 
Unit System English or Metric 


Frequency 60 Hz or 50 Hz 
Conductor Type Al or Cu 


Installation Mag/Non-Mag/Ow 


Cable Voltage (kV) 
% Class 100 or 133% 


Following is a list of ETAP elements that may be mapped to Microsoft Excel equipment in the present 


release: 


ETAP 


Bus 

Cable 

Impedance 

Induction Machine 

MOV 

Reactor 

Static Load 

Transmission Line 
Three-Winding Transformer 
Two-Winding Transformer 
VFD 
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Criteria for Determining Equipment Type 

The table below describes the criteria used to determine the type of equipment represented by a record in 
equipment list. All comparisons in the table are not case sensitive. The order in which criteria is checked 
is the same order in which they appear in the table below. 


Criteria Element Type 
First two characters of Equipment Code = EC 
First two characters of Equipment Code = EK Bus 


First two characters of Equipment Code = ES 
Equipment Code = MUMI 

Equipment Code = MUMR 

Equipment Code = MUMS Synchronous Motor 
Equipment Code = MUVO 
Equipment Code = MUVE 


Induction Motor 


Equipment Code = EVV1 we 

Equipment Code = EVV2 

First two characters of Equipment Code = MG Synchronous Generator 

First two characters of Equipment Code = EQ, EA, ED, EE, EF, EH 

First two characters of Equipment Code = EU, EM, EP Non-Motor Load 

First two characters of Equipment Code = EV 

First two characters of Equipment Code = ET & Ter kV > 0 Three-Winding 
Transformer 

First two characters of Equipment Code = ET & Ter kV = 0 Two-Winding Transformer 

First three characters of Equipment Code = EYU Capacitor 

First three characters of Equipment Code = EYR Reactor 


First character of Equipment Code = M & Rating Unit = kW (kW is non | Heater 
zero) 
First character of Equipment Code = M & Rating Unit = kVA (kVA is non | Non-Motor Load 
zero) 


Map Fields 

Click on the Microsoft Access Equipment node (the “+” sign on the left hand side of the editor) to display 
the attribute mapping for the equipment. The rows in the attribute mapping table highlighted with 
“Lavender” color are blocked, that is, the ETAP field corresponding to the Microsoft Access Equipment 
List field may not be modified for such rows. Blocked rows have a hard-coded mapping associated with 
them. 


Microsoft Excel Equipment Field 
This column displays a list of Microsoft Access Equipment attributes associated with the equipment. 


ETAP Field 
Select an ETAP element attribute corresponding to the Microsoft Access Equipment attribute. 
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ETAP Field 


Continuous Demand Factor 
Coupler RPM 


Data Type 
Description 
DischargeR 


|< 


Field Mapping Rules 


This section describes the logic for mapping Equipment List attributes to ETAP element attributes. All 
fields, other than those mentioned in this section are mapped directly, that is the value of the ETAP field 
is made equal to the value of mapped attribute in Equipment List. The text comparisons made in the 
program are not case sensitive. 


Unit for Voltage 
If the value of voltage in Equipment List is less than equal to 100, the units for voltage in Equipment List 
is assumed to be kV, otherwise the unit is assumed to be Volts. 


Motor Rating 

If the name of the column in Equipment List representing motor rating contains HP, the unit for motor 
rating is assumed to be in HP. If the name of the column in Equipment List representing motor rating 
contains kW, the unit for motor rating is assumed to be kW. If neither “HP” nor “kW” is part of the 
column representing motor rating, the unit for motor rating is assumed to be HP. 


Multiple-Field Mapping 
If a field in ETAP is mapped to more than one field in the Equipment List, the value of ETAP field will 
be determined using the following relation: 


ETAP Field = ‘Eq. List Field 1’ + ‘Eq. List Field 2’ + ....... + ‘Eq. List Field n’ 
This type of mapping will be allowed only to ETAP fields of type text. 


Default Values 

ETAP creates new elements (in case of ‘Add’ action) by using default values for element attributes, and 
then it replaces the default values with actual imported values. Therefore, when there are no actual 
imported values, the default values will be used. 


Default Value of Power Factor 

For non-motor loads the default value of power factor is 90% and for heater loads the default value of 
power factor is 100%. These values may be changed using the Set Defaults command button from the 
Data Mapping Editor. 


For all other types of static load the default power factor is assumed to be 100%. 
Percentage Loading 


The percentage loading for equipments of the type motor in Equipment List will be calculated using the 
value of the field OPER HP and MOTOR HP. The relation used is as follows: 
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If OPER HP > 0 then 

Percentage Loading = (OPER HP / MOTOR HP) * 100 
Else 

Percentage Loading = 100 


This relation is hard coded. 
Load Status 


The field RUN_IN_SP in Equipment List is mapped to status field in ETAP (for all equipments). The 
table below shows the mapping: 


RUN_IN_SP (Equipment List) | Status (ETAP) 

*R’ or ‘C’ Continuous 

aL: Intermittent 

Boy Spare 
Mapping for Load Status 


Power Required 
If the value of the field POWER_REQ in Equipment List does not start with ‘Y’ or ‘y’, the record is not 
transferred to ETAP. If this column is not present in the equipment list, data will not be transferred. 


Estimated or Actual 

If the value of the field EST_ACT in Equipment List is ‘E’ or ‘e’, Data Type in ETAP is set to Data Type 
#1. (Name for Data Type #1 is set to Estimated using the Project -> Setting — Data Type Editor in 
ETAP) 


If the value of the field EST_ACT in Equipment List is ‘A’ or ‘a’, Data Type in ETAP is set to Data 
Type #2. (Name for Data Type #2 is set to Actual using the Project -> Setting - Data Type Editor in 
ETAP) 


If the value of the field EST_ACT in Equipment List is not equal to ‘E’ or ‘e’ or ‘A’ or ‘a’, Data Type in 
ETAP is set to Data Type #1. A message is added to the log file in this case. 


Motor RPM 
Number of poles for a motor will be calculated from the motor RPM using the following relation: 


Poles = 120 * Frequency / RPM 


A message is logged if the number of poles calculated from RPM is odd and the number of poles in this 
case is set to the next even number higher than calculated number of poles. 


The frequency value used can be set with the help of Set Defaults command button of the Data Mapping 
Editor. 


Multi Equipment Delimiter 
Multiple equipments are created in ETAP for one record in the equipment list database, if the following 
conditions are satisfied: 
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(a) The value of field representing equipment quantity is greater than one. 
(b) The equipment ID includes a multi equipment delimiter. 


(c) The last three characters of the equipment ID will be of the form o/f or a\B, where “/” and “/” are the 
multi equipment delimiters, a and B are represent alphabets in ascending order. 


For example if the equipment ID is K-8100A\D, then the individual equipment IDs will be K-8100A, K- 
8100B, K-8100C and K-8100D. 


The following rules are for processing equipments with ID having a multi equipment delimiter: 


(a) An option is provided for setting the value of multi equipment delimiter for a project. The default 
value for this is “\”. 


(b) If “\” or “/” is chosen as the multi equipment delimiter, both “\” and “/” will be assumed to be the 
multi equipment delimiters. 


(c) If the field Quantity and number of alphabets between o and § (both inclusive) do not match, an 
error will be logged. The elements will not be created. 


(d) Add, modify, rename, and delete commands will be generated by comparing the record in the 
equipment list with all the elements (corresponding to the same multi equipment ID) in ETAP. 


(e) The character before the multi equipment delimiter represents the suffix for first equipment ID and 
the character after the multi equipment delimiter represents the suffix for last equipment ID. 
Intermediate equipment IDs will have suffixes equal to the next character after the first equipment ID 
suffix. 


Single-Phase Loads 

Data is transferred for single-phase loads from the Equipment List formats. The single-phase loads 
include induction motor, synchronous motor, static load, lumped load, and capacitor. 

The logic for identifying single-phase loads in the three formats is as follows: 


e Check if the field named “Single-Phase Y/N” (case insensitive) exists. 


e If it does not exist, there will be no single-phase loads. 
e If it exists and the first character of the value is “Y” or “y”, the record will represent a single-phase 
load. 


e If it exists and the value is blank or the first character of the value is “N” or “n”, the record will not 
represent a single-phase load. 


Transformer Cooling Code 
Two-winding transformer cooling codes will be imported during data exchange. Proper maximum ratings, 
impedance values and X/R ratios will be set based on the cooling code. 


A field named “Cooling Code” in the Equipment List is mapped to the Class field on the Info page of the 


Transformer Editor in ETAP. The Maximum MVA for a transformer will be updated based on the value 
of this field. If the System Frequency in the project is set to 60 Hz (on the Defaults Editor) the project 
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will be assumed to follow ANSI Standard. Projects with System Frequency set to 50 Hz will be assumed 
to follow IEC Standard. 


The following is a list of valid values for this field for a project based on ANSI standard: 
OA, OW, OW/A, OA/FA, OA/FA/FA, OA/FA/FOA, OA/FOA/FOA, FOA, FOW 
The following is a list of valid values for this field for a project based on IEC standard: 


ONAN, ONWN, ONWN/ONAN, ONAN/ONAF, ONAN/ONAF/ONAF, ONAN/ONAF/OFAF, 
ONAN/OFAF/OFAF, OFAF, OFWF, ODWF, ONAN/OFAN/OFAF, OFAN, OFAN/OFAF, ONWF 


If the value of the field is different from values in the above list, the value of the “Class” field on the Info 
page of the Transformer Editor in ETAP will be set to “Other” and the Maximum MVA will not be 
updated. 


If the positive and zero sequence impedance / X/R ratio of the transformer is 0, it is set to a typical value 
based on the Transformer rated MVA and rated voltages. 


Blank Fields 
If a value for a numeric field exists in ETAP but is blank or zero in the Equipment List, modify action 
will not be generated for it. Note that this does not apply to fields representing a text value. 


Typical Data for Induction and Synchronous Motors 
If a “Modify” or “Add” action is generated for induction and / or synchronous motors, and: 


e Ifthe power factor and efficiency of the motor in the equipment list are blank or 0 the kVA / HP, full 
load amp and impedance data for the motor will be updated. 


e If the power factor and efficiency of the motor in the equipment list are non-zero, the kVA / HP and 
full load amp of the motor will be updated. Impedance data will not be updated for this case. 


e If the power factor or efficiency is blank or zero, an error message will be logged and no action will 
be generated. 


e If mapping is missing for power factor at 75% loading and power factor at 50% loading, they will be 
set equal to the field mapped to power factor at 100% loading. 


e If mapping is missing for efficiency at 75% loading and efficiency at 50% loading, they will be set 
equal to the efficiency at 100% loading. 
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41.2.5 Data Transfer 


When the Transfer Data button on the Data Synchronization Editor is clicked a comparison is made 
between the existing ETAP project data and the data in the MS Excel file. Based on the comparison a list 
of actions is prepared and displayed on the Accept / Reject Actions Editor as shown below. 


i - 7 
@ Accept / Reject Actions se) 


9/22/2011 4:13:03 PM arya.zarrinkelk 


Eq. Cable 
NONMOTORLOAD 
Eq. Cable 

| $-110-TRACE HEATER 
| | Cable4 Eq. Cable 
‘| 280-ET-05114 2W-TRANSFORMER 
280-ET-0700A 2W-TRANSFORMER 
‘| 141-CM-101A MOTOR 
| | Cable5 Eq. Cable 


Ne 

Accept Actions Reject Actions |” Add To Dumpster 
Al Al | Help | Cancel | Continue | 
Add Delete Modify Add | Delete Modify 


E/E) | | | =| = 


z 


Add 
Add 
Add 
Add 
Add 
Add 


Date / Time 


The top-left corner of the editor displays the date and time on which the ETAP project and e-DPP project 
is synchronized. 


User Name 
The top-right corner displays the name of the user performing the synchronization. 


Action List 


Item No. 
This column displays the unique identifier of the element in the ETAP project on which the action is 
performed. 


Equipment Type 
This column displays the type of element on which the modification is performed. 
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Action 
This column displays the type of action that is to be performed on the ETAP element. It may be Add, 
Modify or Delete. 


Accept 
Check / Uncheck the box in this column to accept or reject the action. 


Modification 
This column displays the new and old values of the first modified attribute. Click on the cell to display 
the new and old values of all the modified attributes. 


Accept Actions 


Click on the Add, Modify or Delete command buttons in this group to accept all add, modify or delete 
actions respectively shown in the modification list. Click on the All button in this group to accept all 
actions in the list. 


Reject Actions 


Click on the Add, Modify or Delete command buttons in this group to reject all add, modify or delete 
actions respectively shown in the modification list. Click on the All button in this group to reject all 
actions in the list. 


Continue 
Click on the Continue button to perform data transfer to ETAP per the accepted and rejected action list. 


Cancel 
Click on the Cancel button to cancel data transfer to ETAP. No changes are made in the ETAP project. 


41.2.6 Special Cases 


There are some special cases at importing from Excel to ETAP which need to be paid attention: 


Multiple Imports 

At the first import the one-line diagram will be laid out automatically by ETAP based on an internal logic. 
After the first import (second and up) in case that there are new elements added to Excel, ETAP will not 
use the auto-layout program anymore and if those new elements will not be connected to an existing 
equipment (such as a bus) inside the project they will be laid out on the top most right corner of the one- 
line diagram. 
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41.3 Excel - Open Format 


ETAP Microsoft (MS) Excel Open Format Data Exchange program (henceforth referred to as Excel Open 
Format DataX) is used to import generic Microsoft Excel files with data arranged in columns for 
synchronous motors, induction motors, lumped loads, static loads, synchronous generators, two-winding 
transformers, cables and buses. 


The program intelligently determines the mapping of data from Excel worksheet columns to ETAP 
element attributes. It allows users to modify the mapping interpreted by the program. The program works 
with minimal user input and provides default values and options for all parameters required for data 
exchange. 


Excel Open Format DataX program can be used to import data multiple times which allows the user to 
update the ETAP model whenever data in the Microsoft Excel file changes. 


The following block diagram explains the import of data from a Microsoft Excel file into an ETAP 
project as well as data export from ETAP to Microsoft Excel. 


The Data Map module may be used to customize the mapping of data in the MS Excel worksheets with 
ETAP elements and their attributes. Once the mapping is available, the Data Exchange Interface 
compares the data in the MS Excel file with the data in the ETAP project and creates a list of Add, 
Modify, and Delete actions. Accepted actions are applied to the ETAP project. 


It is also possible to add more intelligence to the program with the help of a customizable Extended 
Markup Language (XML) file. 


Intelligent Data Mapping 
Data Map 


Excel columns to ETAP 
Attributes 


Microsoft Excel 
Save Mapping 
Hidden worksheet with 

mapping information 


ID Based Data 


Comparison 
ETAP Project 


Add, Modify, Delete ETAP XML 
Commands File (new / 

modified 

elements) 


ETAP XML File 
(existing elements) 
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41.3.1 Accessing DataX Excel Open Format 


The “Excel - Open Format...” commands can be invoked by going to the File | Data Exchange menu as 
shown below. 


— 


Data Exchange r Import from Clipboard 


Convert old OC Relay... Import Status Configuration... 


1 Example-ANSI.OTI Import Object (OLE)... 


Import Excel - Fixed Format... 


on Import Excel - Open Format... 


Import XML - One-Line... 


Import e-DPP... 

Import IEEE Format... 

Import RAW Format » 
Import SKM Project » 
Import EasyPower Project » 


Export to Clipboard 

Export Status Configuration... 
Export DXF File... 

Export Metafile... 


Export Protective Device... 

Export XML - One-Line » 
Export Load Ticket » 
Export RAW Format » 
Export to PSCAD... 


Export to EMTP-RV... 
Project Merge » 
Universal Mapping... 


SmartPlant Electrical » 
AVEVA Electrical » 


E-mail Project Files... 


The tool is active only in Edit mode because it is used to add or modify data in an ETAP project. 


The “Excel - Open Format...” command is used to transfer data from a MS Excel file into an ETAP 
project. 
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41.3.2 Basic Requirements for MS Excel File 


The - MS Excel file from which data is transferred to ETAP may have data in any format as long as the 
format satisfies the following minimum requirements. 


e Data for various types of elements should be arranged in individual worksheets of the MS Excel 
file, thereby, allowing mapping of individual worksheets to one type of ETAP element. There is 
one exception to this rule — data for induction motors, synchronous motors, lumped loads and 
static loads may be in the same worksheet. 


e Column captions in a worksheet may be formed by merging multiple columns and/or rows. 
However one column will represent one ETAP element attribute. This means data columns 
should not be merged. 


e Data in hidden columns and/or rows will not be transferred. 


e One row ina worksheet should represent the attributes of one ETAP element, that is, data for one 
ETAP element should not be specified in more than one row. 


e ETAP data exchange program will automatically add a column at the end of the last mapped 
column for writing unique ETAP identifiers, henceforth referred as OtiGUIDs (OTI Global 
Unique Identifiers). The identifiers facilitate comparison of element data. 


e End of data records in a worksheet will be identified by a row in which the entry for the column 
representing element ID is blank. Rows in the worksheet after a row with blank ID column are 
not processed. 


41.3.3 Data Exchange Knowledge Base 


Excel Open Format DataX program uses a customizable knowledge base (henceforth referred as DataX 
Knowledge Base) for analyzing data in the MS Excel file and performing data exchange. This knowledge 
base is in the form of an extended markup language (XML) file which may be viewed in Internet Explorer 
and modified using Notepad or any XML editing tool. The XML file is named 
ExcelFreeFormatRules.xml and is located in the DataExRes folder. The DataExRes folder is located in 
the folder where ETAP is installed (by default C:\ETAP1100 or current ETAP version). 


The DataX Knowledge Base is organized into several sections or tables. Following is a description of 
each section. 


WorksheetNamesTolIgnore 


This table has only one column named IgnoreName. 


Example 

<WorksheetNamesTol gnore |gnoreName="Cover" /> 
<WorksheetNamesTol gnore IgnoreName="Cvr'" /> 
<WorksheetNamesTolgnore | gnoreName="Cover Sheet" /> 
<WorksheetNamesTolgnore | gnoreName="Cvr Sheet" /> 
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Ignore Name 


Data in worksheets with names matching one of the entries in this column is not transferred to ETAP. 


WorskheetTypeMap 


This table has two columns — InternalType and WSName and relates worksheet names and internal types. 
An internal type represents an ETAP element type or a group of ETAP element types. 


Example 
<!-- Loads --> 


<WorksheetTypeMap I nternalType="Load" WSName="Load" /> 


<!-- Motors --> 


<WorksheetTypeMap I nternallype="Motor" WSName="Mtr" /> 
<WorksheetTypeMap I nternalType="Motor" WSName="Motor Load" /> 

<!-- Induction Motors --> 

<WorksheetTypeMap I nternalType="I nduction Machine" WSName="I ndMotor'" /> 
<WorksheetTypeMap I nternalType="Induction Machine" WSName="Ind" /> 


InternalTypes 


Entries in InternalType column are types recognized internally by Excel Open Format DataX program. 
This version of Excel Open Format DataX program supports the following InternalTypes. 


Load 


Load MCC 


Motor 


Induction Machine 
Synchronous Motor 
Lumped Load 
Static Load 

Bus 

Cable 
Transmission Line 


Two-winding Transformers 


ETAP 


A worksheet which has one or more ETAP element load types 
(induction machine, synchronous motor, static load and lumped load) 
and includes a column for connected bus. 

A worksheet which has one or more ETAP element load types 
(induction machine, synchronous motor, static load and lumped load) 
and the worksheet name represents the connected bus. If a worksheet 
name does not match any entries in WSName column of the 
WorksheetTypeMap table it is assumed to be a bus ID. 

A worksheet which has one or more induction machine or synchronous 
motor element data records and includes a column for connected bus. 
The worksheet name in this case does not represent the connected bus. 

A worksheet which has only induction machine loads. 

A worksheet which has only synchronous motor loads. 

A worksheet which has only lumped loads. 

A worksheet which has only static loads. 

A worksheet which has only buses. 

A worksheet which has only cables. 


A worksheet which has only transmission lines. 


A worksheet which has only two-winding transformers. 
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Three-winding Transformers A worksheet which has only three-winding transformers. 


WSName 
This column represents a user specified worksheet name. 


Field Dictionary Sections 


These sections in the DataX Knowledge Base specify default mapping of ETAP element attributes to 
column captions in a MS Excel file worksheet. These sections are — 


ComFieldDict, 
IndMotorFieldDict, 
SynMotorFieldDict, 
LumpedLoadFieldDict, 
StaticLoadFieldDict, 
BusFieldDict, 
CableFieldDict, 
Xform2WfieldDict. 


Each of these sections has two columns FieldName and ColCaption. 


All the field dictionary sections except the ComFieldDict section specify possible column captions of 
ETAP Element attributes for individual ETAP elements. 


ComFieldDict section defines possible column caption of fields that are common to all ETAP elements. 
For a list of attributes that are common to all ETAP elements refer to the FieldName section below. 


Example 
<ComFieldDict FieldName="1D" ColCaption="ETAP ID" /> 
<ComFieldDict FieldName="1D" ColCaption="Equipment |D Number" /> 


<LumpedLoadFieldDict FieldName="MVA" ColCaption="kVA"/> 
<LumpedLoadFieldDict FieldName="MVA" ColCaption="kVA / kW"/> 


FieldName 
This represents an ETAP element field or attribute name. 


In the ComFieldDict section the FieldName column represents a field that applies to all ETAP elements, 
henceforth referred to as common field. Common fields are all fields on Remarks and Comment page and 
some fields on Info page of ETAP element editors. In the ComFieldDict section this column can have one 
of the following entries, classified according to the ETAP element editor page in which they are available. 
Info Page ID, Status, In Service 

MFR Name, Drawing / Diagram - One-Line, Drawing / Diagram — Reference, 
Remarks Page MER Purchasing Date, User Field 1, User Field 2, User Field 3, User Field 4, 

User Field 5, User Field 6, User Field 7 


Comment Page Comment 
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For the other field dictionary sections this field represents one of the individual element field names. 


ColCaption 
This column represents a user given column caption which corresponds to the ETAP field or attribute 
specified in the FieldName column. 


ElementTypeLogic 

As mentioned earlier, Excel Open Format DataX program is capable of transferring data from a 
worksheet with multiple types of ETAP elements. This table in DataX Knowledge Base provides a way to 
specify the logic for determining the type of ETAP element. It has seven columns — InternalType, 
ETAPElement, LogicID, FieldName, Op, Value and Join. These columns correspond to those seen on the 
Element Type Logic editor as shown below. 


Example 


Example Interpretation 


<ElementTypeLogic 
InternalType="Load" 
ETAPElement="I nduction Machine" 
LogiclD="1" 
FieldName="Description" 
Op="Contains" Value="ASD" J oin="" /> 
<ElementTypeLogic 
InternalType="Load" 
ETAPElement="Static Load" 
LogiclD="1" 
FieldName="Rated kVA" 
Op="GreaterThan" Value="0" J oin="AND" 
/> 
<ElementTypeLogic 
InternalType="Load" 
ETAPElement="Static Load" 
LogiclD="1" 
FieldName="PF" 
Op="EqualTo" Value="1" J oin="" 
/> 


InternalType 


In a Load |type (internal) worksheet 
the data in a row represents an 
ETAP Induction Machine if the 
worksheet column with the caption 
Description contains the text 
“ASD”. 


In a Load type (internal) worksheet 
the data in a row represents an 
ETAP Static Load if the worksheet 
column with the caption RatedkVA 
is greater than 0 and the worksheet 
column with the caption PF is equal 
tol. 


Similar to the InternalType column in the WorksheetTypeMap section, entries in this column are 
worksheet types recognized internally by Excel Open Format DataX program. However, the only 
applicable InternalTypes which require logic for determining element types are the ones representing a 
group of ETAP element types — Load, LoadMCC, and Motor. 


ETAPElement 

This column represents the type of ETAP element for which the logic applies. If the logic condition 
specified by other columns in this table results in a true value for a row in the MS Excel file worksheet, 
the row will represent the ETAP element specified by this column. 
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LogicID 

Represents a unique numeric value. Each logic condition which may be represented by multiple entries in 
the ElementTypeLogic table is identified by a unique numeric identifier. Typically, using a number more 
than the highest LogicID is acceptable. 


FieldName 

FieldName represents one of the ETAP Element fields which is selected from one of the entries in 
FieldName column of the _ tables: ComFieldDict, IndMotorFieldDict, SynMotorFieldDict, 
LumpedLoadFieldDict or StaticLoadFieldDict. 


Op (Operator) 

This field represents the operator which is used while defining a logic condition. It can have one of the 
following values - Contains, EqualTo, NotEqualTo, LessThan, LessThanEqual, GreaterThan, and 
GreaterThanEqual. The operator Contains is used with text fields for checking if it contains the text 
specified in the Value column. 


Value 
This is a text or numeric value applicable to the logic condition. 


Join 

Use the Join column to combine logic statements. The possible values are And, Or and blank. A blank 
value defaults to Or condition.Excel Open Format — Importing Data 

Use this option to import a MS Excel file into ETAP. The following sections provide details on 
importing data into ETAP. 


41.3.4 Specifying the MS Excel File 


Clicking on the “Import Excel - Open Format...” command shows the ETAP Microsoft Excel Data 
Exchange editor as shown below. 


? 


Data Exchange Microsoft Excel Data File 


ee Browse... 
Reset OK Cancel Help 


Data Exchange 
“Import” is selected automatically to transfer data from a MS Excel file into ETAP. 


Microsoft Excel Data File 
This field is used to specify a MS Excel file from which data is imported into an ETAP project or a file 
into which data is exported from an ETAP project depending upon the selected Data Exchange option. 


Click "Browse..." to select an existing MS Excel file as shown below: 
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“Select Microsoft Excel Data File x 
Oors « DataExExamples > DataX MS Excel +] 4 || Search Dotox MS Excel p] 
Organize New folder Er F @ 


Date modified Type 


wr Favorites 
BE Desktop 10/7/2011 10:22AM Microsoft O} 
B Downloads 
Sy Recent Places 


(a Libraries 
@) Music 
(ee! Pictures 
B& Videos 


1 Computer 
&, Local Disk (C:) 
cm Local Disk (D:) 


me + 


Filename: | 


Reset 
Clicking on the Reset button displays the following dialog box. 


All customized data exchange parameters including mapping 
information will be removed from the file - 


‘C\ETAP\DataExExamples\DataX MS Excel\Excel to Etap.xls’. 


Do you want to reset the parameters to default? 


Selecting the Yes option will remove information (if any) pertaining to ETAP MS Excel Data Exchange 
from the selected MS Excel File. Selecting the No option cancels the Reset command. 
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41.3.5 Worksheet Parameters 


After selecting the MS Excel File from which data needs to be imported into ETAP and clicking OK, the 
ETAP Microsoft Excel Data Exchange will evaluate the data in the existing spreadsheet. Based on the 
evaluated worksheet parameters the editor shown below is displayed. 


gi , 
% ETAP Microsoft Excel Data Exchange x) 


Importing data from - 
CAETAP\DataExExamples\DataX MS Excel\Excel to Etap.xls 


Worksheet Parameters 


Skip Default Voltage Valu Caption Data 
Impo Type or Cell Range Range 


3:4 
3:4 
3:4 
na 3:4 
Induction Motor 3:4 


Load MCC 
NonMotorLo | Static Load 
Heater Static Load 
3W-Transfo 
2W-Transfo | Two Winding Tr ] | oa 

Motor | Motor Induction Motor 


Apply | current worksheet parameters to all worksheets. 


OK | Gecet| _teto | 


no) oy oy oy ao a a oa oo 


View 
Click on the view button to open the MS Excel file from which data needs to be imported. The file is 
opened in Read Only mode to facilitate specification of worksheet parameters. 


Worksheet Parameters 
The options in this section allow for the specification of individual parameters pertaining to each 
worksheet in the MS Excel file for facilitating data transfer to ETAP. 


Individual Worksheet Parameters 
The Individual Worksheet Parameters data grid allows specification of parameters that facilitate data 
transfer from a worksheet in the MS Excel file to ETAP. 


Name 
This column displays the names of worksheets in the MS Excel file. The names cannot be modified. 


Type 


When data is transferred for the first time, Excel Open Format DataX program tries to determine the type 
of worksheet based on the name of the worksheet and information in DataX Knowledge Base. 
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This version of Excel Open Format DataX program supports the following types of worksheets: 


Load 


Load MCC 


Motor 


Induction Machine 
Synchronous Motor 
Lumped Load 

Static Load 

Bus 

Cable 

Transmission Line 
Two-winding Transformers 
Three-winding Transformers 


Synchronous Generator 


A worksheet which has one or more ETAP element load types 
(induction machine, synchronous motor, static load and lumped load) 
and includes a column for connected bus. 

A worksheet which has one or more ETAP element load types 
(induction machine, synchronous motor, static load and lumped load) 
and the worksheet name represents the connected bus. If a worksheet 
name does not match any entries in WSName column of the 
WorksheetTypeMap table, it is assumed to be a bus ID. 

A worksheet which has one or more induction machine or synchronous 
motor element data records and includes a column for connected bus. 
The worksheet name in this case does not represent the connected bus. 

A worksheet which has only induction machine loads. 

A worksheet which has only synchronous motor loads. 

A worksheet which has only lumped loads. 

A worksheet which has only static loads. 

A worksheet which has only buses. 

A worksheet which has only cables. 

A worksheet which has only transmission lines. 

A worksheet which has only two-winding transformers. 


A worksheet which has only three-winding transformers. 


A worksheet which has only synchronous generators 


Note that if a match between type of worksheet and worksheet name is not found, the Excel Open Format 
DataX program sets the worksheet type to Load MCC. There is a possibility that an incorrect match is 
made by the program. In such cases, the worksheet type may be modified. 


Skip Import 


Check the Skip Import check box to disable transfer of data from a worksheet to ETAP. When data is 
transferred for the first time, this checkbox is checked for cover / summary worksheets that have 
worksheet names matching entries in IgnoreName column of WorksheetNamesTolgnore section of DataX 


Knowledge Base. 


ETAP 
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Caption Start Row 


-5 | 141-C-102-ME-001__ | 
6 | 241-C-102-ME-001__| 
8 | 141-C-201-£u-001__| 


Caption End Row 


Data Start Row 


Default Type 

This column is applicable only for worksheets that have more than one type of ETAP element, that is, 
Load, Load MCC and Motor type worksheets. If none of the specified logic conditions apply to a row in 
the worksheet, the row is assumed to represent the ETAP element type specified for this field. The 
allowed values for this version of the program are Induction Machine, Synchronous Motor, Lumped 
Load, Static Load, Bus, Cable, Two-winding Transformer and n/a (not applicable). 


Voltage Value or Cell 

In the case that the voltage value has not been specified in the worksheet for a component, it can be 
specified in this column for each individual element. The voltage unit can be specified along with the 
voltage value however if the unit is not provided, it is assumed to be as kV. 


Enter either a numeric value or a cell address in Excel A1 style reference. Optionally one of the units 'kV' or 'V' may 
be added. The default unit is kV. Examples of acceptable values are described below. 


vee Voltage 
Specified Value Magnitude Unit 
400 V 400 Volt 
0.4 kV 0.4 kV 
0.4 0.4 kV (default) 
B12 (kV) value in cell B12 kV 
B12 (V) value in cell B12 Vv 
If ‘V’ or ‘kV’ is specified in 
B12 value incellB12 B12 it is selected as the unit, 


otherwise the unit is kV 


Caption Range 
This parameter is used to define the address of the range in an Excel worksheet that has a caption range of all 
columns from which data is transferred to ETAP. A valid caption range is an Al style Excel range address. The 
following rules apply while specifying a caption range. 

e = It should include a start row and an optional end row. 

e = Alternatively it may include start and/or end columns. 

e The start column should be less than the end column. 

e It should not overlap into the Data Range. 


e It should have the same start and end columns as the Data Range. 


Examples of acceptable values are — 
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Caption Rows Columns 


Range Start End Start End ok 

we minimum 

3 3 3 (n/s) not specified (n/s) Required 
3:4 3 4 n/s n/s 
A3:4 3 4 A n/s 
3:Y4 3 4 n/s Y 

A3:Y4 3 4 A Y Complete 


When the end row is not specified it is assumed to be the same as the start row. The caption rows are all the rows 
from the start row to the end row. 


When the start column is not specified it is assumed to be the firt column with a non-blank entry in the caption rows. 


When the end column is not specified it is assumed to be the column before the first column with a blank entry in 
the caption rows after the Start column. 


Data Range 
This parameter is used to define the address of the range in an Excel worksheet that has all the rows from which data 
is transferred to ETAP. A valid data range is an Al style Excel range address. The following rules apply while 
specifying a caption range. 

e It should include a start row and an optional end row. 

e = Alternatively it may include start and/or end columns. 

e The start column should be less than the end column. 

e It should not overlap the Caption Range. 


e It should have the same start and end columns as the Caption Range. 


Examples of acceptable values are — 


Rows Columns 
Dat ane Start End Start End sammie 
af minimum 
6 6 6 (n/s) not specified (n/s) Required 
6:8 6 8 n/s n/s 
A6:8 6 8 A n/s 
6:Y8 6 8 n/s Y 
A6:Y8 6 8 A Y Complete 


Types 

This is also applicable only for worksheets that have more than one type of ETAP element, that is, Load, 
Load MCC and Motor type worksheets. For these types of worksheets, this column displays a button with 
ellipses (...). For other type of worksheets, this column displays n/a (not applicable). 


Clicking on the button displays an editor used to specify Logic for Determining Element Types. Refer to 
the next section for details on entering data in this editor. 


Apply 
Click on the Apply button to copy the current worksheet parameters to all other worksheets. 
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OK 
Click on OK to save changes and display the Data Synchronization editor. 


Cancel 
Click on Cancel to discard changes and cancel data exchange. 


41.3.6 Logic for Determining Element Types 


This editor is used to specify the logic for determining element types in a worksheet that has more than 
one type of ETAP element. 


- 
Logic for Determining Element Types ll ie 
Worksheet --ETAP Element 


Name: MOV Induction Motor v 


Type: Load MCC 


E Logic ID: 1 


Column Operator Value Join 
Equipment ID 


Motor 
[Eaipmeni [Commins [Me 


[EnipmentiO [Garand 
= 


X 


Worksheet 
This shows the name of the worksheet to which the logic conditions apply. It also displays the type of the 
selected worksheet which may be Load, Load MCC and Motor. 


ETAP Element 
When the specified logic conditions are true the ETAP element that will apply is selected using this field. 


Logic ID 


This is an auto-generated display only number. Select the Logic ID row and click on the Add button to 
create a new Logic ID with another set of logic conditions. 
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& Logic ID: 1 
Column Column 
This drop-down field lists column captions read from the Excel file. If the 


column captions are not correct the most common reason is incorrect 


specification of caption start and end rows for the worksheet. EQUIPMENT NAMEPLATE HP 
kVA/ kW 
Select the column caption to which the logic condition applies. iia = 
E.E. CONN kVA 
N/P AMP RATING 
% OF N/P RATING 
Operator 
Operator Contains v 
Select the operator in the logic condition. The available operators are shown /@sceu 
longside. EqualTo 
oe de NotEqualTo 
. . . . . . . . LessThan 
The operator Contains is used with text fields for checking if it contains the text |GreaterThan 


specified in the Value column. LessThanEqual 
GreaterThanEqual 


Value 
This is a text or numeric value applicable to the logic condition. 


Join 


Join ai 

Use the Join column to combine logic statements. The possible values are shown 
. ee r 

alongside. Blank value defaults to Or condition. 


Add 

Use the Add button to add a new logic condition. Select the Logic ID row itself to select a new set of 
logic conditions. If the Logic ID row is not selected the logic condition is added to the currently active 
Logic ID. 


Delete 
Click on Delete to delete the selected logic condition. 


OK 
Click on OK to save the specified logic conditions and close the editor. 


Cancel 
Click on Cancel to discard changes in the specified logic conditions and close the editor. 
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41.3.7 Data Synchronization Editor 


When the OK button on the ETAP Microsoft Excel Data Exchange editor is clicked, the Data 
Synchronization editor is displayed as shown below. 


G 7 
Data Synchronization ==) 


Microsoft Excel File 


CAETAP\DataExExamples\DataX MS Excel\Excel to Etap.xls 


ETAP Project 


C:A\ETAP\Example-ANSI\Example-ANSI.OT| 


Transfer Data | Help | Close 
LS a eT a 


Microsoft Excel File 
This is the name of the Microsoft Excel source file from which data is exchanged. 


ETAP Project 
This is the name of the ETAP project file with which the data from Microsoft Excel file is synchronized. 


Map Data 
Click on this button to perform data mapping. This action displays the Data Mapping editor. 


Transfer Data 


Click on this button to synchronize data, that is add, modify, or delete elements in the ETAP project based 
on the data in the MS Excel file. Clicking on the Transfer Data button displays the list of modifications 
prepared after comparison of existing ETAP project data and the data in the MS Excel file. 


Close 
Click on Close to close the editor. Data synchronization will not be performed. 
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41.3.8 The Data Mapping Editor 


Equipment attributes in the MS Excel file can be mapped to ETAP element attributes using the Data 
Mapping Editor as shown below. 


“ — 
@ Mapping Table =x) 


Equipment ID 

| No per Phase 

| Service Type 1 = In Service 
Description 

| POWER_REQ 


To Bus ID 

| Unit System English or Metric 
Frequency 60 Hz or 50 Hz 
Conductor Type Al or Cu 
Installation Mag/Non-Mag/Ov 
Cable Voltage (kV) 

% Class 100 or 133% 


Equipment 


This column shows a list of different types of elements in the MS Excel file. The entries in this column 
cannot be edited. 


ETAP Element 
The ETAP elements mapped to MS Excel equipment are displayed in this column. 


Map Fields 

Click on the MS Excel equipment node (the “+” sign on the left hand side of the editor) to display the 
attribute mapping for the equipment. The rows in the attribute mapping table highlighted with “Lavender” 
color are blocked, that is, the ETAP field corresponding to the Microsoft Excel Worksheet column may 
not be modified for such rows. Blocked rows have a hard-coded mapping associated with them. 
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Equipment Field 
This column displays a list of MS Excel equipment attributes associated with the equipment. 


ETAP Field 
Select an ETAP element attribute corresponding to the MS Excel equipment attribute. 


ETAP Field 


Continuous Demand Factor 


Description 
DischargeR 


lis 
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41.3.9 Data Transfer 


When the Transfer Data button on the Data Synchronization editor is clicked a comparison is made 
between the existing ETAP project data and the data in the MS Excel file. Based on the comparison a list 
of actions is prepared and displayed on the Accept / Reject Actions editor as shown below. 


G = 4 
% Accept / Reject Actions sx 


9/22/2011 4:13:03 PM arya.zarrinkelk 


IMPEDANCE 

REACTOR 

XLINE 

CABLE 

VFD 

MOV 

Eq. Cable 
280-EE-0750AKS NONMOTORLOAD 
Cable3 Eq. Cable 
S-110-TRACE HEATER 
Cable4 Eq. Cable 
280-ET-0511A 2W-TRANSFORMER 
280-ET-0700A 2W-TRANSFORMER 

| 141-CM-101A MOTOR 
Cable5 Eq. Cable 


U1 
All | All | 
Add | Delete | Modify | Add | Delete | Modify | 


SqIS/iSisisisisisisisisS si SSS 


Add 
Add 


Date / Time 


The top-left corner of the editor displays the date and time on which the ETAP project and MS Excel 
project is synchronized. 


User Name 
The top-right corner displays the name of the user performing the synchronization. 


Action List 


Item No. 
This column displays the unique identifier of the element in the ETAP project on which the action is 
performed. 


Equipment Type 
This column displays the type of element on which the modification is performed. 
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Action 
This column displays the type of action that is to be performed on the ETAP element. It may be Add, 
Modify or Delete. 


Accept 
Check / Uncheck the box in this column to accept or reject the action. 


Modification 
This column displays the new and old values of the first modified attribute. Click on the cell to display 
the new and old values of all the modified attributes. 


Accept Actions 


Click on the Add, Modify or Delete command buttons in this group to accept all add, modify or delete 
actions respectively shown in the modification list. Click on the All button in this group to accept all 
actions in the list. 


Reject Actions 


Click on the Add, Modify or Delete command buttons in this group to reject all add, modify or delete 
actions respectively shown in the modification list. Click on the All button in this group to reject all 
actions in the list. 


Continue 
Click on Continue to perform data transfer to ETAP per the accepted and rejected action list. 


Cancel 
Click on Cancel to cancel data transfer to ETAP. No changes are made in the ETAP project. 


41.3.10 Exporting Data 


Clicking on the “Export Excel - Open Format” command shows the ETAP Microsoft Excel Data 
Exchange editor as shown below. 


 ETAP Microsoft Excel Data Exchange 


Data Exchange 


(* Export 


Reset 


Data Exchange 
“Export” is selected automatically to transfer data from ETAP into a MS Excel file. 
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Export Using 
Select New to export data into a new MS Excel file. Select Existing to overwrite an existing ETAP Excel 
Tabular report. 


OK 


Click on OK button to export ETAP project data to MS Excel file. 


Cancel 
Click on the Cancel button to cancel data transfer to MS Excel. 


Supported Element on Export 
The following indicates the elements from ETAP that are supported when exporting to Excel Open 


Format. 


ETAP 


Bus 

Cable 

Capacitor 

Contactor 

Current Transformer 
Double Throw Switch 
Frequency Relay 
Fuse 

HVCB 

Impedance 

Induction Motor 
Lumped Load 

LVCB 

MOV 

OL Heater_OL Relay 
Panel 

Potential Transformer 
Reactor 

Recloser 

Single Pole Switch 
Static Load 
Synchronous Generator 
Synchronous Motor 
Three-Winding Transformer 
Transmission Line 
Two-Winding Transformer 
Universal Relay 
Utility 

VFD 

Voltage Regulator 
Voltage Relay 
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41.4 Project Merge 


Project Merge utility provides the capability to modify and expand an ETAP project simultaneously, and 
it contains the tools necessary to quickly identify the changes and merge the updates for a multi-user 
project management system. Multiple users are able to perform parallel ETAP project development and 
make changes to the existing and add new elements in the system’s One-Line View (OLV) as well as Star 
Time Current Characteristic (TCC) Views. 


Master/Source Project 
The Project Merge process usually starts from the Master/Source Project, which is a project that contains 
existing elements and TCC’s. The master project is intended to receive the changes made from copies of 
the master project. The master project may also accept additions of elements, OLV’s, and TCC’s from 
other independent projects. 


Copy/Sync Project 
Users or administrators must use the master project to generate a number of Copy/Sync Projects. Multiple 
users may then make changes to the copy projects simultaneously, which will eventually be merged back 


into the master project. 
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Project Merge and ETAP Databases 


The following table shows necessary information regarding ETAP databases which can be used for 
project merge: 


Limit Compaction Merge 
MS Access Database 2 GB Applicable No 
SQL Express 2000 2 GB N/A No 
SQL Express 2005 4 GB N/A Yes 
SQL Express 2008 4GB N/A Yes 
SQL Express 2008 R2 10 GB N/A Yes 
SQL Server 2005 Unlimited N/A Yes 
SQL Server 2008 Unlimited N/A Yes 
SQL Server 2010 Unlimited N/A Yes 
Oracle 10g Database 4 GB N/A Yes 


Important Notes 
e If the maximum size limit of the master project database is not reached, unlimited number of 
components can be merged into the master project (elements + star views). 


e It is crucial to check the size of the master project regularly since it might reach the maximum 
capacity while merging. 


e If the maximum capacity of the master project database is reached during the merge process, the 
merge process will quit automatically, and no merge actions will be processed. 


e It is crucial to always maintain master project backups in the case of project corruption or crashes 
during or after the merge process. 


e The process of comparison and merging projects may take a long time, which is dependent on the 
size of the master/copy projects(s). 
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41.4.1 Merge Algorithm 


The merge process starts from the master project, where a user may make one or more copies of the 
master project, make changes to the copy project(s), and merge the changes back to the master project. 


The following shows the algorithm of project merge process: 


Project A’ ProjectA 


(Master) (Master) 
Archive / Copy 


Project B 
(Copy) 


User 
Changes 


Project C’ 
(Copy) 
Project B’ 
Archive File (Copy) 


User Changes 


Note: It is recommended to be familiar with the process of merging before performing the merge process 
in order to understand different possibilities and scenarios in the Project Merge process. Please refer to 
the Project Merge (Important Key Notes) section. 


Merge Cycle 


In order to perform merging between the master and copy projects the following cycle needs to be 
maintained (algorithm is shown in the above picture). 


ETAP 


Assign a project as a master project 

Send a copy of master to designated engineer(s) 

Make required changes to copy project(s) 

Export the portion of copy project with changes to be merged to master 
Comparison of the master and copy projects 

Automatic determination of the merge actions per identifiers 

Merge copy to master project with the accepted actions 

Send copies of master to engineer(s) again to maintain this loop 
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Why Update Engineers with the Latest Master Project? 

There is a loop that needs to be maintained between the master and copy projects in order to maintain the 
existing Identifiers of the elements and TCC drawings. When an element or TCC is created in ETAP, a 
unique identifier will be automatically assigned. When copies of the master project are sent to engineers, 
the unique Identifiers for elements and TCC drawings will be retained in the copy projects. Therefore, the 
engineers receiving the copy projects will be working with the same elements when making 
modifications. 


New elements added to any copy project will have new unique Identifiers which do not exist in the master 
project. When the new elements added in the copy project are merged back to the master project, these 
elements will be accounted as new elements in the master project. 


In contrast, all the existing unique Identifiers for elements and TCC drawings across all the projects will 
be identified as originally the same. When merging projects back into the master project, Project Merge 
will identify the elements and TCC drawings with the same Identifier as originally the same element or 
drawing, and any modifications will be recognized. 


When all the desired copy projects are merged into master project, it is recommended all the engineers 
receive an updated version of the master project including the designated areas they are assigned to work 
on. This will ensure the existing unique Identifiers are maintained inside the Master Project. This will also 
help to keep track of the existing elements between the master and copy projects at all times as long as 
this loop is maintained. 


It is also recommended to follow a weekly schedule for merging the copy projects into the master project. 


This will keep all the engineers updated with the latest changes in the master project and individual copy 
projects, and prevent the likelihood of the individual projects becoming de-synchronized. 
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41.4.2 Merge Process 


Starting from an Existing Master Project 

This section describes the Project Merge process starting from an already built Master/Source Project, 
which contains existing elements and TCCs. Copies of the master project will be sent to several 
engineers, where they will work on different areas/sections of the system. When modifications in the copy 
projects are made, the changes will be periodically merged back into the master project. Each time merges 
are made to the master project, the engineers assigned to continue working on the project should receive a 
copy of the latest master project. 


Engineers may either make a copy of the master project to send to others, or use the Project Merge export 
feature, which allows exporting a file which may be read and imported into new/existing ETAP projects. 


Sending Copies to Engineers 


Complete copies of projects may be sent using the methods indicated below: 


e Copying the master project 
e Send by Email or FTP Server 


Copy Project To... 
Engineers may make a copy of the complete master project and send it to other engineers by following 
the steps below: 


1. Click on the “File” menu 


2. Click on “Copy Project To...” 


File | Edit View Project Library We 


sib New Project... 

eS Open Project... 
Close Project 
Log Off 


‘ad Save Project 


Copy Project To... 


Save Library 


3. Specify the name and location of the project copy to be saved in the “Copy Project To” window 
4. Click on “Save” 


The saved project is ready to be sent. 
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Send by Email or FTP Server 
Engineers may send a copy of the complete master project by e-mail, or upload the project to a FTP 
server. 


Universal Mapping... 


[Q Print Preview... Ctrl+Shift+P 
& Print... SmartPlant Electrical Y 
Batch Print... AVEVA Electrical » 


Data Exchange » E-mail Project Files... 


Convert old OC Relay... 


1 Example-ANSILOTI 


Exit 


Select one of the following options to send your project by email, FTP server or save on the hard drive. 
This will automatically zip the project file for you. 


Send ETAP Project Files 


Compress the Project File into a Zip File 
Options Include 


@ Send by E-mail ¥| Libraries 
| All Fil 
© Send by FTP va 


: ; || Rulebook 
_) Save on Hard Disk Fl Themes 


‘| Star 


|| Templates 


Zip File Password 


Enter Password 


Confirm Password 


Export from a Project 
Project Merge has the capability to export a file, which may then be read and imported into other ETAP 
projects. 


Exporting from an ETAP project can be done in two methods: 


e Partial Export 
e =©Full Export 
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Partial Export 
There may be certain situations where only a portion of an ETAP project is required to be sent to a 
designated engineer, and the Partial Export feature provides this capability. 


Engineers may perform a partial export of an ETAP project by following the steps below: 
1. Open an ETAP project, and highlight / rubber-band a portion of the OLV which is desired to be 


exported and sent to an engineer. The selected portion of the OLV will turn red to indicate the 
selection. 


©) Gent - TCC (Star TCC) fo |e jis) 
Rae Hraah BkH#axs B? 


«| EJ Main Bus - Feeder 1 (Star TCC) 


Main Bus dl tt 


1) Main Bus -Feeder2(StarTCC) 
Ree HTaqas Be 


Syn1 
1250 HP 


Syn1 Motor, 1250 HP 
Load Model =Centr. Comp 
Tnortia =f 700 MW Soc IVA 


2. Click on the “File Menu” 


3. Click on Data Exchange \ Project Merge \ Export... 
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Import SKM Project Ls 
File Edit View Project Library Wée 

Import EasyPower Project » 

1 New Project... 


Se Open Project... Export to Clipboard 


Export Status Configuration... 


Close Project 
Log Off Export DXF File... 
Export Metafile... 
iA Save Project 
Export Protective Device... 
Copy Project To... 
Export Excel - Open Format 
Save Library 
Export XML - One-Line » 
Print Setup... Export Load Ticket » 
[Q Print Preview... Ctrl+Shift+P Export RAW Format Y 
& Print... Export to PSCAD... 
Batch Print... Export to EMTP-RV... 


Universal Mapping... — 


SmartPlant Electrical » 


1 Example-ANSLOTI 


Exit AVEVA Electrical » 


v 


E-mail Project Files... 


ay 


4. A window will appear to prompt for a Partial or Full export. Click on “Partial” 


TEsport 00 File” Parte eee a. =") 


There are elements selected in the current One Line Diagram. 
Do you want to export selected elements only? 


(2) Click Partial to export selected elements only - Partial Export. 
Click Full to export all elements. 


Click Cancel to cancel export. 


aa 9 


By clicking on the “Partial” button, the selected portion on the OLV will be exported. Clicking 
the “Full” button will ignore the selection made on the OLV, and the entire ETAP project will be 
exported. 


Note: If no selection is made on the OLV as indicated in the first step, then this window will not 
appear, and ETAP will default to a Full export. 


ETAP 41-43 ETAP 19.0 User Guide 


Data X Project Merge 


5. Specify the name and location of the project copy to be saved in the “Save As” window 


6. Click on “Save” 


Note: Partial Export only includes the elements selected in the OLV, and any elements contained in 
Composite Networks and Composite Motors. TCC’s will NOT be included in the exported file. 


Full Export 

To perform a Full Export, the same steps will need to be followed as mentioned in the “Partial Export” 
section above. The Full Export feature will automatically include the whole ETAP model and all existing 
TCCs. 


Export Revisions 


Exporting from the Base and Revision(s) of a project is available in Project Merge. 


Certain element properties are locked in Revisions, and may only be modified when the “Base” Revision 
is selected. When modified in the “Base” Revision, the properties are set and propagate to all Revisions in 
the project. 


While merging projects, the locked properties always need to be changed in the “Base” Revision of the 


master project first, and then they will be reflected in the Revisions. Otherwise, the properties cannot be 
changed inside the Revisions independently from the “Base”. 
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The locked editor properties are indicated in the following table below: 


Element Type Editor Property 
2w-Transformer From Bus _| To Bus | Standard Grounding | BIL Limit | Phasing 
3w-Transformer From Bus_ | To Bus | Standard Grounding Phasing 
Cable From Bus_| To Bus Phasing 
Line From Bus_| To Bus Phasing 
Reactor From Bus_| To Bus Phasing 
Impedance From Bus_| To Bus Phasing 
Power Grid Bus Grounding Phasing 
Generator Bus Grounding 
Ind. Machine Bus Parameter Est. | Grounding Phasing 
Sync. Motor Bus Grounding Phasing 
Lumped Load Bus Phasing 
MOV Bus Grounding Phasing 
Static Load Bus Phasing 
Capacitor Bus Grounding Phasing 
Panel System Bus #of Circuits Phasing 
Phase Adapter From Bus_ | To Bus Phasing 
Open Delta Trans From Bus_ | To Bus | Standard Grounding | Impedance | Phasing 
Bus Duct From Bus_| To Bus Phasing 
Grounding/Earth Adapter | From Bus_ | To Bus 
MG Set Bus Grounding Phasing 
Recloser From Bus_| To Bus 
UPS From Bus_| To Bus | DC Bus Phasing 
Inverter From Bus_| To Bus Phasing 
VFD From Bus_| To Bus 
ST/ DT Switch / Contactor | From Bus_ | To Bus 
LVCB/HVCB/Fuse From Bus_| To Bus 
HVDC From Bus_| To Bus 
Static Var From Bus 
Wind Turbine Bus Grounding 
PV Array Bus 
Harmonic Filter Bus Grounding Phasing 
Overload Heater From Bus_| To Bus 
Ground Switch From Bus 
In-Line Relay From Bus_| To Bus 
CT /PT From Bus_| To Bus Grounding 
Relays From Bus_| To Bus 
Volt/Amp Meter Bus 
Multi Meter Bus 
Battery Bus Library Rating 
Charger From Bus_| To Bus Phasing 
Composite CSD Bus 
DC-DC Converter From Bus_| To Bus 
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Important Notes 
e Users may only export one project Revision, or “Base” Revision, at a time. 


e Base/Revision may be exported from master/copy projects using either the Partial Export or Full 
Export method. 


e Exported Revisions will only contain the records of data for that Revision plus the Base data 
which there are no records in the selected Revision. For more information on the structure of the 
revisions please refer to Chapter 05 — Database and Project Management \ Revision Data 


e Connectivity and phase data will always come from the Base of a project. 


e When merging a Revision to a brand new ETAP project, the Revision will become the Base and 
the selected revision of the new project. 


Options to Save Exported File 


There are two options for saving the exported file: 


% Save As 


COuW- J) « ETAP 1400 x64 > Example-ANSI > + | + 


Organize v New folder 


(=) Documents = J Output 
2) Music 


(ee) Pictures 
Videos 


1 Computer 


ui Network 


Project Merge Archive (*.ota) 
Extensible Markup Language Files (*.xml) | 
~ Hide Folders 


OTA (.ota): this format will contain all the elements and TCCs in the exported file. 
XML (.xml): this format will only include the elements in the exported file with no TCCs. 
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41.4.3 Working on Copy Projects 


When an engineer is sent a copy of a master project, then the engineer may start working on the copy 
project by opening the project in ETAP. 


When an exported file (*.ota or *.xml) is given to an engineer, then the engineer may merge the exported 
file to an existing copy project. However, if the engineer is assigned to start from scratch, and there is no 
existing copy project, then he/she will need to import the file into a blank ETAP project before changes 
may be made. 


This import is similar to the process of merging, which are covered in the following How to Merge and 
Merge & Sync Interface sections. 


When a copy project is ready to be modified (it may be either a complete project, or a partial project 
which has been imported to a blank ETAP project), the engineer may perform required modification 
actions such as the following: 


Add new elements or TCCs 

Delete the existing elements or TCCs 

Modify the existing elements or TCCs 

Reroute the connections between the elements 

Modify the existing revision data for elements or TCCs 
Add new revisions 


Once the copy project is modified and ready to be merged back to the master project, the engineer may 
export the copy project to a file in ”.ota” or ”.xml” format, as indicated in the above sections. The 
exported file will then need to be made accessible to the master project’s administrator for merge. 


41.4.4 How to Merge 


When an export file is submitted to the master project’s administrator, merge can be started using the 
following steps: 


1. With the master project, select “Edit” mode. 


2. Make sure that the required OLV Presentation is active and selected, and make sure that “Base” 
Revision is selected. 


+ & |Study View | Study View + <= Normal 
ee 


3. Click on the “File Menu”, and navigate to Data Exchange \ Project Merge \ Merge From... 
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ETAP 


File | Edit View Project Library We 


Q New Project... 

S Open Project... 
Close Project 
Log Off 


bal Save Project 


Save Library 


Print Setup... 
[Q._ Print Preview... 


& Print... 


Batch Print... 


Copy Project To... 


Data Exchange » 


Convert old OC Relay... 


Ctrl+Shift+P 


ITIPUrl OKIE FrOyece 


Import EasyPower Project 


Export to Clipboard 

Export Status Configuration... 
Export DXF File... 

Export Metafile... 

Export Protective Device... 
Export Excel - Open Format 
Export XML - One-Line 
Export Load Ticket 

Export RAW Format 

Export to PSCAD... 

Export to EMTP-RV... 


Universal Mapping... 


» 


Export... 


ETAP will prompt for the exported file (*.ota or *.xml) from the copy project, along with the 
desired Revision to merge into, as shown in the following images: 


a 
Project Merge 


Select Merge Archive or XML: 
C:\Example-ANSI.ota 
Select Revision to Merge changes into: 


Note: The drop-down menu “Select Revisions to Merge changes into” includes available 
selections when merging to the master project. The selections reflect the existing Revisions 
existing in the ETAP project, as well as the “Prompt” selection. If “Prompt” is selected and “OK” 
is pressed, the “Project Revision Control — Create” dialog will appear, and this will allow creation 
of a new revision to be used for merging the copy project exported file into the master project. 
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= 
Project Revision Control - Create 


From Revision Data 


Se Change # 197-14 
© Existing | 2014 Alternate Mods. 


Group # GAS 


@ New 2015 Modifications 


Authorization 
Create revision records based on: Description 


(| Star short-circuit updates 
ae Schedule 
| Prompt for confirmation 


(| Are Flash fault current updates Remarks 


| Prompt for confirmation 


To Revision Data 
Change # 


Group # 


Authorization 


Description 


Schedule 


Remarks 


5. Select the “OK” button to continue with the process of merging. 


Export to project XML for comparison. 


60 Percent Completed 


6. A comparison between the copy project file and the master project’s selected Revision will be 
made. Once the comparison is complete, the results of the comparison will appear in the “ETAP 
Merge & Sync Wizard” interface. 


7. Once desired merge actions are selected, the user may select the “TCC Merge” to select merge 
action for TCC plots, or skip the TCC merge process and complete the merge process by 
selecting “Finish”. 


ETAP 41-49 ETAP 19.0 User Guide 


Data X Project Merge 


41.4.5 ETAP Merge & Sync Wizard 


When the comparison between the copy project export file and the master project’s selected Revision is 
complete, Project Merge will determine available actions, and display them in the “ETAP Merge & Sync 
Wizard”. The user will be able to review the actions for each individual element, and make decision to 


accept or reject them. 


= =) mean) | 


ro 
% ETAP Merge & Sync Wizard 
Merge Hements 
ERS EEchS7 : From Project - Base To Project - Base Element Type « State Action co 
OAc ODBC @ AcaDC (+) Bus10 Bus10 BUS Same | None i 
- [+] Buss Bus9 BUS Same | None =f 
(1s nian [i [=] Sub3 Swor Sub3 Swar BUS Same None] 
All Motors 5 (+) mcc1 MCC1 BUS Same None 4 
yb — . (+] Bus3 Bus3 BUS Same None ial 
r — = 
Battery (+) LVBus LVBus BUS Same None r 
Bus +] Bus5 Bus5 BUS Same None P| 
Bus Duct [+] Cable19 Cable19 CABLE Sa N E 
Cable es) adie adie me one 
Capacitor (+) Cable2 Cable2 CABLE Same | None 
— = (+) Cable20 Cable20 CABLE Same | None 
composite —— 
Composite Motor (4) Cable25 Cable25 CABLE Same | None 
Composite Network [+] Cable13 Cable13 CABLE Same None 
Contactor [+] Cable21 Cable21 CABLE Same None 
Current Transformer SM — 
(+) CONTI CONTI CONTACTOR Same | None 
ct ct CXFORM Same | None 
Action (#) cT14 cT14 CXFORM Same | None 
wl N +) Comp Mtr1 Comp Mtr1 CXMOTOR Same None 
= pong (+) Sub3 Net Sub3 Net CXNETWORK Same | None ‘ 
om phicah (=) Mcc 3A MCC 3A CXNETWORK Same | None ia 
WW] Modty (=) Fuse3 Fuse3 FUSE Same | None 
WI Delete =] Fuse2 Fuse2 FUSE Same None [f] 
[Custom =) Fused Fused FUSE Same None al 
(+) CB13 cBI3 HVCB Same | None ial 
\v| Merge as Partial Project (+) CB3 CB3 HVCB Same None ry 
(initially Exported as Partial Project) > (=) Pump 1 Pump 1 INDMOTOR Modified | Modify 
| Ignore Location Changes +] Mtré Mtré INDMOTOR Modified Modify ial 
{Dont overwrite own changes with imported) (+) Mtr Miré INDMOTOR Modified | Modify 
(+) Mtr3 Mtr3 INDMOTOR Modified | Modify ia 
- (+) Mtr5 Mtr5 INDMOTOR Modified | Modify 
Accent AL | | Reject Al C=] Mir7 Mir7 INDMOTOR Modified _ Modify x 
Cancel | TCCMerge | [Finish | [ Help | 


Cancel 


Selecting this will cancel the merge process, and no actions will be processed. 


TCC Merge 


Select this to proceed to the TCC merging page. User will be able to accept/reject determined merge 


actions for TCCs. 


Finish 


Select this to proceed with merging the accepted actions for the elements. Merge will proceed without 
merging TCCs, unless the “TCC Merge” button is selected. 


Help Button 


This button will launch the User-Guide for Project Merge. 


ETAP 
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“Device Selection” Filter 
This filter allows the user to specify the type of elements to be shown in the Merge & Sync interface. 


Device Selection 
Ac DC @® Aca&DC 


[AlElements 
All Protective Devices 


p= 
= 
Q 
a 

"Nl 


arger 
Composite CSD 
Composite Motor 
Composite Network 


The Device Selection filter has three main filter categories (AC, DC, and AC & DC) and subcategory 
selections will allow users to view specific subcategories of elements. See the examples below: 


AC > All Elements = all AC elements are to be shown 
AC > Cable = all AC Cables are to be shown 


AC 
Selecting this will only show AC elements in the From/To Project list, and filter out DC elements. 


DC 
Selecting this will only show DC elements in the From/To Project list, and filter out AC elements. 


AC & DC 
Selecting this shows all elements, and no elements are filtered out. 


“Action” Filter 


This filter allows the user to specify what actions to be shown or hidden with their related row in the 
action list of the “ETAP Merge & Sync Wizard”. The action filter list includes all the actions shown 
below: 


As seen above, the “Add” and “None” actions selected. Only elements with the “Add” and “None” action 
will be seen in the action list. 
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Merge as Partial Project (Initially Exported as Partial Project) 


In cases where the master project is sent to assigned engineers as a Partial Export, during the merge back 
to the master project, there may be some undesired disconnections which may occur as a result. When 
performing a partial export of a project, not all elements and subsequently not all connections are present. 
Therefore, the master project may assume that the copy project has deleted those connections, and as a 
result connections may be unintentionally deleted in the master project after merge. 


In order to avoid this scenario, checking this option and Project Merge will consider the copy project’s 
exported file as a partial export, regardless if the copy project was exported as a partial or full export. 
Connections will be maintained inside the master project. 


Example: 


1. Perform a Partial Export of Composite Network “Sub3 Net” from the master project. 


Hyperlink for etap.com 


ETAP Tutorials 


op svoswva Master 


o Grid1 


4.16 kV 


eR 
Mtr2 
2500 HP 
Partial export of Sub3 Net composite 1 eg l 
network to be worked on in the copy DC System 
project 


2. Merge the exported Composite Network “Sub3 Net” into a new copy project. 


i 


= | OLV1 (Edit Mode) [3 |{ © |e 


Sub3 Net 
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3. Make changes to the Composite Network in the copy project. Once changes are made, export this 
project. When exporting this project, if a portion of the OLV is not highlighted, then the export 
will be treated as a Full Export. 


4. Perform merge back to the master project. If the “Merge as Partial Project” checkbox is checked, 
then the merge process will assume that the exported file is a Partial project, and connections in 
the master project will be maintained. 


¥) Merge as Partial Project 
(Initially Exported as Partial Project) 


Accept All / Reject All Button 
User may globally accept all or reject all actions by clicking on these buttons. Global accept/reject actions 
will only apply for the shown elements and will not apply to the filtered elements. 


Note: By accepting all the “None” actions, Project Merge will perform the rerouting of the connections 
and any necessary reconnections/disconnections from the copy project to the master project. If all of the 
“None” actions are not accepted, then there will be no rerouting of the connections for the elements if 
applied in the copy project. 


Action List 


From Project - Base To Project - 2015 Modifications ElementType State Action Accept 


(+) Battery1 Battery1 BATTERY Same None 
(+] Bus? Bus1 BUS Same None 
(+) Sub 3 Sub 3 BUS Same None 


From Project 
Elements under this column are from the copy project. 


To Project 
Elements under this column are from the master project. 


Element Type Column 
This column displays the type of element. 


State & Action Columns 
These columns list all the determined actions and their associated states for the listed elements between 


the master and copy project. 


The following actions/states are predicted for merge: 


Action State Description 

None Same Identifiers match — No property difference between two elements 

None Deleted (To) Identifiers match — element in master is inside dumpster / element in 
copy is inside one-line > no further action required 

None Deleted (Both) Identifiers match — both elements in master and copy are inside 
dumpster > no further action required 
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None Deleted (From) | Identifiers match — element in copy has been purged & doesn’t exist in 
dumpster / element in master is inside one-line > no further action 
required 

Add New No match could be found for the element from copy project > add it to 
the master 

Modify | Modified Identifiers match — property/properties of matched elements between 
master/copy files have changed 

Delete Deleted (From) | Identifiers match — element in copy is inside dumpster / element in 
master is inside one-line > delete that element from master 


Note: Only the elements within the same category or element type will be accounted for 
comparison/syncing in the Merge & Sync interface. For example, all the buses will go through the 
process of comparison within the bus category. 


Accept Column 
By checking the Accept checkbox for any element, the action will be accepted for the merge process. 


Observing Element Properties 
Observing the element properties will help the user to identify the differences/similarities between the 
properties of the same element across master and copy projects within the same row. 


From Project - Base To Project - 2015 Modifications Element Type State Action Accept 
Cable13 Cable13 CABLE Modified Modify [v7] 
Cable21 Cable21 CABLE Same None i 


By clicking the plus sign of an element listed on the “From Project” column, the list of all properties for 
those elements across copy and master project will be opened in the “Properties Dialog” window. 


From Project - Base To Project - 2015 Modifications Element Type State Action Accept 
CABLE Modified Modify (v] 


(+) Cable21 Cable21 CABLE Same None A 
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Properties Dialog 


This dialog shows all the properties (attributes along with their values) belonging to the selected 
element’s row. It will either show the list of the properties for the matched elements within the same row, 
or individual element on either side depending on type of action determined for that row. 


- 
a PropertiesDialog (sm 


To Project - 2015 Modifications 


Attribute From Project - Base 


BaseTemp 75 75 

CableAccess NEC |Rubber 2|1.0|100|Copper|1/C|Magnetic|75 NEC |Rubber 2|1.0|100|Copper|1/C|Magnetic|75 
CableLengthUnit 0 0 3 
CableLoading 1 1 s 
CableODValue 1.0559999943 1.0559999943, 

CableSizing 1 1 

CableType 0 0 

CabSize 350 350 


Checker_DRating2 0 
CheckerGrounding 0 
Checkerlmpedance 0 


DataRevs 0 

DCCable 0 

DynLinkToLib 

Equip!ID 

EquipmentCable 1 1 
FromBus Load1 Load1 
ID Cable13 Cable13 
ID 9184 9184 
ImpedanceUnits 0 0 
InService true true 
Issue 11 11 


LibDataAccessed 1 1 
LibDataModified 0 0 
LoadingAmp 0 0 
MaxTempValue 75 75 
MinimumVst 80 80 


MinTempValue 


If there are two elements matched up in the same row, this dialog will show the differences of the values 
between the copy project (From Project) and master project (To Project) for that element. Otherwise, it 
will show only the list of the properties the individual element on one side. 


There are three types of colors inside this dialog which determines the property value status: 


e White = Identical values 

e Gray = Specifically assigned to color of Identifier, ID and IID of elements if they are the same 
Yellow = Different values (this overwrites the gray color to yellow if the Identifier, IDs or IDs 

are different) 
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Merge Base/Revision 


Project merge is able to merge Revisions or Base one at time. The following table shows the possible 
merge options between the Base/Revisions across copy and master project files: 


Merge Direction | Master —Base | Master — Revision 
Copy — Base Merges To Merges To 
Copy — Revision Merges To Merges To 


Base to Base Merge 
In this case, the base of the copy project will be merged into the base of the master project. 


All the components data (i.e. engineering data) along with their connectivity, rerouting of the connectors 
and phase arrangements will be merged from the base of the copy project to base of the master project. 
No change will happen to any revisions of the master project. The following table shows an example: 


In Copy — Base For Mtr1 | It is 1500 With bus “MCC_1” 
In Master — Base (Existing) For Mtr1 | It is 2500 With bus “Bus1” 

In Master — Rev. (Existing) For Mtr1 | It is 2500 With bus “Bus1” 
After merge to Master — Base (After Merge) For Mtr1 | Becomes 1500* | With bus “MCC_1”* 
After merge to Master — Rev. (After Merge) For Mtr1 | Stays 2500 With bus “MCC_1”* 


Base to Revision Merge 

In this case, all the required data for merge from the copy project is included in the Base of the copy 
project. The data from the copy project will then be merged to a selected Revision of the master project. 
Merged data may include connectivity data, phasing, engineering data and more, which all comes from 
the Base of the copy project. 


When the Base of the copy project is merged to an Revision of the master project, Project Merge program 
performs the following: 


e Detect the new elements, connections or phase arrangements between the Base of the copy and 
the Base of the master project. 


e Prompts the user to make changes (new/changed entities) to the Base of the master project in the 
accept/reject action list. This will resolve any differences regarding those entities across copy and 
master projects. This is necessary to do because if there are new elements added to the Base of 
the copy project, those changes will need to be added to the Base of the master project as well. 
Otherwise, making changes to the Revision of the master project regarding the new entities 
become impossible. If user does not accept those specific changes, then only changes regarding 
the existing elements/connections/phases can be merged. 


Assuming that user accepts the new changes, the new changes will be made to the Base of the master 
project, and then propagated to the existing Revisions of the master project. Then the elements data from 
the Base of the copy project will be merged into the selected Revision of the master project. The 
following table shows an example. 
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In Copy — Base For Mtr1 It is 1500 With bus “MCC_1” 
In Master — Base (Existing) For Mtr1 It is 2500 With bus “Bus1” 

In Master — Rev. (Existing) For Mtr1 It is 2500 With bus “Bus1” 
After merge to Master — Base (After Merge) For Mtrl Stays 2500 With bus “MCC_1”* 
After merge to Master — Rev. (After Merge) For Mtr1 Becomes 1500* | With bus “MCC_1”* 


* Indicates that the property has changed. 


If user does not accept the new changes/additions/deletions, then the only available actions will be limited 
to the existing elements between the copy and master projects. 


Revision to Revision Merge 
Revision to Revision merging is very similar to Base to Revision merging (as described above). 


The only difference is that the Revision from the copy project is contains the necessary data for merging, 
instead of Base. The copy project Revision contains the revision records (i.e. changed data) for certain 
elements inside the Revision, as well as the Base data for connectivity, phasing and etc. (i.e. all the 
blocked data in the revisions which directly comes from the base). The following table shows an example: 


In Copy — Base For Mtr1 It is 1500 With bus “MCC_1” 
In Master — Base (Existing) For Mtr1 It is 2500 With bus “Bus1” 

In Master — Rev. (Existing) For Mtr1 It is 2500 With bus “Bus1” 
After merge to Master — Base (After Merge) For Mtr1 Stays 2500 With bus “MCC_1”* 
After merge to Master — Rev. (After Merge) For Mtr1 Becomes 1500* | With bus “MCC_1”* 


Revision to Base Merge 
In this case (which is similar to above merging sections), all the merge data is contained in the Revision 
of the copy project, which will be then be merged into the Base of the master project. 


The only difference is that the Revision of the copy project is bringing the engineering data as well as 
other info from the Base of the copy project such as connectivity, phasing and etc., and will merge them 
into the Base of the master project. Revision data in the master project will not change. The following 


table shows an example: 


In Copy — Base For Mtri | It is 1500 With bus “MCC_1” 

In Master — Base (Existing) For Mtr1 | It is 2500 With bus “Bus1” 

In Master — Rev. (Existing) For Mtr1 | It is 2500 With bus “Bus1” 

After merge to Master — Base (After Merge) For Mtrl | Becomes 1500* | With bus “MCC_1”* 

After merge to Master — Rev. (After Merge) For Mtr1l | Stays 2500 With bus “MCC_1”* 
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41.4.6 Star TCC Merge Wizard 


By clicking “TCC Merge”, Project Merge will perform a comparison of TCCs in the copy project and 
master project, and then Star TCC merge wizard will appear to display the results. In this wizard, the 
actions for TCCs are determined similar to the elements in the previous wizard. 


t = . 
% ETAP Merge & Sync Wizard Sx) 
Merge TCCs 
Action From Project To Project State Action Accept 
] None (+) Main Bus - Feeder 2 New (From) Add Vv] 
[7] Add [+] Gent - TCC New (From) Add || 
= : [+] Main Bus - Feeder 1 New (From) Add v 
7) Modify = 
i Des (+) Bus 1- TCC New (From) Add wv 
ay Dente () LVBus TCC New (From) Add a 
T] Custom =] Sub3 Swor: XFMR3 New (From) | Add w 
[+] Main Bus - Feeder 2° New (From) Add iv] 
+] MTR5-TCC New (From) Add 7] 
[+] Pump 1 - TCC New (From) Add v 
= 
[ Cancel || Finish |[ Help — | 


All the functionalities of this wizard are similar to Merge & Sync interface for elements. The same logic 
used for elements to determine actions is also used for TCCs. 


From Project 
TCCs listed under the “From Project” column are the TCCs from the copy project. 


To Project 
TCCs listed under the “To Project” column are the TCCs from the master project. 
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State & Action Columns 
These columns list all the determined actions and their associated states for the listed TCCs between the 
master and copy project. 


Accept Column 
By checking the Accept checkbox for any TCC, the action will be accepted for the merge process. 


Observing Star TCC Properties 
By clicking on the plus sign for any of the available TCCs on the “From Project” column, the list of the 
existing elements inside that TCC will be expanded and displayed. 


From Project To Project State Action Accept 
[+] Main Bus - Feeder 2 Main Bus - Feeder 1 ~| Modified Modify al 
(+) Gent - TCC w| New(From) Add a 
[+] Main Bus - Feeder 1 ~| New(From) Add 
(+) Bus 1- TCC w| New(From) Add a 
(+) Sub3 Swar: XFMR3 Sub3 Swgr: XFMR3 v Same None | 
> (GiMain Bus -Feeder 2° | Main Bus - Feeder 2° ~] Same __None 
Component ID Component ID 

CB2 CB2 

Fusel Fusel 

T2 T2 

cT1 cT1 

CcT5 CT5 

CT6 CT6 

OCR3 OCR3 

OCR4 OCR4 
(+) MTR5-TCC MTR5-TCC v Same None 
(+) Pump 1- TCC Pump 1 - TCC = Same None a] 


e The “From Project” column will show a list of all the elements inside the TCC from the copy 
project. 


e The “To Project” column will show a list of all the elements inside the TCC from the master 
project. 


e Note that the components listed under each TCC will not necessarily match between the copy 
project and master project. 


Note: Star TCC merge for matched up TCCs (in a row) is based on replacing the TCCs from master 
project with the TCCs from the copy project. Therefore, if two TCCs are matched up in a row and the 
user accepts the action, then the TCC inside the master project will be replaced by the TCC from the copy 
project. All the settings will be replaced with settings from the copy project’s TCC. 
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“Action” Filter 
The action filter list includes all the actions shown below. 


Accept Column 
By checking the accept check box for any TCC, that action will be accepted and will be ready for merge 
process. 


Accept All / Reject All Button 
User may globally accept all or reject all actions for TCCs by clicking on these buttons. Global 
accept/reject actions will only apply for the shown TCCs and will not include the filtered TCCs. 


Cancel Button 
Selecting this cancels the merge process, and no actions will be processed. 


Finish Button 
Select this to proceed with the merge process, including the accepted actions for both elements and TCCs. 


Help Button 
This button will launch the User-Guide for project Merge. 
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41.4.7 Project Merge Key Notes 


Please note the following key notes in regards to the project merge before performing this process: 


General 


Merging to ETAP v.11 from older versions will add node(s) in between VFDs and motors, which 
will increase number of buses in the system. 


Accepting modified action for elements and TCCs will replace all the properties at once, and not 
only the changed properties. 


If an element from the copy project has the same given name (ID) as an element from the master 
project, and the element from the copy project did not previously exist in the master project, then 
ETAP will rename the elements in the master project after merge by the ETAP default naming 
convention. For example, if two buses have the name “Main Bus”, then the bus from the copy 
project will be renamed to “Bus1” if the name is not already in use. 


Merging to the selected master project Presentation may change the location of the elements and 
connections. This will be depending on the selected Presentation when the copy project was 
exported. 


While merging to the master project, the Status Configuration settings contained in the copy 
project’s exported file will override all Configuration settings in the selected Configuration of the 
master project. 


Connections & NONE Actions 


ETAP 


The connections are always enforced from the copy project to the master project if the related 
actions for them are accepted. In other words, if connections are changed in the copy project and 
the related action to those are accepted when merging to the master project, then the master 
project will be overwritten with the new connections. The old connections will change to new 
ones from the copy project. For example, let’s say we have the following copy project: 


Cable22 
j 1-3/C 350 


LUMP2 
3.5 MVA 


The master project in below has the same components. However, there is a circuit breaker added 
between the transformer and the bus: 
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alow 
AX 5 MVA 
3.45 kV < 
Sub22 
LUMP2 
3.5 MVA 


When performing merge from a copy project to a master project, there will be the NONE action 
displayed for some elements (i.e. Transformer = T22 and Bus = Sub22), which have the breaker 
in between them, and there are no other modifications made to them. The displayed NONE 
actions do not necessarily mean there are no actions involved. If there is a change of connection 
for any element(s) which is involved in that change, assuming there are no other modifications to 
those elements, then a NONE action will be displayed. By accepting the indicated NONE 
actions, the user will be accepting the change of connections as well, which will be performed 
upon merge. Another word, the NONE actions in this case are encountered as accepting 
CONNECTION modifications. 


() ce27 B27 HVCB Deleted (From) | Delete 
Bus7 Bus7 BUS Same None hk 
[+] Sub22 Sub22 BUS Same None ¥) 
(+) Cable22 Cable22 CABLE Same None 
[+] Sub2A-N Sub2A-N CXNETWORK Same None 
(+) LUMP2 LUMP2 LUMPEDLOAD Same None ke 
T22 T22 XFORM2W Same None Vv) 
° 
T22 
MAJ 
| ay “5 MVA 
| —_ 
3.45 kV 
Sub22 
LUMP2 
3.5 MVA 


If the NONE actions for those elements are not accepted, then there will not be any change for 
the connections inside the master project. Therefore, the user will need to pay attention when 
accepting actions and if he/she is aware of the possible disconnections in the master project. 
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TCC — Star Views 


In the case of partial export, TCCs will be included in the exported file only if elements contained 
in the TCCs are selected in the OLV. If no elements in a particular TCC are selected, then the 
entire TCC will not be included in the exported file. 


Revision Merge Notes 


If there are elements which are marked as deleted across both copy and master projects, they will 
be removed from both the Base of the master project and all the Revisions. The modification of 
properties will then take place accordingly for the selected revision in the master project. 


If user decides to reject the add/delete actions while merging to a Revision of the master project, 
those actions will not take place in both the Base and selected Revision of the master project. 


Phase Merging 


ETAP 


If the user decides to change the phasing on the Base of the copy project, all the Revisions will 
also inherit the same phasing for in the copy project. Subsequently, when merging to a Revision 
of the master project, the phase changes will be reflected first in the Base of the master project, 
and then will be reflected in all the Revisions in master project. 


If the user does not accept changes which requires phase changing on the Base of the master 
project (which will have an effect on Revision merging as described), then ETAP will disconnect 
the elements that do not have matching phases inside the master project. 


It is recommended to include the entire single phase system in a partial export, so when merging 
back to the master project, all the changes including the phase adapters and modified elements 
connected below the phase adapter(s) are merged successfully. Otherwise, if the partial export 
will not include the phase adapters involved in a circuit the master project will end up with 
diconnected element(s). 


For example, if a user makes the below selection which is excluding the Phase Adapter in the 
copy project, then the master project will have disconnected elements after merge: 


MASTER COPY Sub 3 COPY 


4.16 kV 4.16 kV 4.16 kV 


Merge to Master to 
base/revision 
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ETAP 


For single phase circuits in ETAP, ETAP will not allow direct connections if there is a phase 
mismatch between branches and protective devices. See the below example, where circuit “1” has 
a phase arrangement of “AB”, and circuit “2” has a phase arrangement of “AN”. 


SPFdr1 
AB 


SPFdr3 
AN 


y Cable12 
1-3/C 8 


ETAP will prevent from making the connection between circuit “1” and circuit “2”. This will 
need to be considered when merging single phase circuits projects with different phase 
arrangements. 
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State Merging 


Different actions will be generated for elements when merging to the master project. For Add and Modify 
actions, the Condition/State of the element will change when merging to Base or Revision. 


The following table shows the merging results for actions and their new state in the master project: 


Add 
Modify 


Known Limitations 


Certain limitations for Project Merge exist in current version of ETAP. SomeSome properties are not 
supported and connections are not handled in some specific cases involving the composite networks. 
These known limitations willwill be supported in future release of ETAP. 


Limitations are summarized as follows: 


e Input and output interlock settings of Relays. 


e Device Parameters section in OLR page of Motor Relay editor. This may influence the TCC 
curve merge related to this Relay. 


e Settings in “Start Dev” page of Induction Machine and Synchronous Motor. 
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41.5 NetPM 


Network Project Modeling & Management (NetPM) is a tool that lets multiple users dynamically 
collaborate on the same project via internet connection. Changes to the project can be automatically 
synchronized or manually reviewed by a project manager. 


Overview 
The NetPM ecosystem consists of 3 main components: 


Master Project — Original project where proposed changes may be reviewed and managed. 
Client Projects — Copies of the Master Project used to propose & receive changes simultaneously. 
NetPM Server — Communication channel installed on any internet capable PC or cloud service. 


ETAP Master 


NetPM Server 
= 4 


—§——— 


I 
-_ = 2 


(Seeep YN 
ETAP Client 1 ETAP Client 2 ETAP Client N 


Key Features 
NetPM supports synchronization of the following project changes: 
e Adding / Removing elements 
e Element Positions / Orientations / Connections 
e Element property data (Base revision only) 
e One-line diagrams 
e Status Configurations 
e Study Cases 
e Textbox 


The Network Project Manager offers the following supervisory commands: 


e Approval 
e On-Hold 

e Rejection 
e Review 
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Installing DXM & MongoDB 

ETAP DataX manager (DXM) is an ASP.NET web application hosted in Microsoft Internet Information 
Services (IIS) Manager. It is a communications service that provides NetPM functionality (bidirectional 
queued messaging) across multiple ETAP instances (master and client projects) as well as etapAPP 
mobile devices. It should be hosted in a DMZ with an outward internet facing NIC and an inward, 
corporate LAN facing NIC. DXM does not need to be installed on the same computer as your ETAP. 
Alternatively, DXM can be installed on a Cloud service, such as Microsoft Azure, Amazon WS, etc. 


DXM can be installed from the ETAP installation Manager 


6 Software & License Manager J Software 
ay sCnstall desktop software (64-bit) wey "stall desktop software (64-bit) 
& License Manager Network license 
Stand-alone license 
License Manager (>, DataX Manager (DXM) 
6 Install ETAP License Manager for pal Install DXM For Mobile <-> ETAP 
Network license Data Transfer 


(Requires intemet connection) 


User Guide 
Install ETAP User Guide 


During the installation process, you will be prompted to specify the location paths and connection settings 
for MongoDB. Email notification setup is optional and may be reconfigured later via NetPM Console. 


Notes: 
e Consult with IT personnel to ensure specified Mongo Port is valid and available 
e NetPM and etapAPP email notifications can only be sent from DXM if properly configured 
during installation or through NetPM Console 


4H) ETAP DXM = x 


Database & Notification Setup 


Fill in inform 0 installing 


Power System Enterprise Solution 


C:\Program Files\MongoDB\Server\3.4\bin 


C:\ProgramData\MongoDB\data\ 


email@company.com 


password 


A step-by-step DXM installation procedure may be found in Chapter 2 — Setup. 
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Server Configuration — NetPM Console 

Included in the DXM installation is a small external program called “NetPM Console”. This application 
can be used by your compnay’s IT professional to configure the NetPM (DXM) URL, MongoDB 
connection port, and to setup email notifications. 


You may find the application in your ETAP Multiuser folder or simply press the windows key or click 
Start and type “NetPM Console”. 


& i] Bey Filters \~ 


Best match 


NetPM Console 
Desktop app 


netpm consol 


General 
The first page is for general configuration of NetPM server. 


@) ETAP NetPM Console 


General MongoDB | Notifications 


URL/IP | computer-name 


NetPM ID | etapDXM 


NetPM URL __|http://computer-name/etapDXM/ 


URL /IP 
Enter the IP address, Computer name, or web address of the machine or cloud service hosting the NetPM 
server (i.e. where DXM was installed). 


NOTE: Some additional setup by your company’s IT personnel will be required to utilize computer name 
or a cloud service web address. 


NetPM ID 
Standard web application ID designated by the DXM installation. 


NetPM URL 

This is the URL that the manager or Project Master should enter in the “Register to NetPM” window 
when registering a project to this NetPM. A copy button is provided to allow for quick copy of this URL 
to the computers clipboard. 


MongoDB 
This page contains settings for configuring MongoDB connection used by NetPM. 
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l) ETAP NetPM Console 


General_| MongoD8 | Notifications 


Machine Name __ [localhost 


Port |27099 


Connection URL | mongodb://localhost:27099 


Machine Name 

This is the name of the machine hosting MongoDB. MongoDB is included in the DXM installation so by 
default this can be left as localhost. If desired, NetPM console can be redirected to utilize a MongoDB 
installed on another PC (given IT has provided an accessible port). 


Port 
This field lets you configure which port NetPM should use to access MongoDB. 


Connection URL 
URL of MongoDB connection. 


Notifications 
This page configures the email account used to send notifications form NetPM (or DXM for etapAPP) 


) ETAP NetPM Console 


General | MongoDB | Notifications 


smtp.example.com 


Port = | 12345 


Email Address | email@company.com 


Email Password ee eeeeee 


Host 
Enter the host name of the outgoing SMTP (Simple Mail Transfer Protocol) server. 


Port 
Enter the port number used by the outgoing mail server. 


Email Address 
This is the email address that will be used to send NetPM notifications 


Email Password 
This is the password for the outgoing email account 
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Save 
Click save before closing to save your NetPM console changes. 


Cancel 
Click cancel to close the NetPM console without making changes. 


Local Configuration 


Local NetPM connection settings can be configured via the Tools > Options (Preferences) window. 


Options (Preferences) x 
eee Fa 


Connection Port F 
Default Sync Option 
Mongo Machine 


Connection Port 
Designated port for connection to MongoDB 


Connection Port 
Designated connection port for MongoDB. 


Default Sync Option 

Set default NetPM synchronization method for the local machine. 

On-Demand (Default) = Manually approve or reject proposed project changes via NetPM web interface; 
Auto = Automatically synchronize project changes coming to or from this NetPM 


Mongo Machine 
Location of Installed MongoDB for local queues. 


Future Enhancements 


e Revision data e Datablock changes e CSD view 

e Library changes e Annotation positions e GIS view 

e Rulebook changes e Dumpster (Purge) e Star view One-line 

e Warehouse changes e UGS e Individual Plot Options 
e Theme changes e Cable Pulling 
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41.5.1 Registering to NetPM 


Registering a project to NetPM establishes which users will have access to download the project. Once 
registered, NetPM will know the user credentials as well as email addresses specified in the projects User 
Manager. 


Prerequisites 
Prior to registering, following criteria must first be met: 
1. The project must have passwords enabled 
2. The current user must be logged in using “Project Master” access 
3. The NetPM server must be up and running 
4. Both ETAP and NetPM server must have internet access 


Registration Process 


Launch the User Manager and click the “Register to NetPM” button. 


Windows Authen, 


IO OS) Administrator 


O18 ©) 8) Base Editor 


Enter the NetPM URL. This is the same URL defined in the NetPM Console of the NetPM server 
machine. 


(©) ETAP NetPM Console = a x 
coont Siena Register to NetPM x 
URL/IP — |computer-name Poca D:\Proj \NetPM_P “A 


NetPM ID etapDXM 


New URL [apZeonpaercne/aaporay 


Generally the URL is structured as follows: 


http://[machine name, ip address, or web address of NetPM server machine or cloud service]/etapDXM/ 


examples: 
e = http://10.10.1.###/etapDXM/ 
e —http://computer-name/etapDXM/ 
e = http://companyX Y Z.com/etapDXM/ 
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Once complete, a successful registration window will indicate the users that have been registered to 
NetPM for this project. 


Register to NetPM 


“NetPM_Project-A" has been successfully 
registered to NetPM for the following users: 


If email notifications were configured during DXM installation or through NetPM Console on the Net-PM 
Server, then following successful registration a notification email will also be sent out to all valid email 
addresses accossiated with registered users. The notification will let the users know that the project has 
been registered and to which NetPM server (DXM). 


Notification example: 


From: No.Reply@company.com 
Subject: NetPM Project Registered! 


Message: 
The below project was registered to NetPM! The following information may be used to access NetPM Project Uploads and 
Mobile Publications. 


Project Info 
Name: NetPM_Project-A 


URL: http://computer-name/etapD XM/ 


Master Info 
Username: master 
Email: manager@company.com 


Your Login 
Username: engineer1 


Password: * (Defined in Master Project) * 
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Failed Registration 
Registration may fail if any of the following cases are encountered: 
1. NetPM server machine or cloud service is not on or running. If the machine is on make sure that 
the MongoDB service is also running. 
2. Both NetPM server and the current ETAP machine have internet access. 
3. The NetPM URL was entered correctly. Note the URL is not case sensitive. 


Register to NetPM x 


Pre 
NPM URL 


fm séRRegiistering "NetPM_Project-A" to NetPM .... 


Register to NetPM 
Failed to Register "NetPM_Project-A" to NetPM. 
Please check the following and try again. 
- NetPM machine is up and running 


- Both NetPM and this machine have internet access 
- NetPM URL has been entered correctly 


aa 


Re-register to NetPM 

Once a Project is registered, the “Register to NetPM” button becomes “Re-register to NetPM”. Pressing 
this button will update any added, modified, or removed user directory information for the registered 
NetPM project. 


‘Windows Authen, 
Administrator 
Project Editor 
Base Editor 
O88) Revision Editor 
Checker 
Browser 
Librarian 
Controller 
Operator 


[| Project Master 


Ks] 
Ks] 
ts] 


3- TEMP 


iv 

Hi igg 
HO 
Hie 
KHKS) a KS) 


OW OD 


3 
OOO 


Please note that only a Project Master logged into the Master Project can re-register it to NetPM. 
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Unregister from NetPM 


Older projects no longer requiring NetPM functionality can be cleaned out from the NetPM server using 
the “Unregister from NetPM” button. 


®) User Manager 


Windows Authen, 
Project Master 
Base Editor 
Controller 


(|) ©). Revision Editor 


OO 
© 01) Project Edtor 
NiO 
KPIS AES) 


Clicking this button will clean 


out any queued NetPM modification messages form the Master ETAP 


machine and NetPM server. It will also remove the project itself from NetPM so previously registered 
users will no longer be able to download the project or submit changes to the Project Master. 


Warning x 


Unregistering this project will disable NetPM functionality for all 
connected users. The Uploaded project and unsynchronized changes 
from all users will be removed from NetPM. 
Do you wish to continue? 
Registered Project Info 
NetPM Address: http://Computer-Name/etapDXM/ 
Machine Name: Computer-Name 
Local Path: D:\Projects\NetPM_Project-A 


Date Registered: 2/7/2019 


Time Registered: 11:15AM 


The unregistration confirmation window will provide information about the registered Master Project to 
clarify the exact project being removed from NetPM. 


Similar to registration, once unregistered, a notification email will be sent to users who were previously 
registered to NetPM through the removed project informing them that NetPM functionality has been 


disabled. 


ETAP 
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41.5.2 Uploading to NetPM 


When the project manager (or Project Master) is ready to send his file to the other users he must save and 
upload the project to NetPM. Doing this establishes the current project as the “Master Project” 


Prerequisites 
In order to upload, the following criteria must first be met: 
1. The project must be registered to NetPM but cannot be a “Client Project” 
2. The current user must be logged in using “Project Master” access 
3. The NetPM server must be up and running 
4. Both ETAP and NetPM server must have internet access 


Upload Process 
From the File pulldown menu click “Upload to NetPM”. 


File | Edit View Project Defaults Re) 


New Project... Ctri+N 
Open Project... Ctri+O 
Close Project Ctri=Q 
Log Off 

Save Prniect Ctrles 


Note the project must be saved in order to upload it to NetPM. 


To upload this project, ETAP must save your project database. 
Save and continue? 


Select the project files you wish to make available for other NetPM users. 


Upload to NetPM 
Address Publication 
NetPM_ |http://computer-name/etapdxm/ Filename |NetPM_Project-A 


From [master 


Include 
/) Project Files © Themes 


Project Folder TCC Plot Settings 
(J Warehouse (J Templates 
 Datablocks 
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Project Files 
With this option is checked the basic project files will be uploaded to the registered NetPM server. 
(*.oti project interface file and *.bak backup project database file) 


Project Folder 

Check this option to include all files saved under the same project directory as the ETAP project. This 
will allow you to include reports and reference information saved under the same project directory. Sub- 
directories will not be included. 


Libraries 
Check this option to include the project library (*.lib) file into the NetPM upload. The project library file 
does not have to be in the project directory to include it in the upload. 


Rulebook 
Check this option to include the rulebook (*.rul) files from the ETAP installation into the NetPM upload. 


Themes 
Check this option to include the theme (*.oth) files from the ETAP installation into the NetPM upload. 
Theme files contain the OLV presentation color, and font preferences. 


TCC Plot Settings 
Check this option to include the otigraph.ini in the NetPM upload. The otigraph.ini maintains the Star 
View plot option settings for the ETAP installation. 


Templates 
Check this option to include the custom templates files from the “Templates” folder in the ETAP 
installation. 


Datablock 
Check this option to include the Datablock template files from the “Datablock” folder in the ETAP 
installation. 


41.5.3 Downloading from NetPM 


When a project is downloaded from NetPM, it becomes a “Client Project” 


Prerequisites 

In order to download a project from NetPM, the following criteria must first be met: 
1. The NetPM server must be up and running 
2. Both ETAP and NetPM server must have internet access 
3. A valid registered user’s credentials must be entered 


When ETAP has been launched but no project is open, go to the File pulldown menu and click 
“Download NetPM Project”. 


File | View Tools Help 


New Project... 
eG Open Project... 


Download NetPM Project... k 
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Enter the Project URL and valid user credentials. Note the project name will automatically be pulled from 
the NetPM project address. If active directory was used to register a user then the Authentication field 
may be switched from “ETAP Authentication” to “Windows Authentication”. In which case the logged in 
windows users credentials would automatically fill the username and password fields. 


ETAP Login - Download from NetPM 
NetPM Project 
sates 
Po 


User 
Authentication ETAP Authentication ve 


Name lenge? 


The following windows is used to designate where the project should be downloaded to. 


)| Browse For Folder 


Select location to save download NetPM Project Files. 


v GD This Pc 
> IBM Desktop 
> [| Documents 
> } Downloads 
> J Music 
> (© Pictures 


> (Be Videos 
> 4b, Local Disk (C:) 


Y we New Volume (D:) 
> | | BUILDs 
> || E0ld 
> oO From_Cdrive 
> |) Programs 
> | Projects 


Make New Folder 
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After user credentials are verified, all project files uploaded by the Project Master are downloaded to the 
specified location and a prompt is displayed indicating the files were received. 


{11 2 Ol = | NetPM_Project-A - a x 
Fi Home Share View hd e 
€ - tf « Downloads >» NetPM_Project-A vod Search NetPM_Project-A Pp 


A 


Name Date modified Type Size 


{| Backup 2/7/2019 2:00PM _File folder 
[1] Datablocks 2/7/2019 2:00PM _File folder 
{1 Lib 2/7/2019 2:00PM _File folder 
{| Rules 2/7/2019 2:00PM _ File folder 
{| TccPlotSettings 2/7/2019 2:00PM _File folder 
(| Themes 2/7/2019 2:00PM _File folder 
[G classificationxml 2/7/2019 10:24AM XML File 


Download NetPM project 


@ Following directory was downloaded to ETAP directory if cipeeue nae sparta ts Dah dca 
NetPM_Project-A.1 E ile 


DO NetPM_Project-A.OTI 2/7/2019 1:56 PM OTl File 
Svclog.log 2/7/2019 10:24AM Text Document 


TCCPlotSettings 
Themes 


10 items 


Click OK to close the prompts and continue to opening the project. 


Select Access Level 


Project File Name j NetPM_Project-A 


41.5.4 NetPM Project Information 


To view an open project’s NetPM information go to the “Project” pulldown menu and click 
“Information”. 


File Edit View | Project | Defaults RevControl Libran 


Mutual Coupling Group... 
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The NetPM page is dedicated to providing information regarding the projects status on NetPM server. 
This page only applies to projects that have been registered, uploaded to, or downloaded from NetPM. 


Project Information x 


General NetPM 


Type | Client Project 
http://company-XYZ.com/etapDXM/ 
http://company-X¥Z.com/etapDXM/NetPM_Project-A 


2/7/2019 2:00:30 PM 


oK | 


Type 
Indicates whether the open project is a Master Project or a Client Project. Only Master projects are able 
to register and upload to NetPM (DXM). If this project was downloaded from NetPM it is automatically a 


Client Project. 


DXM Address 
Address or URL of the NetPM server machine where this project was registered to. 


Project URL 

Address or URL of the project itself on the NetPM server. Should the project need to be downloaded 
again, this address may be entered into the “Download from NetPM” login window. A copy button is 
available for this field to allow quick copy and paste of this URL into any document or email. 


Registered Users 
List of users that were registered and given access to this project. If the Project Master has altered the user 
list in the User Manager of the Master project, Re-registration must be performed to update this user list. 


Time Uploaded 

This was the last time that the open project was uploaded to NetPM. A Master Project can be re-uploaded 
at any time to distribute the latest version to other ETAP registered users however this “Time Uploaded” 
is only updated for a Client project when it is downloaded. 
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41.5.5 Network Project Manager — Web Interface 


The Network Project Manager Web Interface is used to manage or automate queued project changes (or 
messages) at each stage of the project development process. Clicking the NetPM button on 3D Database 
toolbar will launch the Project Management Web UI for the open project. 


> 4A, study view 


#& NetpM 
Launch Network Project Manager 


jae | ii rudd Pod in Wein res: seme 


ro y tye 7 fe Y tev. ¥ Enpnees 7 ate Teme Cussicaton ¥ 


sean: ter 
aun te 7 ewe , 
t OLE ane ace rater z 
5 rou tease se mame 
3 
nm rom naw tne rte 
5 FORD Rane a 5 
gr sotsse8 
” voomness? 
vr foRne = ne see ws 
sr veseztsas 
vr a Hrgy gee 
oro a7 s0H399 
cmt Lunty 
me cn pew _ I 
o| mao 3 
ad ves Bae Ane ote 
ortucaroterg 8 
GramangTyee 0 
wre perk Rane nn wee rz 91010 9m fi 
Merntvoe 9 
bean ees ve) usr — Nee we ca mcn ae 
ote 2 
er ete edb wwe nme awe wie en mmon me ; 
Tree: noMOTOR HW 8 
© vert 
bedty wed es NOUOTOR — Rime Bee rim earams «S47 0-M = ‘eutnasae 
me 10000 tee || HO moe 
eSents 
eC tc J socera eens © 


Both Master & Client Projects may launch the web interface however only the Master Project will have 
access to both its own “Local Master” queue AND “NetPM” server queue. 


ETAP Master 


NetPM Launched 
from 
Master Project 


ETAP Client 1 ETAP Client 2 ETAP Client N 
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Naviagtion Options 


The Tabs and options at the top of the manager indicate exactly which queue is being viewed. 


os Project: Example-ANS! Logout Project Master & Editor: master @ NetPM Local Master ETAP 
Upload 


e @ 2/7/2019 11:33 AM Ho 2/8/2019 11:33 AM mo ww “Review | 


{Launched from Master Project] 


os Project: Example-ANSI! Logout Project Editor: usert 
Upload 


e © 2/7/2019 11:32 AM (co) 2/8/2019 11:34 AM fom 2 


{Launched from Client Project] 


Each stage of the NetPM process will have both Upload and Download queues. Again, only the Master 
Project has access to view both his local queues as well as the NetPM server queues. 


Upload Tab 

All queued items listed this tab are project changes being sent to the next stage. For example, if the 
Network Project Manager was launched from a Client Project, then the items listed in the Upload tab are 
proposed changes from the current Client user being sent to the NetPM Server. 


Download Tab 

All queued items listed in the download page are proposed project changes being received from the 
previous stage. For the same example, if the Network Project Manager was launched from a Client 
Project, then the items listed in the Download Tab are propsed changes by Project Master received from 
the NetPM Server. 


Project 
Name of the open NetPM Project 


Logout 
Click to log off and the projects Network Project Manager. Note, each PC can have only one NetPM 
window open at a time. 


User Access and Login 
Indicates the access level used to open the NetPM project as well as the Username of the logged in user. 


NetPM / Local Master ETAP 
Toggle this option to view either the NetPM server queues or the Master Projects Local queues. Note, if 
the Network Project Manager was launched from a Client Project these options will not be available. 


Auto vs On Demand 


Toggle this option to switch between automatic and manual synchronization modes. Each Upload and 
Download tab has its own independent Auto /On Demand mode setting. 


Auto Mode 
Proposed or received changes will be automatically processed to the next stage. 
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On Demand Mode 
Proposed or received changes must be manually processed. The Master or Client can review the details of 
individual changes then select specific items to be processed. 


Time Filters 
These options allow the user to filter the queue based when they were sent or received. 


From / To 
Filter the queued messages to only display those falling within the entered the date and time range. 


Keep Current 
Leave this option checked to display the latest changes. If unchecked, changes will still be queued in the 
background but not displayed until the table is refreshed manually or this option is again checked. 


Processing Actions 


All NetPM processing options are only enabled when the respective queue is set to On Demand mode. 


Project: Example-ANS! Logout Project Master & Editor: master @ NetPM Local Master ETAP 


COMPONENTS + Type x + Status x 
= = 7 — _ + ] T T 
ALL | a 7| A.. Y Status ¥ 7| ID Y Type 7| Rev... ¥ “Re... Y Engin... r Date Time | 
2S Bus 40° ~— AGG Processea ~ UTiITy mess ~ Base base -UserT ~ UZ/U8/ZUTY UZ°3U:08 PM 
mt Branches 4 Type: UNIVERSALRELAY 
'Y Sources and Loads 4 Status: Processed 
(8) Composites 68 Add Processed  OCR1 UNIVERS... Base Base usert 02/08/2019 02:30:58 PM 
(1 Protective Devices 62 Add Processed IFA UNIVERS... Base Base usert 02/08/2019 02:30:58 PM 
3€ Instruments 
58 Add Processed  OCR4 UNIVERS... Base Base usert 02/08/2019 02:30:58 PM 
STUDY CASE a 
56 Add Processed OCR3 UNIVERS... | Base Base user1 02/08/2019 02:30:58 PM 
B au 
4 Type: SYNMOTOR 
DB Load Flow 
Dy Short-Circuit k decal ee 


| | 
124 Modi Proposed Syn1 SYNMOTOR | Base Base | usert 02/08/2019 05:05:53 PM 
DD Arc Fash ty_| Proposed _| Sy : 3PM 


B Harmonic 4 Type: LVCB 
DB) Transient Stability 


4 Status: Processed 


D 0 Load Flow 32 Modify Processed  CB28 LVCB Base Base usert 02/08/2019 02:11:43 PM 


B Unbalanced Load Flow 30 Modify Processed = CB20 LvcB Base Base usert 02/08/2019 02:10:57 PM 
[i Time Domain Load Flow 

4 Type: INDMOTOR 
a Reliability Assessment 


al 4 Status: Proposed 
CONFIGURATION a . 
B ALL ] 126 | Modify | Proposed | Mtr2 | INDMOTOR | Base Base | usert 02/08/2019 | 05:06:57 PM E 
SS EE la | 
Max 300 | Update 
oo on 2 (pm )Um ) 50 v_ items per page 1-50o0f64items © 


Only the Project Master or a Project Editor may Approve, Hold, Reject, or Review proposed changes from 
the NetPM Server download queue. (Accessible only from the Master Project) 


ETAP 41-82 ETAP 19.0 User Guide 


Data X DataX Manager 


Send 

From any local upload queue, press the Send button to process the selected items to NetPM server. From 
any local download queue, press the Send button to process the selected items to the ETAP project. Once 
sent, the status of the selected items will become Processed. 


Approve 
Press to process the selected items and send them to the Master’s local download queue. Once approved, 
the status of the selected items will be become Processed. 


Hold 
Press to mark the selected items as On-Hold. These items will remain On-Hold until processed with 
another action. 


Reject 
Press to reject the selected items and send corresponding rejection commands back to the client ETAP 
that initially proposed the changes. Once rejected, the status of the selected items will become Rejected. 


Review 
Press to mark the selected item as Reviewed. These items will maintain the Reviewed status until 
processed with another action. 


Filtering, Sorting, and Grouping 


The table of proposed and processed changes can be filtered, sorted, or grouped in the following ways. 


Components 
Select a component type to filter the list to display changes involving only elements of that specific type. 


COMPONENTS a 
&S Bus 


“x Branches 

WY Sources and Loads 
Composites 

C1 Protective Devices 


3€ Instruments 


Selecting Branches for example can display changes pertaining to Cables and Transformers but will leave 
out changes to motors. By default all element types are displayed. 


Study Case 
Changes to study cases can be viewed by selecting one of the options in this list. 
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STUDY CASE a 
B ALL 

Bi Load Flow 

DB) Short-Circuit 

DB Are Flash 

DB) Harmonic 

LB) Transient Stability 

DB) DC Load Flow 

1) Unbalanced Load Flow 

1) Time Domain Load Flow 


ha Reliability Assessment 


Select a study case type to display only changes relating to that specific type of study case. Select All to 
display changes from all study case types. 


Configuration 
Changes to configurations can be viewed by selecting All under the configuration section. Configuration 
changes would involve any modifications to the operation mode or status of any equipment. 


Left Pane — Expand / Collapse 
Drag the left divider to resize the left pane. Click the Arrow on the divider to quickly show or hide it 
entirely. 


Column Header 
Click the name of any column header to toggle between ascending and descending sorting. 


Drag a column header and drop it here to group by that column 


y|A.. Y)| Statusy Y/) ID Y Type hs 
118 Add Reviewed Search o 
114 Modify Rejected DB Select all 
128 Modify Proposed & processed 


126 Modify Proposed Proposed 


124 Modify Proposed Rejected 


120 Add Proposed 3 items selected 


116 Modify ~~ Proposed Clear 


Click the filter icon on the right side of a header to show the items which can be filtered out from that 
column. 


Grouping Bar 
Drag any column header to the grouping bar to group the table by the items found in that column. 
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= Type x y + Sa 


VY |A.. Y | Statusy ~ ¥| ID Y | Type ale 

4 Type: WTGEN 
118 Add Reviewed WTG2 WTGEN E 
114 Modify Rejected WTG1 WTGEN E 
122 Add Proposed WTG2 WTGEN E 
120 Add Proposed WTG2 WTGEN E 


4 Type: SYNMOTOR 
124 Modify = Proposed syn1 SYNMOTOR £ 
4 Type: INDMOTOR 


126 Modify Proposed Mtr2 INDMOTOR” E 


Details 
With any single item selected, this section will indicate the property data involved in the proposed 
change. A search bar is provided to allow for searching for specific element attributes. 


| Details 
| Search: | | Clear 
| 
| Attribute Y Value iY, 
OpVAng 0.279224 
OpVMag 100 
OpMW 2000 
OpMvar 78.6449 
ExtRef to) 
{BF8A1EFC-F2D2- 
OtiGUID 41B8-808C- 
B4CB425F5D1B} 
| UseElementColor 0 
Hidden 0) 
MetafileName awtg3.emf 
Orientation 0 
SymbolSize 2 
SymbolType ANSI 
ID WTG1 
Locked 0 
ServiceState 1 
InheritedState 0 


Right Pane — Expand / Collapse 
Drag the right divider to resize the right pane. Click the Arrow on the divider to quickly show or hide it 
entirely. 


Max 

This is the maximum number of items loaded into the queue. If the maximum is exceeded a warning will 
appear at the bottom of the table indicating that only the most recent changes within the range have been 
loaded. 
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* Note: Only the most recent 50 out of the total 73 have been loaded. Please adjust the date range or the message limit maximum to see items that were not loaded Max 50 Update 


oo C1) > > 50 v_ items per page 1-500f50items © 


You may enter any integer value and hit update to apply it however loading extremely large amounts of 
changes may cause the page to load slowly. 


Page Navigation 
Click the arrow buttons to skip forward or backward through multiple pages of queued changes. The 
number of items per page may also be adjusted. 


Refresh 
Click the refresh icon at the lower right section of the queue to refresh the items in the list with the latest 
data. 


Select All 
Press this to select all the displayed changes in the queue. 


Properties 
Click this to toggle the display of the right side pane as shown or hidden. 
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41.6 DataX Manager 


This window is used to publish projects to DXM for use on etapAPP capable mobile devices. The “DataX 
Manager” button is only enabled if the user logged in has “Project Master” access and the project has 
been registered to NetPM. 


2 DataX Manager = Oo x 
DXM URL __sAittp://companydomain/etapdxm/ Project —D:\ETAP_Projects\ProjectXYZ © 
Exports Imports | Logs 
Time Project Extension From To Description Status 
4/3/2018 4:13:40 PM Full Project Master Engineer] |Add cables to motors Published 


4/3/2018 2:44:50 PM__| Full Project [Master [Master | Published 
4/3/2018 2:45:49PM___—||NEQuad [Master |Tester2__[ North Eastern project section for Tester2 to update Tran: 
4/3/2018 2:48:13 PM |SWQuad | Master___|Tester2__| South Wester Quadrent. Please update breaker ratings” 


41.6.1 Project Registration 


In order to create or manage project publications you must first register the project file to an accessible 
NetPM (DXM) address. When a project is registered, the users defined in that project will have access to 
publications addressed to them from the Project Master. 


For details regarding how to register a project to NetPM please see NetPM section 41.5.1 of this chapter. 


 DataX Manager = Oo x 
DXM URL i http://companydomain/etapdxm/ Project | D:\Projects\Example-ANSI @ 
DXM URL 


This field indicates the NetPM address or DXM URL where the project was registered. 


Project 
This field indicates the exact location of the open project to be registered. 


Refresh 
Click the refresh button to pull the latest information from the connected DXM address. 
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41.6.2 Exports 


The Exports page lists publications that have been exported from the project by the Project Master. 


: DataX Manager 


oa oO x 
DXM URL __shittp://companydomain/etapdxm/ Project = D:\ETAP_Projects\ProjectXYZ @ 
Exports Imports | Logs 
Time Project Extension From To Description Status 
4/3/2018 4:13:40 PM Full Project Master Engineer] _| Add cables to motors Published 
4/3/2018 2:44:50 PM___| Full Project Master [Master | Published 
4/3/2018 24549 M|NEQuad 


[Master |Tester2 | North Eastern project section for Tester2 to update Tran: 


: | Down! 
4/3/2018 2:48:13 PM lswQuad sd South Wester Quadrent. Please update breaker ratings” 


[__New.. | [__Delete_ ] 


New 


Clicking New will open the “Publish To User” dialog used for creating new project publications. 


2 Publish To User 


Address Publication 


DXM __http:// companydomain/etapdxm/ Filename = Mobile _Blank_01 


From ss Master Revision Base 


To | Engineer1 Config Normal 


@ Mobile O Full @ Selected 


Extension SE Quad - Phase 2 


Description |Please update with new 
motors and cables for Phase 2 
expansion. 
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DXM 
This is the address where the new project publication will be uploaded. The receiving user must use the 
same address to download the publication. 


From 
This is the user name of the logged in Project Master creating the publication. 


To 
Select a registered user to receive this project publication. Only the “Project Master” or a “Project 
Administrator” can add or remove users from this list through the User Manager dialog. 


For the recipient to access and download the publication, the same username and password registered in 
this project must be used. 


ETAP / Mobile 
Select the destination type of the publication. 


Note: For this version, only Mobile users may receive project publications. 


Filename 
This is the name of the project being published. 


Revision 
New publications are created using data from the active revision. This field is display only. To change the 
revision simply close the DataX Manager then switch the active revision and re-launch DataX Manager. 


Configuration 
This read-only field indicates the active configuration used in the new publication. 


Full / Selected 
Choose to either create a publication of the full project file or only a selected portion. You must select 
some components on the OLV in order to choose the “Selected” option. 


If project components have been classified using the Classification Pane, you may also right-click the 
classification instance and hit “Select” option to create publications of specific classifications. 


Note: If classified components belong to multiple composite networks, only those in the active drawing 
will be selected for export. However, choosing Full or including the composite network symbol itself in 
the selection will include the entire contents of the composite network. 


Extension 

New publication are identified on DXM using the project name and this user-defined Extension. A unique 
extension must be entered for every new export to help the recipient identify the difference between 
publications for the same project. 


Description 
Enter some description of the project publication 


Delete 
Delete the selected publication export from DXM. 
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41.6.3 Imports 


The imports page lists publication updates uploaded by mobile users. ETAP uses the Project Merge tool 
to merge and synchronize the updated publication data with the original project 


2 DataX Manager = o x 


DXM URL ss http://companydomain/etapdxm/ Project = D:\ETAP_Projects\ProjectXV¥Z 


Exports Imports Logs 


Date and Time Project Extension Original Revision Config 
4/3/2018 4:22:30 PM Normal Tester2 Uploaded 


4/3/2018 4:29:26 PM [Base |Normal__—_|Tester2_—_| Uploaded 


Revision 
Select the revision to merge the publication updates into. 


Merge 


Click Merge to launch the Project Merge interface. 


Delete 
This deletes the selected import publication from DXM. 
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41.6.4 Log 


This page logs all the actions taken by users regarding this project on the DXM. 


? DataX Manager 
DXM URL __shitp://companydomain/etapdxm/ Project | D:\ETAP_Projects\ProjectX¥Z 


Exports | Imports | Logs 


Time Extension Revision Config 
4/3/2018 2:43:21 PM Registered Project , 
4/3/2018 2:44:06 PM __| Full_Project |Master [Base [Normal _[ Published 


4/3/2018 2:44:50 PM Full Project Master Base Normal Published 
4/3/2018 2:45:49PM |NEQuad | Master Base Normal _ | Published 


4/3/2018 247:15PM___|sWQuad | Master_ [Base [Normal __ [Published 
4/3/2018 4:13:40 PM Full i Base Normal Published 

4/3/2018 4:19:17 PM [Tester2 [Base [Normal [Downloaded 
4/3/2018 4:22:30 PM a 


4/3/2018.4:2833PM__[SWQuad _[Tester2__— [Base [Normal__ [Downloaded 
4/3/20184:29:26PM__|SWQuad _[Tester2_— [Base | Normal__| Uploaded 
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41.7 e-DPP 


e-DPP is an electrical data processing program. It provides a feature rich GUI for processing and 
organizing large amounts of electrical data into manageable formats. It has functionalities that automate 
the generation of a variety of data sheets and schedules. With the growing popularity of e-DPP in recent 
years, the data exchange interface between ETAP and e-DPP is now provided as a menu command in 
ETAP. 


An e-DPP project includes data for electrical equipment in an industrial plant, such as loads, cables, 
transformers, switchgear, motor control centers, protective devices etc. The electrical properties of these 
equipments are transferred to the ETAP project via the ETAP e-DPP DataX interface. This eliminates 
data re-entry and saves time. 


In addition to a one-time auto-creation of one-line diagrams, ETAP e-DPP DataX also facilitates multiple 
data transfers (synchronization) between e-DPP and ETAP. This essentially means adding new 
equipment, updating existing equipment data, and removing equipment no longer in use. As a result, data 
in ETAP and e-DPP are kept consistent without going through the manual process of recording additions 
and modifications in both systems. 


The block diagram shown below explains the data flow process. 


Electrical 
Equipment Data 


INT Data 
Database Exchange 
Interface 


e-DPP 
Project 


Add, Modify 
& Delete 
Actions 


User 
Confirmation 


ETAP e-DPP Data Exchange: Data Flow 


An intermediate (INT) database is exported from e-DPP. This Microsoft (MS) Access database has the 
electrical data for equipment in the e-DPP project and is imported into ETAP using the Data Exchange 
interface. Following sections describe the details of the process. 
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41.7.1 Accessing the DataX e-DPP Module 


This “DataX e-DPP...” command is used to transfer data from an intermediate database exported from an 
e-DPP project into an ETAP project. 


The intermediate database exported from an e-DPP project is in the form of a MS Access database. The 
steps involved in linking an e-DPP intermediate database file to an ETAP project are as follows: 


e Select the intermediate MS Access database file, usually named in the format INTprojectname.mdb 
(where projectname is the name of the e-DPP project) file that has to be linked to the ETAP project. 

e Perform mapping of equipment fields in MS Access database with ETAP element fields. The default 
mapping available in the interface may be used. 

e Add, Modify or Delete actions are determined by the ETAP Data Exchange program after comparison 
of existing ETAP project data and data in the intermediate MS Access database file. 

e Actions may be accepted or rejected by a user. By default all actions except the delete actions are 
accepted. 

e Transfer and update data into the ETAP project. 
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41.7.2 Selecting an INT Database File 


When the “DataX e-DPP...” selected, the Data Synchronization Editor is displayed as shown below: 


fc 7 
% ETAP - e-DPP =) 


Data File Exported From e-DPP 


[ Show Log Message 


OK | Cancel | Help | 


X 


Data File Exported From e-DPP 


Type the name of the intermediate database file created from the e-DPP project. Alternatively select the 
file by clicking on Browse. 


Browse 

Click on Browse to select the intermediate database file created from the e-DPP project. The editor 
shown below appears when Browse is clicked. It allows selection of MS Access database files (with 
extension “mdb”). The selected file is linked with the ETAP project. 


G 
Select MS Access Data File Exported from e-DPP 


Overs « DataExExamples » DataX e-DPP v | +4|| Search DataX e-DPP 


Organize ¥ New folder ay fl @ 


YE Favorites ZJINTExample.mdb | 
Bl Desktop 
ih Downloads 


| Recent Places 


a 
j= 


(So Libraries 
-£] Documents 
m) Music 
| Pictures 
® Videos 


> 


& Comnuter 


File name: INTExample.mdb ’ | MS Access File (*.mdb) v 


Show Log Message 


Check this checkbox to display the log message file after data transfer is completed. By default this 
checkbox is unchecked and the log message file is not displayed after the data transfer is completed. 
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41.7.3 Data Synchronization Editor 


When the OK button on the “ETAP - e-DPP” Editor is clicked, the Data Synchronization Editor as shown 
below will be displayed. 


f~ ' 
Data Synchronization = 


eDPP Intermediate Database 


C:\ETAP\DataExExamples\DataX e-DPP\INT Example.mdb 


ETAP Project 


C:\ETAP\Example-ANSI\Example-ANSI 


a 
Help | Transfer Data Close 


XM 


e-DPP Intermediate Database 


This is the name of the e-DPP intermediate database file (MS Access database) from which data is 
transferred. 


ETAP Project 


This is the name of the ETAP project file which is synchronized with the data from the intermediate 
database file (exported from the e-DPP project). The name and location of the currently open ETAP 
project is displayed here. 


Map Data 
Click on this button to perform data mapping. This action displays the “Data Mapping” Editor. 


Set Defaults 


Click on this option to set the default parameters associated with ETAP e-DPP DataX interface. The 
editor is shown below: 
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[ % Default Options ==) 


Global Flags 


[ Accept All Actions 
I¥ Accept All Add Actions IY Accept All Modify Actions 
a [ Accept All Delete Actions 


Create a composite motor if no. of motors at a bus exceeds 10 = 
Create a composite network if no. of radial components exceeds 100 = 


I¥ Do not display buses as nodes 
Element Position 


Horizontal Spacing |p Vertical Spacing |p — 


Cancel | Help 


ML 


Global Flags 

A list of modifications is prepared after comparing the data in the e-DPP project and in the ETAP project. 
Global flags are used for setting up default values for actions displayed in the Accept / Reject Actions 
Editor and are described below. 


Flag Action 
Aecent AW Aaaoae If this option is checked all commands will be marked as 
P oe accepted by default, in the Accept / Reject Actions Editor 
Accept All Add Actions If this option is checked all Add commands will be marked 


as accepted by default, in the Accept / Reject Actions Editor 
If this option is checked all Modify commands will be 
Accept All Modify Actions marked as accepted by default, in the Accept / Reject Actions 
Editor 

If this option is checked all delete commands will marked as 
accepted by default, in the Accept / Reject Actions Editor 
Accept All Rename Actions __ This option is presently not used 


Accept All Delete Actions 


Composite Motors 

This parameter controls the creation of composite motors, when data is transferred into an ETAP project. 
If the number of motors or loads directly connected to a bus (including those connected through 
protective devices and equipment cable) is more than this value a composite motor is created in the ETAP 
project. By default this value is set to 10, that is, a composite motor will be created when the number of 
motors or loads connected directly to a bus exceeds 10. 


Composite Networks 

This parameter controls the creation of composite networks, when data is transferred into an ETAP 
project. If the no. of radial components in a branch exceeds this number a composite network is created 
by the automatic layout program in ETAP. By default this value is set to a 100, that is, a composite 
network will be created only when the number of radial elements connected is more than 100. 
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Do not display buses as nodes 

The automatic layout program detects instances, where in a bus may be represented as a node. For 
example when there is feeder connected at the primary or secondary terminal of a transformer, it may not 
be required to represent display the junction between the transformer and the feeder as a bus, so the layout 
program sets such nodes to be displayed as a node. 


By default this option is checked which implies that when data is transferred to ETAP all the buses are 
represented as a bus and no nodes are created. 


Element Position 
This section is reserved for future use. 


Transfer Data 


Click on this button to synchronize data between the e-DPP project and the ETAP project. The ETAP 
DataX interface performs a comparison between the two sets of data and generates Add, Modify and 
Delete actions. The actions are displayed in the Accept / Reject Actions Editor. 


Close 
Click on Close to close the editor. Data synchronization is not performed. 
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41.7.4 The Data Mapping Editor 


Equipment attributes in an e-DPP project may be mapped to ETAP element attributes using the Data 
Mapping Editor as shown below. The Data Mapping Editor serves as a user interface for mapping e-DPP 
and ETAP projects. It performs the following functions: 


e Analyses the data in the intermediate database file exported from the e-DPP project to determine the 
equipment types. 

e Determines the attributes associated with each equipment type. 

e Serves as an interface for mapping e-DPP equipment types with ETAP elements. 

e Serves as an interface for mapping e-DPP equipment attributes (fields) with ETAP element attributes. 


r ’ 
2 Mapping Table x=) 


eDPP Equipment 
> EINTOLH 
Two Winding Transformer 


+} 


f+} 4) 


Jo FF] 


i) 


[+] 


[+] 


INTLVCB LVCB 
INTPowerGrid Power Grid 
INTUPS 


INTContactor 


+} > 


(+) 


INTMOV 
INTStaticLoad 

Syctronovs Mater 
INTSynGen Synchronous Generator 
INTCXMotor Composite Motor 


INTC Network 
~ [INTs 


Save | Help | Cancel | OK | 


+} +) 


+) 


+} 


[+] 


[+] 


[+ 
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Map Equipment Types 


e-DPP Equipment 


This column displays a list of e-DPP equipment. Following types of e-DPP equipment are available by 


default. 


Bus 

Cable 

Capacitor 

Contactor 

Fuse 

HVCB 

Induction Motor 

Lumped Load 

LVCB 

MOV 

Overload Heater 

Power Grid 

Static Load 

Generator 

Synchronous Motor 

UPS 

Two-winding Transformer 
Three-winding Transformer 


ETAP Element 


(INTBus) 
(INTCable) 
(INTCAP) 
(INTContactor) 
(INTFuse) 
(INTHVCB) 
(INTIndMotor) 
(INTLump) 
(INTLVCB) 
(INTMOV) 
(INTOLH) 
(INTPowerGrid) 
(INTStaticLoad) 
(INTSynGen) 
(INTSynMotor) 
(INTUPS) 
(INTXFMR2) 
(INTXFMR3) 


Select an ETAP element corresponding to the e-DPP equipment. 


ETAP 


ETAP Element 


Capacitor 
Impedance 
Induction Machine 
Lumped Load 
Mov 
Reactor 
Static Load 
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Following is a list of ETAP elements that may be mapped to e-DPP equipment. A default mapping is 
displayed in the Mapping Editor. 


Bus 

Cable 

Capacitor 

Contactor 

Fuse 

HVCB 

Impedance 

Induction Machine 
Lumped Load 

LVCB 

MOV 

Overload Heater 

Power Grid 

Reactor 

Static Load 
Synchronous Generator 
Synchronous Motor 
Three-winding Transformer 
Two-winding Transformer 
VFD 

UPS 


Map Fields 

Click on the e-DPP Equipment node (the “+” sign on the left hand side of the editor) to display the 
attribute mapping for the equipment. The rows in the attribute mapping table highlighted with “Lavender” 
color are blocked, that is, the ETAP field corresponding to the e-DPP field may not be modified for such 
rows. Blocked rows have a hard-coded mapping associated with them. 


e-DPP Field 
This column displays a list of e-DPP fields associated with the e-DPP equipment. 


ETAP Field 
Select an ETAP element attribute corresponding to the e-DPP equipment field. 


ETAP Field 


Dynamic Model Type a 
Efficiency 00%) 

Efficiency (50%) 

Efficiency (5a? 

Ending Time 1 

Ending Time 10 

Ending Time 2 

Ending Time 3 ¥ 
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Field Mapping Rules 


This section describes the logic for mapping third party equipment fields in the e-DPP project database to 
ETAP element attributes. All fields, other than those mentioned in this section are mapped directly, that 
is the value of the ETAP field is made equal to the value of mapped field in e-DPP project database. The 
text comparisons made in the program are case sensitive. 


Default values 

ETAP creates new elements (in case of ‘Add’ action) by using default values for some element attributes, 
and then replacing the default values with actual imported values. Therefore, when there are no actual 
imported values, the default values will be used. 


Blank Fields 
If a value for a numeric field exists in ETAP but is blank or zero in e-DPP project database, modify action 
will not be generated for it. Note that this does not apply to fields representing a text value. 


Typical Data for Induction and Synchronous Motors 

If a “Modify” or “Add” action is generated for induction and / or synchronous motors, the impedance data 
for the motor (LRC, LR PF, X/R, X”, X’, XO, X1) is set using typical values from ETAP library based on 
kV, HP and speed of the motor. 


Typical Data for Cables 

When the size of a cable (linked to ETAP library) in ETAP project is modified in subsequent data 
transfers, appropriate cable impedance and physical data is selected from the ETAP library based on the 
modified cable size from e-DPP. 


Note that if a cable parameter set in e-DPP has a value different from that in the ETAP library, the value 


in the ETAP library takes precedence and is set in the ETAP project, for cases when a cable is selected 
from the ETAP library. 
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41.7.5 Data Transfer 


When Transfer Data on the Data Synchronization Editor is clicked a comparison is made between the 
existing ETAP project data and the data in the intermediate database file exported from the e-DPP project. 
Based on the comparison a list of actions is prepared and displayed on the Accept / Reject Actions Editor 
as shown below. 


f , 
Accept / Reject Actions [Som 
9/22/2011 3:56:38 PM arya.zarrinkelk 


INTOLH 

OL-PM-3001B INTOLH 

BC-E104-P INTCable 
CM-6703-P INTCable 
EF-2612-P INTCable 
EF-2614-P INTCable 
ELP-044-P INTCable 
ELP-04B-P INTCable 
GM-4002B-P INTCable 
GM-4002C-P INTCable 
GM-4002D-P INTCable 
GM-4002E-P INTCable 
LCP-DCS-01-P INTCable 
LCP-DCS-02-P INTCable 
LP-1502-P INTCable 


Us | 


qSisisisisisisisisisis§isis 


[- Add To Dumpster 


Help Cancel | Continue 


Date / Time 


The top-left corner of the editor displays the date and time on which the ETAP project and e-DPP project 
is synchronized. 


User Name 
The top-right corner displays the name of the user performing the synchronization. 


Action List 


Item No. 
This column displays the unique identifier of the element in the ETAP project on which the action is 
performed. 
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Equipment Type 
This column displays the type of element on which the modification is performed. 


Action 
This column displays the type of action that is to be performed on the ETAP element. It may be Add, 
Modify or Delete. 


Accept 
Check / Uncheck the box in this column to accept or reject the action. 


Modification 
This column displays the new and old values of the first modified attribute. Click on the cell to display 
the new and old values of all the modified attributes. 


Accept Actions 


Click on the Add, Modify or Delete command in this group to accept all add, modify or delete actions 
respectively shown in the modification list. Click on All in this group to accept all actions in the list. 


Reject Actions 


Click on the Add, Modify or Delete command in this group to reject all add, modify or delete actions 
respectively shown in the modification list. Click on All in this group to reject all actions in the list. 


Continue 
Click on Continue to perform data transfer to ETAP per the accepted and rejected action list. 


Cancel 
Click on Cancel to cancel data transfer to ETAP. No changes are made in the ETAP project. 


41.7.6 Using e-DPP Library Cables 


When a cable is imported into an ETAP project, the ETAP e-DPP DataX program has the capability to 
pick cables from the library associated with the ETAP project and set cable parameters using the library 
data. However, if the default ETAP library (shipped with ETAP) is associated with the ETAP project, it 
will not include e-DPP cable library data and hence the cable parameters are not set. 


The e-DPP cable library data is available in the ETAP library located in the folder C:\ ETAP 
5.9\DataExExamples\DataX e-DPP (assuming that ETAP is installed in default installation location 
C:\ETAP 5.5). The e-DPP cable data available in this library may be transferred to the default ETAP 
library using the ETAP Copy/Merge command available in the ETAP Library menu as shown below: 
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Library Copy/Merge |e 


C:\ETAP1100\DataExExamples\DataX e-DPl ¥|| File... | 2005-0 


| 
C:\ETAP1100\Lib\etaplib1 100 lib . 2011-261 


Connect the project to the merged library 


im C:\ETAP1100'Lib\etaplib1 100. lib 


Motor Nameplate 
Motor Model 

| Motor Characteristic 
Motor Load 

LY Breaker 

HV Breaker 


Warning: The merged library will be overwritten when the library headers are 
the same. 


You must login as librarian Access Level to perform 
partial } reverse library merge. 


Note that the merge process should be performed prior to importing the e-DPP intermediate database file 
into ETAP. 
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41.8 SmartPlant Electrical 


SmartPlant Electrical is developed by Intergraph, as a complimentary product to its suite of SmartPlant 
tools. It is a highly flexible tool that handles large amounts of electric power system data. SmartPlant 
Electrical (SPEL) has comprehensive equipment data sheet templates, schedule templates, one-line 
diagrams, and customizable default libraries. The ETAP - SmartPlant Electrical (SPEL) interface is a tool 
for exchanging data between ETAP and SPEL. The block diagram shown below explains the data flow 
process. 


———] 
___—___S 


5 Interface 
Project SmartPlant Project 


Published 
Data 


Add, Modify & 
Delete Actions 


we” 


Run, Delete 
Romeve, To Do List 
ETAP 
SPEL Data Exported Data 


Exchange 
Interface 


ETAP - SPEL Data Exchange Data Flow 


ETAP Data Exchange Interface in ETAP uses information available in SPEL and ETAP to add, modify, 
and delete elements in both tolls. In addition to a one-time auto-creation of one-line diagrams, it also 
facilitates multiple data transfers (synchronization) between ETAP and SPEL. This essentially means 
adding new equipment, updating existing equipment data, and removing equipment no longer in use. As a 
result, data in ETAP and SPEL are kept consistent without going through the manual process of recording 
additions and modifications in both systems. 


An XML is published from SPEL (Please refer to SPEL User Guide for publishing XML file from 
SPEL). This XML file has the electrical data for equipment and connectivity info in the SPEL project and 
is imported into ETAP using the ETAP Data Exchange interface. 


ETAP can export a XML file for SPEL to import. This can be invoked through menu: File | Data 
Exchange | SmartPlant Electrical | Export ETAP Project Data. 


SPEL Data Exchange Interface is available from SPEL release version 2008. For importing data from 
ETAP to SPEL please refer to SPEL User Guide. 
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41.8.1 Supported Elements 


|Batery | BatteryBank | 
a a 
Bus LocalPanel 
fcable cable SP 
|Capacitor | Capacitor =| Cd 
[Charger | Battery Charger | 
|Contactor | Contactor, Starter | 
|Current Transformer___| Current Transformer | 
Fuse se | 
Fuse 
|Harmonic Filter | Harmonic Filter | 
Jimpedance | Busway | 
|Overload Heater | Overload Relay | 
[Induction Machine-Motor_|Motor | 
| Synchronous Generator__| Generator | 
| 


Reactor Current limiting reactor 
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Resistor fi oo ee 
ee 


Static Load Heater 


[Heater 
[StaticLoad | HeatTrace | 
SocketOutlet 
Cabinet ee 
[StaticLoad | Instrument | 
[PowerGrid | ffSitePower | 
[Potential Transformer___| Potential Transformer | 
[Single throw switch | Disconnect Switch | 
[pe ee 


| Two Winding Transformer__| Two-winding transformer | 
|UNIVERSALRELAY | ProtectionRelay | 
pups ts 
| Variable Frequency Drive | Variable Frequency Drive | 


Note: Any equipment which is not listed in the above table will not be supported in this release of ETAP. 
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41.8.2 Accessing the DataX SmartPlant Electrical Interface 
From the ETAP “File” Menu, point to Data Exchange, and locate “SmartPlant Electrical”. 


There are 5 commands under menu “SmartPlant Electrical” used to transfer data between ETAP and 
SPEL. 


Import SPEL Project Data 
Export ETAP Project Data 
Import SPEL Cable Lib 
Export ETAP Cable Lib 
Mapping 


SmartPlant Electrical program allows user to export its project data files to ETAP. If the “Import SPEL 
Project Data” is selected, ETAP will import data from the exported file from a SPEL project into the 
ETAP project. The steps involved to do so are as follows: 


If import a SPEL project file into a brand new ETAP project: 


e Select the SPEL exported file 
e Import data into the ETAP project and ETAP creates one-line diagram automatically 


If import a SPEL project file into an existing ETAP project (round trip): 


e Select the exported SPEL file 

e Add, Modify or Delete actions are determined by the ETAP Data Exchange interface after 
comparison of existing ETAP project data and the SPEL file 

e Actions may be accepted or rejected by the user however by default all actions are not accepted 

e Import and update data into the ETAP project 
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41.8.3 Import SPEL Project Data 


For a new project in ETAP, if the “Import SPEL Project Data” is selected, ETAP will ask for the 
associated ETAP library file first. Then the Data Path selector is displayed as shown below. If it is the 
second import, it will not ask for the library file and opens the Path selector. 


a , 
a] ETAP SmartPlant v2 ==) 


Data File Exported From SmartPlant Electrical 


| Browse... | 


OK | Cancel | Help | 


Browse 


Click on Browse to select the published file from the SPEL project. The following editor appears when 
the Browse button is pressed. It allows selection of the SPEL published files (with extension “xm1”). 


f 
a! Select XML Data File Exported from SmartPlant 


COv- mY) > Computer > Local Disk (C:) » ETAP 1400 v| + 


Organize v New folder =z» Hl @ 


- 


aie ’ Name Date modified Type Size 


| _, SPEL.xml 5/27/2015 11:12 AM XML File 138 KB | 


(a Libraries 
=| Documents 
@) Music 
| Pictures 
®& Videos 


"WW 


1 Computer 
& Local Disk (C:) 
cw Local Disk (D:) 


= Sustem Reserved (G: ~  ‘ Wy) E 


Filename: SPEL.xml + [XML File (*xml) | 


Note: One ETAP project corresponds to one SPEL plant. If the newly published file is selected from a 
different SPEL plant, data synchronization will reject the import. 
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OK 


Click on this button to synchronize data between the SPEL project and the ETAP project. ETAP DataX 
interface performs a comparison between the two sets of data and generates Add, Modify and Delete 
actions. The actions are displayed in the ETAP Merge & Sync Wizard. 


Cancel 


Click on the “Cancel” button to close the editor. Data synchronization is not performed. 
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41.8.4 ETAP Merge & Sync Wizard 


When a SPEL published file is selected in the round trip cases (after the first import), ETAP will read the 
published file and depending on the size of the imported Plant from SPEL, the ETAP Merge & Sync 
Wizard will be launched as shown below. The user will be able to review the actions for each individual 
element and properties, and make decision to accept or reject them. 


Note: The Merge & Sync Wizard won’t launch if importing the SPEL published file into the ETAP 
project for the first time, which assumes all the imported data from SPEL is accepted. 


& ETAP Merge & Sync Wizard [o/el xf 
Merge Hements 
Dewice Selection From Project - Base To Project - Base Element Type State + Action Accep 
Se ee =) CAP! CAP! CAPACITOR Deleted (From) | Delete © 
a — 
a Places Hewes [+] Fuse7 Fuse7 FUSE Deleted (From) Delete 
All Loads a [+] MOV1 MOVI MOV Deleted (From) Delete 
All Motors ae ~ 
All Sources +| Main Bus Main Bus BUS Modified Modify 
Ammet — 
aoe +] Sub2B Sub2B BUS Modified Modify 
Bus J : : 
ec Tak [+] Sub 3 Sub 3 BUS Modified Modify 
Cable +] Bus2 Bus2 BUS Modified Modify 
Capacit __— 
— =) Bus! Bust BUS Modified Modify 7 
Composite CSD = : 
Se tee (+) Cablet Cablet CABLE Modified Modify 
eae Network +) Mtrt Mtr1 INDMOTOR Modified Modify 
lontactor — 
Current Transformer ¥ +| Mtr2 Mtr2 INDMOTOR Modified Modify 
[>] Mtr3 Mtr3 INDMOTOR Modified Modify 
Action (,] CBI CBI LVCB Modified Modify 
= [+] Utility Utility UTIL Modified Modify 
ione LJ 
Bl Add (+) S1 s1 SINGLESWITCH Modified Modify 
7] Modify [+] Loadt Load1 STLOAD Modified Modify 
7] Delete (-] T4 T4 XFORM2W Modified Modify 
Custom (-) 71 1 XFORM3W Modified Modify 
= [+] DBus_2 BUS New (From) Add 
("| Merge as Partial Project — 
(Initially Exported as Partial Project) [gi] Cable 01 om New (From) | Add 
TF] Ignore Location Changes [+] CONT! CONTACTOR New (From) Add 
(Dont overwrite own changes with imported) +|CTO1 CXFORM New (From) Add 
(-] CT_1 CXFORM New (From) Add 
Accept Al | | Reject Al fel Euse OL = FUSE ew (Enon At 
[Help | {Finish | [ Cancel 


Note: If partial publish is selected from SPEL, “Delete” actions won’t be generated. 
“Device Selection” Filter 


This filter helps the user to select the type of elements to be shown in the Merge & Sync interface for the 
ease of visualizing the associated actions or changes. 
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Device Selection 
AC DC @® AC&DC 
AllElements 


All Protective Devices 
All Loads 

All Motors 

All Sources 
Ammeter 

Battery 

Bus 

Bus Duct 

Cable 

Capacitor 

Charger 

Composite CSD 
Composite Motor 

| Composite Network 


Ww 


The Device Selection filter has three main filter categories (AC, DC, and AC & DC) and subcategory 
selections will allow users to view specific subcategories of elements. See the examples below: 


AC > All Elements = all AC elements are to be shown 
DC > All Elements = all DC elements are to be shown 
AC > Cable = all AC Cables are to be shown. 


“Action” Filter 


This filter gives the options to the user to specify what actions to be shown or hidden in the action list of 
the “ETAP Merge & Sync Wizard”. The action filter list includes the followings: 


Merge as Partial Project(Initailly Exported as Partial Project) 

In cases where only a partial of the SmartPlant Electrical project is published to ETAP, during the merge 
back to ETAP project on a round trip, there may be some undesired disconnections which may occur as a 
result. When performing a partial export of a project, not all elements and subsequently not all 
connections are present. Therefore, ETAP may assume that the SmartPlant Electrical has deleted those 
connections, and as a result connections may be unintentionally deleted in the ETAP project after merge. 


In order to avoid this scenario, checking this option and ETAP will consider the SmartPlant Electrical 
project’s exported file as a partial export. Connections will be maintained inside the ETAP project 


Ignore Location Changes 
This feature gives the user the option to ignore changing of the location of the existing elements in the 
ETAP project. In other words, the location of the existing elements in the ETAP project will remain intact 
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and the location changes coming through from the SPEL project will be ignored. 
Note: The “Ignore Location Changes” feature is only applied to existing elements. 


Accept All / Reject All Button 
This button allows users to globally accept all or reject all actions. Global accept/reject actions will only 
apply for the shown elements and will not apply to the filtered elements. 


Note: By accepting all the “None” actions, Project Merge will perform the rerouting of the connections 
and any necessary reconnections/disconnections from the copy project to the master project. If all of the 
“None” actions are not accepted, then there will be no rerouting of the connections for the elements if 
applied in the copy project. 


From Project 
Elements under this column are from the SPEL project. 


To Project 
Elements under this column are from the ETAP Project. 


Element Type Column 
This column displays the type of element. 


Accept Column 
By checking the Accept checkbox for any element, the action will be accepted for the merge process 


Properties Dialog 

By clicking the plus sign of an element listed on the “From Project” column, the list of all properties for 
this element will be opened in the “Properties Dialog” window. There are three types of colors inside this 
dialog which determines the property value status: 


e White = Identical values 

e Gray = Specifically assigned to the Identifier, ID and IID of elements if they are the same 

° Yellow = Different values (this overwrites the gray color to yellow if the Identifier, IDs or IDs 
are different) 


Cancel 
Selecting this will cancel the merge process, and no actions will be processed. 


Finish 
Select this to proceed with merging the accepted actions for the elements. 


ETAP 41-113 ETAP 19.0 User Guide 


ETAP Data Exchange SmartPlant Electrical 


41.8.5 Data Import Rules 


In order to perform data synchronization between ETAP and SmartPlant Electrical properly, the 
following rules need to be noted: 


Default Values 
When new elements are created in the ETAP project (in case of ‘Add’ action), the default values which 
are applied by ETAP, will replace the ones that are imported from SPEL with no values. 


Typical Data for Cables 

When the size of a cable (linked to the ETAP library) in the ETAP project is modified in subsequent data 
transfers, appropriate cable impedance and physical data is selected from the ETAP library based on the 
modified cable size from SPEL. 


Note that if a cable parameter which is set in SPEL has a value different from the ETAP library, for the 
cases when a cable is selected from the ETAP library, the value in the ETAP library takes precedence and 
is set in the ETAP project. 


Three Phases and Single Phase Systems 

For some specific single phase circuits, ETAP will not allow direct connections without any Phase 
Adapter component if there is a phase mismatch between those elements. Connections will be broken due 
to phase mismatch. 


AC/DC Systems 

For AC/DC systems, ETAP will not allow direct connections between AC and DC element. Valid 
connection must be made through proper devices and correct Equipment Identifier must be predefined in 
SmartPlant Electrical before importing the SPEL file to ETAP. 


Pseudo Buses 
The connecting point between two branches or a source/load and a branch requires a bus in ETAP. ETAP 
will add a bus/node at some locations if necessary when import SPEL project data. 


Composite Network/AC Composite Motor 

Composite networks allow user to graphically nest network elements within themselves to any arbitrary 
nesting depths in ETAP. However, SmartPlant Electrical doesn’t have this concept. ETAP exports 
everything as a flat diagram to SmartPlant Electrical even if the ETAP project has composites and those 
composites should remain unchanged and connections need to be properly made when retrieving a 
SmartPlant file into the existing ETAP project. 


Composite motors are used as a tool to group motors in the ETAP one line diageam. Only specific 
elements can be included in Composite motors 


The elements that you can include inside a composite motor are: 
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e =Induction Motors e Single Throw Switches 

e Synchronous Motors e Instrument Transformers (Current) 
e Static Loads e Instrument Transformers (Potential) 
e Lumped Loads e Overcurrent Relays 

e MOVs e Frequency Relays 

e Capacitors e Voltage Relays 

e Harmonic Filters e In-Line Overload Relay 

e LV Circuit Breakers e Voltmeters 

e HV Circuit Breakers e Ammeters 

e Contactors e = Mulit-Meters 

e Overload Heaters e Uninterruptable Power Supply 

e Reclosers e Variable Frequency Drive 

e Fuses e AC Composite Motors 


Connections will not be handled or remote connectors will be created for some specific cases as far as the 
composite networks are concerned, in current version of ETAP as described in the followings. These 
exceptions will be handled in the next point release of ETAP: 


If there is an element originally connected inside the composite motor and there is a newly added 
element on the SPEL side (in the round trip) that is not allowed to be placed/connected inside the 
composite motor, then ETAP will place the new element outside of the composite motor. 


Here is an example of this specific case: 


ETAP 


Cable2 was added between SWBR-1 and Load1. However Load1 was in Composite Motor, Cable can't be included 
inside a Composite Motor. ETAP moved Cable2 out of network and broke connections of Load1. 


LIIEC Stich (Fit cade) o/ 8) & 
8) IEC Study= > Networkd ( coc! 2 8 


E 


SS 
© IEC Study=>—=>Cmt2 (Efe) 
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e Connections will not be handled if there are multiple proxies originally connected to one element 
(such as a bus in ETAP): 


e Connections will not be handled if there are multiple layers of AC Motor Composite inside each 
other: 
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e Remote connector will be created in a round trip if the proxy is directly connected to a composite 
(the connection is still there and not broken): 


t 


Network3 
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41.8.6 Data Mapping (Universal Mapping Utility) 


The Universal Data Exchange (DataX) Mapping Utility interface serves to standardize the process of 
mapping electrical properties from external power system programs & databases (third-party) to ETAP. 
This interface supports the mapping of the elements and their properties, and make functions, equations 
and additional variables available to better transfer, transform, and manipulate the data. 


This section describes the general process of mapping the information specifically for SmartPlant 
Electrical. For comprehensive features and capabilities of this tool please refer to section Universal DataX 
Mapping Utility for details. 


r 


2 Property Editor 


Source Database Database Mapping File 
| 4 


Database Mapping 


Element | 


SPEL Mapping File 

A default mapping file “SmartPlant.xml” which includes the mapping of all the supported elements and 
their properties, is saved in the following folder: DataExRes\UniversalMapping, which may be found in 
the folder where ETAP is installed. 


Note: The name of this default mapping file for SPEL must be SmartPlant.xml. 
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Once the first import is performed or the mapping command is invoked, a mapping file associated with 
the ETAP project will be created and kept under the project folder in: DataEx_SPEL. User will also be 
able to set up customized mapping for different projects. 


Accessing Universal Mapping Utility for SPEL 
There are two ways to access Universal Mapping tool for SPEL. 


e From the ETAP File Menu, point to Data Exchange\Universal Mapping, and select “SmartPlant” 
from dropdown list of Source Database. 


Note: Any changes made from here will overwrite the default mapping file “SmartPlant.xml”. 


e From the ETAP File Menu, point to Data Exchange/SmartPlant Electrical, and locate “Mapping”. 
“SmartPlant” mapping will be automatically selected as the Source Database if accessing the 
Universal Mapping via Data Exchange\SmartPlant Electrical\Mapping. In this case changing the 
Source Database (which is SmartPlant) is not allowed. 


& 7 
% Property Editor sax ™) 


Source Database Database Mapping File 
| SmartPlant | Restore to Default _| 


Database Mapping 


Soar | name |] Sgt | spe 


BatteryBank Battery Bank 
BatteryCharger | Battery Charger 


Impedance 

DCImpedance 
Busway_BusDu | Bus Duct Bus Duct 
Busway_HVDCL | DC Link HVDCLink 
Busway_Transm | Transmission Line TransmissionLine 
| Cabinet Cabinet 
4 StaticLoad 
DCStaticLoad 


Cable 

DCCable 
Capacitor Capacitor Capacitor 
CircuitBreaker_ | DCCB DCCircuitBreaker 
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Source Database 


Select SmartPlant from a list of supported external software database and all the pre-defined mappings 
will be populated. 


Database Mapping 


This section displays all the pre-defined SPEL and ETAP equivalent elements and properties. 


SmartPlant Element 

This column displays a list of the SPEL equipment which are the supported elements between ETAP and 
SPEL. Please refer to the Supported Elements section for the supported elements and the overall mapping 
of the elements and the sub-elements. Duplicate element names are not allowed. 


Alias 
User-defined alias name given to SPEL elements. This field may be left blank. 


Subtypes 


Note that in cases where the mapping is "many-to-one", subtypes are used to specify different element 
type. 


Note: Users must define the type by specifying the identifier that select from the Equipment Type 
Identifier select list in SmartPlant Electrical. 


ETAP Element 
This column displays a list of ETAP elements to be picked for the equivalent SPEL element. 


Note: Equipment which are not listed in the above table will not be supported in this release of ETAP. 


“Expand >>” or “<< Hide” 
Expand or hide the window to allow definitions of electrical properties for SPEL elements. 


Property Mapping 

This section allows mapping of element properties. In default mapping file “SmartPlant.xml”, all the 
essential properties are mapped. Also the equations and logical functions have been utilized in order to 
predefine the mapping of the properties to the corresponding parameters on the SPEL side, if necessary. 
User can also set up customized mapping of properties for different projects. 


Logic 

Select this option to enable Mapping Logic, allowing property mapping with logical functions and 
equations. For more details of equation/function/logic selection please refer to section Universal DataX 
Mapping Utility. 


Once this option is enabled, mapping logic can be displayed/added/modified by clicking on the “+” sign 
on the left hand side of logic checkbox. 


ETAP Name 
Name of the ETAP property. 


Unit 
Units of measurement for the ETAP property. This field is display-only and cannot be changed. 
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SmartPlant Name 
Name of the SPEL equipment property to be mapped to an equivalent ETAP property. The available 
fields can be determined by the definitions in the Element Editor interface. 


Description 
Description of SPEL equipment property. This field is display-only and displays the description defined 
in the Element Editor interface. 


Unit 
Units of measurement for the SPEL equipment property. This field is display-only and displays the units 
of measurement defined in the Element Editor interface. 


Mapping Direction 
This field shows the mapping direction: From SPEL to ETAP, from ETAP to SPEL or Both Directions. 
User can change the mapping direction by selecting the dropdown list. 


Restore to Default 
Restore the mappings to default settings. This will override any user modified mappings. 


Export to Access DB 


Export the mapping file in the format of Microsoft Access. This MDB file will be used to build/update 
mapping on the SmartPlant Electrical side in the Options Manager. 
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41.8.7 Export ETAP Project Data 


In the case of selecting an element(s) in the one line diagram and running “Export ETAP Project Data”, 
the below dialog will appear to confirm partial or full exporting. This dialog won’t appear if there are no 
devices selected in the one line diagram. 


cr : 
Export XML File - Partial Export Ex) 


There are elements selected in the current One Line Diagram. 


Do you want to export selected elements only? 


a Click Partial to export selected elements only - Partial Export. 
Click Full to export all elements. 
Click Cancel to cancel export. 


se 


For both full and partial exporting the "Save As" dialog will appear as shown below. 


. 


4g 
7 Save As 


Gv- n} > Computer >» Local Disk (C:) » ETAP 1400 v | + 


Organize v New folder 


Name Date modified Type Size 
(= Libraries 


==) Documents 


A) Music 
=| Pictures 
®& Videos 


No items match your search. 


1 Computer 
&, Local Disk (C:) 
a Local Disk (D:) 
caw System Reserved (G:) 
DVD Drive (H:) Esri 


mi 


Gu Network 
File name: . 
Save as type: | Extensible Markup Language Files (*.xml) 4 | 


+ Hide Folders 


In order to save the exported XML file, select the destination folder and the XML file name. Note that if 
an existing XML file is selected the existing data will be overwritten. 
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41.8.8 ETAP — SPEL Cable Library Synchronization 


ETAP — SPEL cable library synchronization interface allows users to share cable library data between 
ETAP and SPEL projects. The following block diagram shows data flow of cable library synchronization. 


SmartPlant ; : ETAP 
Electrical er ue mean Lib Project 
System y tility 
MS Access 
Reference Cable Lib 


ETAP — SPEL cable library data synchronization is bridged by a MS Access database. Users can import 
or export ETAP project cable library data from or into the MS Access database by using the ETAP Lib 
Utility. Through SPEL Lib Utility in SPEL System project, users can also export or import cable library 
data into or from the MS Access database. 


How to Perform Cable Library Data Synchronization 
Import Cable Library Data from SPEL 


1) A cable is not in ETAP cable library — A new cable header with its info will be added into the 
ETAP cable library. 
2) A cable header exists in ETAP cable library — The cable library data will be updated. 


Export Cable library data to SPEL 
Cable library data in ETAP can be exported. Note that the exported cable library data is only for the 
cables used in current ETAP project. 


Access the ETAP Lib Utility 
The “Import SPEL Cable Lib” and “Export ETAP Cable Lib” commands can be invoked by going to the 
File | Data Exchange | SmartPlant Electrical menu then select Import/Export Cable Lib. 


When the “Export ETAP Cable Lib” command is selected, the following dialog will appear to allow the 
user to save the exported cable library data into a MS SQL CE file. 
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x) 
| 
A] 


—.. | 


fa 
@ Save As 


Gov: ib > Computer > (C:) » ETAP 1400 7 


Organize ¥ New folder 


ww Favorites Date modified 


GB Libro No items match your search. 
ibraries 

Documents 

PB) Music 

Pictures 

& Videos 


i Computer 
& Local Disk (C:) 
a Local Disk (D:) |e m r 


Filename: ETAPCableLib = 
Save as type MSSQLCEFles C50 


\* Hide Folders 


A message saying exported successfully will show up. 


Cable library data based on this project is exported successfully! 


A MS Access file will be generated at the same location where the .sdf file was saved. This MS Access 
file will be used in the SPEL side to import the cable data. 


GeIE © computer > Local Disk (C) > ETAP1400 a +5 || Search ETAP 1400 Pp 
ize~  Includeinlibrary ¥  Sharewith > | Burn | New folder —— 
y 


> Se Favorites = A.mdb file is generated — Date modified 


etapcablelib.mdb 6/19/2015 1:48PM Microsoft Office A... 
> (Bj Libraries ETAPCableLib.sdf 6/19/2015 1:48PM — SDF File 


aa 


When the “Import SPEL Cable Lib” command is selected, the following dialog will appear to allow the 
user to select the MS Access file which has been exported from SPEL. 
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Filename: ETAPSPELCableLib.mdb 


Cable library data has been successfully imported! 
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41.8.9 Mapping 
If “Mapping Table” option is selected, the Universal DataX Mapping Utility for SPEL will be invoked. 


How to Create Mapping File for Different Projects 


ETAP will search for customized mapping file of this project in Project folder\DataEx_SPEL, and the 
Source Database is forced to be “SmartPlant”. 


f Sa) 


Ov-lu « Local Disk (C:) » ETAP 1400 » NewProject > ¥ | +4 | [ Search NewProject -P 
Organize v Include in library v Share with ¥ Burn New folder a= ~ il @ 
eee Name Date modified Type Size 

}) DataEx_SPEL 6/19/2015 2:33PM File folder 
(&@ Libraries [=| NewProject.MDF 6/19/2015 2:33 PM MDF File 24,640 KB 
[t| NewProject.OTI 6/19/2015 2:33 PM OTI File 12 KB 

| > oli Computer | (EI NewProject_log.LDF 6/19/2015 2:33 PM SQL Server Databa... 4,288 KB 

Gu Network 


OSE SE 309 a 


Organize v Include in library v Share with v Burn New folder f= » Gil @ 
Sg es Name Date modified Type Size 

__| NewProject_SPEL.xml 5/27/2015 9:59 AM = XML File 2,511 KB 
(Libraries 
1 Computer 
ui Network 


e If there is a mapping file inside of folder “DataEx_SPEL” the Universal DataX Mapping Utility 
will populate all the mappings based on this project specific mapping file. 


Note: The name of project mapping file will be “<ProjectName>_SPEL”. 
e If the folder “DataEx_SPEL” or the project mapping file doesn’t exist in the path “Project 


folder\DataEx_SPEL” ETAP will create the project mapping file by copying the default mapping 
file “SmartPlant.xml”. 
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E 


Note: Any changes of mapping made here will only overwrite this project mapping file which is under 
project folder “DataEx_SPEL” and will not affect SPEL default mapping file “SmartPlant.xml” under 
the ETAP installation DataExRes\UniversalMapping\ folder. 


For more details regarding customize mappings for different projects please refer to section Data 


TAP Data Exchange 


SmartPlant Electrica 


DCimpedance 


Bus Duct 


BusDuct 


DC Link 


HVDCLink 


Transmission Line 


TransmissionLine 


Cabinet 


StaticLoad 


DCStaticLoad 


Cable 


DCCable 


Capacitor 


| DCCircuitBreaker 


|| | Ke 


| 


Mapping (Universal Mapping Utility). 


ETAP 


HighVoltageCircuit 


olta = 


| Expand >> 


a 
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41.9 AVEVA Electrical 


AVEVA Electrical is a feature-rich software suite for electrical engineering and design. The ETAP- 
AVEVA Electrical interface is a tool for synchronization data between ETAP and AVEVA Electrical. It 
offers comprehensive capability for the efficient design, development and production of the most 
complex electrical installations in all types of process and power plants, ships and offshore facilities. The 
block diagram shown below explains the data flow process. 


AE Exportto ney 


ETAP DataX 
Interface 


Add, Modify & 
Delete Actions 


Add, Modify & 
Delete Actions 


AE Compare& 
Update 
Interface 


ETAP Exported Data 


ETAP —- AVEVA Electrical Data Exchange Data Flow 


The integration of engineering design tool AVEVA Electrical with ETAP electrical system analysis 
solution will enhance productivity and enable a more seamless and efficient work flow for our customers. 
It offers electrical engineers a completely flexible approach to electrical engineering and design. 
Electrical engineers will be able to create and manage detailed design information of projects either in 
ETAP or AVEVA Electrical, and transfer data (synchronize) between ETAP and AVEVA Electrical 
multiple times. This essentially means adding new equipment, updating existing equipment data, and 
removing equipment no longer in use. As a result, data in ETAP and AVEVA Electrical are kept 
consistent without going through the manual process of recording additions and modifications in both 
systems. 


A published file contains all the essential electrical data for equipment and connectivity info of an 
AVEVA Electrical project is exported from AVEVA Electrical (specified during integration setup). This 
file is used to import AVEVA Electrical project in ETAP. This can be invoked through menu: File | Data 
Exchange | AVEVA Electrical | Import AVEVA Electrical Project. 

ETAP-AVEVA Electrical Interface is available from ETAP v14.0.0 


For importing data from ETAP to AVEVA Electrical please refer to the AVEVA Electrical Engineer User 
Guide. 
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41.9.1 Supported Elements 


AVEVA Electrical Type 
Ampere Meter 
Miscellaneous Supply 

Cable 

Miscellaneous Load 

Contactor 

Current Transformer 

Double Throw Switch 

Fuse 

High Voltage Circuit Breaker 
Low Voltage Circuit Breaker 
Single Throw Switch 

In line Overload Relay 

Motor 

Miscellaneous Load, HVAC Unit 


Cabinet/Panel, Heater, Socket Outlet, Welding 
Static Load Socket, Lighting, Miscellaneous Load, Earth 
Resistor 


Volt eter 


Potential Transformer 
Transformer 
Transformer 

Ground Switch 


Variable Frequency Drive Variable Speed Drive 


Note: Any equipment which is not listed in the above table will not be supported in this release of ETAP, 
such as DC equipment, Inverter, etc. 
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41.9.2 Accessing the DataX AVEVA Electrical Module 
From the ETAP File Menu, point to Data Exchange, and locate “AVEVA Electrical”. 


There are 2 commands under menu “AVEVA Electrical” used to transfer data between ETAP and 
AVEVA Electrical. 


e Import AVEVA Electrical Project 
e Export ETAP Project 


AVEVA Electrical allows user to export project data to ETAP (specified during integration setup). If the 
“Import AVEVA Electrical Project” is selected, ETAP will import data from the published file exported 
from an AVEVA Electrical project into the ETAP project. The steps involved in synchronizing an 
AVEVA Electrical project with an ETAP project are as follows: 

If importing an AVEVA Electrical project file into a brand new ETAP project: 


e Select the published file 
e Import data into the ETAP project and ETAP creates one-line diagram automatically 


If importing an AVEVA Electrical project into an existing ETAP project (round trip): 
e Select the published file 
e Add, Modify or Delete actions are determined by the ETAP Data Exchange interface after 
comparison of existing ETAP project data and data in the published file from AVEVA Electrical 


e Actions may be accepted or rejected by a user however by default all the actions are not accepted 


Import and update data into the ETAP project. 
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41.9.3 Import AVEVA Electrical Project 


When users import an AVEVA Electrical project into ETAP, the frequency of this AVEVA Electrical 
project must be the same as the ETAP project. Otherwise, data synchronization will reject the import and 
error messages as shown in below will shows up. 


c 


Existing project standard is not 50 Hz, import is aborted 


M 


Existing project standard is not 60 Hz, import is aborted 


For a new project, the frequency must be defined as the same as the frequency in the AVEVA exported 


file, i.e. 50 or 60. 


- 
Create New Project File 


Project File 


Name 


Unit System 


© English (60 Hz) 


Directory C:\ETAP 1400', 


Password 


@ Metric (50 Hz) 


ETAP 


rx 


Browse ... 


ODBC 


Driver | Local SOL DB ¥ 
Advanced Parameters ... 


Cancel 


Required 
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One ETAP project corresponds to one AVEVA Electrical project. If the exported file from AVEVA 
Electrical is from a different project, data synchronization will reject the import. 


Following window is populated if “Import AVEVA Electrical Project” is selected in ETAP. It allows 
selection of the exported files (with extension “xml”). The selected file will be imported into the ETAP 
project. 


( | 
? Open |_ 38 
Ov-elk >» Computer > Local Disk (C:) » ETAP 1400 ¥ | +4 | Search ETAP 1400 Pp 

Organize v New folder cv Fl © 
3& Favorites Name : Date modified Type Size 
|, AVEVAExport.xml 5/12/2015 3:46 PM XML File 19 KB 
Libraries 
| >) Computer 
tu Network 
4 | m r 
File name: AVEVAExport.xml Sa | Extensible Markup Language Fi v | 
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41.9.4 ETAP Merge & Sync Wizard 


When a published file from AVEVA Electrical is selected in the round trip cases (after the first import), 
ETAP will read the published file and depending on the size of the imported Plant from AVEVA 
Electrical, the ETAP Merge & Sync Wizard will be launched as shown below. The user will be able to 
review the actions for each individual element and properties, and make decision to accept or reject them. 


Note: The Merge & Sync Wizard won’t launch if importing the AVEVA Electrical file for the first time 
into the ETAP project, which assumes all the imported data from AVEVA Electrical will be passed to the 
ETAP project. 


 ETAP Merge & Sync Wizard o|S8 8 
Merge Bements 
Device Selection From Project - Base To Project - Base Element Type State Action Accept ra 
a OCR aee soe ) UtilityBus 1 UtilityBus 7 BUS Modified Modify 
Frolectve Devices = RES AY BUS Modified Modify 
otal Fs (81 B1 BUS Modified Modify 
Ad Sources +|C1 C1 BUS Modified Modify 
oe =] MCCI 1 DBus_3 BUS Modified | Modif 
~ ) DBus_1 DBus_1 BUS Seme None 
Cable +| DBus_4 BUS New (From) Add 
Sama -) DBus_5 BUS New (From) | Add C 
ramascrcp red >] DBus_6 BUS New (From) Add 
— Network >] DBus_2 DBus_2 BUS Same None 
Current Transformer 4 +| DBus_7 BUS New (From) Add 
() Cable02-1 Cable02 CABLE Modified Modify 
Action (=) Cable-indM21 CABLE New (From) Add 
7 None +| Cable-IndM1 CABLE New (From) Aad 
WI Add [+] Cableot Cabled! CABLE Modified Modify 
J) Modty [+] Cable_Gen CABLE New (From) Add 
Y) Delete =] A Comp! Cont? AComp! Conti CONTACTOR Modified Modify 
|_ Ei Custom (5) UtilityBus Comp2 CT1 UtilityBus Comp1 CT1 CXFORM Modified Modify 
(-] B Comp2 F1 B Comp2 F1 FUSE Modified Modify 
ridden trpg top Project) +) Gen1 SYNGEN New (From) Add 
+ | UtilityBus Comp? HVCB1 UtilityBus Comp2 HVCB1 HVCB Modified Modify 
(Dont overwnte own changes with imported) (3) UtilityBus Comp2 HVCB1 UtilityBus Comp? HVCB1 HVCB Modified Modify 
[+] C Comp2 HVCB1 HVCB New (From) Add 
ances Ata yr [) ind M1 Ind M1 INDMOTOR Modified Modify : 
Help | { Frsh } [Cancel | 


“Device Selection” Filter 
This filter helps the user to select the type of elements to be shown in the Merge & Sync interface for the 
ease of visualizing the associated actions or changes. 


ETAP 
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Device Selection 
AC *) DC @® AC&DC 
AllElements 


All Protective Devices 
All Loads 

All Motors 

All Sources 
Ammeter 

Battery 

Bus 

Bus Duct 

Cable 

Capacitor 

Charger 

Composite CSD 
Composite Motor 
Composite Network 


Ww 


The Device Selection filter has three main filter categories (AC, DC, and AC & DC) and subcategory 
selections will allow users to view specific subcategories of elements. See the examples below: 


AC > All Elements = all AC elements are to be shown 
DC > All Elements = all DC elements are to be shown 
AC > Cable = all AC Cables are to be shown. 


“Action” Filter 
This filter gives the options to the user to specify what actions to be shown or hidden in the action list of 
the “ETAP Merge & Sync Wizard”. The action filter list includes the followings: 


Ignore Location Changes 
This feature is always enabled and greyed out for AVEVA Electrical interface. ETAP always ignore 
location changes of existing elements in ETAP project. 


Note: The “Ignore Location Changes” feature is only applied to existing elements. 
Accept All / Reject All Button 
This button allows user globally accept all or reject all actions. Global accept/reject actions will only 


apply for the shown elements and will not apply to the filtered elements. 


From Project 
Elements under this column are from the AVEVA Electrical project. 


To Project 
Elements under this column are from the ETAP Project. 
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Element Type Column 
This column displays the type of element. 


Accept Column 
By checking the Accept checkbox for any element, the action will be accepted for the merge process 


Properties Dialog 

By clicking the plus sign of an element listed on the “From Project” column, the list of all properties for 
this element will be opened in the “Properties Dialog” window. There are three types of colors inside this 
dialog which determines the property value status: 


e White = Identical values 

e Gray = Specifically assigned to the Identifier, ID and IID of elements if they are the same 
Eee = Different values (this overwrites the gray color to yellow if the Identifier, IDs or IIDs 

are different) 


Cancel 
Selecting this will cancel the merge process, and no actions will be processed. 


Finish 
Select this to proceed with merging the accepted actions for the elements. 


Known Limitations 


Connections 
The following Element Types will not have their connection information updated in ETAP from the 
AVEVA Electrical side: 


Voltmeter 

Ammeter 
Multi-Meter 

Potential Transformer 
Relay 


ID Length 

ETAP requires Element ID to be less than 25 alphanumeric characters. If any element ID in AVEVA 
Electrical project is more than 25 alphanumeric characters, ETAP will populate an error message as 
shown in below. 


G 7 


ETAP xs 


(x) String data, right truncation 
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Revision 
“Export ETAP Project” option is only active in Base Revision in ETAP. 


Layout 

AVEVA Electrical doesn't store any location information of devices. ETAP will calculate locations of all 
the equipment if import an AVEVA Electrical project file into a brand new ETAP project. If import an 
AVEVA Electrical project into an existing ETAP project (round trip), the locations of existing elements 
in ETAP will remain intact as before. ETAP will only determine the locations for the new elements. 


The locations of existing elements in Composite network/Composite motor will remain at same location 
as before. Any new element will go to the top corner of Composite network/Composite motor 
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41.9.5 Data Import Rules 


Default Values 
When creating new elements in ETAP (in case of ‘Add’ action) the default values of some properties will 
be replacing the ones that carry no values from the AVEVA Electrical side. 


Pseudo Buses 
The connecting point between two branches or a source/load and a branch requires a bus in ETAP. ETAP 
will add bus/node at the necessary locations when importing an AVEVA Electrical project into ETAP. 


Equipment Cables 

AVEVA Electrical doesn’t have the concept of equipment cable. If the data synchronization starts from 
an ETAP project which contains equipment cables, AVEVA Electrical will create regular cables instead. 
However ETAP will always recognize them and maintain equipment cables on the import trip unless user 
replaced these cables with new cables. 


Composite Network/AC Composite Motor 

Composite networks allow user to graphically nest network elements within themselves to any arbitrary 
nesting depths in ETAP. However, AVEVA Electrical doesn’t have this concept. ETAP exports 
everything in flat to AVEVA Electrical even if the ETAP project has composites. And those composites 
should remain unchanged and connections need to be properly made when retrieve AVEVA Electrical 
XML file into the existing ETAP project. 


Composite motors are used as a tool to group motors in the system. Only specific elements can be 
included in Composite motors. 


The elements that you can include inside a composite motor are: 


e =Induction Motors e Single Throw Switches 

e Synchronous Motors e Instrument Transformers (Current) 
e §©Static Loads e Instrument Transformers (Potential) 
e Lumped Loads e Overcurrent Relays 

e MOVs e Frequency Relays 

e Capacitors e Voltage Relays 

e Harmonic Filters e In-Line Overload Relay 

e LV Circuit Breakers e Voltmeters 

e HV Circuit Breakers e Ammeters 

e Contactors e = Mulit-Meters 

e Overload Heaters e Uninterruptable Power Supply 

e Reclosers e Variable Frequency Drive 

e Fuses e AC Composite Motors 


Connections will not be handled or remote connectors will be created for some specific cases as far as the 
composite networks are concerned, in current version of ETAP as described in the followings. These 
exceptions will be handled in the next point release of ETAP: 


e If there is an element originally connected inside the composite motor and there is a newly added 
element on the AVEVA Electrical side (in the round trip) that is not allowed to be 
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placed/connected inside the composite motor, then ETAP will place the new element outside of 
the composite motor. 


Here is an example of this specific case: 


Cable2 was added between SWBR-1 and Load1. However Load1 was in Composite Motor, Cable can't be included 
inside a Comp osite Motor. ETAP moved Cable2 out of network and broke connections of Load1. 
soneeememmenmente sods wage 


lSsTersy 


5) EC Study=>Networtd (_. [oo |S) 8 | 


e Connections will not be handled if there are multiple proxies originally connected to one element 
(such as a bus in ETAP): 


2 proxies connected 
to the same bus 


Xfmr03 


SWRK-A 
uw 


Motor 
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e Connections will not be handled if there are multiple layers of AC Motor Composite inside each 
other: 


e Remote connector will be created in a round trip if the proxy is directly connected to a composite 
(the connection is still there and not broken): 
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41.9.6 Mapping 


There are no mappings of the devices or properties done on the ETAP project side. All the mappings of 
the elements and their properties can be determined on the AVEVA Electrical side. 
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41.9.7 Export ETAP Project Data 


ETAP always exported the entire project to AVEVA Electrical if “Export ETAP Project Data” is selected, 
the below window will appear to save the exported XML file. 


- 
? Save As | ES 


COv-lk >» Computer » Local Disk (C:) » ETAP 1400 5 


Organize ¥ New folder oz @ 
MA Cactus Name Date modified Type Siz 
No items match your search. 
Libraries 


1 Computer 


Gu Network 


File name: ETAPExport.xml 


Save as type: | Extensible Markup Language Files (*.xml) ¥ | 


) Hide Folders | Save | [Cancel | 


In order to save the exported file, select the destination folder and the file name. Note that if an existing 
file is selected the existing data will be overwritten. 
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41.10 Universal DataX Mapping Utility 


The Universal Mapping Utility interface in Data Exchange (DataX) serves to standardize the process of 
mapping electrical properties from external Power System programs/databases (third-party) to ETAP. 
This interface is a very powerful tool which supports the mapping of database elements, element 
properties, and includes the use of equations, functions and customization of the mapping to better 
transform and manipulate data. Element connections and one-line diagram layout settings are not 
available through this tool. 


Note: Each external software database will have a different structure, so this tool may have features that 
are unique for each external software database. 


Accessing Universal Mapping Utility 
As the import tools are used to add or modify data in the ETAP project, they are only active in the Edit 


mode. 


From the ETAP File Menu, point to Data Exchange, and locate “Universal Mapping”. 


ETAP 


File ‘| Edit View Project Library Warehou 


si New Project... 

(SF Open Project... 
Close Project 
Log Off 


ld Save Project 
Copy Project To... 


Save Library 


Print Setup... 
[a Print Preview... 


i Print... 


Batch Print... 


Data Exchange r 


Ctrl+Shift+P 
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Export Metafile... 
Export Protective Device... 
Export Excel - Open Format 


Export XML - One-Line r 
Export Load Ticket » 
Export RAW Format r 


Export to PSCAD... 
Export to EMTP-RV... 


Project Merge r 


Universal Mapping... 


SmartPlant Electrical r 
AVEVA Electrical r 


E-mail Project Files... 
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41.10.1 Property Editor 


Select Universal Mapping from the ETAP Data Exchange menu to open the interface. 


Property Editor 


Source Database Database Mapping File 


Database Mapping 


Source Database 


Select from a list of supported external Power Systems programs/databases. When a database is selected, 
fields below will populate with existing data. 


Note: Not all external software supported by ETAP Data Exchange is listed in this selection field. 
Database Mapping File 

Individual source database mapping files are saved in the DataExRes\UniversalMapping\ folder, which 
may be found in the folder where ETAP is installed. 

Restore to Default 


Restore the currently selected source database mapping to default settings. This will override any user 
modified mapping. 
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Database Mapping 


This section displays all of the defined elements from the selected external software database, and the 
ETAP element equivalent if applicable. 


Element 

The name of external source database elements. This field may pertain to general element types. For 
example, a Breaker or Switch field may pertain to elements such LV circuit breakers, HV circuit breakers, 
or Single-Throw Switches in ETAP. Duplicate property names are not allowed. 


Alias 
User-defined alias name given to external source database elements. This field may be left blank. 


Support Subtype 

Select this option to enable support of element subtypes. If this option is not selected, then subtypes will 
not be supported, and the selected element will be mapped to a single equivalent ETAP element. Only 
certain external software database elements will have this option available. 


When subtypes are enabled, a single external source database element type may be mapped to multiple 
equivalent ETAP elements. 


Subtypes 
Specified type of element subtype. Subtypes will be defined by default for each external software 
database, and may not be changed by users. 


Skip Mapping 
Select this option to skip the mapping of the specified element or element subtype to an ETAP element. 


If mapping is skipped for a subtype, then the selected subtype will not be mapped. 


ETAP Element 
Equivalent ETAP element to the external source database element or element subtype on the same row. 
Available fields will be determined by the type of external source database element. 


Add 


Launch Element Editor, and allow definition of a new external source database element. 


Edit 
Launch Element Editor for the selected row, and allow modification of settings for a selected source 
database element. 


Remove 
Remove the external source database element from the selected row. Element subtypes cannot be 
removed unless the entire element is removed. 


“Expand >>” or “<< Hide” 


Expand or hide the window to allow definitions of electrical properties for the selected external source 
database element. 
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Help 
Open the ETAP Help File. 


Save 


Save all changes made to the selected source database. This allows users to save changes to mapping and 
continue making changes without closing the interface. 


Note: The Database Mapping File of the selected source database located in the ETAP installation 
location DataExRes\UniversalMapping folder is updated with changes. 


OK 


Close the editor and save all change made to the selected source database. 


Note: The Database Mapping File of the selected source database located in the ETAP installation 
location DataExRes\UniversalMapping folder is updated with changes. 


Cancel 
Close the editor and discard any changes made. 


ETAP 41-145 ETAP 19.0 User Guide 


ETAP Data Exchange Universal Mapping 


41.10.2 Element Editor 


Selecting “Add” or “Edit” from the Property Editor interface opens the Element Editor. 


fa . 
2 SmartPlant Element Editor [3 | © |e) 


Blement Name: |Current Transformer 


Alias : CT 


Description Y PropertyType Y¥ 
The maximum current that an equipment Current 


string providing the tag number of the ite | 
=a — ——£ *2O« 


The editor allows definition of source database elements and element properties. 


Element Name 
Name of external source database elements. This field may not be changed once it has been defined. 


Alias 
User-defined alias name given to external source database elements. This field may be left blank. 


Element Type 

Define the element as a specific type of element, such as a bus, source, load, branch, or protective device. 
The selected field will determine which ETAP elements this external source database element may be set 
equivalent to. 
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Note: If this field is changed, all existing mapping to an ETAP element and ETAP properties will be 
removed. 


Element Properties 


Element properties and respective descriptions may be defined in this section. Note that if any properties 
are currently mapped to ETAP properties, they cannot be removed from the list. 


Name 
Name of external source database element properties. Duplicate property names are not allowed. 


Description 
Description of source database element properties. This field may be left blank. 


Property Type 
The type of the source database element property. This field may be left blank. 


This field may not be modified if the property is currently mapped to ETAP properties. 


Unit 
The unit type of the source database element property. This field may be left blank. The selection is based 
on the selected Property Type. 


This field may not be modified if the property is currently mapped to ETAP properties. 


Add 


Add a new row to the Element Properties section, which will allow for additional definition of properties. 


Remove 
Remove the selected property row from the Element Properties section. Properties cannot be removed if 
they are current mapped to ETAP properties. 


Insert All 
Insert all available and known external source database properties that have not yet been defined. This 
function will not be available for some source databases. 


Remove All 
Remove all third-party database element properties associated with the element. This will be disabled if 
any properties are mapped to ETAP properties. 


OK 


Close the editor and save all changes made to the element. 


Cancel 
Close the editor and discard any changes made. 
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41.10.3 Properties 


Selecting “Expand >>” from Property Editor expands the interface and allows mapping of element 
properties. 


Logic Selection 

This section allows users to view the available external source database element properties, as well as 
view and use Operators and Functions that may be used when defining logical equations. Logical 
equations may be necessary when converting external source database element properties to ETAP 


properties. 


Logic Selection 
Operators Description 
( Database Properties - »| Retumsthe absolute value + — 
= . =| of the contained value 
(* Operators / 5 
. ; * abs{ value ) 
Functions labs 
acos 
( User Defined Variable | asin = 
atan Ms = 


Note: The logic selection section is only enabled (available) when an element or a subtype element is 
selected/highlighted in the Database Mapping window. For the elements that have subtypes, selecting the 
element itself will not enable the logic selections and only the subtype must be selected. 


Database Properties 


When this option is selected, the external source database properties as defined in the Element Editor with 
corresponding descriptions will be displayed in the windows to the right. 


Any properties available here may be directly mapping to ETAP element properties. 


Operators 

When this option is selected, the available Operators and corresponding descriptions will be displayed in 
the windows to the right. Operators may contain mathematical expressions and tools that may be used in 
logical equations. 


Functions 

When this option is selected, the available Functions and corresponding descriptions will be displayed in 
the windows to the right. Functions are expressions that allow simplification of logical and mathematical 
equations. Available Functions will be determined by the selected ETAP element. 
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User Defined Variable 
When this option is selected, any definitions in the User Defined Variable interface and corresponding 
descriptions will be displayed in the windows to the right. 


Description 
The Description window displays descriptions for each selected field and may details on how to use the 
individual fields. 


Insert 
Select this option to directly insert the selected field from the right window to the currently selected 
ETAP property Mapping field’s Mapping Logic field. 


Filter 
Filter the displayed selection based on the text entered in this field. 


Property Mapping 


Property Mapping 

Logic Y ETAP Name y Unit y Name Y| Description Y Unit Y} * 
VAngA degree ¥ 
VAngB degree = 
VAngC degree ¥ 
VIHD % = 
VMag = ° 
VMagA % ~ 
VMagB % + 
VMagC % ¥ 
VMaxLimit % ¥ 
VMinLimit % we = 


Logic 

Select this option to enable Mapping Logic, allowing property mapping with logical equations. When this 
option is enabled, selections in the ETAP Name column will not be considered. When this option is 
disabled, selections in the ETAP Name column will be considered for property equivalent mapping. 


ETAP Name 
Name of the ETAP property. 


Unit 
Units of measurement for the ETAP property. This field is display-only and cannot be changed. 


<Database> Name 
Name of the external source database element property to be mapped to an equivalent ETAP property. 
The available fields are determined by the definitions in the Element Editor interface. 
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If the units of measurement differ, then user-defined Mapping Logic definitions may be required to 
convert the units of measurement to ETAP defaults. 


Description 
Description of source database element property. The field is display-only and displays the description 
defined in the Element Editor interface. 


Unit 
The unit type of the source database element property. The field is display-only and displays the units of 
measurement defined in the Element Editor interface. 


Mapping Logic 
The Mapping Logic field allows logical equations, text definitions, and mathematical expressions to be 
defined for element property mapping. This field is enabled when the option in the Logic field is checked. 


a (=) NominalkV kV 
Mapping Logic 


Enter Mapping Equations Here 


Combinations of Database Properties, Operators, Functions, and User Defined Variables may be used to 
define logical expressions in this field. Users may either use the Insert button to insert fields, or manually 
type logical expressions. 


Note: If logical expressions are improperly defined in the Mapping Logic field, then no values will be 
returned for the corresponding property field. 


Using Database Properties 

The properties defined in the Element Editor for each external source database element may be used to 
define logical expressions. Properties may be directly mapped to ETAP properties, or they may be used in 
logical equations in the Mapping Logic field. 


Properties used in Mapping Logic must be enclosed in parentheses and preceded with “db”. Properties 
will be displayed in red. 


Mapping Logic 
db(RatedVoltage) 


Using Operators 

Operators are mathematical expressions and tools that may be used in logical equations defined in the 
Mapping Logic field. Operators may include basic arithmetic functions, and may be directly used in the 
Mapping Logic field. Mathematical expressions may be required to convert properties if the units of 
measurement for the external source database properties do not match the units of measurement in ETAP. 


For example, if the rated voltage in an external source database is defined in volts, and ETAP defines 


rated voltage in kilovolts, then a mathematical expression may be required to convert the units of 
measurements when importing properties to ETAP. 
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Logic Selection 
( Database Properties = [_ 4 (| == nnn) | 
© Operators es =) 

+ 
( Functions abs 

acos 

Filt 

© User Defined Variable [asin we 

atan ini iad 

Mapping Logic 
db(RatedVoltage) / 1000 


Text fields may be defined with the Operator text, which may then be used in the Mapping Logic field. 
Any text defined in the Mapping Logic field must be preceded with “text” and enclosed in parentheses. 


Text fields may only include upper case and lower case alphanumeric values, spaces, and basic characters 
such as periods or commas. Text fields will be displayed in grey. 


Mapping Logic 
| text(Voltage Control) 


The Description field will provide a description of each Operator and how it may be used in the Mapping 
Logic field. 
Using Functions 


Functions are logical expressions that may be used to simply interpret or calculate certain values when 
converting external source database properties to ETAP properties. 


Logic Selection 
Functions Description 
© Database Properties CalcLoadXsc Trans » | Retum the square root of the + 
c CalcPowerFactor __| sum of squares for the 
Operators CalcReactance ||| specified values P (kw) and 
CalcResistance Q kkvar) 
(* Functions CalcSusceptance 
ae Totalk VA CalcTotalkVA( kW, kvar ) Filter 
( User Defined Variable | CalcWyeGroundType 
CalcXOverR a nt 
Mapping Logic 


CalcTotalkkVA( db(RatedActiveLoad), db(RatedReactiveLoad)) 


The availability of Functions is determined by the selected ETAP element and the external source 
database selected. 


Using User Defined Variable 


Definitions in the User Defined Variable interface may be used to define logical equations in the Mapping 
Logic field. 
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User Defined Variable in Mapping Logic must be preceded with “UserDefined” and enclosed in 
parentheses. Definitions will be displayed in bold. 


Mapping Logic 
UserDefined(XoverRratio) 


User Defined Variable 


The User Defined Variable interface allows definition of variables that may be used in Mapping Logic 
pertaining logical expressions. The variables may be used to further simplify logical expressions. 


a , 
% User Defined Variable Sto) 


Name hi Mapping Logic 
CustomText text(Custom Text Field) 
HorsePower ‘db(RatedActiveLoad) / 0.7457 
kVar 'db(RatedActiveLoad)) * sqrt(1 / sq(db(PowerFactorFullLoad)) - 1) 


TotalkVA 'CalcTotalkVA( db(RatedActiveLoad), db(RatedReactiveLoad)) 


[0k | (_ Canoe 


Note: User Defined Variables are defined for each individual element. 


Name 
Name of the user-defined variable. Duplicate names are not allowed. Only alphanumeric characters are 
allowed. 


Mapping Logic 
The Mapping Logic field allows logical equations, text definitions, and mathematical expressions to be 
defined. 


This field has the same functionality as in the Property Mapping section. 


Add 
Add a new row, which will allow for additional definitions. Excess rows created will be removed when 
the interface is closed. 


Delete 
Remove the selected row. 


OK 
Close the editor and save all changes. 


Cancel 
Close the editor and discard any changes made. 
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Copy 
Copy the mapping settings from the selected row in the Property Mapping section. This includes direct 
equivalent mapping, Logic option selection, and Mapping Logic definitions. 


Paste 
Paste the mapping settings to the selected row in the Property Mapping section. 
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ETAP DataX (GIS Map) 


Many utilities use Geographic Information Systems (GIS) to maintain network connectivity as well as 
asset information. Foremost, the network connectivity and nameplate data of most electrical equipment 
already exists within many GIS databases. This information is leveraged in ETAP GIS Map Module to 
auto-create corresponding electrical diagrams that can be used for System Studies. ETAP GIS Map 
Module provides the facility to synchronize GIS map updates to the ETAP project for maintaining 
consistency between the two systems. In addition to this, results obtained from System Studies are 
transferred graphically to GIS maps. With such a system in place, System Studies are more accurate and 
take far less time to perform. 
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42.1 GIS Map 


A GIS map is an accurate geo-spatial representation of the actual system layout, unlike one-line diagrams, 
which are designed as a non-geo-dimensional summary of an electrical system. ETAP GIS Map Module 
uses maps (MXD documents) developed in ESRI's ArcGIS 9.1 (or later) suite of products. 


Once a GIS map representing an electrical system is available, it is possible to transfer information 
dynamically from the GIS map into ETAP. This eliminates the need to re-enter data in ETAP resulting in 
saving time and the reduction of data entry errors. In addition, one-line diagrams can be automatically 
generated and data can be automatically checked for errors, which reduces the effort required to begin 
doing System Studies. ETAP one-line diagrams provide a logical view of the electrical connectivity 
behind a complex GIS map. 


In addition to a one-time auto-creation of one-line diagrams, ETAP GIS Map also facilitates multiple data 
transfers (synchronization) between the GIS map and ETAP. This essentially means adding new 
equipment, updating existing equipment data, and removing equipment no longer in use. As a result, data 
in ETAP and GIS map are kept consistent without going through the manual process of recording 
additions and modifications in both systems. 


Results, which are available from the analysis of a geo-synchronized one-line diagram, are transferred to 
the results database for graphical display within the GIS map. GIS maps are then configured to display 
different study results. 


GIS systems represent an organized collection of computer hardware, software, geographic data, and 
personnel designed to efficiently capture, store, update, manipulate, analyze, and display all forms of 
geographically referenced information. 


Typical GIS maps for an electrical system (transmission and distribution systems, industrial power 
systems, and power utility systems) are based on one or more geometric networks. A geometric network 
in a GIS map represents a one-dimensional linear network such as a utility network, or an electrical power 
distribution network. Features participating in a geometric network are mapped to ETAP elements. 


The topology information available in a geometric network, along with the features, is used to develop 
electrical one-line diagrams in ETAP when transferring data for the first time. These one-line diagrams 
are supplemented with ETAP typical values and library data. The combined information is used to 
perform power System Studies; common examples include Power Flow Studies and Fault Analysis. 
Results available after performing the System Studies are transferred to the GIS map via the results 
database. 


The block diagram shown below explains the data flow process. 
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ETAP and ESRI ArcGIS Map: Data Flow 
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42.2 Activating the GIS Map Module 


Clicking on the Geographical Information Systems (GIS) button in the System toolbar, as shown below 
activates the ETAP GIS Map Module. 


Tg om” BB ASHES @ yw 


Geographical Information System (GIS) Button 


42.2.1 Geographical Information System (GIS) Icon 


Click on this button to create a new GIS Presentation or to open an existing GIS Presentation. An ETAP 
GIS Presentation represents a presentation that is linked to an ESRI ArcGIS map document and is capable 
of displaying it. 
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42.3 Creating a New GIS Presentation 


A GIS Presentation is created in the same way as any other presentation in ETAP, however additional 
information pertaining to the linked ESRI ArcGIS map document is required. The Select Map Editor is 
displayed when a new GIS presentation is created. 


Each GIS Map presentation links to a map document. A map document is the disk-based representation of 
a map and has an .mxd file extension. A map document represents a map, which contains one or more 
layers of geographic data and various supporting map elements such as a scale bar. A layer is a collection 
of similar geographic features—such as primary overhead lines, two-winding transformers, capacitor 
banks, or switchgear assemblies—in a particular electrical distribution system referenced together for 
display on a map. It references geographic data stored in a data source, such as a geodatabase feature 
class. Layers on a map are contained in data frames. A data frame displays layers occupying the same 
geographic area. 


Select Map 


Map File: D:\SS_PDEGIS-ArcFM\Example\E xample.mxd 


Map: Electrical Distribution System | | 


; Aad 
Ns 17! 


Map File 


Displays the name of the map document selected using the Browse button. 
A map document is the disk-based representation of a map and has an .mxd file extension. A map 


document represents a map, which contains one or more layers of geographic data and various supporting 
map elements such as a scale bar. 
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Map 
Once a map file is selected, this drop-down list shows the list of data frames in the map file. A GIS 
Presentation is associated with one of the data frames in the map document. 


As mentioned earlier, layers on a map are contained in data frames. A data frame displays layers 
occupying the same geographic area. A layer is a collection of similar geographic features, such as 
primary overhead lines, two-winding transformers, capacitor banks, or switchgear assemblies, in a 
particular electrical distribution system referenced together for display on a map. It references geographic 
data stored in a data source, such as a geodatabase feature class. 
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42.4 GIS Map Toolbar 


The toolbar is active when you are in ETAP GIS Map Mode. 


» @ x aa 4 


Set Default Mouse Cursor 


Select Annotations 
Select Features 
Identify Feature 


Measure Distances 


oh 


Transfer GIS Data to ETAP Project 


+9 


@ 


Transfer Analysis Results to GIS Presentation 


Display Options for GIS Presentation 


i) Nia) 


Results Options for GIS Presentation 


Set Default Mouse Cursor 


Click on this button to restore the normal mouse cursor and cancel the action being carried out by other 
ETAP GIS Map tools. This is used typically after using the Select Annotation or Graphic Element and 
Select Features tools. 


Select Annotations 
Use this option to select and change the position of the Feature Annotations. 


Select Features 


Click on this button to select features. This tool may be used to select features by clicking individual 
features one-by-one or by rubber banding a rectangular area in the GIS Presentation. 


Identify Feature 
Click on this button to identify a feature and display the properties of the selected feature. 


Measure Distances 


Click on this button to measure the distance between two points and the total distance of a path in the 
map. 


Transfer GIS Data to ETAP Project 
Click on the button to transfer data to ETAP project. Refer to Section 42.5 for details. 
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Transfer Analysis Results to GIS Presentation 
Click on this button to transfer analysis results displayed on an ETAP presentation to ETAP GIS Map 
presentation. See Section 42.9 for details. 


Display Options for GIS Presentation 


Click on this button to hide or unhide the features displayed on the ETAP GIS Map Presentation. 


Presentation Display Options - GIS1 


ag 
=| @ elect_distribution_Net_Junctions 
Show 
=| @ Transformer 
Show 
=| @ ‘Voltage Regulator 
Show 
=| @ Fuse 
Show 
#F Dynamic Protective Device 
|| <3 Power Factor Correcting Equipment 
F Switch 
+) Miscellaneous Network Feature 
<F Open Point 
+) <F Bus Bar 
+) <F Primary Overhead Conductor 
1) <F Primary Underground Conductor 


Show 
Check the Show checkbox below a layer node in the Presentations Display Options Editor to show all the 
features and uncheck it to hide all the features corresponding to the layer. 


Results Options for GIS Presentation 


Click on this button to select the features for results displayed on the ETAP GIS Map Presentation. For 
more information please refer to Load Flow and Short-Circuit Display Options. 
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ETAP GIS Display Options - GIS1 


(Results | 
[_] Show Units 
Color v = 
| | C] Check-ALL 


LoadFlow 


Voltage Power Flows 


kyo kVA ¥ 


Bus Mag. @® kW +jkvar 


[_] Bus Angle O kvA 
© Amp 


Voltage Drop Flow Results 
Line / Cable Branch 


Averagel / Phases [| Source 


O Average Values Load 


© All Phases 
@LN Branch Losses 


OL-L L] kW +jkvar 


Short-Circuit 
3 Phase Faults Unbalanced Faults 
[|] Mom. Sym or Peak k& 


Vb & 310 
[J Int. or Initial Sym kA a 


[_] Protective Device Status 


Cancel 
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42.5 Data Transfer from GIS Map to ETAP 


Click on the button Transfer GIS Data to ETAP Project for transferring data from a GIS map to ETAP 
project. 


42.5.1 Selecting Features 


Once the button is clicked ETAP will prompt you to select an area in the GIS presentation that has the 
features to be transferred to the ETAP project. 


ETAP Data Exchange 


Click on OK and select an area in the GIS presentation. Click the left mouse button and drag it until the 
features to be transferred appear inside the gray shaded rectangle to select an area on the GIS presentation 
as shown below: 


If all the features in the GIS presentation are to be transferred, click on the Transfer GIS Data to ETAP 
Project button again without selecting any features on the GIS presentation. This will prompt you to 
confirm the action as shown below: 
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ETAP Data Exchange 


2 ) No area selected in the GIS presentation 'GIS1', 


Transfer all the Features in the presentation 'GIS1'? 


Clicking on the Yes button will start data transfer for all the features in the GIS project. Clicking on No 
will allow you to select the features again. 


Data transfer may be cancelled any time during this process by pressing the Esc key, which will prompt 
you to confirm the action as shown below: 


ETAP Data Exchange 


2D Cancel Data Transfer 


Clicking on Yes will cancel the data transfer. Clicking on No will allow you to select the features again. 


After selecting an area in the GIS presentation click on the Transfer GIS Data to ETAP Project button 
again for starting the data transfer. 
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42.5.2 Selecting a Geometric Network 


A geometric network is a topological relationship between feature classes in a collection. Conceptually, 
networks are comprised of two fundamental components, edges, and junctions. Transmission lines and 
underground cables are examples of edges. Fuses, switches, and service taps are some examples of 
junctions. Edges connect together at a junction. Each feature has a role in the geometric network of either 
an edge or a junction. A GIS map may have one or more geometric networks. For example, a GIS map 
representing an electrical distribution system may have two geometric networks — one representing the 
overhead electrical distribution and the other representing the underground raceway system. 


When the data transfer process is complete, an option is provided to select the geometric network from a 
list of geometric networks in the selected GIS map, as shown below. 


ETAP Data Exchange 


Select Geometric Network 


| elect_distribution_Net v 


Select the relevant geometric network from the drop-down list and click on the OK button to start the data 
transfer process. If a library has not been associated with the project, a dialog box will open to select the 
location of the library file to be associated with the project. The Data Synchronization Editor is then 
displayed. 
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42.6 Data Synchronization 


The Data Synchronization Editor is the central point for data transfer process. 


Data Synchronization 


External Data Source 


D:AFICUS\DataExExamples\ArcGIS\ETAP_Example.mxd 


ETAP Project 


DAFICUS\TestIRsProjects\PDE\R-5004\IR-5004 


Map Data | 


External Data Source 
This field displays the name of the map document from which GIS data is transferred to ETAP project. 


ETAP Project 
This field displays the name of the ETAP project to which GIS data is transferred. 


Map Data 


Click on this button to map GIS feature classes and their attributes with ETAP elements and properties. 
See section 40.5.2 for details. 


Transfer Data 
Click on this button to transfer data from a GIS map to an ETAP project. See Section 40.5.3 for details. 


Close 


Click on this button to close the Data Synchronization Editor and cancel data transfer from the GIS map 
to the ETAP project. 
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42.6.1 Data Mapping 


The Data Mapping Editor is shown below. This editor is invoked when the Map Data button on the Data 
Synchronization Editor is clicked. It provides facility to map geodatabase feature classes to ETAP 
elements and feature class attributes to ETAP element properties. 


Data Mapping 


ArcGlS Equipment ETAP Element 
Power Factor Correcting Equipmen | Capacitor 


> | Transformer o Winding Transformeninyy) 


Primary Overhead Conductor | Synchronous Generator 
Synchronous Motor 
Three Winding Transformer 
Transmission Line 
Two Winding Transformer 


Mapping Equipment 


The Data Mapping Editor represents an interface for defining relations between GIS map feature classes 
and ETAP elements. For example primary overhead conductor and primary underground conductor 
feature classes in a GIS map representing an electrical distribution network may be mapped to 
transmission lines and cables, respectively, in the analysis tool. The above figure shows such a mapping 
interface along with the default mapping for feature classes in a GIS map representing a typical electrical 
distribution system and ETAP elements. 


The left hand column in the table shown in the Data Mapping Editor represents feature classes in the GIS 
map associated with the GIS presentation. ETAP detects these feature classes with the help of the 
information stored in one or more geodatabases associated with the GIS map. 
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The right hand column in the table shown in the Data Mapping Editor represents the elements from 
ETAP. These elements are conveniently selected from the drop-down list provided in the mapping 
interface. 


It is possible to map multiple GIS map feature classes to the same element in the analysis tool. For 
example the feature classes Switch and Miscellaneous Network Feature are both mapped to ST (Single 
Throw) Switch ETAP element. 


Mapping Equipment Attributes 


The feature classes or layers in a GIS map have attributes that represent information describing a map 
feature. The attributes of a primary overhead conductor, for example, might include its length, size, and 
height above ground. Often, this is the information collected during field surveys while creating the GIS 
map. Some of the attributes hold information useful for performing power system analysis. These 
attributes are mapped to the ETAP element properties. This is performed after mapping the feature class 
to an ETAP element. 


Click on the “+” sign on the left-hand side of the Data Mapping Editor as shown below to display the 
feature class attributes. Use the drop-down list in the right-hand column to select ETAP element attributes 
corresponding to the feature class attribute. 


Data Mapping 


ArcGlS Equipment ETAP Element 
Power Factor Correcting Equipmen | Capacitor 


Fuse Fuse 


ArcGlS Field ETAP Field 
OBJECTID Drawing / Diagram - Refer 


a 


Enabled 


a 


a 
a 
FeederlD “ 
FeedeilD2 Continuous - 

- Description 
Drawing / Diagram - One-Line 
Drawing / Diagram - Reference 
ElectricalStandard 

WorkOrderlD EquiomentName 


FailureR ate 


a | 
“a 


The Data Mapping Editor allows direct mapping of feature class attributes and ETAP element properties. 
Direct mapping implies that the text or value in the feature class attribute is directly transferred to ETAP 
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without processing. For example, the length of a primary overhead conductor measured in feet is mapped 
directly to the length of the transmission line in ETAP, provided that ETAP stores the length value in feet. 
However, if the length value available in the geodatabase is in meters, then a direct mapping is not 
possible. For such cases, logic is implemented to convert the data prior to transferring it to ETAP. 


ETAP provides default equipment and attribute mapping for the electrical distribution system model in 
ESRI ArcGIS 8.3. The default mapping includes hard coded logic for conversion of geodatabase values to 
ETAP compatible values. 


Blocked Rows 


The rows in the Data Mapping interface with the background color set to Lavender indicate blocked 
rows. Blocked rows are rows for which you are not allowed to change the ETAP element property set by 
default. For example, the feature class property OBJECT ID is mapped to ETAP element property 
Drawing / Diagram — Reference and is not allowed to be mapped to any other ETAP element property. 


Linking Map Features with One-Line Diagram Elements 


GIS map features (a record or row in the feature class is referred as a feature) representing real-life 
equipment are mapped to an element in ETAP. This mapping requires a unique identifier, which does not 
change throughout the life of the entity, in ETAP and the GIS map. This mapping is fundamental for 
relating data in a GIS map and an ETAP project hence the mapping tool enforces it. For example in the 
case of default database, the unique identifier for all the feature classes is the Equipment Name attribute 
and the unique identifier for all elements in ETAP is the ID property. 


Save 
Clicking on the Save button will save any changes that are made on the Data Mapping Editor. 


42.6.2 Accepting and Rejecting Actions 


When the Transfer Data button on the Data Synchronization Editor is clicked information in the GIS 
map and the ETAP project is compared. The comparison is based on the mapping of unique equipment 
identifiers in the GIS map and ETAP. When data is transferred for the first time from the GIS map into 
ETAP, the Auto-Layout Generator Module in ETAP creates a one-line diagram. Elements are created in 
the project per equipment mapping information specified through the Data Mapping Editor. 


During subsequent data transfers a comparison is made between the information in ETAP project 
database and the GIS map, for each element. Changes in attribute values for existing equipment result in 
modify commands. Add commands are created for new equipment added to the GIS map and delete 
commands are created for elements removed from the GIS map. The list of these commands is presented 
to you for confirmation as shown below. 


ETAP processes commands that are accepted and makes corresponding changes in the ETAP project. 
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Accept / Reject Actions 
8/23/2004 2:21:05 PM 


Item No. Equipment Type = Action Aecert Modification 
> | unknown Switch Add 


£7 A 
wore [wich fad [| MPSS 
wars [wich [ad [Mp SSS 
wont [wich fae Mp SCS 
want [wich fad [Mp SCS 
fwioast [wich fae [Mp SSCS 
scat [wich fags [Mp CSCS 
jews [wich ifs | MP CCS 
fwioaea [Swi fae [Mp SSCS 
pwioaea [wich ‘fad [MPSS 
fwioae2 [Swi fae | Mp SSCS 
fwioaet [Swi fae MPSS 
wort [Swick fae [| Mp SSCS 
wars [Swich fas | Mp SSCS 
A 


WERBIG-A Suntiteh 


Accept Actions aE Actions 


Add | Modify | All | Add | Modify | All | 
Rename | Delete | Rename | Delete | Cancel | 


Accept Actions 

Click the Add button to accept all the Add actions. 

Click the Modify button to accept all the Modify actions. 

Click the Rename button to accept all the Rename actions. 

Click the Delete button to accept all the Delete actions. 

Click the All button to accept all the Add, Modify, Rename, and Delete actions. 


Reject Actions 

Click the Add button to reject all the Add actions. 

Click the Modify button to reject all the Modify actions. 

Click the Rename button to reject all the Rename actions. 

Click the Delete button to reject all the Delete actions. 

Click the All button to reject all the Add, Modify, Rename and Delete actions. 
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42.7 Auto Layout Generation 


A geometric network is a topological relationship between a collection of feature classes. Conceptually 
networks are comprised of two fundamental components, edges, and junctions. Transmission lines and 
underground cables are examples of edges. Fuses, switches, and service taps are some examples of 
junctions. Edges connect together at a junction. Each feature has a role in the geometric network of either 
an edge or a junction. 


The ETAP GIS Map Module extracts the logical network from the geometric network during the data 
transfer process. This means that the connections between edges and junctions (both simple and complex) 
in a GIS map are transformed into electrical connections between elements in ETAP during data transfer 
from a GIS map into an ETAP project. Once this connectivity information is available ETAP auto layout 
generator creates a sophisticated one-line diagram including grouping of elements into composite 
networks. 
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42.8 Performing System Studies 


After transferring the data from a GIS map and creating a one-line diagram, it is possible to perform 
System Studies like Load Flow, Short-Circuit, Optimal Capacitor Placement, Harmonic Analysis, Motor 
Acceleration Studies, etc. 


GIS maps may not have all the information required to perform detailed electrical analysis of a system, as 
geodatabases may not include field equipment data available in design sheets. A geodatabase represents 
an object-oriented geographic database that provides services for managing geographic data. These 
services include validation rules, relationships, and topological associations. A geodatabase contains 
feature datasets and is hosted inside of a relational database management system. Geodatabases typically 
include connectivity information and device nameplate ratings available while performing a field survey. 
Information missing in geodatabases, which is required for performing electrical system analysis, is made 
available in the libraries provided with the ETAP. ETAP also provides typical values for missing 
parameters and also substitutes relevant data from built-in libraries. 
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42.9 Updating GIS Maps with Results 


ETAP provides a command button on the ETAP GIS Map toolbar to transfer system study results to the 
main GIS map. The transfer of results is based on the mapping between the unique identifiers for GIS 
map equipment and ETAP elements. 


When results are transferred from ETAP to a GIS map, they are written to another database referred to as 
the results database. The results database has tables to store analysis results from different types of studies 
like load flow, short-circuit, harmonic load flow, motor acceleration, transient stability, optimal power 
flow, etc. It also has information to create links with the geodatabase associated with the GIS map. The 
results database tables are joined to the geodatabase feature class tables with the help of the unique 
identifier. This process is automatic and does not require user input. The analysis results are kept in a 
separate database to ensure the integrity of the primary geodatabase, which is usually locked from 
external modifications by third party programs. 
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Ground Grid Systems 


Since the early days of the electric power industry, the safety of personnel in and around electric power 
installations has been a primary concern. With ever increasing fault current levels in today’s 
interconnected power systems, there is renewed emphasis on safety. The safety of personnel is 
compromised by the rise in the ground potential of grounded structures during unbalanced electric power 
faults. At such times, humans touching grounded structures can be subjected to high voltages. However, 
the magnitude and duration of the electric current conducted through the human body should not be 
sufficient to cause ventricular fibrillation 


Years of research on the effects of electric current on the human body have lead to the development of 
standards of permissible values to avoid electrocution. The Ground Grid Systems Module utilizes the 
following four methods of computation: 


FEM - Finite Element Method 
IEEE 80-1986 

IEEE 80-2000/2013 

IEEE 665-1995 


The Ground Grid Systems Module calculates the following: 


e The Maximum Allowable Current for specified conductors. Warnings are issued if the specified 
conductor is rated lower than the fault current level. 

e The Step and Touch potentials for any rectangular/triangular/L-shaped/T-shaped configuration of a 
ground grid, with or without ground rods (IEEE Std 80 and IEEE Std 665). 

e The tolerable Step and Mesh potentials and compares them with actual, calculated Step and Mesh 
potentials (EEE Std 80 and IEEE Std 665). 

e Graphic profiles for the absolute Step and Touch voltages, as well as the tables of the voltages at 
various locations (Finite Element Method). 

e The optimum number of parallel ground conductors and rods for a rectangular/triangular/L-shaped/T- 
shaped ground grid. The cost of conductors/rods and the safety of personnel in the vicinity of the 
substation/generating station during a ground fault are both considered. Design optimizations are 
performed using a relative cost effectiveness method (based on the IEEE Std 80 and IEEE Std 665). 

e The Ground Resistance and Ground Potential rise (GPR). 


Some of the main features of the Ground Grid Systems Analysis Study are summarized below: 


Calculate the tolerable Step and Touch potentials 

Compare potentials against the actual, calculated Step and Touch potentials 
Optimize number of conductors with fixed rods based on cost and safety 
Optimize number of conductors and rods based on cost and safety 
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Calculate the maximum allowable current for specified conductors 
Compare allowable currents against fault currents 

Calculate ground system resistance 

Calculate ground potential rise 

User-expandable conductor library 

Allow a two-layer soil configuration in addition to the surface material 
Ground grid configurations showing conductor and rod plots 

Display 3-D/contour touch voltage plots 

Display 3-D/contour step voltage plots 

Display 3-D/contour absolute voltage plots 

Calculate Absolute, Step and Touch potentials at any point in the configuration 
Conductor/Rod can be oriented in any possible 3-D direction 

Handle irregular configurations of any shape 
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43.1 Ground Grid Systems Presentation 


The ground grid system (GGS) presentation is composed of a Top View, a Soil View, and a 3-D View. 
The Top View is used to edit the ground conductors/rods of a ground grid. The Soil View is used to edit 
the soil properties of the surface, top, and lower layers of soil. The 3-D View is used for the three- 
dimensional display of the ground grid. The 3-D View also allows the display of the ground grid to rotate, 
offering views from various angles. The GGS presentation allows for graphical arrangement of the 
conductors and rods that represent the ground grid, and to provide a physical environment to conduct 
Ground Grid Design (GRD) Studies. 


Each GGS presentation is a different and independent ground grid system. This concept is different from 
the multi-presentation approach of the one-line diagram, where all presentations have the same elements. 
There is no limit to the number of GGS presentations that can be created. 


43.1.1 Create a New Ground Grid Presentation 


To create a ground grid system in ETAP, click on the Ground Grid tool and drag-and-drop a ground grid 
from the AC Elements toolbar in the one-line diagram: 


Click button 
and click again 


on one-line 
diagram to 
drop grid 


The AC Elements toolbar is only available on the Edit Mode. 


After placing the ground grid on the one-line diagram, you can double-click on the grid to invoke the 
ETAP Ground Grid Design Editor. 


ETAP Ground Grid Design 


Study Model 
(* |EEE Method 
( Finite Element Method (FEM] 


Help Cancel 


Select the method of Study Model you wish to use and click OK. This will take you to the Ground Grid 
Systems Module. After you create your model and save it, you can double-click on the ground grid in 
your one-line diagram, the Ground Grid Systems Module will come up automatically. 
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43.1.2 Grid Editor 


You may right-click any location inside an OLV grid box and select Properties to open the Grid Editor. 
The editor is composed of the following pages: 


Info 
Results 
Remarks 
Comment 


43.1.3 Info Page 
Grid Editor - Grid3 [eee 


3en Wea >) ae 


J 


Info 


ID 
Enter a unique ID with up to 25 alphanumeric characters. 


Current Symbol 


This area displays the symbol that was selected for the grid in the one-line diagram. This symbol can be 
changed by going into the one-line diagram, right-clicking on the grid and selecting “symbol” from the 
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menu that appears. You can then select a new symbol or reselect the same symbol from the Grid Style 
drop-down list. 


Gridi 


Update Fault kA 


Copy 

AX Delete 
| Properties | : ; 
) Symbols > GRD1.emf 
Busi GRD2.emf 
0.48 kV ) GRD3.emf 
GRD4.emf 
¥  GRDS5.emf 


DC System 


Grid Style 


This allows you to select a grid style in which the OLV grid box will be displayed. Once a grid style is 
selected, the corresponding symbol also will show up in the Current Symbol on this page. 


Grid Presentation 
Press the Grid Presentation button to invoke a GGS presentation. 


Equipment 


FDR Tag 
Enter the grid tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 
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43.1.4 Results Page 


This page displays the results of the Ground Grid System Analysis. The results are updated from the 
Ground Grid Graphical User Interface window once you perform a calculation using [EEE or Finite 
Element Methods (FEM). As an example, after a FEM calculation performed, the Method field will be 
updated and the corresponding results are displayed as shown below. The Method field displays “IEEE 
Method” after an IEEE method calculation performed. 


Grid Editor - Grid2 (eS) 
| Info | Results Remarks | Comment | 


oo 


Method Finite Bement Method 


Results 
Calculated Tolerable 


Touch Potential | 413.8 | 427.1 Volts 
Step Potential | 875.7 1216.4 Volts 


Rg 2.24 Ohms 
GPR | 3170.45 Volts 


3eH Wez >) @e 


Calculated Potentials 
The Grid Editor Results page displays the calculated potentials from the ground grid system calculation. 


Touch Potential 
This field displays the Calculated Touch Potential in units of Volts. 


Step Potential 
This field displays the Calculated Step Potential in units of Volts. 


Tolerable Potentials 


The Grid Editor Results page displays the Tolerable Potentials. ETAP determines the Tolerable Potentials 
based on the information provided on the Ground Grid Study Case Editor. Please refer to the Modeling 
and Calculation Methods section for more information on how to calculate the Tolerable Step and Touch 
Potentials. 
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Touch Potential 
This field displays the Tolerable Touch Potential calculated by the Ground Grid calculation in units of 
Volts. 


Step Potential 
This field displays the Tolerable Step Potential calculated by the Ground Grid calculation in units of 
Volts. 


Calculated Ground Resistance and Potential Rise 


The Grid Editor Results page also displays the Calculated Ground resistance and Ground Potential Rise 
values. 


Ground Resistance (Rg) 
This field displays the calculated Ground Resistance Value in units of Ohms (Q). 


Ground Potential Rise (GPR) 
This field displays the calculated Ground Potential Rise in units of Volts. 


X-Y Coordinates of Maximum Potentials 


If you performed a finite element calculation, the Grid Editor Results page will also display the (X,Y) 
coordinates of the Maximum Calculated Step and Touch Potentials. 


X-Y for Maximum Touch Potential 

The Grid Editor displays the location of the Maximum Calculated Touch Potential. The Same result may 
be obtained from the GRD Analysis Alert View window, from the FEM Report and the Step Potential 
Plot. 


X-Y for Maximum Step Potential 
The Grid Editor displays the location of the Maximum Calculated Step Potential. The Same result may be 
obtained from the GRD Analysis Alert View window, from the FEM Report and the Step Potential Plot. 


Method 


The Grid Editor Results page has a display field called the Method. This field tells you what calculation 
method was used for the Ground Grid Analysis. If it is an IEEE Method, the X-Y coordinates of 
Maximum Step and Touch Potentials are not displayed. 
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43.2 Ground Grid System Editor 


Ground Grid Systems editor uses the modern ribbon bar user interface. To launch the editor, user may 
double click the ground grid element from one-line diagram or click the ground grid system icon on the 
ETAP System toolbar. Ground Grid editor ribbon bar layout includes five main tabs: File, Home, View, 
Help and Ground Grid Study. 
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43.2.1 Ground Grid Editor File Tab 


The File tab is the first of five tabs displayed as a triangular symbol. The tab includes five function 
buttons. 


View Help 


s# 4OO0TLA M * 


& Print Setup 


Wd Save Project h 


= Print 


inter Pan Grid Conductor Rod Rectangular T-Shape L-Shape Triangular Ground 
Shape Shape Grid Study os 


J Import from XML Components Study Print 


» Print Setup 


Exit 


Save Project 


Click on the Save Project button to save the active ground grid model. 


Print 
Click on the Print button to print out the current active Top View. 


Print Setup 
Click on the Print Setup button to change the printer and settings. 


Import from XML 


Click on this button to import the ground grid layout information through the XML file, which can be 
exported from AutoCAD. For exporting from AutoCAD please refer to Chapter 38 — Data Exchange. 


Exit 
Click on the Exit button to quit the ground grid model with the prompts to save project. 
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43.2.2 Home Tab 


The ground grid editor Home tab is one of five tabs including all buttons to edit and print current grid 
layout. The availability of certain buttons depends on the selection of ground grid calculation method. 
View Help : 


“AH Mee ¢0O0TLaA Ho = 
& Print Setup 
f Pointer Pan Grid Conductor Rod Rectangular T-Shape L-Shape Triangular Ground 


Shape Shape Grid Study ' a 
Edit Components Study Print 


Finite Element Method Home Tab 


; Home View Help 


ot | YD He LJ T L A Sol “ames 


Pan Grid Rectangular T-Shape L-Shape Triangular Ground 
Shape Shape Grid Study : # 


Edit Components Study Print 
IEEE Method Home Tab 


Cut 
Click on the button to cut the selected element on Top View and put it on the clipboard. 


Copy 


Click on the button to copy the selected element on Top View and put it on the clipboard. 


Paste 
Click on the button to insert the clipboard contents. 


Pointer 


Click on the Pointer button to return the cursor to its original arrow shape, or to move an element placed 
on the Top View of the GGS presentation. 


Pan 
Click on the Pan button to change the cursor to Pan which allows the user to shift the view without 


changing viewing direction or magnification. 
Grid 
Click on Grid button to display or hide grid lines on Top View. 


Conductor 


The Conductor button is valid only for the Finite Element Method. Click on the Conductor icon to create 
a new conductor and to place it on the Top View of the GGS presentation. See the Conductor/Rod Editor 
section (FEM) for more information on conductors. 
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Rod 
The Rod button is valid only for the Finite Element Method. Click on the Rod icon to create a new rod 


and to place it on the Top View of the GGS presentation. See the Conductor/Rod Editor section (FEM) 
for more information on rods. 


FEM Rectangular Shape 

The FEM Rectangular shape button is valid only for the Finite Element Method. Click on the FEM 
Rectangular Shape icon to create a new FEM grid of rectangular shape and to place it on the Top View of 
the GGS presentation. See the FEM Group Editor section for more information on grids. 


FEM T-Shape 

The FEM T-Shape button is valid only for the Finite Element Method. Click on the FEM T-Shape icon to 
create a new FEM T-shaped grid and to place it on the Top View of the GGS presentation. See the FEM 
Group Editor section for more information on grids. 


FEM L-Shape 

The FEM L-Shape button is valid only for the Finite Element Method. Click on the FEM L-Shape icon to 
create a new FEM L-shaped grid and to place it on the Top View of the GGS presentation. See the FEM 
Group Editor section for more information on grids. 


FEM Triangular Shape 

The FEM Triangular Shape button is valid only for the Finite Element Method. Click on the FEM 
Triangular Shape icon to create a new FEM grid of triangular shape and to place it on the Top View. See 
the FEM Group Editor section for more information on grids. 


TEEE Rectangular Shape 

The JEEE Rectangular Shape button is valid only for the IEEE Method. Click on the IEEE Rectangular 
Shape icon to create a new IEEE grid of rectangular shape and to place it on the Top View of the GGS 
presentation. See the IEEE Group Editor section for more information on grids. 


IEEE T-Shape 

The IEEE T-Shape button is valid only for the IEEE Method. Click on the IEEE T-Shape icon to create a 
new IEEE T-shaped grid and to place it on the Top View of the GGS presentation. See the IEEE Group 
Editor section for more information on grids. 


TEEE L-Shape 

The IEEE L-Shape button is valid only for the IEEE 80-2000/2013 Method. Click on the IEEE L-Shape 
icon to create a new IEEE L-shaped grid and to place it on the Top View of the GGS presentation. See the 
IEEE Group Editor section for more information on grids. 


IEEE Triangular Shape 

The IEEE Triangular Shape grid is valid only for the IEEE 80-2000/2013 Method. Click on the IEEE 
Triangular Shape icon to create a new JEEE grid of triangular shape and to place it on the Top View of 
the GGS presentation. See the IEEE Group Editor section for more information on grids. 
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Ground Grid Study 
Click on the Ground Grid Study button to invoke the Ground Grid Study tab. 


Print 
Click on the Print button to print out the current active 3-D view. 


Print Setup 
Click on the Print Setup button to change the printer and settings. 


Print Preview 


Place the mouse into the 3-D view and click. Click on the Print Preview button to generate the preview 
for current ground grid 3-D view. 


Zoom In 
This button is only valid when Print Preview is active. Click on the button to zoom in the Print Preview. 


Zoom Out 


This button is only valid when Print Preview is active. Click on the button to zoom out the Print Preview. 


Close 


This button is only valid when Print Preview is active. Click on the button to close the Print Preview and 
return to the ground grid presentation. 
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43.2.3 View Tab 


The ground grid editor View tab is one of the five tabs and includes “Default Editor” and view tools. 


Study 


Help Ground Grid 


N ® 
(+ } C) F3 ¥) Status Bar P\ O ia el 
=~ “% Grid 


Zoom Zoom Fitto Conductor Rod FEM 
In Out Page Group 
Panel Show Default Editor 
Zoom In 


Click on Zoom In button and move the mouse into the Top View to zoom the current ground grid Top 
View in a particular location. 


Zoom Out 
Click on the Zoom Out button to zoom the current ground grid Top View out. 


Fit to Page 


Click on the button to adjust the current ground grid Top View to fit the page. 


Status bar 
Check this box to show the status bar at the bottom of the GGS presentation Window. 


Grid 
Check this box to display grid lines for the ground grid Top View. 


Default Editor 


Conductor 
Click the button to edit the default parameters of FEM/IEEE ground grid conductors. 


Rod 
Click the button to edit the default parameters of FEM/IEEE ground grid rods. 


FEM Group 
Click the button to edit the default parameters of FEM grid group. 


IEEE Group 
Click the button to edit the default parameters of IEEE grid group. 
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43.2.4 Help Tab 


The ground grid editor Help tab is one of the five tabs and includes help file and software information. 


z Home View 


Help About ETAP 
Topics Ground Grid 


Options About 


Help Topics 
Click on the button to launch the ETAP help file. 


About ETAP Ground Grid 


Click on the button to display software info, version number, copyright and other information. 
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43.2.5 Study Ground Grid Tab 


The ground grid editor Study tab is one of the five tabs. This tab includes functions to edit Study Cases, 
run calculations and generate reports. 


Ground Grid Systems -Grid2 Revision: Base 


Home View Help Ground Grid 


? =| Prompt bd 
: l ic iv) 


Study Case Calculation Output List Output Reports Report Format 


Create Edit Ground-Grid 
New Calculation 


Create New 
Click the button to create a new ground grid study case. 


Delete 
Click the button to delete the selected ground grid study case. 


Edit 
Click the button to edit the selected ground grid study case. 


Ground-Grid Calculation 
Click on the Ground-Grid Calculation button to calculate: 


Step and Touch (mesh) Potentials 

Ground Resistance 

Ground Potential Rise 

Tolerable Step and Touch Potential Limits 
Potential Profiles (only for the FEM method) 


Optimized Conductors 

Click on the Optimized Conductors button to calculate the minimum number of conductors (that satisfy 
the tolerable limits for the Step and Touch potentials) for a fixed number of ground rods. This 
optimization function is for IEEE methods only. 


Optimized Conductors and Rods 

Click on the Optimized Conductors and Rods button to calculate the optimum numbers of conductors and 
ground rods needed to limit the Step and Touch potentials. This optimization function is for IEEE 
methods only. 


Stop 


The Stop Sign button is normally disabled, and becomes enabled once a Ground Grid Systems 
Calculation is initiated. Clicking on this button will terminate the in progress calculation, resulting in 
incomplete Output Reports. 
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Summary and Warning 


Click on this button to open the GRD Analysis Alert View dialog box, which includes Summary and 
Warning information for the latest calculation. 


rc ; ; 
GRD Analysis Alert View for GRD1 (eS 


Summary and Alett | 


- Result Summary 
Calculated Tolerable —————— Location —-——- 
Volts Volts ¥ 


X 
Touch | 1036.9 644.6 125.5 2059 ft 
Step | 431.3 2086.3 133 12.1 ft 


GPR | 3392 = Volts Ra | 1.692 Ohm 


- Alarm & Wamings 
The maximum Touch Voltage exceeds the tolerable limits 
The short+ime tempereture rise of ground conductor and/or rod exceed the limits 
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Plot Selection 


This function is valid only for the FEM method. Click on this button to open the Plot Selection dialog box 
to select a variety of potential profile plots to review, and click OK to generate the output plots. 


Plot Selection 


Plot Selection 
|¥ Absolute Voltage 
l Touch ¥oltage 


[ Step Voltage 


Plot Type 


[¥ 
[ Overvoltage Limits 


Cancel | 


®@* GRD PLOT x 


Grid2_Untitled i 


Touch Potential Profile 
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t 


400 to 450 


Export Plot Data 


The data from the above 3-D plot can be exported using a metafile, bitmap, or text file format by right- 
clicking on the 3-D plot and selecting the Export Dialog... option. 
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Viewing Style » 
Border Style > 
Font Size r 
-¥ Show Legend 
Numeric Precision r 
Grid Options » 
Show Bounding Box » 
Rotation Animation 
Rotation Increment » 
Rotation Detail > 
Plotting Method > 
Shading Style » 
2D Contour » 
Maximize... 
Customization Dialog... 
Export Dialog... 


Export 

As shown below from the Export section of Export Control dialog, plot data can be exported using either 
image file formats like metafile (.wmf) or bitmap (.bmp). The data can also be exported using the text 
(.txt) or data (.dat) file formats. 


(@ EMF © WMF ¢ BMP © JPG) © PNG ( Text / Data 


- Export Destination 
© ClipBoard 


@ File Bowe |[ | 


© Printer 


-- Export Size 


(* Milimeters © Inches Points 
Width: [152.400 / 1101.600 Millimeters 


DPI: [300 7 T~ Large Font 
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Export Destination 

Once the file format is selected, the export destination option can be used to select the location of the 
exported data. The data can be placed either on the clipboard (system memory) to be used later by some 
other program, physical file, or sent directly to a default printer. 


Export Size 

Use this section to adjust the size of the exported image file. When metafile format is used, the image can 
be scaled during export by adjusting in millimeters, inches, or points. When bitmap format is used, the 
image can be scaled during export by adjusting the pixels only. 
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Report Manager 


Click on this button to open the Ground Grid Design Report Manager Dialog box to review and select 
from a variety of pre-formatted output reports. Select a report type and click OK to open the output report. 
A detailed explanation of the Ground Grid Design Report Manager is provided in section 37.15. 


& ’ 
Ground Grid Report Manager =) 


Complete | input | Resuit | Summary | 


Complete (* Viewer 
PDF 
( MS Word 
( Rich Text Format 
( MS Excel 
[ Set As Default 


Output Report Name 


Grid2_ Untitled 
Path 


D:\Pecan2-FG1-ADMS-Rel\Example-ANS| 


Output Report formats can also be selected from the drop down list of Report Format. 


List Output Report 


Click this dropdown list to list all ETAP output reports. From this drop-down list, all previously created 
output reports can be previewed. If “Prompt” is selected, it will be asked to provide a report file name 
when the Ground-Grid Calculation button is pushed. 


By pushing the button in front of the dropdown list, the Windows Explorer will allow users to select an 
output report database and inspect the data in the tables. 


Note that if the Ground Grid System window is not maximized, the output report file names are listed in a 
sub list inside of the Output Reports list as shown below. 
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List Output Report 
Reports Formaty 


Output 
Prompt 
Grid2_GRD1 


Prompt 


View Output Report 

Click this dropdown list to display the contents of the current output file selected in the “List Output 
Reports”. Report Format list allows users to browse, view and print pre-formatted report. By pushing the 
button in the front of the list, the selected formatted report in the list will be open. Please refer to Section 
43.17 for output reports. 
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43.3 Edit A GGS 


Conductors, rods, and grids of various shapes can be added to the Top View of the Ground Grid Systems 
presentation. These elements are located on the Home tab of the GGS Module. 


43.3.1 Select Elements 


Place the cursor on an element located in the Components section of the Home tab and click the left 
mouse button. 


Note: When a grid shape is selected, regardless of the number of conductors or rods it contains, the shape 
is considered to be one element unless the shape is ungrouped after dropped in the Top View. If a selected 
shape is deleted or copied, the shape and its contents will also be deleted or copied. 


43.3.2 Add Elements 


To add a new element to the GGS presentation, select a new element from the Home tab by clicking on 
the appropriate element button and moving to the Top View. Notice that the shape of the cursor changes 
to correspond to that of the selected element. 


Place the selected element by clicking the mouse anywhere in the Top View section of the GGS 
presentation, and note that the cursor returns to its original shape. Double-click on any element on the 
Home tab to place multiple copies of the same element in the Top View section of the GGS presentation. 


Rules 


e Two conductors/rods cannot overlap each other 
e Only one IEEE shape can be added in the Top View 
e FEM group shapes can overlap each other 


Add Conductors 


When the FEM is the currently selected calculation method, click on the Conductor button, move the 
cursor to the GGS presentation, and click to place the conductor on the Top View. ETAP creates the new 
conductor using default values. 


Add Rods 


When the FEM is the currently selected calculation method, click on the Rod button, move the cursor to 
the GGS presentation, and click to place the rod on the Top View. ETAP creates the new rod using 
default values. 


Add Grid Shapes 


Click on the desired Shape button, move the cursor to the GGS presentation, and click to place the 
element (Shape) on the Top View. ETAP creates the new grid shape using default values. 


Add Conductors by Ungrouping FEM Shapes 


An FEM shape added on the Top View of a GGS presentation can be ungrouped into individual 
conductors. To ungroup, move the cursor inside the selected shape, right-click, and select “Ungroup”. 
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43.3.3 Move / Relocate Elements 


When an element is added to a GGS presentation its position coordinates (x, y, and z) are updated 
automatically in the editor/spreadsheet and in the Help line at the bottom of your screen. The element may 
be relocated to new coordinates by changing the coordinate values at the editor/spreadsheet (x, y, and z 
coordinates for conductors/rods, and Lx, Ly, Depth, # of Rods and # of Conductors in X/Y Directions for 
various typical grid shapes) or by dragging the element and watching the Help line change to the desired 
position. 


To drag an element, first select the element to be moved. Place the mouse cursor on top of the selected 
element; drag the element to the desired position, and release. 


Move Conductors/Rods 
Select the element; drag the element to the new position, and release. 


Move Shapes 


Shapes can be graphically moved within the Top View. Select the shape, drag the shape to the new 
location, and release. 


43.3.4 Cut (Delete) Elements 


Select the element or group of elements and press the Delete key on the keyboard. 


43.3.5 Copy Elements 


Select an element or group of elements, right-click, and select Copy from the pop-up menu. 


43.3.6 Paste 


Use the Paste command to copy the selected cells from the Dumpster into the GGS presentation. 


Note: Control + click on multiple elements or shapes to select them together. 


43.3.7 Size of Elements 


When an element is added to a GGS presentation, its size is set by default. The width and height of grid 
shapes and the length of conductors can be graphically changed. Select the element and move the cursor 
to a corner or edge of the element. Once the cursor changes its form, drag the element to its new size. 
Conductor/rod sizes can be changed from the spreadsheet or shape editors. When the length is altered, X,, 
Yi, and Z; will remain unchanged, and X2, Y2, and Zz will change accordingly. The cross-sectional area of 
a conductor, the outside diameter, and/or length of a rod can only be changed from the Conductor or Rod 
Editor. 


Rules 


e Sizing elements cannot be done in Ground Grid Study tab. 
e Elements cannot overlap each other. 
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43.4 Study Case Editor 


The GGS Study Case Editor contains Average Weight, Ambient Temperature, Current Projection Factor, 
Fault Current Durations, option to input or compute Fault Current Parameters (i.e., fault current to 
ground, current division factor, and X/R ratio), and Plot Parameters (for the Finite Element Method only). 
ETAP allows for the creation and saving of an unlimited number of Study Cases for each type of study, 
allowing the user to easily switch between different GGS Study Cases. This feature is designed to 
organize the study efforts and to save time. To create a new GGS Study Case, go to the Study Case menu 
on the toolbar and select Create New to open the GGS Study Case Editor. 


43.4.1 Study Case Page 
[ cro Study Case Editor =a 


Study Case | 
Study Case ID Options Method 
Weight (* 50kg (* Finite Bement 
C 70kg e 
Reports & Plots Ambient Temperature @ 
|¥ Auto Display Summary & Alert [ 40 c c 
|¥ Report Details 


jefe | oe 
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és 7 
GRD Study Case Editor se 


Study Case | 
Study Case ID i Method 
cy 50 kg '® 
™ 70kg (* |EEE 80 - 2000/2013 
Reports & Plots Ambient Temperature © 
IV Auto Display Summary & Alert 20 Cc c 
J¥ Report Details 


GRD1 


Update 
Il¥ # of Conductors and Rods (Optimization) 


Study Case ID 


A Study Case can be renamed by deleting the old Study Case ID and entering a new one. The Study Case 
ID can be up to 25 alphanumeric characters. Use of the navigator buttons at the bottom of the Study Case 
Editor allows the user to go from one Study Case to another. 


Options 


In this group, select the average body weight for the person working above the ground grid and the 
ambient temperature. The weight is used to calculate the Tolerable Step and Touch Potentials. 


50 kg 
Click on this option to select an average body weight of 50 kg. 


70 kg 
Click on this option to select an average body weight of 70 kg. 


Ambient Temperature 


Enter the soil ambient temperature in °C. This parameter is used for determining the ampacity of the 
ground conductors. 
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Reports and Plots 
Specify the report/plot parameters. 


Auto Display of Summary and Alert 
Check this box to automatically show the result window for Summary and Warning. 


Report Details 
Check this box to report intermediate results for an IEEE standard method or voltage profiles for the 
Finite Element method. 


Plot Step 
Plot Step is valid only for the FEM Study Model. This value is entered in meters or feet, and it is used to 
find the points (or locations) where Absolute/Step/Touch potentials need to be computed and plotted. 


Note: The smaller this number, the more calculations are required, increasing calculation time, but 
yielding smoother plots. The recommended value is 1 meter. If higher resolution is needed, decrease this 
number. 


Boundary Extension 
Enter the boundary extension in meters or feet. This value is used to extend the grid boundaries inside 
which the Absolute/Step/Touch potentials need to be computed. 


Fault Durations 
Allows the user to specify fault current durations. 


te 

Enter the duration of fault current in seconds to determine decrement factor. The fault duration (t,) (t-) and 
shock duration (t;) are normally assumed to be equal, unless the fault duration is the sum of successive 
shocks. 


t 
Enter in seconds the duration of fault current for sizing ground conductors. 


t, 
Enter in seconds the duration of shock current to determine permissible levels for the human body. 


Grid Current Factors 
In this group, the Corrective Projection Factor and the Current Division Factor can be specified. 


St 
Enter the Current Division Factor in percent, relating the magnitude of fault current to that of its portion 
flowing between the grounding grid and the surrounding earth. 


Cp 


Enter the Corrective Projection Factor in percent, accounting for the relative increase of fault currents 
during the station lifespan. For a zero future system growth, C, = 100. 
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Update 


Check this box to update/replace the number of conductors/rods in the Conductor/Rod Editor with the 
number of conductors/rods calculated by using optimization methods. This box is only valid with the 
IEEE Methods. 


Ground Short-Circuit Current 
This group is used to specify the fault current conditions for the GGS. 


User Specified 
Click on this option to input and display values for 3Io and X/R specified by the user. 


Ground Short-Circuit Current 
(* User Specified Ifg }1.6 kA XR 4 
( Short-Circuit Study 


Short-Circuit Study 
Click on this option to use and display the 3Ilp and X/R values obtained from a Short-Circuit Study 
performed on a one-line diagram. 

Ground Short-Circuit Current 


( User Specified 


(* Short-Circuit Study Ifo | 27.808 kK X/R | 34.86 


Ifg 
Enter the rms value of the fault current to ground in kA. The Maximum Grid Current is determined from 
this rms value, the Decrement Factor, Current Projection Factor, and Current Division Factor. 


X/R 
Enter the ratio of Inductive Reactance to Resistance. This value is used to calculate the decrement factor. 


Remarks 2™ Line 


Up to 120 alphanumeric characters can be entered in this remark box. Information entered here will be 
printed on the second line of every output report page header. These remarks can provide specific 
information regarding each Study Case. 


Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Information Editor. 


ETAP 43-27 ETAP 19.0 User Guide 


Ground Grid Systems Ground Short-Circuit Current Values 


43.5 Ground Short-Circuit Current Values 


This feature allows the user to link the Ground Grid Systems Module with the one-line diagram, to update 
and use the total 3lo and the equivalent X/R values obtained directly from the one-line diagram 
representation of the power system. 


Updating Ground Short-Circuit Current 


To update and use the 3Ip and X/R values, with values obtained by performing an Unbalanced Fault 
Short-Circuit Study on a one-line diagram, select the Short-Circuit Study option located in the Ground 
Short-Circuit Current group of the GRD dialog box, and follow these steps: 


Perform an Unbalanced Fault Short-Circuit Study 
An Unbalanced Fault Short-Circuit Study must be performed on the one-line diagram power system 
representation. The following conditions must be met: 


e For the ANSI SC Unbalanced Fault Calculation only the half-cycle values are transferred. 
e For the IEC SC Unbalanced Fault Calculation only the IEC 60909 values are transferred. 


Select a Grid to be Updated 

At the one-line diagram, right-click on the grid of interest, and choose the Update Fault kA option from 
the menu. This option is only available when successful Unbalanced Fault Current Calculation results are 
obtained, for the ANSI and IEC Standards specified. All the buses covered by the grid are considered by 
the update function. However, only the results for the bus with the highest total short-circuit current will 
be used. 


The Update Ground Grid Short-Circuit Current dialog box will be displayed. The new short-circuit 
current values will be used only if the user clicks on the Replace button, located on this dialog box. 


Update Fault kA, 


Delete 
Properties 


Sub2Aa-H Syn1 Symbols 
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43.5.1 Update Ground Grid Short-Circuit Current 
All the fields in this dialog box are for display only. 


Grid ID 


Update Ground Grid Short-Circuit Current (Sm 
Grid ID 
[ Gd 
Faulted Bus 
Bus ID Sub2B 


Fault Type Line-T o-Ground 


Ground Fault Current 
*éR 


kA, 
Existing Value (27.808 (34.86 
New Value (6.083 (43.18 


Cancel | 


This field displays the ID of the selected grid. 


Faulted Bus 


Bus ID 


This field displays the ID of the faulted bus used for the Study Case. 


Fault Type 


This field displays the type of fault used to calculate the New SC kA value. Currently only Line-Ground 


faults are used, but additional fault types will be added in future versions of ETAP. 


Ground Fault Current 


Existing Value - kA 


This field displays the existing short-circuit kA value used with the selected grid. 


Existing Value - X/R 
This field displays the existing short-circuit X/R value used with the selected grid. 


New Value - kA 


This field displays the new Short-Circuit kA value to be updated for the selected grid. 


ETAP 
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New Value - X/R 
This field displays the new short-circuit X/R value to be updated for the selected grid. The Range and 
format are the same as those for the X/R field in the Induction Motor Editor. 


Replace 
Click on this button to update the New SC kA and X/R values for the selected grid. 


Cancel 
Click on this button to close the dialog box and retain the existing SC kA and X/R values. 
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43.6 Soil Editor 


Double-click at any location inside the Soil View to open the Soil Editor. The editor includes Info page 
and Analysis page. 


é 
Soil Editor =) 


Resistivity 
ohm-m 


Surface Material [2500 


43.6.1 Info Page 


Surface materials, soil resistivity and depths for various layers can be specified in the page. Top Layer 
and Lower Layer information can be User-Defined or obtained from Calculated result. 


Surface Material 
These fields are used to specify the resistivity, depth, and material type for the surface layer. 


Resistivity 
Enter the Resistivity of the Surface Material in ohm-m in this field. 


Material 
Select the type of Surface Material from the drop-down list. 
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Depth 


Enter the Surface Material depth in meters or feet. 


User-Defined 
Check to select the User-Defined soil data. 


Calculated 


Check to select the Calculated soil data. The Calculated data are calculated and updated from the Analysis 


page. 


Top Layer 


Used to specify the resistivity, depth, and material type for the top layer soil. 


Resistivity 


Enter the material resistivity of the Top Layer soil in ohm-m in this field. 


Material 


Select the type of material of the Top Layer soil from the drop-down list. 


Depth 


Enter the depth of the Top Layer soil in meters or feet, referenced from the bottom of the Surface 


Material. 


Lower Layer 


Used to specify the resistivity and material type used for Lower Layer soil. 


Resistivity 


Enter the resistivity of the material of the Lower Layer soil in ohm-m. 


Material 


Select the type of material of the Lower Layer soil from the drop-down list. 


Typical Resistivity (Qm) for Different Types of Soil 


The table below lists typical resistivity for different types of soil. 


Type of Soil Mean Value of Resistivity in Qm 
Swampy soil, bogs 1 - 30 
Silt alluvium 20 - 100 
Humus, leaf mould 10 - 150 
Peat, turf 5 - 100 
Soft clay 50 
Marl and compacted clay 100 - 200 
Jurassic marl 30 - 40 
Clayey sand 50 - 500 
Siliceous sand 200 - 300 
Stoney ground 1500 - 3000 
Grass-covered-stoney sub-soil 300 - 500 
Chalky soil 100 - 300 
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Limestone 1000 - 5000 
Fissured limestone 500 - 1000 
Schist, shale 50 - 300 
Mica schist 800 
Granite and sandstone 1500 - 10000 
Modified granite and sandstone 100 - 600 


Source: Electrical Installation Guide — Schneider Electric 


43.6.2 Analysis Page 


The Analysis page is intended to assist the user in obtaining the two-layer soil model that best fits the data 
from the four-pin or Wenner method measured soil data. The calculated soil model parameters include 
Top Layer Resistivity, Top Layer Depth and Lower Layer Resistivity. The iterative analysis methodology 
is based on the IEEE Std 81. 


Soil Editor 


a) 3 


a0 0 


Soil Data 


This table allows the user to enter four-pin or Wenner method measured soil data including probe distance 
and its corresponding measured resistivity or resistance. Also this table can display the calculated 
resistivity or resistance value and its percentage error in comparison with measured value. 
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Active 
Check to enable and allow the selected entry to be included in the soil analysis. 


Probe Distance 
Enter probe distance used in the four-pin or Wenner method in feet/meter. 


Measured Resistivity/Resistance 
Enter the measured resistivity/resistance at corresponding probe distance in ohms/ohm-m, from the four- 
pin or Wenner method. 


Calculated Resistivity/Resistance 
This read-only column displays calculated resistivity/resistance at corresponding probe distance in 
ohms/ohm-m. 


Error% 
This read-only column displays measured value percentage error in comparison with calculated value. 


Add 
Click to add a new entry at the end of the table. 


Insert 
Click to insert a new entry in front of the selected entry. 


Delete 
Click to delete the selected entry. 


Copy 
Click to copy the selected entry to the end of the table. 


Calculate 
Click to launch the soil analysis calculation. 


Unit 


Resistance (ohms) 
Select to use Resistance (ohms) as the unit of measured and calculated soil data. 


Resistivity (ohm-m) 
Select to use Resistivity (ohm-m) as the unit of measured and calculated soil data. 


Max Iteration 
Enter the maximum number of iteration for soil analysis. 


Precision 


Enter the solution precision for soil analysis. When the calculation cannot converge in the specified 
maximum number of iterations, the results from the maximum iteration number will be reported. 
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Top Layer 


Depth 
Display the calculated top layer depth for the two-layer soil model. 


Resistivity 
Display the calculated top layer resistivity in ohm-m for the two-layer soil model. 


Lower Layer 


Resistivity 
Display the calculated lower layer resistivity in ohm-m for the two-layer soil model. 


RMS Error 


Display the total RMS error from Error% column. 


Update 


Resistivity Tolerance 
Enter the user-defined resistivity tolerance in percentage. The tolerance will be multiplied into the 
calculated resistivity of soil model and produce conservative result. 


Update 


Click to update the Top Layer Resistivity, Top Layer Depth and Lower Layer Resistivity to the 
Calculated section of Soil Editor Info page by multiplying the resistivity tolerance. 
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43.7 IEEE Group Editor 


When an IEEE Study Model is used, double-click on any location inside the selected grid shape in the 
Top View of the GGS to open the IEEE Group Editor. The editor is used to specify conductor/rod 
parameters for the grid shape. 


43.7.1 Conductors Page 


You can specify the parameters of the conductors and the grid size within the Conductors page. 


IEEE Group Editor |p| 


Material Constants 
Conductivity 
40.0 


Alpha Factor 
0.00378 


Ko Factor 
245 


Fusing Temperature 


Conductors [toe 


Depth Size 
[0.5 ft 4/0 + | AWG/kcmil Resistivity @ 20 C 
[4.40 
T [Co clad steel wire 1 | 
— Thermal Capacity 


Cost [3.3 SAt [3.85 


tee | 0K |] cancel | 


Grid Size 


L,;/ Lx,Jong 
Enter the long length of the grid in the X direction in meters or feet. Show L, if the rectangular/triangular 
shape is selected; show Lx jong if the L-shape or T-shape are selected. 


Ly/Lyiang 
Enter the long length of the grid in the Y direction in meters or feet. Show L, if the rectangular/triangular 
shape is selected; show Ly,long if the L-shape or T-shape are selected. 


Lx short 


Enter the short length of the grid in the X direction in meters or feet in this field. Lx shor appears only if the 
L-shape or T-shape is selected. 


ETAP 43-36 ETAP 19.0 User Guide 


Ground Grid Systems IEEE Group Editor 


Ly,short 
Enter the short length of the grid in the Y direction in meters or feet in this field. Ly,shon shows only if the 
L-shape or T-shape is selected. 


# of Conductors 


X Direction 
Enter the number of the conductors in the X direction in this field. 


Y Direction 
Enter the number of the conductors in the Y direction in this field. 


Conductors 


Depth 
Enter the depth of the conductor grip in meters or feet in this field. 


Type 
Select the type of the conductor material from the drop-down list. 


Size 
Select the conductor size in AWG/kcmil or mm* from the drop-down list 


Cost 
Enter the cost of the conductor in $/m or $/ft in this field. 


Material Constants 

This information is displayed on the Conductors page to reflect the selected conductor type (the conductor 
constants are from an internal conductor library/file GRDLib.mdb which can be modified using Microsoft 
Access). It includes Material Conductivity (%), Thermal Coefficient of Resistivity at 20 °C (1/°C), Ko 
Factor (°C), Fusing Temperature (°C), Resistivity of the Ground Conductor at 20 °C in pQecm, and the 
Thermal Capacity Factor in J/em?/°C. 


ETAP 43-37 ETAP 19.0 User Guide 


Ground Grid Systems IEEE Group Editor 


43.7.2 Rods Page 


You can specify the parameters of the rods within the Rods page. 


IEEE Group Editor |S 


Conductors Rods | 


~ Rods 


# of Rods [4 


Diameter [0.75 inch 
Lencth fio. —tiéR 

peorsenert [ER - 
Type [Coppercladsteelwie1 =| 
Cost [100  — $/Rod 


tee | [ox |] _concet| 


Rods 


# of Rods 
Enter the number of rods in this field. 


Diameter 
Enter the diameter of the rod in inches or centimeters in this field. 


Length 
Enter the length of the rod in meters or feet in this field. 


Arrangement 
Select the arrangement of the rods throughout the grid area using the pull-down list 


Type 
Select the type of rod material from the drop-down list. 
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Cost 
Enter the cost of the rod in $/rod in this field. 


Material Constants 

This information is displayed on the Rods page to reflect the selected rod type (the conductor constants 
are from an internal conductor library/file GRDLib.mdb which can be modified using Microsoft Access). 
It includes Material Conductivity (%), Thermal Coefficient of Resistivity at 20 °C (1/°C), Ko Factor (°C), 
Fusing Temperature (°C), Resistivity of the Ground Conductor at 20 °C in wQecm, and the Thermal 
Capacity Factor in J/em?/°C. 
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43.8 FEM Group Editor 


When an FEM Study Model is used, double-click on any location inside the selected grid shape in the 
Top View of the GGS to open the FEM Group Editor. The editor is used to specify conductor/rod 
parameters and grid size for the shape. 


43.8.1 Group Conductors Page 


FEM Group Editor |p Sm| 


Conductors 
Size 


Depth 
[05 ft [4/0 y| AWGkcmil 
Type [Copper-ctad steel wire 1 + | 


Insulation |Bare Sa 


Cost |3.3 SAt 


_tee | [ox |] _concet| 


Grid Size 


Lx/Lx,long 
Enter the long length of the grid in the X direction in meters or feet in this field. Show Lx if the 
rectangular/triangular shape is selected; show Lx jong if the L-shape or T-shape are selected. 


Ly/ Ly, long 


Enter the long length of the grid in the Y direction in meters or feet in this field. Show Ly if the 
rectangular/triangular shape is selected; show Ly.tong if the L-shape or T-shape are selected. 
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Lx, short 
Enter the short length of the grid in the X direction in meters or feet in this field. Lx,shon appears only if the 
L-shape or T-shape is selected. 


Ly,short 
Enter the short length of the grid in the Y direction in meters or feet in this field. Ly.shon appears only if the 
L-shape or T-shape is selected. 


# of Conductors 


X Direction 
Enter the number of conductors in the X direction in this field. 


Y Direction 
Enter the number of conductors in the Y direction in this field. 


Conductors 


Depth 
Enter the depth of conductor grip in meters or feet in this field. 


Size 
Select the conductor size in AWG/kcmil or mm? from the drop-down list. 


Type 
Select the type of conductor material from the drop-down list. 


Insulation 
Select the type of conductor insulation (Bare or Insulated) from the drop-down list. If Insulated is 


selected, this grid group will not be reconsidered for calculation/plotting. 


Cost 
Enter the cost of the conductor in $/m or $/ft. 
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43.9 Conductor/Rod Editor (FEM) 


The Conductor/Rod Editor is used with the FEM study model only. To edit the data for a conductor/rod, a 
conductor/rod must be selected from the FEM Edit toolbar and placed on the Top View of the GGS. 
Double-click on a conductor/rod on the Top View to open the Conductor/Rod Spreadsheet Editor. 


The Material Constants of the conductor/rod are displayed at the top of the spreadsheet according to the 
material type. Each conductor/rod record (row) is a unique set of data. Each conductor/rod record must 
have a unique identifier: ConID. Duplicate records with the same data are overwritten. 


Note: The updated Material Constants for “Aluminum-clad steel wire” in IEEE Std 80-2013 is added into 


the ETAP material library as “Aluminum-clad steel wire 13” and is selectable from ETAP 14 or higher 
versions. 


Material Constants 


Alpha Factor K Factor Fusing Temperature = Resistivity @20C Thermal Capacity 


Conductivity 


|_| Label length x1 yi zi x2 y2_ 22 | Type oer. 
af? — 10.00 0.00 0.00 0.50 10.00 0.00 0.50 4/0 B 


Copper, annealed soft- 
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Alpha Factor K Factor Fusing Temperature Resistivity @20C Thermal Capacity 


[oo «=Ctié«iessCi (ie meC(iéiC(<i‘~s~™C 


|__| Label» Length | XI YI Zi X24) Y2_ | -Z2_ Diameter Type 
of? _ 10.00 0.00 0.00 0.50 0.00 0.00 10.50 0.75 1 


Copper, annealed soft- ha 


oss | oot | ose | Teer] | oc co 
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Label 
This is the symbol representing a conductor/rod. 


Length 
This is the length of the conductor/rod in m/ft. If the length is altered, X2, Y2, and Z2 are changed 
accordingly. If X1, Yi, Z1, X2, Y2, and Z» values are entered, the length is changed accordingly. 


Xi 
This is the X coordinate of one end of the conductor/rod in meters or feet. 


Yi 
This is the Y coordinate of one end of the conductor/rod in meters or feet. 


Zi 
This is the Z coordinate of one end of the conductor/rod in meters or feet, referenced from the top edge of 
the top layer. 


X2 
This is the X coordinate of the other end of the conductor/rod in meters or feet. 


Y2 
This is the Y coordinate of the other end of the conductor/rod in meters or feet. 


Z2 
This is the Z coordinate of one end of the conductor/rod in meters or feet, referenced from the top edge of 
the top layer. 


Diameter 
This is the Rod diameter in cm or inches, used only in the Rod Editor. 


Type 
This is the type of conductor/rod material. 


Size 
This is the conductor cross-sectional area in AWG/kcmil or mm’, used only in the Conductor Editor. 


Insulation 
This is the conductor insulation type, used only in the Conductor Editor. 


Cost 
This is the cost in $/m or $/ft for a conductor, cost in $/rod for a rod. 


Filter and Sorting Function 

You may sort a column by ascending or descending order. To do so, place the mouse on the title of a 
column and left click to bring up the menu. All columns will be sorted based on the column selected. Also 
filter can be applied to display or hide certain entries. 
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g 4 
Conductor Editor |_| 


Material Constants 


Alpha Factor K Factor Fusing Temperature Resistivity @ 20C Thermal Capacity 


Conductivity 


Label Length x1 Mt Z1 x2 Y2 22 Type Size Insulation | Cost L* 
8] SortAtoZ 
Z| SortZtoA 290 | 050 | 8510 | 27.90 | 0.50 | Copper, annealed soft-dr... 


Search| | 2790 | 0.50 | 7260 | 5290 | 0.50 | Copper, annealed soft-cr. 
oI (Select All) A 
[WW 35,0999984741211 


m 


2 

3 

g 

3 

3 

g 

alla tall Ea 

Ee Ka EEK 
EE EE Ka EE EEK 

e 

le 

8 


§/§/8/$|8/8/3/8/s 


290 | 050 | 4224 | 2790 | 0.50 | Copper, annealed soft-dr Bare y|/ 3.30 
290 | 050 | 5653 | 5290 | 0.50 | Copper, annealed soft-dr Bare y|) 3.30 
r-I¥ 42.2428588867188 290 | 050 | 6367 | 5290 | 0.50 | Copper, annealed soft-<r... Bare y|) 3.30 
IW 45.2999992370605 290 | 0.50 | 7796 | 2790 | 050 | Copper, annealed soft-dr... Bare vy} 330 | + 


i I 47.6000022888184 


OK | Cancel 


ETAP 43-45 ETAP 19.0 User Guide 


Ground Grid Systems Calculation Methods 


43.10 Calculation Methods 


The Ground Grid Systems Module includes the following methods of computation: 


e Finite Element Method 
e ANSI/IEEE Std 80-1986 

IEEE Guide for Safety in AC Substation Grounding 
e ANSI/IEEE Std 80-2000/2013 

IEEE Guide for Safety in AC Substation Grounding 
e ANSI/IEEE Std 665 - 1995 

IEEE Guide for Generating Station Grounding 
e Optimization of Conductors 

ANSI/IEEE Std Based Methods 
e Optimization of Conductors and Rods 

ANSI/IEEE Std Based Methods 


43.10.1 Finite Element Method 


The Finite Element method (FEM) is based on a method of images, and assumes that the grounding 
system is an equipotential structure. The uniform or two-layer soil view is also used with the FEM 
method. 


43.10.2 IEEE Std Methods 


IEEE Std 80-2000/2013, IEEE Std 80-1986, or IEEE Std 665-1995 is optional for the calculation of Step 
and Touch (mesh) Potentials, Ground Resistance, Ground Potential Rise, Tolerable Step and Touch 
Potential Limits. IEEE Std 80-1986 or IEEE Std 665-1995 is used only for the Square/Rectangular shapes 
of ground grids; IEEE Std 80-2000/2013 can be used for Square/Rectangular, Triangular, L-Shaped, or T- 
Shaped ground grids. 


When computing step and touch potential in a two-layer soil structure using the IEEE-80 Method, ETAP 
uses the soil resistivity defined for the layer where the ground grid is located, and the formulas in IEEE- 
80 for single layer soil model. This is because IEEE-80 does not provide formulas for step and touch 
potential calculations for two-layer soil structure. 


43.10.3 Optimization of Conductors 


ETAP determines the minimum number of conductors that satisfy the tolerable limits for the Step and 
Touch potentials for a fixed number of ground rods. The GGS Module begins calculations with a grid 
consisting of only two conductors on each side, and increases the number of conductors (keeping the 
mesh almost square) until a solution is reached. This optimization function applies to IEEE Std methods 
only. 
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43.10.4 Optimization of Conductors and Rods 


The GGS Module performs a cost optimization routine to determine the optimum number of conductors 
and ground rods needed to limit the Step and Touch potentials. ETAP begins the optimization routine 
with a minimum of two parallel conductors horizontally, two parallel conductors vertically, and four rods. 
With each iteration, the number of rods and conductors is increased based on their cost effectiveness in 
reducing unwanted potential levels. This optimization function is for IEEE Standard methods only. 


43.10.5 Fundamental Formulas 


Some fundamental formulas are given below. 


Reflection Factor, K 
P—Ps 


Ke 
P+ P, 


Where p is the resistivity of the earth beneath the surface material in ohm-m; p; is the surface layer soil 
resistivity in ohm-m. 


Surface Layer Derating Factor, Cs 


For IEEE Std 80-2000/2013 


C=1 0.09(1— p/p, ) 
2h, + 0.09 


Where hs is the thickness of the surface layer in meters. 


For IEEE Std 80-1986, IEEE Std 665-1995 


1 2 K* 
C. =—— {142 
0.96 2 {1+ (2nh, /0.08)° 


C, is 1 when K=0 


Decrement Factor, Df 


Where T, is the equivalent system subtransient time constant in seconds. 


Tolerable Step Potential, Estep and Etouch 
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For body weight of 50 kg 


0.116 
Eveps9 = 000 + 6C, p,) —— 


Te 


Frouchso = (1000 + ee on ee 


Te 


For body weight of 70 kg 


Eyepr9 = (1000 + 6C,p,) 7 


vt 


Fouch70 = (1000 + 1.5C, p, ) 0.157 


Te 


Maximum Grid Current, Ic 


1, =87C.DGI,) 
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43.10.6 Calculation Timeout 


The default calculation timeout is 1800 second for FEM and is 60 second for IEEE method. These values 
can be reset from Options (Preferences). 


1. Switch back to One Line View (OLV). 
2. Select menu Tools | Options (Preferences). 
3. In the Ground Grid Systems section change the Timeout for FEM and IEEE calculation separately. 


Below shows an example: 


Options (Preferences) [reo 


evvvvvvv gv 


86400 
Calculation Timeout (IEEE) 60 

> Harmonic Analysis 

> ILS 

> Load Flow 


Calculation Timeout (FEM) 
FEM Timeout indicates the maximum time allowed (in seconds) for a FEM calculation to be completed. 


[Help } (aoe) 
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43.11 Required Data 


The following related data is necessary to run a Ground Grid Systems Study: Soil Parameters, Grid Data, 
and System Data. A summary of these data for different types of calculation methods is given in this 
section. 


System Data 

System Frequency 

Average Weight of Worker 

Ambient Temperature 

Short-Circuit Current 

Short-Circuit Current Division Factor 
Short-Circuit Current Projector Factor 
Durations of Fault 

System X/R Ratio 

Plot Step (for FEM model only) 
Boundary Extension (for FEM model only) 


Soil Parameters 


Surface Material Resistivity 
Surface Material Depth 
Upper Layer Soil Resistivity 
Upper Layer Soil Depth 
Lower Layer Soil Resistivity 


Ground Conductor Library 


Material Conductivity 

Thermal Coefficient of Resistivity 
Ko Factor 

Fusing Temperature 

Ground Conductor Resistivity 
Thermal Capacity Factor 


Grid Data (IEEE Standards Only) 


Shape 

Material Type 

Conductor Cross Section 

Grid Depth 

Maximum Length of the Grid in the X Direction 

Maximum Length of the Grid in the Y Direction 

Minimum Length of the Grid in the X Direction (for IEEE Std. 80-2000/2013 L-shaped or T-shaped 

grids only) 

e Minimum Length of the Grid in the Y Direction (for IEEE Std. 80-2000/2013 L-shaped or T-shaped 
grids only) 

e Number of Conductors in the X Direction 

e Number of Conductors in the Y Direction 
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e Cost 


Rod Data (IEEE Standards Only) 


Material Type 
Number of Rods 
Average Length 
Diameter 
Arrangement 
Cost 


Conductor Data (FEM Model Only) 


Material Type 

Insulation 

Cross Section 

X, Y, and Z Coordinates of One End of Conductor 
X, Y, and Z Coordinates of Other End of Conductor 
Cost 


Rod Data (FEM Model Only) 


Material Type 

Insulation 

Diameter 

X, Y, and Z Coordinates of One End of Rod 
X, Y, and Z Coordinates of Other End of Rod 
Cost 


Optional FEM Model Grid Group Data 

Shape 

Material Type 

Conductor Cross Section 

Grid Depth 

Maximum Length of the Grid in the X Direction 

Maximum Length of the Grid in the Y Direction 

Minimum Length of the Grid in the X Direction (for L-shaped or T-shaped grids) 
Minimum Length of the Grid in the Y Direction (for L-shaped or T-shaped grids) 
Number of Conductors in the X Direction 

Number of Conductors in the Y Direction 

Cost 
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43.12 Output Report 
Output reports for the Ground Grid Systems Studies are available in different levels and are arranged in 


two formats: Crystal Output Report and Pop-Up Window display. 


The naming procedure for the Ground Grid Systems Output Reports automatically attaches the name of 
the Ground Grid System presentation to the front of the Output Report name. For example, if the report 
name is Rpti, and the GGS presentation name is Grid1, then the report name will be Grid1_Rpt1. The 
sections of the report name are separated by an underscore. 


a 
Enter Output Report Filename =) 


Help | Cancel | 


Ground Grid Systems -Grid2 Revision: Base 


Home View Help Ground Grid 


= x = GRD1 . ay cay A wal [3 —— & Complete 


Create Delete Edit Ground-Grid Summary Plot Report 
New Calculation and Warning Selection Manager 


Study Case Calculation Output List Output Reports Report Format 


If you convert a GGS project into ETAP version 4.7.0 or higher, any old Crystal Reports will not be listed 
on the report name drop-down list because they do not have the name of the presentation as a prefix. To 
correct this situation you need to add the name of the presentation and the underscore to each existing 
Output Report. If you correctly renamed the existing reports, you will see them listed on the report name 
drop-down list. You need to rename both of the GGS Output Report files (with extensions *.GR1 and 


* orp). 
For example, if the existing GGS presentation and Output Report names are Grid2 and Rpt2 


respectively, then you can browse for the location of the *.grp and *.GR1 files and rename them using 
Windows Explorer. 
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43.13 Ground Grid Systems Report Manager 


Click on the “Report Manager” button within the “Study Ground Grid” tab to open the Ground Grid 
Systems Report Manager dialog box. The Ground Grid Systems “Report Manager” consists of four pages 
and provides different formats for the Crystal Reports. 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the “Set As 
Default” checkbox. 


Complete Page 


Selects a report format that provides the Complete Output Report. 


ia ’ 
Ground Grid Report Manager ==) 


Complete | input | Resut | Summary | 


Complete (* Viewer 
PDF 
( MS Word 
( Rich Text Format 
( MS Excel 
[ Set As Default 


Output Report Name 


Grid2_ Untitled 
Path 


D:\Pecan2-FG1-ADMS-Rel\Example-ANS! 
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Input Page 


Provides the format for different input data. 


fa , 
Ground Grid Report Manager Ex) 


Complete Input | Resutt | Summary 


Cover @ Viewer 
— PDF 


( MS Word 

( Rich Text Format 
MS Excel 

[ Set As Default 


Output Report Name 
Grid2_Untitled 


Path 
D:\Pecan2-FG1-ADMS-Rel\Example-ANS| 


3 es 
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Result Page 


Provides the format for different calculation results. 


oo . 
Ground Grid Report Manager (Som 


D:\Pecan2-FG1-ADMS-Rel\Example-ANS| 


8 Es 


ETAP 43-55 ETAP 19.0 User Guide 


Ground Grid Systems Ground Grid Systems Report Manager 


Summary Page 


Provides the summary from the calculation results. 


G 
Ground Grid Report Manager x) 


D:\Pecan2-FG1-ADMS-Rel\Example-ANSI 


Se cs 
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43.13.1 Ground Grid Systems Crystal Report 


After running the Ground Grid Systems Study, click on the “Report Manager” button located within the 
“Study Ground Grid” tab, or select the Crystal Report format from the “Report Format” section, to open 
and view the Crystal Report outputs. The Ground Grid Systems Study Crystal Report contains the 


following major sections: 


Cover Page 


This is the first page of the Ground Grid Systems study Crystal Report. It includes information from the 
number of conductors and rods, unit system, project file name, and the output file name and its location. 


Electrical Transient Analyzer Program 


Number of Ground Conductors: 20 

Number of Ground Rods: 22 

Total Length of Ground Conductors: 715.00 ft 

Total Length of Ground Rods: 250.00 ft 

Frequency. 60.0 

Unit 5 ystem: English 

Project Filename: EXAMPLE-ANSI 

Output Filename: CAETAPIExample-Ansi\Grid2_GRDFEM GR 1 
Input Data 


Ground Grid Systems 


Finite Element Method 


This section reports the input data related to the System, Soil, Grid, and Conductor Library. 


ETAP 
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System Input Data 

This section reports the input data related to the system including the System Frequency, Average Weight 
of Worker, Ambient Temperature, Short-Circuit Current, Short-Circuit Current Division Factor, Short- 
Circuit Current Projector Factor, Durations of Fault, System X/R Ratio, Plot Step (for FEM model only), 
and Boundary Extension (for FEM model only). 


System Data: 


Short-Circuit Current Fault Duration (Seconds) 
Total Sf Cp Tf Te Ts Extended 
Abmient Fault Division Projection for for Sizing for Plot Boundary 
Freq. Weight Temp. Current Factor Factor Total Fault Ground Available Step Length 
Hz lbs *¢ kA XR % % Duration Conductors Body Cuttent ft ft 
60.0 50 40.00 1.600 4.00 100.0 100.0 0.50 0.50 0.50 10 0.0 


Soil Input Data 


This section reports the input data related to Soil including the Surface Material Resistivity, Surface 
Material Depth, Upper Layer Soil Resistivity, Upper Layer Soil Depth, and Lower Layer Soil Resistivity. 


Surface Material Upper Layer Soil Lower Layer Soil 
Resistivity Depth Resistivity Depth Resistivity 
Material Type aQ.m ft Material Type Quam ft Mate rialT ype Quam 
Clean limestone 2,500.0 Ol Moist soil 100.0 5.0 Moist soil 80.0 
Conductor Library 


This section reports Conductor Library information. It shows the Material Conductivity, Thermal 
Coefficient of Resistivity, Ko Factor, Fusing Temperature, Ground Conductor Resistivity, and Thermal 
Capacity Factor. 


Material Constants: Resistivity of Thermal 
ar Factor Fusing Ground Conductor Capacity 

Cond uc tivity @ 20°C K0@ Temperature @ 20°C Per Unit Volume 
Cond uctor/Rod Type % Lee 0°c °C wQ.cm Ii{em?.°C)} 
Conductor Copper-clad steel wire 1 40.0 0.00378 245.0 1084.0 4.40 3.85 
Rod Copper-clad steel wire 1 40.0 0.00378 245.0 1084.0 4.40 3.85 


Grid Data (for IEEE Standards) 


This section reports the input data related to the grid including the Shape, Material Type, Conductor Cross 
Section, Grid Depth, Maximum Length of the Grid in the X Direction, Maximum Length of the Grid in the 
Y Direction, Minimum Length of the Grid in the X Direction (only for IEEE Std. 80-2000/2013 L-shaped 
or T-shaped grid). 


Grid Configuration: 


Conductor Grid Length (ft) Number of Conductors Sep aration (ft) 
Size Depth in X in Y in X in Y Cost 
AWG/kemil (ft) Lx Ly Direction Direction Direction Direction $/ft 
4/0 Os 50.0 25.0 2 2 50.0 25.0 3.30 Shape: Rectangular 
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Rod Data (for IEEE Standards) 


This section reports the input data related to the grid including the Material Type, Number of Rods, 
Average Length, Diameter, Arrangement, and Cost. 


Rod Data: 
Diameter Length No. of Cost 
inch ft Rods Arrangement $/Rod 
0.8 10.0 4 Rods Throughout Grid Area 100.0 


Conductor Data (for FEM model) 


This section reports the conductor input data for the FEM model including Material Type, Insulation, Cross 
Section, X, Y, and Z Coordinates of One End of Conductor, X, Y and Z Coordinates of Other End of 
Conductor, and Cost. 


Conductor Data: 


Size From To Length Insulated Cost 

Label Type AWGéAcmil x Y Zz x ¥ Zz ft Yes/No Sift 
c2 Copper-clad steel wire 1 4/0 353 29 0.5 84.9 27.9 0.5 55.5 No $B 
c3 Copper-clad steel wire 1 4/0 35.2 27.8 0.5 84.9 3.0 0.5 55.5 NO $B 
c6 Copper-clad steel wire 1 4/0 818 29 0.5 818 27.9 0.5 25.0 No $B 
C7 Copper-clad steel wire 1 4/0 38.3 29 0.5 38.3 27.9 0.5 25.0 No B 
co Copper-clad steel wire 1 4/0 453 15.2 0.5 744 4.9 0.5 29.1 no $B 


Rod Data (for FEM model) 


This section reports the rod input data for the FEM model including the Material Type, Insulation, 
Diameter, X, Y, and Z Coordinates of One End of Conductor, X, Y, and Z Coordinates of Other End of 
Conductor, and Cost. 


Rod Data: 
Diameter From To Length Insulated Cost 
Label Type inch x Y Z x ¥ Zz ft YesiNo $ift 
R2 Copper-clad steel wire 1 0.75 477 28.0 0.5 477 23.0 15.5 15.0 NO ‘$100 
R3 Copper-clad steel wire 1 0.75 478 52.9 05 478 52.9 15.5 15.0 NO $100 
R4 Copper-clad steel wire 1 0.75 85.0 279 05 85.0 279 15.5 15.0 No $100 
R8 Copper-clad steel wie 1 0.75 72.5 52.8 0.5 72.5 52.8 1.5 15.0 No $100 
RO Copper-clad steel wire 1 0.75 35.1 279 0.5 35.1 27.9 15.5 15.0 NO $100 
R12 Copper-clad steel wire 1 0.75 85.0 3.0 0.5 85.0 3.0 10.5 10.0 NO $100 
Cost Data 
Lists the cost data of conductors/rods. 
Cost: 
Conductor Rod 
Total TotalLength Total TotalLength Total 
No. ft Cost No. ft Cost Cost 
22 815.2 $2,690 22 250.0 $25,000 $27,690 
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Result 


This section reports the results related to Intermediate Constants, Potential Profiles, Summary, and 
Warning. 


Report of Intermediate Constants for IEEE Standards 


In this section the intermediate results Kim, Kis, Km, Ks, Ki, Ki, K2 are reported, if the Report Details box 
in the Study Case Editor dialog box is checked. 


Report of Intermediate Constants for IEEE 80 Methods 


- Correction factor for grid geometry regarding touch voltage (Kim): 0.949 

- Correction factor for grid geometry regarding step voltage (Kis): 0.949 

- Spacing factor fortouch voltage(Km): 1.316 

- Spacing factor for step voltage (Ks): 1.072 

- Corrective weighting factor that adjusts for the effects of inner conductors on the cornermesh(Kii): 1.000 
- Constants 1 related to the geometry of system(K1): 1.329 


- Constants 2 related to the geometry of system(K2): 5.667 


Summary for IEEE Standards 


In this section, the Ground Resistance Rg, GPR, Step and Touch potentials, Reflection Factor K, Derating 
Factor D;, and Maximum Grid Current and Warning information are reported. 


Ground Grid Summary Report 


Rg GPR : ; 
Ground Ground Touch Potential Step Potential 
Resistence Potential Rise Tolerable Calculated Calculated Tolerable Calculated Calculated 
Ohm Volts Volts Volts % Volts Volts % 
5.753 11537.1 427.1 3722.0 8714 12164 4567.1 3755 

Total Fault Current: 2.000 kA Reflection Factor (K): -0.923 

Maximum Grid Current: 2.005 kA Surface Layer Derating Factor (Cs): 0.428 
Decrement Factor (D f): 1.003 

Warnings: 


The maximum Touch Voltage exceeds the tolerable limits 
The maximum Step Voltage exceeds the tolerable limits 


Grid depth is greater than 2.5 m orless than 0.25 m 
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Report of Potential Profiles for the FEM Model 


The three Potential Profiles are reported if the Report Details box in the Study Case Editor is checked in 
this section. 


Ground Grid Results 


Location (ft) a Touch Potential Step Potential 
# x ¥ ¥olts ¥olts % Tolerable ¥olts % Tolerable 
1 35.1 29 3,226.2 284.6 66.6 896.7 737 
2 36.1 29 3,313.3 197.5 46.2 875.3 72.0 
3 37.1 29 3,287.9 222.9 $2.2 770.2 63.3 
4 38.1 29 3,296.1 2147 50.3 747.4 614 
5 39.1 29 3,273.1 237.7 55.7 700.6 S76 
6 40.1 29 3,266.2 244.6 57.3 674.4 55.4 
? 41.1 29 3,292.4 218.4 $1.1 685.5 56.4 
8 42.1 29 3,345.7 165.1 38.7 729.1 59.9 
9 43.1 2.9 3,299.4 2114 49.5 679.7 559 
10 44.1 29 3,239.8 271.0 63.4 622.3 $1.2 
11 45.1 2.9 3,215.6 295.2 69.1 602.7 49.5 
12 46.1 29 3,208.9 301.9 70.7 600.2 49.3 
13 47.1 29 3,205.2 305.6 716 599.0 49.2 
14 48.1 29 3,214.6 296.2 69.3 608.8 50.1 
15 49.1 29 3,245.4 265.4 62.1 637.9 52.4 


* Calculated potentials exceeds the tolarable limit 
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Summary for the FEM Model 


The Ground Resistance Rg, GPR, Step and Touch Potentials, Reflection Factor K, Derating Factor D;, and 
Maximum Grid Current and Warning information are reported in this section. 


Ground Grid Summary Report 


Maximum Siep Potential 


Rg GPR Maximum Touch Potential 
Ground Ground Fi . 

Resistance PotentialRise Tolerable Calcuhted Calcuhhted eee Tolerable Calcuhhted Calcuhied __Coordinates (ft) 

Ohm ¥olts ¥olts Volts % x ¥ ¥olts Volts % x ¥ 

2.21 3,573.8 427.1 426.6 99.9 71.6 53 1216.4 998.8 82.1 84.80 3.05 
Total Fault Current 1.600 k& Reflection Factor (K): -0.923 
Maximum Gud Current: 1617 kA Surface Layer Derating Factor (Cs): 0.428 
Decrement Factor (Df): 1.011 


43.13.2 Summary and Warning 

After running the Ground Grid Systems Study, click on the Summary and Warning button located on the 
Ground Grid System toolbar, to open the GRD Analysis Alert View dialog box. If the Auto Display of 
Summary and Warning box located on the Study Case Editor dialog box is checked, this view will open 
automatically after the Ground Grid Systems calculations are executed. 


& , 
GRD Analysis Alert View for GRD1 x 
Summary and Alert | 
Result Summary 
Calculated Tolerable Location 


Volts Volts ¥ 


x 
Touch [ 1036.9 [644.6 1255 2059 ft 
Step | 431.3 [ 2086.3 — | m3 | [ wi /e 


GPR} 3392 Vols Rg | 1.692 Ohm 


Alarm & Wamings 
The maximum Touch Voltage exceeds the tolerable limits 
The short-time temperature rise of ground conductor and/or rod exceed the limits 
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43.14 Plot Selection 


Plots are used only with the FEM method, and are available for Absolute/Step/Touch Voltages. To select 
a plot, open the Plot Selection dialog box by clicking on the Plot Selection button located on the Ground 
Grid Systems toolbar. 


Plot Selection 


Plot Selection 
l¥ Absolute Voltage 
. Touch Yoltage 


[ Step Voltage 


Plot Type 


- 
[ Overvoltage Limits 


Cancel 


Plot Selection 
The following 3-D Potential profiles are available for analysis of GGS Study Case results: 


Absolute Voltage 
Check this to plot an Absolute Potential profile. 


Touch Voltage 
Check this to plot a Touch Potential profile. 


Step Voltage 
Check this to plot a Step Potential profile. 


Plot Type 
The following plot types are available for analysis of GGS Study Case results: 


3-D 
Plot a 3-D Potential profile for the Absolute/Touch/Step voltage. 


Contour 
Plot a Contour Potential profile for the Absolute/Touch/Step voltage. 


Display Over Limit Voltage 


Show areas with potentials exceeding the tolerable limits for 3-D Touch/Step Potential profiles. This 
function is disabled when the Contour plot type is selected. A set of sample plots is shown below. 
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: 
i) GRD PLOT x=) 


Grid2_ GRD1 ; 
Absolute Potential Profile 


[ar GRD Plot x=) 
Grid2_ GRD1 7 


Step Potential Profile 
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Grounding System & Earthing Types 


The grounding / earthing system feature is an integrated tool within ETAP one line diagram that 
automatically detects the system earthing configuration based on source and transformer grounding / 
earthing type selection. The resulting earthing types are displayed both on the one line diagram and in the 
Cable editor. 


The scope of this tool includes 3-phase and 1-phase AC systems of 1 kV or less and DC systems of 1.5 
kV or less. 


The grounding / earthing system detection is used for sizing of Protective Earthing (PE) Conductors and 
for Electric Shock Protection calculations. 


ETAP makes a distinction between grounding system and earthing types by using the following 
definitions: 


Grounding System 


There are four grounding systems available in ETAP: 


Solid Grounded 

Low Impedance Grounded 
High Impedance Grounded 
Ungrounded 


The grounding is determined by the connected energized sources in the system. Grounding types can also 
be determined if multiple sources exist the system. The selection of a grounding system will enable the 
selection of earthing types. 


Earthing Type 


For solidly grounded system the following earthing types are available: 


TN-C 
TN-C-S 
TN-S 
TT 
NEC 


For other grounding systems (including ungrounded systems) the following earthing types are available: 
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Grounding 
System 

Open 

Resistor 
Reactor 
Xfmr-Reactor 
Xfmr-Resistor 
Delta 


Earthing 

Type 

IT-Collective, IT-Individual, and IT-In Groups 
IT-Collective, IT-Individual, and IT-In Groups 
IT-Collective, IT-Individual, and IT-In Groups 
IT-Collective, IT-Individual, and IT-In Groups 
IT-Collective, IT-Individual, and IT-In Groups 
IT-Collective, IT-Individual, and IT-In Groups 


For more information on the definition of the earthing types, refer to section 44.2 of this chapter. 


ETAP 


44-2 
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44.1 Quick Start Guide 


44.1.1 Automatic Earthing Type Detection 


1) Verify that the Earthing Type determination option is enabled by going to the Tools drop down 
menu and then selecting Options (Preferences). Set the “Earthing Type determination for 
Grounding/PE Sizing” option to true inside the Cable Sizing section. 


Fi ¥ 
Options (Preferences) ==) 
=| oo 
> Arc Flash 
> Battery Discharge / Sizing 
4 Cable Sizing 
ea 


Earthing Type determination for Grounding / PE Sizing BTS 


Update from the bus with lower SC kA value False 

> Contingency Analysis 

» Control System Diagram 

> Database Compare 

> ETAP Application 

> ETAP Project 

> Geospatial View 

>» Ground Grid Systems Ma 
Earthing Type determination for Grounding / PE Sizing 

If this entry is set to True, then ETAP will populate the Earthing Type from sources to cables. Note that if this entry is set 
to False, Earthing Type for cables is unknown so that Electric Shock calculation cannot be done. 


W 


[Help] (_Aeely 


2) Inthe project tool bar, turn on the continuity check button and then click the Theme he button. 


3) In order to be able to determine the grounding / earthing type on the one-line diagram, select 
either the grounding or earthing theme from the “Active Color Code” menu inside the theme 


manager. 


ETAP 44-2 ETAP 19.0 User Guide 


System Grounding Quick Start Guide 


7 
Theme Editor 


Thee (ETA Osa =] cor cote Sin) 


[Laver | 3Phase |,1-Phase | Fomats | Voltage | Feeder | Area _| Grounding/Eathing |Font. Votese 


Feeder 
Grounding Type Protective Earthing (PE) Type (Low Voltage) Area 
Earth - Earth (TT) (jj 
‘ _—) 
Earth - Neutral Combined (TN-C) 
Lon 7 A >= 50 A 
Earth - Neutral Separate (TN-S) 
‘1 
Earth - Neutral Comb-Sep (TN-C-S) 
Unocunded (a 
Isolated Earth (IT) 
National Electric Code 
Undetermined 
Voltage > 1kV Element Based 
Instrumentation Elements Grounding Elements 
@ User-Defined r_—i«y @ User-Defined =a) = 
) Color Code . © Not Visible 
Ground Switch 
@ User-Defined I) 
© Net Visible (Grounded) 
© Color Code as) 


Help | [ Saveds.... | ete [_SetGlobal ] [ Apply ] [OK | [Cancel _| 


4) For determination of grounding types, the system can be any voltage level; however, for earthing 
type, the scope of the search is based on 1 kV or less for AC systems and 1.5 kV volts or less for 
DC system. (Refer to section 9.2.8 for more information) 


5) Connect source and transformer to the system and select their grounding types from inside their 
editors. 


a. For 3-phase power grid, select Wye (Star)-Solid or delta grounding 
For 1-phase power grid, check the “grounded” check box 

c. For 3-phase transformer and generator, select Wye-Solid, Wye-Open, Delta grounding, or 
any of the other Wye impedance type grounding 

d. For 1-phase transformer, check the “grounded” check box 

e. For the rest of the sources (e.g. UPS, charger, etc.), check the grounding check box 


6) Select the earthing type for source and transformer. 
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44.2 Definition of Earthing Types 


For low voltage systems in ETAP, the choice of earthing types inside of the source and transformer 
editors are a reflection of the way the load side of the sources (Power Grid, UPS, etc.) and transformers 
are connected to earth and how the chassis of the loads are protected during a fault condition. 

The definitions of TN earthing types are as follows: 


TT 
TN-C 
TN-S 
TN-C-S 
NEC 


44.2.1 TT, TN, TN-C, TN-S, 'TN-C-S Systems 
The earthing type for a TN system is marked by using 2, 3, or 4 letters: 
e The first letter, T, is defined by “Terre” which defines how the source or transformer neutral is 


connected to the earth. 
e The second letter indicates how the load chassis is connected: 


oT is defined by “Terre”, which gives a TT system, which is the how the load chassis is 
grounded to earth using an earthing electrode. 


TT System 


Load 
Chassis 


oO N is defined by “Neutral” which defines the load chassis as connected to neutral. This 
gives a TN system, which is how the load chassis is connected to earth using either a 
neutral or a protective earthing (PE) conductor. 


Earthing 
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e The third letter indicate how the neutral and PE conductors are utilized: 


o C is defined by “Combined” which means that the neutral and PE conductors are 
combined into one conductor (PEN conductor) that acts as the current return conductor 
during both steady state and fault conditions. 


TN-C System 


Source 
— 


Chassis 


Earthing 


o S is defined by “Separated” which means that the neutral and PE conductors are 
separated and independent from each other. 


TN-S System 
Source 


— 


; 
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e The TN-C-S earthing type has four letters and the fourth letter, just like the third letter, indicates 
how the neutral and PE conductors are utilized. The TN-C-S start from the source (such as a 
utility company) with a combined PEN conductor until a service entry point, e.g. a residential 
unit, is reached. As soon as the customer’s service entry point is crossed, the earthing conductor 
will separate into two separate conductors, which are the neutral and the PE conductors. 


TN-C-S System 


Chassis 
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44.2.2 IT System 


The earthing type for an IT system is marked by using 2 letters and a term: 


e The first letter, I, is defined by “Isolated” which defines the neutral as is either not connected to 
earth or indirectly connected to earth through a high impedance. 

e The second letter, T, is defined by “Terre” which defines the load chassis as connected to earth 
using an earthing electrode. 

e The term that follows the IT earthing types are defined as follows: 


oO Individual: The chassis of each load is earthed separately from the neighboring load 
chassis. 


oO InGroups: Different loads are separated into groups and then the chassis of each load in a 
group is interconnected with the other chassis within the same group. The different 
groups are then earthed individually. 


O Collective: All of the chassis of all the loads are interconnected and then earthed. 


IT System 
Source 


Earthing 


Through an Impedance 


e NEC earthing type identification is supported; however, shock protection calculations that are 
described in chapter 46 are not supported for it. 
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44.3 Multiple Grounding / Earthing Handling 


When ETAP analyzes the system and encounters an area (that is bounded by transformers, sources, and 
loads) with multiple sources and transformers with different grounding types, the grounding type that 
offers the least impedance will be considered the dominant grounding type. 


For example, if an element is connected to both a solidly grounded and a high resistance grounded source, 
then the element will be considered as solidly grounded since a path of lesser impedance back to the 
source is available from the point of view of the element. 


When ETAP encounters an area with multiple sources and transformers, the resulting determined earthing 
type may differ based on the earthing types selected from the sources and transformers. If the earthing 
type yields as “Undetermined” set the earthing types to be the same for the multiple source and 
transformers. 
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Cable Ampacity and Sizing 


This chapter covers more specifically the different cable current carrying capability (ampacity) 
calculation methods available from the Ampacity/Capacity page of the cable editor. These methods are 
listed as followed: 


BS 7671 

ICEA P-54-440 
TEC 60364-5-52 
TEC-60092 

TEC 60502 
IEEE 399 

NF C 15-100 
NEC 


For each method, the input parameters and their definitions are exposed. In addition, their effect and how 
they are used in each calculation method is explained. 
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45.1 Cable Editor Ampacity/Capacity Parameters 
45.1.1 Ampacity/Capacity Page 


e , 
Cable Editor - Cable14 Ex I 


Sizing - GND/PE 
Se aoe —— 


ICEA Mag. 60 Hz Code : 250 


Rubber 100 % 10kV 3 CU [250 | AWG coil 


Installation for Ampacity/Capacity Results 


@ Sarr 


Operating Base  Derated 
Allowable Ampacity / Capacity 
@ Derated 
© User-Defined 
© UGS Calculated 


Temperature 
Without Grouping Effect ‘in "hes 
© Without Load Diversity 


Operating 35 90 30 


Ta Adjustment per NEC Table 


Factor Tot. Derated 
0.98 544.2 


3) (i (9) aa) (2) 
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( Cable Editor - Cable Main ex TI) 


Operating Base  ODerated 
10.28 251 | 225.3 


Allowable Ampacity / Capacity 


a  () aa) (2) 


X 


Calculation Methods and Standards 


Depending on the cable installation type, different methods can be used to calculate cable current- 
carrying capability (ampacity/capacity). 
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IEEE 399 

This calculation method is according to the IEEE Std 399, IEEE Recommended Practice for Industrial 
and Commercial Power Systems Analysis. It covers installation types of underground duct and directly 
buried. The calculation is based on ampacity at a base condition and adjustment factors derived from 
detailed calculations using the Neher-McGrath Method. 


These factors established a maximum feasible load capacity, which results in no reduction of the cable’s 
expected lifetime. The overall derating factor is composed of several components as listed on the 
following page. 


Fta = Derating factor for ambient temperature 

Ftc = Derating factor for maximum allowable conductor temperature 
Fth = Derating factor for underground soil thermal resistance 

Fg = Derating factor for cable grouping 

Fc = Derating factor for A/G tray covers 

Fm = Derating factor for A/G tray maintained spacing 

Fce = Cumulative effect factor for A/G trays 

Fm = Derating factor for A/G conduit (NEC and diversity factor) 
Ffc = Derating factor for A/G fire coating 

Ffs = Derating factor for A/G fire stop 

Ffw = = Derating factor for A/G fire wrap 


ICEA P-54-440 

The method based on ICEA P-54-440 applies to cables in above ground trays using calculated derating 
factors based on tray size, cable fill, and environment conditions. The actual values of tray depth, width, 
and % fill entries will be taken into account, which gives more accurate results and is based on the 
method described in the Stolpe paper (Paper 70 TP 557-PWR)'. However, the Stolpe Method may 
provide a smaller ampacity for large cables (for example, 750 mm’) compared to those from ICEA P-54- 
440. 


In addition, if both the ambient temperature and conductor temperature differ from those shown in the 
ICEA Standard (40 °C ambient temperature and 90 °C conductor temperature), the resulting ampacity 
values may be smaller because the standard used the product of both correction factors as the temperature 
correction. In ETAP calculations, the ambient temperature and conductor temperature values are used 
directly in the calculation and, therefore, yield more accurate results. 


In the used method, the following AC resistance equations for temperature corrections are employed: 


R’ = R(234.5 + Tc) / (234.5 + Tb) Copper Conductors 
R’ = R(228.1 + Tc) / (228.1 + Tb) Aluminum Conductors 


Where: 

R = Resistance at the base temperature Tb 

R’ = Resistance at the operating temperature Tc 
Tb = Conductor base temperature in °C 


Tc = Conductor temperature limit in °C 


NEC does not cover 1/C cables in A/G Trays that have a size < 1/0 AWG. Therefore, 1/C cable installed 
in A/G Trays shall be size 1/0 AWG or larger. Same limitation is applied to ICEA P-54-440. 
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NEC (NFPA 70) 

This method calculates derating factors according to National Electric Code (NEC). It applies to cables in 
above ground trays, above ground conduits, air drop, and underground direct buried and underground 
conduits. NEC does not provide ampacity derating due to bottom cover or correction of the ampacity 
multiplying factors due to the cumulative effects of combinations of tray covers and fireproofing. In 
general, cable sizes of 2/0 AWG and smaller are installed in cable trays in a randomly filled manner, with 
a maximum of two cables high. 


Base ampacity of randomly filled trays are based on installations at a uniform depth up to the maximum 
of 30% fill for 3 or 4-inch tray depths. The method applied here corresponds to a maximum fill condition 
and does not consider fill conditions exceeding the nominal depths. 


For NEC standard, the selected cable Base ampacity must be in accordance with the ampacities listed in 
the tables from NEC Article 310 and Appendix B. 


Users have the option to select to read the cable Base ampacity from either the Library or directly from 
the NEC tables. Please contact the support team of ETAP in order to enable the Library Data option as 
this option is hidden in the standard release. The default is set to use the NEC ampacity Tables. 


The NEC method is only applicable to a cable insulation voltage rating of 35 kV or less. 


Ambient temperature correction factor should be calculated based on the equation below, as required by 
NEC standard. 


where: 


1 ap (PCrIATATD 
2 "Vy TC -TA, -TD 


I, = ampacity from tables at ambient TA; 

I, = ampacity at desired ambient TA» 

TC = conductor temperature in degree Celsius (°C) 

TA, = surrounding ambient from tables in degree Celsius (°C) 
TA = desired ambient in degree Celsius (°C) 

ATD = dielectric loss temperature rise. 


ETAP currently uses the following equations: 


dea 234.5 + Tcbase 


; for CU conductors 
VTcbase—Tabase 234.5+Tc 


Correction Factor = 


LA, 228.1+ Tcbase 
VTcbase—Tabase. 228.1+Tc 


Correction Factor = for AL conductors 


These formulae come from AIEE-IPCEA — “Power Cable Ampacities — Copper Conductors”, p. III. B 
and IEEE Std. 242-1986, section 8.5.2.4. 


In case the Ta ambient temperature checkbox is checked under the Ampacity/Capacity page of the cable 


editor, these two equations will be applied for the operating conductor temperatures that are outside the 
range provided by the NEC tables for both A/G and U/G installations. The Ta adjustment will come from 
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the NEC tables if the checkbox is checked. If the checkbox is unchecked, these equations will apply to 
both the Ta and Tc temperature correction factors. 


[ Cable Editor - Cable14 ex TI 


Sizing - GND/PE 
Se aro ——— 


Operating Base — Derated 
[5093 [6265 [| 5568 

Allowable Ampacity / Capacity 

@ Derated 

) User-Defined [545.7 

| UGS Calculated 

Temperature 


Ampacity is from NEC Tables. 


Ta Te RHO 
Base 20 90 90 


Operating 35 90 90 


™, \¥] Ta Adjustment per NEC Table 


Factor Tot. Derated 
0.98 545.7 


Kj{cobiers DD) 2) 


l 
If the Base Tc of the selected cable from the Library does not match any of the NEC tables, the Base 


ampacity will be set to 0. If the Base Ta of the selected cable from the Library does not match any of the 
NEC tables, ETAP will automatically convert the ambient temperature to the one of the NEC tables, 
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retrieve the ampacity, and convert back to display the ampacity at the Base ambient temperature. The 
conversion factor will depend on whether the Ta adjustment per NEC Table is checked or not. 


For U/G Duct and U/G Buried installations, if the Operating RHO is different than the Base RHO, then 
the following derating rules are applied: 


Using ETAP Library Data 


- JEEE 399 Tables 13-5 through 13-7 are applied. In case a different RHO than the ones specified 
in these tables is entered, interpolation between the two closest RHO values will be used. 


Using NEC Tables 


- For LV cables installed in U/G Ducts, at 50% Load Diversity, only Base RHO = 60 C.cm/W is 
allowed. If the header of the selected cable from the library does not match this condition, 0 
ampacity shall be provided. At No Load Diversity, Base RHO of 90 and 120 C.cm/W are 
allowed. If the operating RHO is different than these two values, interpolation or extrapolation 
between and outside these two given points is applied. Table 310.16 is specified for U/G Buried 
installation but does not provide a RHO. Therefore, changing the Operating RHO will have no 
effect as this table is RHO-independent. Tables B.310.8 through B.310.10 are provided at RHO 
of 90 C.cm/W. If the Operating RHO is different than the Base RHO, then the IEEE 399 Tables 
13-5 through 13-7 shall apply. 


In case an insulation type is not listed in any of the NEC tables, e.g. XLPE, SBR, Neoprene, etc, no 
ampacity shall be provided by the NEC ampacity calculation method. It is also important to know that 
both insulation type and conductor base temperature (Base Tc) must match the header of the said NEC 
table. An exception shall be made for Rubber and Rubber 2 insulation types as they are general types of 
insulation and were present since the earliest version of ETAP and, therefore, were mapped to any of the 
columns that supported rubber-based insulation types at 75 °C. For instance, the under-ground ampacity 
tables in Appendix B are all listed at 75 °C. If the header of the selected cable mentions 90 °C instead of 
75 °C, then the method will read the base ampacity from NEC tables 310.16 and 310.17 based on the 
number of conductors per cable and installation type. 


Grouping factor is applied based on the number of conductors per cable and the number of cables per 
location or conduit controlled by # C/Loc field under the Grouping section. Rows and Columns can be 
defined for cables installed underground per NEC Figure 310.60 for high voltage cables and Figure 
B.310.2 for low voltage cables. Load diversity can be applied at 50 % and at 100 % (Without Load 
Diversity option). The entire grouping factor can be bypassed by checking the Without Grouping Effect 
option under the Amp Adjustment section of the Ampacity/Capacity page of the cable editor. For more 
than 4 conductors in cable or location, NEC tables 310.15(B)(2)(a) and B.310.11 shall apply. 


For above ground (A/G) installation in trays, NEC sections 392.11 for low voltage cables and 392.13 for 
high voltage cables shall apply. These two sections also handle the Top Cover and Maintained Spacing 


options for A/G Trays installations as displayed in the figure below. 


NEC does not cover 1/C cables in A/G Trays that have a size < 1/0 AWG. Therefore, 1/C cable installed 
in A/G Trays shall be size 1/0 AWG or larger. 


In case the “Without Grouping” option is checked, even if the cable is a 4/C through 10/C, the grouping 
factor will be equal to 1 and the ampacity of that cable will be obtained from the NEC tables, which are 
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designed for 1/C, 2/C, and 3/C only. Therefore only 1 through 3 conductors of the cable will be 
considered for current-carrying. 


The footnote (*) in NEC Tables 310.16 and 310.17 for cable sizes 14, 12 and 10 AWG in these tables 
refers to 240.4.D. The overcurrent protection shall not be exceeded after any correction factor is applied: 


14 AWG Copper: 15 amperes 
12 AWG Aluminum and Copper-Clad Aluminum: 15 amperes 
12 AWG Copper: 20 amperes 
10 AWG Aluminum and Copper-Clad Aluminum: 25 amperes 
10 AWG Copper: 30 amperes 


On the Cable Editor: Protection page, check the Overload Protection nominal current In. It must be filled 
out as Protective Device or User-Defined. If violation is found, ETAP posts a message: “Protective 
device’s In exceeds the limit of XX amperes as specified in NEC 240.4(D)”. If this limitation is violated 
but there is no protective device defined, then the message will not be posted. 
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ro 
Cable Editor - Cable14 


100 % 1.0kV 


Installation for Ampacity/Capacity 


@ Sania 
> pe 


is from NEC Tables. 


(¥] Maintained Spacing 


Base 40 90 
Operating 35 90 
Ta Adjustment per NEC Table 


a le aa) (2) 


x 


BS 7671 Standard 

This method is based on BS 7671 (17th Edition): Requirements for Electrical Installation. It applies to a 
number of types of installation, including above ground and underground configurations. This method can 
be used for cables at nominal voltages up to and including 1000V a.c. and 1500V d.c. 
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The displayed cable Base ambient temperature (Ta) is fixed at 30 C° for cables in Air and 20 C° for buried 
cables directly in soil or in ducts in the ground per BS 7671. The actual cable operating ambient 
temperature can be specified in the Operating Ta field. The cable’s Base and Operating conductor 
temperature (Tc) is determined based on cable conductor type and insulation type corresponding to Tables 
4D1A and onwards of BS 7671. 


Cable Base Ampacity (Current-Carrying Capability) is from Tables 4D1A and onwards of BS 7671. 
Under certain conditions, the base ampacity may not be available from these tables and the “Base” 
Ampacity field will show zero or/ and a message will be posted. In this case you may refer to ETAP log 
pane for more information. 


Cable Ampacity/Capacity calculation result is displayed in the “Derated” Ampacity field. The following 
correction factors are considered for cable Capacity calculation: 


e Ca -— Correction factor for ambient temperature. This factor is from Table 4B1 or Table 4B2 of 
BS 7671. 


e Cg-Correction factor for grouping. This factor is from Tables 4C1, 4C2, 4C3, 4C4 or 4C5 of BS 
7671. 


e Ci-— Correction factor for conductors embedded in thermal insulation. Refer to Section 523.7 of 
BS 7671 for detailed information. 


e Cc (Note: Cf which represents the factor for semi-enclosed fuse to BS 3036 is included as part of 
the Cc factor) — Correction factor for the type of installation condition and/or type of protective 
device. A factor of 0.725 is applied for cables protected by a Fuse to BS 3036 and 0.653 is 
applied for cables protected by a Fuse to BS 3036 and the installation method is “in a duct in the 
ground” or “buried direct”. A factor of 0.9 is applied for cables protected by other BS Regulation 
433.1.201 protective devices. Refer to Section 5 of BS 7671 Appendix 4 for detailed information. 
A BS 3036 Fuse or BS Reg. 433.1.201 protective device is specified on the Protection page of 
cable editor by selecting Device ID or User-Defined Overload Protection device. 


e Cs (Note: Cs is represented as Cr in ETAP) — Correction Factor for Soil Thermal Resistivity. 
Refer to Table 4B3 of BS 7671 for detailed information. 


e Cd-Correction Factor for Depth of Laying (Burial). Refer to Table 4B4 of BS 7671. 
Note: Interpolation or extrapolation may be used if a factor cannot be found directly from the tables. 


If a correction factor cannot be determined, the “Derated” Ampacity field on the Ampacity page will 
show zero. In this case you may refer to ETAP log pane for more information. 


Sheath/Armor and Jacket Layer 
According to BS 7671, sheath layer is an important factor in current-carrying capacity calculation and the 
sheath layer can be either metallic or non-metallic. 


Determination of the Base Ampacity for a cable for a particular installation method may require the cable 


to be Armored and/or Sheathed. Such setup can be performed in the Physical page of the Cable Editor. 
In some cases a message will be posted providing information of such requirement. In other cases Base 
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and Derated Ampacity will be displayed as zero. You may also refer to ETAP log pane for more 
information. 


In the current version of ETAP, a sheath layer is only metallic: lead, aluminum or copper. For 1/C cables, 
Steel Armor is considered as non-magnetic. A Jacket in ETAP is treated as non-metallic sheath for BS 
7671 based calculation. Therefore, for current- carrying capacity calculations based on BS 7671, a cable 
is considered to have a sheath layer if the cable has either a sheath type or a jacket type specified. It is 
required to enter a nonzero thickness value if a Sheath, Armor or Jacket Type is selected. Note that Paper 
type Jacket is not treated as a sheath for BS 7671 based calculation. 


Note: For Mineral Insulated cables, only with a non-metallic (Jacket in ETAP) layer is treated as non- 
bare cable. 
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100 % 10kv = CU mm 2 


Order of Layers: Conductor, Insulation, Shield, Sheath, Armor, and Jacket 


Di . 


Conductor Construction Diameter 0.944 cm 


Max Stress 379.27 V/mm 
-_ 
Svs Gai 


soe (3 ima67O0 =] 
Seah (Nene 
teor/ Sheath Goundes (Sounded Bah Ede > 
lott (ME) 


Cable BS5467 


Rdce 273.27 ~— micro ohms 


Cable Pulling 
kg/km kg/mm2 kg/m 
Weight 2300 Max. Tension 72 Max. Sidewall 670 


een 8 (2) Coc) [cores] 


1. Unarmoured multicore cables installed in underground Conduits or Ducts are treated the same as 
armoured cables, referring to section 16.8 of “Commentary on IEE Wiring Regulations 17" 
Edition” by Paul Cook. 

2. Flexible cable is not handled in this ETAP release. 
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IEC 60364 Standard 

This method is based on IEC 60364-5-52: Selection and erection of electrical equipment - Wiring 
systems. It applies to a number of types of installation, including above ground and underground 
configurations. This method can be used for single core or multiple core cables with nominal voltages up 
to and including 1000V a.c. and 1500V d.c. 


The displayed cable Base ambient temperature (Ta) is fixed at 30° C for above ground installation and 
20° C for underground per IEC 60364-5-52. The actual cable operating ambient temperature can be 
specified in the Operating Ta field. The cable’s Base and Operating conductor temperature (Tc) is 
determined based on cable conductor type and insulation type corresponding to Tables B.52.2 to B.52.13 
of Annex B, IEC 60364-5-52. 


Cable Base Current-Carrying Capability is from Tables B.52.2 to B.52.13 of Annex B, IEC 60364-5-52. 
Under certain conditions, the base current-carrying capability may not be available from these tables and 
the “Base” field will show zero. In this case you may refer to ETAP cable editor log pane for more 
information. 


Cable Current Carrying Capacity calculation result is displayed in the “Derated” field. The following 
correction factors are considered for cable Current Carrying Capacity calculation: 


e Ca — Correction factor for ambient temperature. This factor is from Table B.52.14 or Table 
B.52.15 of IEC 60364-5-52 Annex B. 


e Cg-Correction factor for grouping. This factor is from Tables B.52-17 to B.51-21 of IEC 60364- 
5-52 Annex B. A group containing different sizes of insulated conductors or cables is not 
considered for this ETAP release. 


e Cr -— Correction Factor for Soil Thermal Resistivity. Correction is considered based on Table 
B.52.16 for soil thermal resistivities other than 2.5 K-m/W (250 C-cm/W). 


Note: Interpolation or extrapolation may be used if a factor cannot be found directly from the 
tables. 


If a correction factor cannot be determined, the “Derated” field on the Capacity page will show zero. In 
this case you may refer to ETAP cable editor log pane for more information. 


According to IEC 60364-5-52, sheath layer is an important factor in Current-Carrying Capacity 
calculation and it can be either metallic or non-metallic. In ETAP, a sheath layer is only metallic. A 
Jacket in ETAP is treated as non-metallic sheath for 60364-5-52 based calculation. Therefore, for 
Current-Carrying Capacity calculation based on 60364-5-52, a cable is considered to have a sheath layer 
if the cable has either a sheath type or a jacket type specified. It is required to enter a nonzero thickness 
value if a Sheath or Jacket Type is selected. Note that Paper type Jacket is not treated as a sheath for 
60364-5-52 based calculation. 


Note: 
1. For Mineral Insulated cables, only with a non-metallic (Jacket in ETAP) layer is treated as non- 
bare cable. 
2. Armored multicore cables are treated the same as unarmored cables based on B.52.1. 
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100% 1OkV. = CCU mm 2 


Order of Layers: Conductor, Insulation, Shield, Sheath, Armor, and Jacket 


Di . 


Conductor Construction Diameter 0.944 cm 
insulati [xe Thickness 11 mm 


Max Stress 379.27 V/mm 
_ ; 05 |om 
Sid Goud 


Amor | St Ammor/45dq/70w = ¥ 


Cable Pulling 
kg/km kg/mm2 kg/m 


Weight 2300 Max.Tension 7.2 Max.Sidewall 670 


[og] [cree 
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IEC 60502 Standard 

This method is based on IEC 60502-2: Power cables with extruded insulation and their accessories for 
rated voltages from 1 kV (Um = 1,2 kV) up to 30 kV- Part 2: Cables for rated voltages from 6 kV (Um = 
7,2 kV) up to 30 kV (Um = 36 kV). It applies to above ground and underground installation. This method 
can be used for single core or multi-core cables with nominal voltages greater than 1000V a.c. and less 
than 36000V a.c. 


The displayed cable Base ambient temperature (Ta) is fixed at 30° C for above ground installation and 
20° C for in underground installation per IEC 60502-2. The actual cable operating ambient temperature 
can be specified in the Operating Ta field. The cable’s Base and Operating conductor temperature (Tc) is 
determined based on cable conductor type and insulation type corresponding to Tables B.2 to B.9 of IEC 
60502-2. 


Cable Base current rating is from Tables B.2 to B.9 of IEC 60502-2. Under certain conditions, the current 
rating may not be available from these tables and the “Base” field will show zero. In this case you may 
refer to ETAP cable editor log pane for more information. 


Cable Current Carrying Capacity calculation result is displayed in the “Derated” field. The following 
correction factors are considered for cable Current Carrying Capacity calculation: 


e Ca -— Correction factor for ambient temperature. This factor is from Table B.10 or Table B.11 of 
TEC 60502-2. 


e Cg -— Correction factor for grouping. This factor is from Tables B.18 to B.23 of IEC 60502-2. A 
group containing different sizes of insulated conductors or cables is not considered for this ETAP 
release. 


e Cd -— Correction factor for installation to account for a depth of laying not 0.8 meters. This factor 
is from Table B.12 (for direct buried cables) or B.13 (for cables in ducts) of IEC 60502-2. 


e Cr -— Correction Factor for Soil Thermal Resistivity. Correction is considered based on Tables 
B.14 to B.17 for soil thermal resistivity other than 1.5 K-m/W (150 C-cm/W). 


Note: Interpolation or extrapolation may be used if a factor cannot be found directly from the 
tables 


If a correction factor cannot be determined, the “Derated” field on the Capacity page will show zero. In 
this case you may refer to ETAP cable editor log pane for more information. 


According to IEC 60502, the cable must be shielded (and unarmored if 1/C). Based on the current rating 
tables of IEC 60502-2, current rating values are available only for cable sizes of 16 mm? through 400 
mm”. For all other sizes current rating is not provided. As a result, based on this condition, if the selected 
cable size does not meet this criterion then the current rating will not be available and the “Base” field 
will show zero. 
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IEC 60092 Standard 

This method is based on IEC 60092-352: Electrical installations in ships. It applies to cable installations 
intended for fixed electrical systems on ships for voltages up to and including 15 kV. This standard 
covers single and multiple core Copper conductors. The current carrying capacity calculation covers both 
methods mentioned in Annex A and Annex B of IEC 60092. Annex A is applies to more detailed 
installation types, whereas Annex B is for general set of installations, which is applicable to installations 
previous to 2003. 


The displayed cable Base ambient temperature (Ta) is fixed at 45° C for any installation type per IEC 
60092-352. The actual cable operating ambient temperature can be specified in the Operating Ta field. 
The cable’s Base and Operating conductor temperature (Tc) is defaulted to 90° C. The cable’s Operating 
temperature can be set to 60°, 65°, 70°, 75°, 80°, 85°, 90° or 95° C through the Operating Tc dropdown 
list as per IEC 60092. The conductor Base temperature (Tc) will automatically be set to be the same as the 
selected Operating conductor temperature. 


Cable Base current carrying capacity based on installations methods of Annex A is from Table A.1 to A.5 
and Table B.1 to B.5 for calculation method based on Annex B of IEC 60092-352. If current carrying 
capacity calculations are performed using the installation methods described in Annex A, interpolation is 
used to determine the Base capacity values of current for conductor temperatures of 65°, 75° and 80° C 
since tables containing these values are not available. Under certain conditions, the base current rating 
may not be available from these tables and the “Base” field will show zero. In this case you may refer to 
ETAP cable editor log pane for more information. 


Cable Current Carrying Capacity calculation result is displayed in the “Derated” field. The following 
correction factors are considered for cable Current Carrying Capacity calculation: 


e Ca -— Correction factor for ambient temperature. This factor is from Table 3 of Annex A of IEC 
60092-352 and it applies to calculations for installation methods of Annex A and Annex B. 


e Cg -— Correction factor for grouping. This factor is from Tables A.6 to A.8 of IEC 60092-352 for 
the calculation for installation methods based on Annex A. For calculation of installations based 
on Annex B, a correction factor of 0.85 is applied for installations in which more than six cables 
exist in a group. 


e Cst — Correction factor is for short time duty. It is used to account for the installation conditions 
in which the cable is meant to supply a motor or equipment operating for Short Time periods or 
Intermittently. This factor is calculated based on section 3.3.5 of IEC-60092-352. 


Note: Interpolation may be used if a factor cannot be found directly from the tables 


If a correction factor cannot be determined, the “Derated” field on the Capacity page will show zero. In 
this case you may refer to ETAP cable editor log pane for more information. 


Based on the current rating tables of IEC 60092-352, current rating values are available only for cable 


sizes of 1.5 mm? through 630 mm”. As a result, based on this condition, if the selected cable size does not 
meet this criterion then the current rating will not be available and the “Base” field will show zero. 
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NF C 15-100 Standard 

This method is based on NF C 15-100: Low-voltage electrical installations. It applies to various types of 
installations, including above ground and underground configurations. This method can be used for single 
core or multiple core cables with nominal voltages up to and including 1000V a.c. and 1500V d.c. 


The displayed cable Base ambient temperature (Ta) is fixed at 30° C for above ground installation and 
20° C for underground installations per NF C 15-100. The actual cable operating ambient temperature can 
be specified in the Operating Ta field. The cable’s Base and Operating conductor temperature (Tc) is 
determined based on cable insulation type corresponding to Table 52H or Table 52J of Part 5-52, NF C 
15-100. 


Cable Base Current-Carrying Capability is from Table 52H or Table 52J of Part 5-52, NF C 15-100. 
Under certain conditions, the base current-carrying capability may not be available from these tables and 
the “Base” field will show zero. In this case you may refer to ETAP cable editor log pane for more 
information. 


Cable Current-Carrying Capacity Calculation result is displayed in the “Derated” field. The following 
correction factors are considered for cable Current-Carrying Capacity calculation: 


e Ca -— Correction factor for ambient temperature. This factor is from Table 52K or Table 52L of 
NF C 15-100 Part 5-52. 


e Cg - Correction factor for grouping. This factor is from Tables 52N to 52T of NF C 15-100. A 
group containing different sizes of insulated conductors or cables is not considered for this ETAP 
release. 


e Cc —Correction factor according to methods of installation. This factor is from Table 52G. 


e Cr -— Correction Factor for Soil Thermal Resistivity. Correction is considered based on Table 52 
M for soil thermal resistivity other than 1.0 K-m/W (100 C-cm/W). 


Note: Interpolation or extrapolation may be used if a factor cannot be found directly from the 
tables. 


If a correction factor cannot be determined, the “Derated” field on the Ampacity page will show zero. In 
this case you may refer to ETAP cable editor log pane for more information. 


Type 

If the option of Installation Type is selected, the Installation Type field contains all the installation types 
currently available in ETAP. When one of these installation types is selected, the Standard field will 
contain only the standards applicable to the selected installation type. The table below gives all the 
installation types and applicable standards. 


ETAP 45-17 ETAP 19.0 User Guide 


Cable Ampacity and Sizing Ampacity/Capacity Parameters 


Installation IEEE | ICEAP- IEC IEC IEC NF C 15- : : 
# Type 399 54-440 NEC BS - 7671 60364 60502 60092 100 Installation Pictures 
Oo: 
1 UG Duct x x x x x 22. 
22. 
2 UG Buried x x x x x | | 
Trenches / a ee | 
4 Troughs = | | toy 
a alli 
Embedded 
4 Direct aa x O| x 
1.97.21 1 I 
|.one.! 
5 A/G Trays x x x x x x x leeeesl 
Ld & & J 
° 
6 Brackets ».¢ ».¢ x ».¢ Le % 
oO 
loos 
7 Cleats x 
8 Ladder x ».¢ x x x 
10 A/G Conduit x x x x x 
Open & 
u Clipped Direct = * . x 
12 Air Drop x x x Xx x 
13 | Building Voids Xx Xx Xx 
14 Trunking x x x 
15 Wire Mesh ».¢ xX x x 
16 Channel ».¢ ».¢ x 
Architrave/ 
17 Window ».¢ x x 
Frame 
18 Masonry x x x 
19 Fixed x 
Installation 
20 Annex B ».¢ 
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Sub-Type 

When the BS 7671, IEC 60364, IEC 60502, IEC 60092 or NF C 15-100 Standard is selected in the 
Standard field, the installation Sub-Type and installation Method will also show up along with the 
installation Type if applicable. You can select a different installation Sub-Type from the list. 


Method 
This field displays the Reference method for the selected Sub-Type per Table 4A2 of BS 7671, 


Requirements for Electrical Installations as shown below. 


Installation for Ampacity/Capacity 
@)Standard BS 7671 v 
© Type Embedded Direct v 


Sub-Type | In Thermally Insulated Wall v 


Sn] Method A 


This field displays the Reference method for the selected Sub-Type per Table B.52.1, IEC 60364-5-52, 
Selection and erection of electrical equipment - Wiring systems as shown below. 


Installation for Ampacity/Capacity 
@)Standard |EC 60364 ¥ 
© Type Embedded Direct v 


Sub-Type In Thermally Insulated Wall v 


This field displays the Reference method for the selected Sub-Type per Table A.1 of Annex A, IEC- 
60092, Electrical installations in ships as shown below. 


Installation for Ampacity/Capacity 

@ Standard | IEC 60092 v 

© Type A/G Conduit v 
Sub-Type Ona Bulkhead v 


—_ Method | B2 
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This field displays the Reference method for the selected Sub-Type per Table 52G, NF C 15-100, Low- 
voltage electrical installations as shown below. 


Installation for Ampacity/Capacity 

@)Standard §NFC15-100 v 

C) Type U/G Duct Me 
Sub-Type | In Ground v 


Note: Magnetic/Non-Magnetic Installation 

Magnetically installed cables imply that there is a continuous raceway (conduit) around the cables with 
circulating current due to the magnetic field of the cables. This circulating current will cause the cable 
reactance (X1 and XO) to increase by up to 15% for smaller size cables, and 5 to 10% for larger size 
cables. The following table shows when to use cable libraries designated as Magnetically and Non- 
magnetically Installed cables: 


Cable Library Header 
Magnetically Installed Seer ee a 

U/G Duct — PVC Conduits Xx 

U/G Duct — Mag. Conduits Xx 

U/G Buried Xx 

A/G Tray — No Cover Xx 

A/G Tray — Solid & Mag. Material Xx 

A/G Conduit - PVC Xx 

A/G Conduit — Mag. Conduit 

Air Drop 4 
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Results 
Results 
Operating Base Derated 
928.1 194 79.5 
Operating/FLA 


This field displays the required load current for the cable. For a branch cable, the required current will be 
the Average or Phase Max operating current entered by user or updated by load flow calculations in the 
Loading page of the cable editor. For an equipment cable user can select to display either the operating or 
full load current (FLA) of the load. 


Base 

The full rated current value in amperes for the chosen cable before any correction occurs. Depending on 
the selected standard, this value is the base Ampacity in ETAP cable library or is from NEC tables or is 
the Current-Carrying Capability from tables of IEC 60364-5-52, IEC 60502, IEC-60092, BS 7671, or NF 
C15-100. 


This is the ampacity stated or specified by the manufacturer or other authoritative sources, such as NEC, 
IEC, BS or NF standards. Note that if the calculation standard is ICEA P-54-440, this field is hidden, 
since the base ampacity is not required for the calculation by the standard. 


Derated 

The calculated maximum allowed current carrying Capacity (Ampacity) for the chosen cable after all the 
correction factors have been applied to the Base Ampacity/Capacity based on the specified installation 
conditions. 


Allowable Ampacity / Capacity 


This is the maximum allowable current carrying Capacity (Ampacity) of the cable. It is used in the output 
reports of Load Flow type studies to indicate the percent of cable overloading. This value is also used as a 
base for the cable flow constraint in the optimal power flow studies and for Star plot and Auto- 
Evaluation. 


Allowable Ampacity / Capacity (Alert) 


Derated 
@) User-Defined 0 
UGS Calculated 


ETAP provides the following options for selecting the maximum allowable current: 


Derated Select this option to make the calculated current carrying Capacity (Ampacity) 
results the maximum allowable current for this cable. 
User-Defined Select this option to enter the maximum allowable current for this cable 


UGS Calculated Select this option to use the Ampacity calculated by the Underground 
Raceways Systems module. 
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Temperature/RHO 


This section includes information about cable temperature and earth soil thermal resistivity if the 
installation type is U/G Duct or U/G Buried. 


Temperature 
Ta Te RHO 


Base 20 90 250 
Operating 80 {90 + | 90 


Base 


Ta 

This is the ambient temperature in degrees Celsius obtained from the library or from the current-carrying 
capability tables of the corresponding Standard for the base capacity (ampacity). The ambient temperature 
is the temperature at a cable installation location when the cable installation is absent. Base Capacity 
(Ampacity) for A/G (Above Ground) cables is usually given at 30 degree Celsius and for U/G (Under 
Ground) cables is usually given at 20 degrees Celsius. 


Tc 

This is the conductor temperature in degrees Celsius obtained from the library or from the current- 
carrying capability tables based on the corresponding Standard for the base capacity (ampacity). This 
order is usually given at 90 degrees Celsius. 


RHO 

This is the thermal resistivity of the soil in degrees Celsius centimeters per Watt (C-cm/Watt) obtained 
from the library or from tables of corresponding Standard for the base capacity (ampacity). This field will 
be hidden if the installation type is not U/G Duct or U/G Buried. 


Operating 


Ta 
This is the actual ambient temperature for the actual installations in degrees Celsius. The operating 
ambient temperature is the temperature at the cable installation location when the installation is absent. 


Tc 
This is the maximum allowable actual operating conductor temperature for the actual installations in 
degrees Celsius. 


RHO 
This is the actual thermal resistivity of the soil for the underground installation in degrees Celsius 
centimeters per Watt. 


Ta Adjustment per NEC Table 
This Check Box only appears when NEC standard is selected. Please refer to NEC standard section. 


Note: This checkbox is only available when Tools | Options (Preferences) set to “FALSE” and for cable 
insulation voltages below 2 kV. 
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Ampacity (Capacity) 


Ampacity (Capacity) ratings are displayed for comparison of base, derated and, required ampacities. The 
method used here is based on a concept of a derating factor that is applied against a base ampacity 
(capacity) to calculate the derated ampacity (capacity). 


Id = F x Ib, where Id is the derated ampacity (capacity), F is the total derating factor and Ib is the base 
ampacity (capacity). 


Results 


Operating Base Derated 


928.1 570 547.2 


Tray 


This section is enabled when the installation type is A/G Trays and the Standard is either ICEA P-54-440 
or NEC. 


Installation Installation 
@) Standard | ICEA P-54-440 = ® Standard NEC = | 
Type | A/G Trays v | Type |G Trays + | 
Tray Tray 
[| Top Cover [| Top Cover (¥] Maintained Spacing 


[(¥| Bottom Cover {¥| Cumulative Effect 


Top Cover 
Select Top Cover if there is a removable top cover on the cable tray. 


Bottom Cover 


Select bottom cover if there is a bottom cover on the cable tray, whether it is removable or solid, of more 
than 6 feet. 


ETAP 45-23 ETAP 19.0 User Guide 


Cable Ampacity and Sizing Ampacity/Capacity Parameters 


Cumulative Effect 
Cumulative effect applies correction factors for combinations of barriers, fire coatings, and covers on 
cable trays. The following table summarizes the factors ETAP uses: 


Fire Coating Fire Stop Fire Wrap Top Cover Bottom Cover PS Uses... 


Xx Xx Fire Wrap 

Xx Xx Smaller 

Xx Xx Smaller 

Xx Xx Xx Top & Bottom 
Xx Xx Wrap 
xX 4 Wrap 
xX Xx 4 Wrap 


Maintained Spacing 
Check this box to indicate that cables are kept in the tray with maintained spacing. 


Ampacity Adjustment 


The Ampacity Adjustment section is enabled when the cable installation type is A/G conduit and the 
Standard is NEC. From this section, you can select options to consider grouping effect. 


Installation 

@) Standard | NEC x | 
Type | A/G Conduit ~| 

Amp Adjustment 


Without Grouping Effect 


Without Load Diversity 


Without Grouping Effect 

NEC Standards do not allow for grouping effects (that is, the number of rows and columns) of cables. If 
the checkbox is not selected, grouping effects of number of rows and columns will be considered. Note 
that when this box is checked, the Rows and Columns fields and the Fire Protection section will be 
hidden. 


With 50% Load Diversity and Without Load Diversity 
The level of load diversity used in calculating correction factors can be either 50% or none. 
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Layout 


This section is enabled when the standard is BS 7671 and the installation type is one of the above ground 


types. 


Installation 


@ Standard | BS 7671 ¥ 


© Type Air Drop 


Method F 
Layout 
@® Hori 
wl ' Horizontal 
© Vertical 
©) Trefoil @T i 
* 9) Touching 


@ Fat 


© Spaced 


This section or part of this section is enabled when the standard is IEC 60364. 


Installation 


@ Standard | IEC 60364 ’ 
© Type {Ladder y 


Cable Layout 
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Installation 
@ Standard [leceuse4 
Type Open & Clipped Direct ~ 
Sub-Type | On Wall ’ 
Method Cc 
Layout 


@ <=0.3* Cable OD 
© >0.3° Cable OD 
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Installation Installation 

@ Standard “IEC 60364 | @ Standard ‘IEC 60364 7 | 
Type | Building Voids | Type | U/G Duet 7 
Sub-Type | In Building 7 Sub-Type in Ground 7| 

Method B2 Method D 

Layout Layout 

@ 1.5 De <= V< 20 De Circuit Clearance 0 ft 
V>=20 De 

Horizontal 


Select Horizontal layout with Touching or Spaced if applicable. Note that this field is hidden if it is not 
applicable for the selected installation type. 


Vertical 
Select Vertical layout with Touching or Spaced if applicable. Note that this field is hidden if it is not 
applicable for the selected installation type. 


Spaced 

Select this option if the cables are placed with required spacing (spaced by a clearance between adjacent 
surfaces of at least one cable diameter (De) between them. Note that this field is hidden if it is not 
applicable for the selected installation type or standard. 


Touching 
Select this option if the cables are placed touching each other in the installation. Note that this field is 
hidden if it is not applicable for the selected installation type or standard. 


Note: Please refer to BS 7671, IEC 60364, IEC 60502 and IEC-60092 for the definitions of Spaced and 
Touching. 


Trefoil 
This field is hidden if it is not applicable for the selected installation type and mirrors the corresponding 
selection in the Configuration page. 


Flat 


This field is hidden if it is not applicable for the selected installation type and mirrors the corresponding 
selection in the Configuration page. 
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No. of Trays 

Select No of Trays for determining correction factor for grouping based on Tables B.52.20 or B.52.21 of 
IEC 60364-5-52, Tables B.22 or B.23 of IEC 60502 or Tables A.7 and A.8 of IEC 60092. If BS 7671 
Standard is used, the correction factor is based on Tables 4C4 or 4C5 of BS 7671 (17th Edition). 


<= 0.3*Cable OD or > 0.3*Cable OD 
Switch between these two selections for different Installation Methods. Refer to Table B.52.1 of IEC 
60364-5-52. If BS 7671 Standard is used, refer to Table 4A2 of BS 7671 (17th Edition). 


1.5 De <= V < 20 De or V > 20 De 
Switch between these two selections with different Installation Methods. Refer to Table B.52.1 of IEC 
60364-5-52. If BS 7671 Standard is used, refer to Table 4A2 of BS 7671 (17th Edition) 


Circuit Clearance 

This field is enabled for Underground (U/G Duct or U/G Buried) installation of IEC 60364-5-52, IEC 
60502 and BS 7671. Refer to Tables B.52.18 and B.52.19 of IEC 60364-5-52 or Tables B.18 to B.21 of 
IEC 60502. If BS 7671 Standard is used, refer to Tables 4C2 and 4C3 of BS 7671 (17th Edition). 


This field is also enabled for NF C 15-100 standard only when installation types are U/G Buried - No 
Mechanical Protection or With Mechanical Protection. Refer to Table 52R of NF C 15-100. 


Conduit Clearance 
This field is applicable only for NF C 15-100 standard and when Underground (U/G Duct or U/G Buried 
- In Conduit) installation is selected. Refer to Table 52S of NF C 15-100. 


# of Conduit 
This field is applicable only for NF C 15-100. This field is enabled when Underground (U/G Duct or U/G 
Buried - In Conduit) installation is selected. Refer to Table 52S of NF C 15-100. 


# of Layer 
This field is enabled only for NF C 15-100 standard. The field is used for installations where cables are 
arranged in multiple layers. Refer to Table 520 of NF C 15-100. 


Depth of Laying 

This field is enabled only for IEC 60502 standard Underground installations. The field is used for 
installations where cables are installed at a depth other than 0.8 meters. Refer to Table B.12 and Table 
B.13. 


Grouping 


In this section, user can specify the installation information related to the calculation of cable grouping 
factors. The fields in this section are dependent on the installation type and standard selected. 


Note: Under certain conditions this field may be hidden. For BS 7671 and IEC 60364 standards, this 
section is unavailable if a cable is a Copper conductor, Mineral insulated and the Conductor Temperature 
(Tc) is set to 105 ° C based on the standard. For more information refer to Tables B.52.7 and B.52.9 of 
IEC 60364-5-52 and Table 4G2A of BS 7671. 


Parameters in Grouping Section for IEEE 399 Standard, U/G Raceway 


Grouped cables operate at higher temperatures than isolated cables. To derate the ampacity, the number 
of rows and columns of the duct bank must be specified to determine a cable grouping adjustment factor. 
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The cable ampacity adjustment factors are based on 7.5 inches center-to-center spacing. For more details 
see the IEEE Brown Book. 


Grouping 
Rows 1 
Columns = { 


Parameters in Grouping Section for NEC Standard 

Grouped cables operate at higher temperatures than isolated cables. To derate the cable ampacity, the 
number of rows and columns of conduit installed next to each other, as well as the total number of 
conductors per location or conduit can be specified to determine a cable grouping adjustment factor. 


Grouping 
Rows 1 


Columns = { 


#C/Loc 1 


The number of Rows and Columns affects the grouping factor as followed: 


Using ETAP Library Data 
- For A/G Conduit installation, up to 6 by 6 Rows by 6 Columns can be defined per IPCEA P-46- 
426 Table IX. 
- For U/G Buried and U/G Duct installations, the grouping derating factor is calculated based on 
IEEE 399 Tables 13-8 through 13-11 for the Rows and Columns entered. 


Using NEC Tables 
- For A/G Conduit installation, Rows and Columns are fixed to 1 as NEC does not provide any 
grouping factor for this installation. 
- For U/G Buried and U/G Duct installations, Rows and Columns fields are limited to the 
combinations allowed by NEC Figure 310.60. This applies to MV and HV cables only (2<kV< 
35). 


NEC does not support grouping factors based on more than 4 current-carrying conductors per location or 
conduit for MV and HV cables (2 < kV < 35), therefore, the #C/Loc is fixed to 1 if such cable is selected. 
The number of current-carrying conductors per location or conduit needs to be calculated as followed: 


# of conductors per location = (# of current-carrying conductors per cable) x (# of cables per location or 
conduit) 


NEC Table B.310.11 Ampacity Correction Factor 
Number of Conductors 50 % Load Diversity 
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4 through 6 
7 through 9 
10 through 24 
25 through 42 
43 through 85 


80 % 
70 % 
70 % 
60 % 
50 % 


NEC Table 310.15(B)(2)(a) 
Number of Conductors 


Ampacity Correction Factor 
No Load Diversity 


4 through 6 
7 through 9 
10 through 20 
21 through 30 
31 through 40 
41 and above 


80 % 
70 % 
50 % 
45 % 
40 % 
35 % 


Parameters in Grouping Section for ICEA P-54-440 Standard, A/G Trays 
The following items are displayed only when ICEA is selected. 


Height 


Grouping 


Height 
Width 
% Fill 


0 
0 
0 


Depth | 0 


Height of cable tray specified in inches or centimeters 


Width 


Width of cable tray specified in inches or centimeters 


% Fill 


The total amount of cable tray cross-sectional area used by cables placed in the tray, including gap 


between cables. 


> ila)? 


t=1 


(Width * Height) 


Where ni is the number of cables in the tray with diameter di and | is the number of different sizes of 
cables in the tray. 


ETAP 


45-29 


ETAP 19.0 User Guide 


Cable Ampacity and Sizing Ampacity/Capacity Parameters 


Depth 

Depth of cable mass calculated in inches or centimeters using Height*%Fill/100. If the calculated depth is 
smaller than the cable diameter, an * sign will be displayed on the right of Depth and above Derated, and 
the cable diameter will be treated as the depth for derating calculation. 


2 

y ni: di 
Fill - Heigru . 
= i 


Depth = 
: 100 


Width 


No. of Circuit 

This field is enabled when BS 7671, IEC 60364, IEC 60502, IEC 60092 or NF C 15-100 is selected. This 
is used for reduction factor of grouping. The maximum allowable number of circuits is limited based on 
the appropriate standards. 


Grouping 


No. of Circuit 1 


Parameters in Grouping Section for NF C 15-100 Standard 

The following items may be displayed when NF C 15-100 Standard is selected. To calculate the cable 
current-carrying capabilities, for some installation types, the number of rows and columns can be 
specified to determine a cable grouping correction factor. 


Grouping 
No. of Circuit | 1 
Rows | 1 
Columns | 4 


Rows 
This field is used to specify the number of conduits arranged vertically. Please refer to Table 52P and 52Q 
of NF C 15-100. 


Columns 


This field is used to specify the number of conduits arranged horizontally. Please refer to Table 52P and 
52Q of NF C 15-100. 


Additional Derating 


This section applies to ampacity/capacity calculation based on all the standards. 


ETAP 45-30 ETAP 19.0 User Guide 


Cable Ampacity and Sizing Ampacity/Capacity Parameters 


The additional derating section provides the ability for user to enter an additional derating (correction) 
factor. This allows using the Total Derated ampacity/capacity. 


Additional Derating 
Factor Tot. Derated 
User Defined 1 20.4 


User Defined 
Check this box to consider additional ampacity/capacity derating (correction) of the cable. 


User Defined Factor 
Enter the additional derating (correction) factor (0-9.90) to be considered. 


Tot. Derated 

Displays the total derated ampacity/capacity of the cable when the installation conditions differ from 
those for which the capacity (ampacity) value was calculated based on a standard. This “Tot. Derated” 
value will overwrite the “Derated” value in the Results section and to be used as the Allowable 
Ampacity/Capacity and to be applied for cable sizing calculation. 


Short Time Duty 
This option only applies to current carrying capacity calculation based on IEC 60092 Standard. 


Check the Short Time Duty box to consider the correction factor for Short Time Duty. 


Additional Dereting 
[_] User Defined 
oe Period Const. Load 
©) Service 
@ Intermittent | 10 4 | Mins 


Service 
Select this option if the cable supplies a motor or equipment which is intended to operate for a specific 
service period. Typically the periods of service are half an hour or one hour. 


Service Period 
Enter the service period in minutes for which the cable is intended to supply the motor or equipment. 


Intermittent 
Select this option if the cable supplies a motor or equipment which operates at an intermittent service. 


Intermittent Period 
Enter the intermittent period in minutes for which the cable is intended to supply the motor or equipment. 
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Constant Load 
Enter the constant load duration in minutes, which is the time that the motor or equipment operates at a 
constant load. 


Fire Protection for ICEA or NEC Standards, A/G Installation 


The fire protection area provides optional libraries from which to choose various fire protection devices. 
Each of the three libraries may be selected individually to best describe the fire protection associated with 
the cable tray. The fire protection data is used to further derate cables based on the fire protection 
material specifications selected from ETAP library. The ampacity correction factors applied for fire 
protection is based on 10 CFR 50, Appendix R for Fire Wrap, Fire Stop, and Fire Coating. 


Fire Protection 

WV] Coating idee) Fame Master TIA, 77 
——" 0- 0.25" 

V7] Fire Stop Lib | Typical 12" Firestop 
3" tray 

[7] Fire Wi a 

rap 1 +tlayer. thr CS-195,M-20A 


Note: Fire Protection only applies to ICEA P-54-440 and NEC based Above Ground (A/G) installations. 


Fire Coating 
The Fire Coating Library provides a selection of configurations. Each configuration has an ampacity 
correction factor (ACF) associated with it, which is applied against the base ampacity. 


For maintained spacing trays, if the fire retardant coating results in a reduction of the spacing between 
adjacent cables or groups to less than the required values, the cable shall be considered to be non- 
maintained spacing. On the other hand, if remaining space in a randomly filled tray is used up by cable 
coating and no other cable can be installed in the tray; credit may be taken for a reduction in cable % fill 
below nominal value. 


Fire retardant coating is not a standard procedure for A/G conduits. 


Library Quick Pick - Fire Coating (TRAY) 


Manufacturer Material Configuration 


[714,77 0 - 0.25" 

71a. 77 0.50" 
71A, 77 0.75" 
71A, 77 1.00" 
71A, 77 1.25" 
71A, 77 1.50" 
71A, 7 1.75" 

7A, 77 2.00 


Cancel 
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Fire Stop 

The Fire Stop Library provides a selection of configurations with ampacity correction factors for cables in 
tray routed through fire stops. Note: for A/G conduits, there may not be any reason to derate the cable for 
fire stops since typical fire stops are constructed with expanded foam depth of 4 inches or less. This is 
considered to be insufficient to cause an increase in cable temperature. 


Fire Wrap 

The Fire Wrap Library provides a selection of configurations. Each fire barrier configuration has an 
ampacity correction factor (ACF) associated with it. This ACF must be applied whenever the raceway is 
wrapped for a length exceeding 6 feet and whenever the raceway has multiple, wrapped segments whose 
combined length exceeds 6 feet and which are spaced less than 10 feet apart. 


Fire Protection for BS 7671 Standard, A/G Installation 
This section is about thermal insulation. Refer to Section 523, BS 7671 for detailed information. 


According to BS 7671-16" Edition, thermal insulation for fire protection may be considered for all 
installation types, except Installation Methods 4 and 6. For Installation Method 4 or 6, cables are in 
conduits which are in thermally insulated walls or above thermally insulated ceilings, and the effect of 
thermal insulation is already considered in the current-carrying capacity tables. 


Fire Protection 


¥| Thermal Insulation Applied 


Insulation Length 
350 | mm 


Refer to Section 523.7, BS 7671-17" Edition for detailed information. 


According to BS 7671-17" Edition, thermal insulation for fire protection may be considered for all 
installation types, except Installation Methods 1, 2, and 3. For Installation Methods 1, 2 and 3 the cables 
are in conduits which are in thermally insulated walls or above thermally insulated ceilings, and the effect 
of thermal insulation is already considered in the current-carrying capacity tables. 


Fire Protection 
Thermal Insulation Applied 


Insulation Length 


1 mm 


Thermal Insulation Applied 
Check this box if the cable has thermal insulation. 


Insulation Length 
Enter the length of cable thermal insulation section in mm. 
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Correction Factors 


The Correction Factors button is only available when BS-7671, IEC 60364, IEC 60502, IEC 60092 or NF 
C 15-100 standard is selected. 


Correction Factor Button 
Click on the Correction Factors button to display the Correction Factors Editor 


Report 


[Prompt 


(G2) (>) [K)\cotiets 


Correction Factors Button 


Correction Factors Editor 


The editor displays the correction factor value that is being applied when the installation conditions differ 
from those for which the base capacity (ampacity) value was specified. 
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Ambient Temperature 
Ca — Correction factor for Ambient Temperature 


Correction Factors 


Ambient Temperature (Ca) 0.940 


Grouping [Cg] 0.870 


Short Time Duty (Cst} 1.000 


Soil Thermal Resistivity (Cr) 1.000 
Protective # Installation (Cc) 1.000 


Thermal Insulation (Ci) 1.000 


Depth of Laying (Cd) 


Grouping 
Cg — Correction factor for Grouping. 


Correction Factors 


Ambient Temperature (Ca) 0940 

Short Time Duty(Cst} | 1.000 | 

Soil Thermal Resistivity (Cr) | 1.000 

Protective / Installation (Cc) 4.000 

Thermal Insulation (Ci) 1.000 | 
Depth of Laying (Cd) 1.000 
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Short Time Duty 
Cst — Correction factor for Short Time Duty. 


Correction Factors 


Ambient Temperature [Ca] 4.180 — 
Grouping (Cg) 9800 

Soil Thermal Resistivity (Cr) | 1.000 
Protective / Installation (Cc) / 4.000 
Thermal Insulation (Ci) 4.000 
Depth of Laying (Cd) 1.000 
[ox] 


Thermal Insulation 
Ci — Correction factor for conductors embedded in thermal insulation. 


Correction Factors 


Ambient Temperature (Ca) 0.840 
Grouping (Cg) 0.750 
Short Time Duty (Cst} 1.000 


Soil Thermal Resistivity (Cr) 1.152 


Protective / Installation (Cc) 0.653 


Thermal Insulation (Ci) 0.500 


Depth of Laying (Cd) 0.920 


= ce 
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Protective Device or Installation Condition 
Cc — Correction factor for the type of protective device or installation condition. 


Correction Factors 


Ambient Temperature (Ca)  og40 
Grouping [Cg) 0750 — 
Short Time Duty (Cst] 1.000 
Soil Thermal Resistivity (Cr) 1.152 
Thermal Insulation (Ci) 0.500 
Depth of Laying (Cd) 0.920 
[ox] 


Note: Protective (Cc) applies for BS 7671 while the BS 3036 Fuse option or BS Reg. 433.1.201 is 
checked in Overload Protection device section of the Cable Protection Page, for installation method being 
"in a duct in the ground" or "buried direct". 


Protective Device 
In 12 
Overload [Device Dy 450 |A | 2650 |A 
ID / Type | Fuse9 ¥ [_]Reg. 433.1.201  [_] Fuse to 3036 
Phase Ground 
Overcurrent Device ID v Time) 0.01 0.01 J‘s 
ID / Type Fuse9 ¥| Curent) 29.29 29.29 (kA 
GFI/ RCD | None ¥v 


Installation (Cc) also applies for NF C 15-100 to reflect the correction factor being used for methods of 
installation based on Table 52G. 
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Soil Thermal Resistivity 
Cr — Correction Factor for Soil Thermal Resistivity 


Correction Factors 


Ambient Temperature (Ca) 9840 — 

Grouping (Cg) 0750 — 

Short Time Duty (Cst) | 1.000 © 

Protective / Installation (Cc) | 0653 
Thermal Insulation (Ci) 0.500 
Depth of Laying (Cd) 0.920 


Depth of Laying 
Cd — Correction Factor for Depth of Laying 


Correction Factors 


Ambient Temperature (Ca) 0.840 
Grouping (Cg) 0.750 | 
Short Time Duty(Cst} | 1.000 — 
Soil Thermal Resistivity (Cr) | 1.152 
Protective / Installation (Cc) 0.653 
Thermal Insulation (Ci) 0.500 | 


[=] aa 


Note: Cd applies for IEC 60502 and BS 7671 to reflect the correction factor being used for the Depth of 
Laying. 
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Cable Report Selection List 
This list contains all the output files from the cable calculations in the current project folder. Select a file 
to view the report or to create a new report. 


Note: In the latter case, the existing file will be overwritten. When Prompt is selected, a new file will be 
created. 


Cable Report Selection List 


Cable Report Manager Button 


The Cable Report Manager button is used to access the various output reports. 


Report 
Fo G) 
2a) 8) Le) csi 


Cable Report Manager 
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45.2 Steps to Perform Current-Carrying Capacity 


Calculations 
Choose a cable from the ETAP cable Library in the Info page of the Cable Editor. 


1. 


2: 


In the Info Page enter the Length of the cable and the No. of Conductors/Phase. 


In the Physical Page, verify that the appropriate Shield, Sheath, Armor and Jacket Type have been 
entered. Also, verify that the appropriate thickness for Shield, Sheath, Armor and Jacket has been 


entered. 


Navigate to the Capacity (Ampacity) Page of the Cable Editor 


a. 
b. 
e; 


d. 


In the Installation section, select the applicable standard. 

Choose the Installation Type and Sub-type for the required cable installation. 

In the Layout section, make the appropriate Layout selections that apply to the cable 
installation. 

In the Group section, specify the number of circuits (conduits) under consideration if 
cables are grouped. 

If thermal insulation is applied to the Cable, specify this in the Fire Protection section. 
This can be specified by checking the Thermal Insulation Applied option and entering the 
Insulation Length in mm. Note this option is only available for BS 7671 current carrying 
capacity calculations. 


Note: A/G Conduit - In Thermally insulated Wall Installations will not display this 
option. 


In the temperature section: 

Enter the ambient temperature (Ta) in the Operating Ta field. 

Select the conductor temperature (Tc) in the Operating Tc dropdown list (if available). 
For U/G Duct or U/G Buried installations, enter the thermal resistivity of the soil in the 
Operating RHO field. 


5. Navigate to the Protection Page of the Cable Editor (BS 7671 Standard only): 


a. 


b. 


Cc. 


Select the appropriate Overload protective device. User defined values can also be 
selected. 

If the cable is protected by a BS 3036 Fuse, or any protective device of Regulation 
433.1.201, select Device ID and the available protective device or select the User- 
Defined option for Overload Protection. Then proceed onto checking the Fuse to BS 3036 
or the BS Reg. 433.1.201 option. 


Note: Please note that the Fuse to BS 3036 and BS Reg. 433.1.201 options are available 
only for BS 7671 and the Overload Protection Device ID or the User-Defined option is 


selected. 


Select the proper Overcurrent protective device. User defined values can also be selected. 


6. Navigate back to the Capacity (Ampacity) Page of the Cable Editor. The final current-carrying 
capability (Ampacity) is displayed in the Results section. 


ETAP 
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7. If additional factor except the ones specified in the standard will be considered, a User Defined 
Factor can be specified in the Additional Derating section. 
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45.3 Current-Carrying Capacity Calculation 
Methodology 


The Current Carrying -Capacity (Ampacity) calculations are based on IEEE 399, ICEA P-54-440, NEC, 
IEC 60502, BS7671, IEC 60364-5-54 or IEC 60092-352 depending on which standard is selected in the 
Installation section. 


45.3.1 Methodology 


The method used to determine the current- carrying capacity (Ampacity) is based on a concept of 
correction (derating) factors which are dependent on the installation condition. These factors are applied 
against a base capability (ampacity) to calculate the derated current capacity. 


Derated Current Capacity = Base Current x Cf, where Cf is the overall correction factor. 


Overall Correction Factor (Cf) 


This is the correction factor which takes into account the overall differences in the cable’s actual 
installation conditions from the base conditions. This factor establishes a maximum feasible load 
capacity, which results in no reduction of the cable’s expected lifetime. The overall correction factor is 
composed of several components as listed below. 

e Ca = Correction factor for ambient temperature. 

e Cg = Correction factor for cable grouping. 

e Cst = Correction factor for short time duty. 

e Cr = Correction factor for underground soil thermal resistivity. 


e Ci= Correction factor for conductors embedded in thermal insulation. 


e Cc = Correction factor for the type of protective device or installation condition. 


45.3.2 Current-Carrying Capacity Calculations Display 


Once the maximum current capacity has been determined, it will be displayed in the Derated display field 
in the Results section of the Ampacity Page of the Cable Editor. Clicking on the Correction Factors 
button will allow the correction factors that were applied to the calculation to be displayed. 
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45.4 Cable Editor Sizing Phase 
45.4.1 Sizing - Phase Page 


40 27 °° °®#«09 


[¥] Max Vd 2 x | 0.48 334.71 ft 
[iW] Min Vst 80 % | 0.46 

Options 

[] Use Load Growth Factor (GF) 
[=] Short-Circuit 


overload [] Use Motor Service Factor (SF) 
[| Zero Sequence/Triple Harmonic Cable Library Selection 

[J Other Harmonic (Cf) (® Use available cable sizes only 
© Use all cable sizes from library 


Standard 


Report 


een 28 (2) Coc) [coree | 
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Standard 

The Standard field displays the standard selected in the Ampacity page. When the Loading requirement is 
checked in the Requirements section, the ampacity calculation in cable sizing will be based on the 
standard displayed. 


Standard 
BS 7671 


Results 


Using the selected cable type from the library, ETAP recommends an optimal cable size along with the 
number of conductors per phase that meets the specified constraints. Additionally, ETAP provides one 
cable size smaller than the optimal size for your selection. For the voltage drop results, Vd is in percent 
based on bus nominal kV. If cable is directly connected to the output of a VFD, Vd is in percent based on 
VFD output nominal kV. Vst is in percent based on motor rated kV. 


— Number/Phase Size Capacity Vd 
Optimal Size: | 1 185 217 0.09 | Select | 


Required: 185 200 2 


Along with the calculation results, this section also displays the required cable size, Ampacity (Current 
Carrying Capacity), percent of voltage drop Vd, and percent of starting voltage Vt if cable sizing options 
for the corresponding constraints are checked. The required cable size is the largest size from all the 
requirements. The requirement ampacity is the larger value from Loading and Overload constraint. Note 
that if the "Use MF for Ampacity" option is selected, the Loading used for sizing will be multiplied by the 
MF value displayed in the Cable Application section. 


Constraints 


You can select one or multiple constraints for determining the recommended size of cable. Note that some 
of the options are dependent on the installation type, standard used and if the cable is an equipment cable 
for a motor. 
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Constraints 


¥)| Loadi 
oe = Base kV Max. Lenath 


¥| Max Vd 2 |% 0.65 79.87 m 


(¥| Apply Power Factor 85 % 


de 


Min. Size kA Time (s) 


¥) Short-Circuit 24 33.48 0.01 


Overload 
\¥| Zero Sequence/Triple Harmonic 5 |% 
¥| Other Harmonic (Cf) 1.25 


Loading 


If Loading is selected as one of the constraints, sizing will be conducted to meet the load current 
requirement based on the cable installation and ambient conditions specified in the Capacity (Ampacity) 
page. The load ampere value displayed is based on the option selected in the Loading Current for Sizing 
section in the Loading page. Average or Maximum of 3 phase load may be used depending on the 
selection in the Loading page. 


Voltage Drop (Vd) 


If you check Vd, ETAP will size the cable based on the percent voltage drop value you enter here. 
Voltage drop is in percent of nominal kV of the bus connected to the cable. If the nominal voltages of the 
From Bus and To Bus are different, nominal kV of the From Bus is selected. If the cable is directly 
connected to the output of a VFD, Vd is in percent based on VFD output nominal kV. The following table 
shows the methods used for calculating the voltage drop for different types of load currents flowing 
through the cable. Note: The Load Type is selected on the Loading page when "FLA of Element" is 
selected. 


Load Type Calculation Method 
Motors Constant Power 
Static Load Constant Impedance 
Bus Constant Current 
Circuit Breaker Constant Current 
Fuse Constant Current 
Transformer Constant Current 
Generator Constant Current 
MOV Constant Impedance 


If the cable is an equipment cable, the cable voltage drop is calculated based on a fixed bus voltage that is 
equal to the bus Initial %V multiplied by the bus nominal kV. The load will be treated as given in the 
above table. The calculated voltage drop is the magnitude difference between bus voltage and load 
terminal voltage values. 
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If the cable is a branch cable connected between two buses, the voltage drop is calculated by multiplying 
the cable impedance by the current. 


If the cable is connected with an overload heater, the resistance of the overload heater will be considered 
in Vd calculation as well. 


Base kV for Vd 
This field displays the nominal kV of the cable terminal bus, or the VFD’s rated output voltage, if the 
cable is directly connected to the output side of the VFD. 


Max. Length 
This field displays the Maximum Length that the currently selected cable can have and still satisfy the 
Maximum Voltage Drop Requirement. 


Permissible Feeder Vd 

This read only field displays the Maximum % Voltage Drop between the origin of consumer’s installation 
and any load point. These values are based on Table4Ab of BS-7671, Table G.52.1 of 60364, or Table 
52W of NF C 15-100. These values are for users’ reference. It is the users’ responsibility to verify that the 
voltage drop is within the permissible values. 


Constraints 
A] Load 
i Be estat ‘taclaas 
[7 Max Vd 2 |x | 048 7779 ft 


Permissible Fdr Vd 


Starting Voltage (Vst) 
This option is enabled only when the cable is an equivalent cable of a motor, or when the Loading is FLA 
of a motor. 


If the option of Vst is selected, cable sizing calculation considers the motor starting voltage requirement. 
At starting, the motor terminal voltage must be higher than the Vst limit, which is in percent based on 
motor rated voltage. The motor starting voltage is calculated based on a fixed bus voltage that is equal to 
the bus Initial %V multiplied by the bus nominal kV. The motor is represented by its locked-rotor 
impedance. 


If the cable is connected with an overload heater, the resistance of the overload heater will be considered 
in Vst calculation as well. 


Base kV for Vst 
This field displays the nominal kV of the cable terminal bus. 


Apply Power Factor 


If this is checked, the percent loading power factor value is considered in the voltage drop calculations. 


Short-Circuit 


If this is checked, sizing will be based on the cable short-circuit capacity to withstand the short-circuit 
current magnitude specified or defined in the Protection page for the corresponding time (duration). The 
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Standard used to calculate the cable size based on the Short-Circuit kA and the Short-Circuit Time can be 
found in either ICEA Publication P-32-382 or the Buff book IEEE 242 Standard. 


Min. Size for Short-Circuit 
The required minimum cable size calculated based on the short-circuit current and duration is displayed in 
this field. 


Short-Circuit kA 
This field displays the used Fault kA from the Short-Circuit Current section in the Protection page. 


Short-Circuit Time (s) 
This field displays the Time value from the Protection Device section in the Protection page. 


Overload 


This option is enabled only when BS 7671 Edition or IEC 60364 is selected as the standard in the 
Installation section of the Capability (Ampacity) page. 


If this box is checked, overload protection will be considered for cable sizing. ETAP calculates the 
minimum size required by the overload protection conditions. The cable at the Min. Size for Overload 
protection must meet the following two conditions: 


Oo 1.45 times De-rated Ampacity >= [2 
Oo De-rated Ampacity >= In 


where the De-rated Ampacity is that for the cable at the Min Size. In and [2 are the nominal and operating 
current of the overload protective device respectively. Please refer to Sections 4 and 5 in Appendix 4 of 
BS 7671 - 17th Edition or Section 433 of IEC 60364-4-43 for detailed information. 


Overload Min. Size 
This field displays the required minimum cable size for overload protection calculated based on BS 7671 
or IEC 60364. 


Overload kA 
This field displays the Overload Protective Device In current value from the Protective Device section in 
the Protection page. It is the nominal current of the protective device. 


Cable Application 
This section allows the user to specify cable application type for cable loading modification. 


Cable Application 
| Low Voltage Motors ¥ | 


MF | 1.25 
Use MF for Ampacity 


Note: When IEC 60364, BS 7671 or NF C15-100 Standard is selected for sizing, additional Cable 
Applications will be listed. When any of these additional cable applications is selected, the corresponding 
permissible feeder voltage drop percent value will be displayed in “Permissible Fdr Vd” field. . For more 
information, refer to the “Permissible Feeder Vd" section. 
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MF 

This Multiplication Factor (MF) is determined by the application type selected from the drop-down list 
provided. You can modify the values of Application MF by selecting Project, Settings, and Cable 
Ampacity MF from the Menu Bar. This Application MF is used to calculate the required cable ampacity 
(MF times operating or full load current). 


Use MF for Ampacity 
If you select this option, the cable load current will be multiplied by the Multiplying Factor (MF) 
displayed in the MF field. 


Options 


Use Motor Service Factor (SF) (Motor Equipment Cables Only) 
If you select this option, the cable load current will be multiplied by the motor Service Factor (SF) as 
specified for the motor in the Nameplate page. 


Use Load Growth Factor (GF) 
If you select this option, the cable load current will be multiplied by the Growth Factor as specified for 
this cable in the Operating Load / Current section of the Loading page. 


Cable Library Selection 


Use Available Cable Sizes Only 
Use only cable sizes which are flagged as Available in the Cable Library for the specified cable type 
(cable library header). 


Use All Cable Sizes From Library 
Use all cable sizes, which exist, in the cable library for the specified cable type (cable library header). 


Report 


This section is used to access and print various output cable reports. Model Forms used in BS 7671 
Appendix 6 can also be accessed. These forms will open using Microsoft Word, and will contain 
populated data applicable to the cable. 


Report 


—_ 7) [EB] Hesston: 


Cable Report Selection List 


This list contains all the output files from the cable calculations in the current project folder. Select a file 
to view the report or to create a new report. Note: in the latter case, the existing file will be overwritten. 


When Prompt is selected, a new file will be created. 
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| Prompt 


Cable Report Selection List 


Cable Report Manager Button 
Click the button to access reports for Cable Ampacity and Cable Sizing results as well as the cable data. 


Cable Report Manager 


Model Forms Button 


Click this button to view and generate Model forms based on the BS7671 standard. The templates of the 
Model forms are saved in ETAP installed folder. It is in subfolder named "Cable Model Forms" under 
folder Formats1100. Users can modify the templates in MS Word. For users who use MS Word 2003 may 
use the files with _2003 in the file names. The default templates from ETAP are saved also in the 
subfolder "BACKUP". 
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Cable Model Forms 
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45.4.2 Cable Sizing Algorithm for BS 7671 


Cable sizing calculation will select a proper cable size from the library based on your settings on the 
Loading, Protection, Capacity (Ampacity) and Sizing-Phase pages. 


Loading Requirement 


Cable derated ampacity must be greater than or equal to loading ampacity specified on the Loading page. 
If the Overload requirement is checked, ampacity requirement is also calculated based on Section 4 of 
Appendix 4, BS 7671. 


Max Vd Requirement 


Voltage drop (Vd) calculation reads impedance z (r, x) from tables 4D1B to 4J4B of Appendix 4. Voltage 
drop in kV is calculated as: 


Vd =LxIx Ct x z/1000 for cable size 16 mm” or less 

Vd =LxIx (Ct xr + jx)/1000 for other cable sizes 

Where: 

L — Cable length in meter 

I — Cable loading current in Amp, a complex value when the power factor is considered 


Ct — Temperature correction factor 
z - Cable impedance value from Tables 4D1B to 4J4B of Appendix 4, BS 7671 


Please refer to Section 6.1 of BS 7671 Appendix 4 for C, calculation. Note that in this ETAP release C;, is 
applied only to cables that do not have a BS 3036 Fuse as a protective device and where the ambient 
temperature is equal to or greater than 30 °C. 


Overload Requirement 


ETAP determines a minimum cable size based on the nominal current and operating current of overload 
protection devices of the cable. The minimum size cable must meet the following two conditions: 


e 1.45 times De-rated Ampacity >= I2 
e De-rated Ampacity >= In>= Loading Current 


where the De-rated Ampacity is the Current Carrying Capacity of the cable in this installation. In and [2 
are the nominal and operating current of the protective device respectively. In and [2 are entered or 
displayed on Protection page. Please refer to Sections 4 and 5 in Appendix 4 of BS 7671 for detailed 
information on Overload requirement. 


Harmonic Requirement(s) — Zero Sequence/Triple Harmonic and Other 
Harmonic (Ch) 


As per standard, if the neutral conductor carries current without any reduction in the load of line 
conductors, the harmonic current distortion in the neutral conductor needs to be considered in the 
determination of the Current Carrying Capacity of the circuit. 
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ETAP’s Zero sequence/Triple Harmonic and Other Harmonic (Ch) constraints for Cable Sizing 
calculation are based on BS 767117" Edition, Appendix 11 “Effect of Harmonic Currents on Balanced 
Three Phase Systems”. Refer to Appendix 4 of BS 7671. 


To apply Harmonic Constraint(s) to Cable Sizing, the following requirements must be met: 


e Cable must be a Three Phase cable with 4 or more cores 

e Cable size must be less than 50mm2 

e Cable must have a neutral conductor specified in the Main cable from the Configuration page 
e The neutral and line (phase) conductors must be of the same size 

Cable Editor - Cable17 2s |} 


Paes np g|_entence _| Confusion | sendng_|_Arosory | _Prasenon_ 
__Szing-GND/PE | _Reliabiity | Routing | Remarks | Comment _| 


1.0kV 3wC OCU 


Number/Phase 


Optimal Size: [1 [Select _]| 
1 Size Smaller: | 1 10 67 [Select _]| 
Required: | 16 67.5 


Options 
| Use Load Growth Factor (GF) 


[] Use Motor Service Factor (SF) 


Cable Library Selection 
(@ Use available cable sizes only 


») Use all cable sizes from library 


Standard 
| BS 7671 


a le iS) (eal (2) 
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Zero Sequence/Triple Harmonic 
This field displays the Zero Sequence/Triple harmonic content (expressed as total harmonic distortion) in 
percent of line current. This value is entered or calculated on the Harmonic Section of the Loading page. 


The following Rating Factors for Triple Harmonic Currents, from Table 4Aa of Appendix 4 of BS-7671 
Amendment3 are used in the Sizing Calculation, when applicable. 


TABLE 4Aa — Rating factors for triple harmonic currents in four-core and five-core cables 


Third harmonic content Rating factor 
of line current* % 
Size selection is Size selection is based 
based on line current on neutral current 
0-15 1.0 - 
>15-33 0.86 - 
>33 -—45 - 0.86 
>45 - 1.0 


* 


NOTE : The third harmonic content expressed as total harmonic distortion. 


Other Harmonic (Ch) 

This field displays the Ch factor for other order of harmonics (excluding multiples of 3™ order 
harmonics). This value is entered or calculated on the Harmonic Section of the Loading page. 

The following formula, from Appendix 4 of BS-7671 is used in the determination of the Other Harmonic 


Ch factor. 


Where: If = fundamental current (50 Hz current) 


Thn =n" harmonic current 
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45.4.3 Cable Sizing Algorithm for IEC 60364 


Cable sizing calculation will select a proper cable size from the library, based on your settings on the 
Loading, Protection, Capability (Ampacity) and Sizing-Phase pages. 


Loading Requirement 


Cable derated ampacity must be greater than or equal to the loading ampacity specified on the Loading 
page. 


Overload Requirement 


ETAP determines a minimum cable size based on the nominal current and operating current of overload 
protection devices of the cable. The minimum size cable must meet the following two conditions: 


(i) 1.45 times De-rated Ampacity >= [2 
(ii) De-rated Ampacity >= In >= Loading Current 


where the De-rated Ampacity is the Current- Carrying Capacity of the cable. In and [2 are the nominal 
and operating current of the protective device respectively. In and [2 are entered or diaplyed on Protection 
page. Please refer to Sections 433 of IEC 60364-4-43 for detailed information on Overload Requirement. 


Harmonic Requirement(s) — Zero Sequence/Triple Harmonic 


As per standard, if the neutral conductor carries current without any reduction in the load of line 
conductors, the harmonic current distortion in the neutral conductor needs to be considered in the 
determination of the Current- Carrying Capacity of the circuit. 


ETAP’s Zero sequence/Triple Harmonic constraint for Cable Sizing calculation is based on IEC 60364-5- 
52, Annex D “Effect of Harmonic Currents on Balanced Three Phase Systems”. 


To apply Harmonic Requirement(s) to Cable Sizing, the following requirements must be met: 


Cable must be a Three Phase cable with 4 or more cores 

Cable size must be less than 50mm2 

Cable must have a neutral conductor specified in the Main cable from the Configuration page 
The neutral conductor is the same size as the line conductors 
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Cable Editor - Cable14 


[ee Sum| 
|_invo__|_Piaical_ | impedance _|__ Configuration || load | Ampacty | Protection | 
__Siing-GNO/PE | Relabiity | Routing | Remarks | Comment _ 


Code : 70 
Vokv = we CU mm? 


Number/Phase Size Ampacity Vd 
Optimal Size: | 1 16 84 (Seec_}| 
1 Size Smaller: | 1 10 65 [Select | 
Required: [ 16 [ 675 


Options 
[] Use Load Growth Factor (GF) 


Cable Library Selection 
(@ Use available cable sizes only 
© Use all cable sizes from library 


IEC 60364 


ean [cafe 
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Zero Sequence/Triple Harmonic 


This field displays the Zero Sequence/Triple harmonic content (expressed as total harmonic distortion) in 
percent of line current. This value is entered or calculated on the Harmonic Section of the Loading page. 


The following Rating Factors for Triple Harmonic Currents, from Table D.52-1 of Annex D from IEC 
60364-5-52 Standard are used in the Sizing Calculation, when applicable. 


Table D.52-1 (C 52-1) — Reduction factors for harmonic currents 
in four-core and five-core cables 


Third harmonic content of Reduction factor 


harmonic con! 
Size selection is based on | Size selection is based on 
phase current neutral current 
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45.4.4 Cable Sizing Algorithm for ICEA P-54-440/NEC 


If the ICEA P-54-440 or the NEC with A/G Trays installation is set on the Cable Editor 
Ampacity/Capacity page, for 1/C cables, the minimum calculated cable size will be limited to 1/0 AWG 
(50 mm’). 


Cable Editor - Cable14 ee Ti 


Phase Sizing - GND/PE 


1OkV CU [1] AWG com 


is from NEC Tables. 
1/C in Trays must be 1/0 AWG or larger. 


Base 40 90 
Operating 35 90 


Ta Adjustment per NEC Table 


Report 
ims) (Sy 


There is no base ampacity available. 


a (i aa! (2) 


ETAP 45-57 ETAP 19.0 User Guide 


Cable Ampacity and Sizing Sizing Phase 


Required: [10 [10 [2 
Cable Application 
Beck¥ Max.Lenwh Low Voltage Motors 
2 «f[ 048 [66766 kt MF [ 1.25 


[>] Use MF for Ampacity 


[¥] Apply Power Factor 8 ~ Options 


a, oe ee [7] Use Load Growth Factor (GF) 


W)shot-Creut [3 — [W9 [oor 


Cable Library Selection 
@ Use available cable sizes only 
© Use all cable sizes from library 


Report Standard 


| 
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45.4.5 Cable Sizing Algorithm for IEC 60502 


Cable sizing calculation will select a proper cable size from the library, based on your settings on the 
Loading, Protection, Capability (Ampacity) and Sizing-Phase pages. 


Loading Requirement 


Cable derated capacity (ampacity) must be greater than or equal to the loading current specified on the 
Loading page. 


Other Constraints considered for IEC 60502 based line conductor sizing include Maximum Voltage Drop 
and Short-Circuit requirements. Minimum percent voltage requirement during motor starting is 
considered for equipment cables. 


45.4.6 Cable Sizing Algorithm for NF C 15-100 


Cable sizing calculation will select a proper cable size from the library, based on your settings on the 
Loading, Protection, Capability (Ampacity) and Sizing-Phase pages. 


Loading Requirement 


Cable derated capacity (ampacity) must be greater than or equal to the loading current specified on the 
Loading page. 


Other Constraints considered for NF C 15-100 based line conductor sizing include Maximum Voltage 
Drop and Short-Circuit requirements. Minimum percent voltage requirement during motor starting is 
considered for equipment cables. 


45.4.7 Cable Sizing Algorithm for IEC 60092 


Cable sizing calculation will select a proper cable size from the library, based on your settings on the 
Loading, Protection, Capability (Ampacity) and Sizing-Phase pages. 


Loading Requirement 


Cable derated capacity (ampacity) must be greater than or equal to the loading current specified on the 
Loading page. 


Other Constraints considered for IEC 60092 based line conductor sizing include Maximum Voltage Drop 


and Short-Circuit requirements. Minimum percent voltage requirement during motor starting is 
considered for equipment cables. 
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45.5 Steps to Perform Cable Sizing Calculations 


1. 


2. 


Perform Current-Carrying Capacity study following steps described in section 44.2. 


Verify that the Length of the cable and the No. of Conductors/Phase have been entered. 


In the Physical Page, verify that the appropriate Sheath/Armor and Jacket Type have been loaded 
from cable library. Also, verify that the appropriate thickness for Sheath/Armor and Jacket has 
been loaded. 


Note: Cable Sizing calculation requires the Sheath/Armor and Jacket Type and thickness 
information to come from the Library. If this information is entered through the Physical Page of 
the Cable Editor but not available in cable library, sizing cannot be performed. 


Navigate to the Loading Page of the Cable Editor 


a. 


In the "Loading Current for Sizing" section, select the option for the appropriate loading 
current to be used to size the cable. Verify that the selected option has a value for the 
loading current. 

If applicable, enter or load the Zero Sequence/Triple Harmonic content in percent of line 
current and the Cf factor for other Harmonic Orders in the Harmonic section. 

If it is a 4/C or more conductor cable and at least one conductor is Neutral, Navigate to 
the Configuration Page of the Cable Editor: 


Enable the Main Neutral Conductor by checking the option. Select the Number of 
Neutral Conductors. 


Note: Neutral conductor is necessary for Harmonic constraints to be taken into 
consideration in cable Sizing calculations. 


5. Navigate to the Sizing Page, select the constraints to be applied in the determination of the Cable 
Sizing Results. 


45.5.1 Cable Sizing Calculations Display 


Using the selected cable type from the library, ETAP recommends an optimal cable size along with the 
number of conductors per phase that meets the specified constraints. Additionally, ETAP provides one 
size smaller cable than the optimal size for your selection. 


ETAP 


Results 


Optimal Size: | 1 240 343 1 


Number/Phase Size Capacity Vd 


1 Size Smaller: | 1 185 28 21.22 [Select 
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45.6 Cable Manager 


The Cable Manager allows the “batch” management of all the cable data, as they appear in the Cable 
Editors of each cable. The Cable Manager shows cable data in a consolidated fashion in a grid; with the 
presence of intelligent filters, cables can be searched and grouped by their relevant parameters, thereby 
simplifying their engineering management. Cable Manager allows batch reporting and selecting from 
library. 


Features 
e Batch cable management 
e Customizable cable reports 
e Multi-cable sizing & shock protection evaluation 
e Intelligent search and filtering 
e Export to Excel sheets 


The Cable Manager user interface is accessed by clicking the Cable Manager button in the Presentation 
Toolbar. This button is available from all study modes and project access levels. 


File Edit View Project Library Warehouse Rules Defaults Tools RevControl Real-Time Window Help 


Oe ke 
> 3 Base > | study view ~ Study View + “& Normal . <_ 


Ais FAT Ww UP Y wie 08 ae KE me 
The Cable Manager is composed of three general sections: 
e Cable Selection filter (left portion of the Cable Manger) 


e Common Controls (bottom portion of the Cable Manager) 
e Multipage grid with displayed cable data (central portion of the Cable Manger) 


Cable Manager ——® Ls] 
Cable Selection Revision: Base 
RE on EDIRE Info | Physical | Impedance | Configuration | Ampacty | Sizing - Phase | Thennal Sizing | Blectnic Shock | Summary 
W)3Phase — [[)] 1-Phase 
Size 
Code | AWG/ 
kV <= 7 emi Frequency 
Hertz 
v)1 y <kV<e 40 40 0 
kv> 35 = 750 750 60 
mw-[ 0 | 2 2 60 
350 350 60 
mo 4 i) 60 
=a wv 3” 60 
Barre 500 500 
yj uGs 
; 4 i) 60 
[7] Include De-Energized Cables oi oa a 
| Zone + 
| Area © 
| Region 
Update From Library 
Voltage Length 
Library... Select All} [Unselect All] {Export} (| Report] [ Mosel Form | kW) [ft x| (Het) [ctose 
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The cable manager consists of the following tabs: 


Info 

Physical 
Impedance 
Configuration 
Ampacity 
Sizing-Phase 
Thermal sizing 
Electric Shock 
Summary 


For each specific tab, cable data pertaining to that tab are extracted from the Cable Editor(s) and 
displayed in the Cable Manager grid in a consolidated fashion. 


45.6.1 Cable Selection 


AC, DC, AC & DC 


This radio button option will filter all the cables in the system and only display the cables in conjunction 
with the system type selected. When the DC option is selected, 3-Ph and 1-Ph filter options are 
unavailable. 


3-Phase 
If this option is checked, all 3-phase cables in the system will be displayed 


1-Phase 
If this option is checked, all 1-phase cables in the system will be displayed 


kV <= 


Once checked, selection values of 0.3, 0.6, 1 and 2 can be made from the dropdown list or a user defined 
value can be entered. The corresponding cables that have a kV less than or equal to the kV limit will be 
displayed in the grid. 


<kV <= 


Once checked, selection values of 0.3, 0.6, 1 and 2 kV can be made from the dropdown list to the left, 
while selection values of 5, 8, 15, 23, 25, 28, 29, 35, 46, 49, and 69 kV can be made from the dropdown 
list to the right; user defined values can always be entered. The corresponding cable(s) that have a kV 
rating ranging in the chosen interval will be displayed in the grid. 


kV > 


Once checked, selection of values of 5, 8, 15, 23, 25, 28, 29, 35, 46, 49, and 69 can be made from the 
dropdown list or a user defined value can be entered. The corresponding cables that have a kV > kV (#4) 
limit will be displayed in the grid. 
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kV = 

Once checked, a specific kV value can be directly entered. The corresponding cables that have that kV 
rating will be displayed in the grid. The results displayed by the usage of this last filter are in addition of 
the three previous ones. 


Branch 
If checkbox is enabled, all branch cables in compliance with the kV selection criteria will be displayed. 


Equipment 


If checkbox is enabled, all equipment cables in compliance with the kV selection criteria will be 
displayed. 


UGS 
If checkbox is enabled, all cables in the UGS presentations will be displayed. 


Include De-Energized Cables 


If checkbox is enabled, all de-energized cables in the system will be displayed. 


Zone (and relative filter) 


This filter allows all the cables in the system that has the selected Zone(s) to be displayed in the grid. The 
Zones for individual cables are the Zones of the connected buses at each end of the cable. The Zones 
displayed in the drop-down menu are only the Zones that are actually present across all the cables in the 
system. 


Note: Set the zone to “Unknown” for cables that are not connected to any bus. Cables from UGS and the 
DC system are also displayed using “Unknown.” 


By default, all checkboxes of the drop-down menu are selected. 


Area (and relative filter) 


This filter allows all the cables in the system that has the selected Area(s) to be displayed in the grid. The 
Areas for individual cables are the Areas of the connected buses at each end of the cable. The Areas 
displayed in the drop-down menu are only the Areas that are actually present across all the cables in the 
system. 


Note: Set the Area to “Unknown” for cables that are not connected to any bus. Cables from UGS and the 
DC system are also displayed using “Unknown.” 


By default, all checkboxes of the drop-down menu are selected. 


Region (and relative filter) 


This filter allows all the cables in the system that has the selected Region(s) to be displayed in the grid. 
The Regions for individual cables are the Regions of the connected buses at each end of the cable. The 
Regions displayed in the drop-down menu are only the Regions that are actually present across all the 
cables in the system. 
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Note: Set the Region to “Unknown” for cables that are not connected to any bus. Cables from UGS and 
the DC system are also displayed using “Unknown.” 


By default, all checkboxes of the drop-down menu are selected. 


Update from Library 


This button is active when user selects at least one cable. When pressed, data related to the selected 
cable(s) will be updated from the library. Before updating, a warning message will ask for the user’s 
confirmation. 


Library 

The Library button is active when cable(s) are selected. The user has the ability to change the associated 
selection in the library for the selected cables through Cable Quick Pick. In the case that more than one 
cable is selected, after the OK button is clicked on the Quick Pick page, the following warning message 
will appear to ask for the user’s confirmation: “The new selected library will replace the old library for 
all selected cables”. 


Note: When in a revision other than Base, if UGS cable(s) are selected, the Library button is not active; if 


multiple cables are selected and the selection contains UGS cables, UGS cable library models will not be 
updated. 
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45.6.2 Common Controls 
Common Controls are common to all pages (with the exception of Length, which is only in Info and 
Summary page). 


Sorting tools are available for each column by clicking on the title of the column. Searching and filter 
capabilities are also provided for each column. 


4 Sort Smallest to Largest 
Z| Sort Largest to Smallest 


Double-clicking on a cable ID will open the Cable Editor in correspondence with the same page as the 
Cable Manager page. Cable data can be edited and once the editor is closed, changes will be updated into 
the Cable Manager grid. 


Select All 
This button selects all the cables displayed in the grid. 


Note: Use Ctrl + Left Mouse Click or Shift + Left Mouse Click to select multiple cables. 


Unselect All 
This button unselects all the cables displayed in the grid. 
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Export 


This button exports headers, titles, and data of selected cable(s) to an Excel file. User can freely name the 
Excel file as well as select the path where the file will be saved. The default path is the project folder. 


Report 


The Report button opens the Cable Report Manager. Every time the Report button is pressed, the report 
file is overwritten with the data related to the selection of cables in the grid. 


Model Form 


The Model Form button is only active for IEC or BS standard cables (selected in the Ampacity/Capacity 
page of cable editor). Every time the Model Form button is pressed, the Model Form file is overwritten 
with the data related to the selection of cables in the grid. 


Voltage 


The Voltage dropdown menu allows the selection of the unit of the voltage rating of cables, between kV 
and V. 


Length 


The Length dropdown menu allows the selection of the length unit of cables. This option is available only 
from the Info and Summary pages. The length units are: ft, mile, m, and km. 


Update Op. Temp 


This button is only available in the Impedance page of the Cable manager and one or more cables are 
selected. This option allows to automatically update the cable(s) Minimum and Maximum operating 
temperatures in the Impedance page of the cable editor(s). 


Help 
Opens the ETAP Help File. 


Close 
Close the Cable Manager window. 


*; Metric or *: English 

*: Metric or *: English is a display-only text that appears if at least one of the cables unit is different 
from the Project Unit System: e.g. if the Project Unit System is English and if at least one cable is Metric, 
then the text will appear as *: Metric. Vice versa, if the Project Unit System is Metric and if at least one 
cable is English, then the text will appear as *: English. 


Multipage Grid 


The multipage Grid is composed of the following pages: Info, Physical, Impedance, Configuration, 
Ampacity, Sizing-Phase, Thermal Sizing, Electric Shock, and Summary. 


The following pages of the multipage grid offer red flagging alerts to indicate abnormal conditions of 
cables. 
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Physical page 

In the Physical page, an automatic check will alert users by turning red cable IDs, if the thicknesses of the 
layers of single-core (1/C) and three-core (3/C) cables (i.e. Insulation, Shield, Armor, Sheath and Jacket) 
are not compatible with the actual conductor and cable ODs (i.e. the cable OD is exceeded). 


Capacity/Ampacity page 


In the Capacity/Ampacity page, users will be alerted about critical and marginal loading of cables 
respectively by the colors red and magenta of the field Operating/FLA. Both critical and marginal 
loadings may be defined by the user as a percentage of the allowable Ampacity/Capacity of the cable. 


Sizing Phase page 


In the Sizing-Phase page, fields become red if the actual value of that parameter is greater (or less, 
depending on the case) than the corresponding constraint as defined in the Cable Editor/Sizing — Phase 
page. The constraint must be enabled in that page for it to take effect. These columns are alerted: 
Cond./Phase, Size, Loading Amp, Vd% and Vst%. 


Thermal Sizing page 


In the Thermal Sizing-Phase page, fields become red if actual values of existing quantities are less than 
the corresponding required values, as per ETAP calculations. 


Electric Shock page 


The same alert as in each cable editor will be shown up in red. 


Summary page 


In the Summary page fields that were red in other pages are still reported red, to allow an easy 
identification of issues. 
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45.7 Summary of Steps 


Cable Current Carrying Capability (Capacity/Ampacity) and Sizing Steps 


ANSI-IEC Terminology Mapping 


ANSI IEC 
Ampacity Capacity 

Phase Line 

Grounding Conductor Protective Conductor (PE) 

Triplex Trefoil 

Grounded Earthed 
Derating Factor Correction Factor 

GFCI/GFI RCD 


Capability/Ampacity Calculation 


1. Select a cable from library 


Double click to bring up the cable editor (select an ETAP library if not selected). In the Info page, 
click the “Library ...” button. Make sure to enter the Length of the cable and select the correct 


unit. 


ETAP 


45-68 
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Cable Editor - Cable12 | | 


50 Hz 


10kV 3 CU mm 2 


Fem (Bi) 04840 
I 


Length 
eng 100 [m +] @ 3 Phase 


Tolerance 0 % 1 Phase 


a3) (is) 8 2) (0K) (om) 


Upon clicking the Library button, the Library Quick Pick window will show allowing the cable 
selection. 
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Cc 7 
Library Quick Pick - Cable es 


% 
Unit | Freq laa 


XLPE BS5467 

a 
XLPE BS5467 

— 

Metric 


= = = 
cu 1.0 100 
cu 3.3 100 
CU 3.3 100 
CU 5.0 
CU 5.0 
CU 11 
CU 11 


SSaeaaeaeaeas8 


U/G Ampaciy A/G Ampacity Unit Rac Base 
Tc RHO Ta Tec Length Temp. 


15 90 120 2 90 1000m 390 


@ Avail. Sizes 


~) All Sizes 


Switch to the Impedance page to make sure that the proper impedance values are used. User may 
select to use impedance values from library (Lib) or calculated (Calc) by ETAP. 


2. Select calculation standard and installation type 
Switch to the Capacity/Ampacity page, select Standard, and Installation Type; the relative Sub- 


Type will be automatically available. Set up cable Layout, Grouping and other Info based on the 
standard and installation type. 
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Bs 


ETAP 


FE ae 


Allowable Ampacity / Capacity 


Base 
Operating 35 


Report 


ES I) (8 (2) (0K) (coms) 


Capacity/Ampacity Display 
The Base and Derated/Corrected Ampacity/Capacity are displayed in the same page. Click the 


Correction Factors button to see the correction factors for BS 7671, IEC 60364, IEC 60502, IEC 
60092 and NF C15-100 based calculations. 
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Phase/Line conductor sizing 


1. Set up cable loading 


Switch to the Loading page, select the type of Loading Current for Sizing. Operating Current is 
updated from load flow studies. 


To ensure that the cable operating current is updated, go to the Info page of the Load Flow Study 
Case editor. Check the Cable Load Amp box in the Update section. 


Load Flow Study Case "nnn | 2 | 
i. © * 


(©) Adaptive Newton-Raphson 
(@ Newton-Raphson 

© Fast-Decoupled 

© Accelerated Gauss-Seidel 


Max. Iteration 
Precision 


Unit 
Pate Vetooe (WW 
One Voge 
Options 
Fone = 


@ Bus Initial Voltages 
© User-Defined 


Calculate Flows For 1-Phase & Panel Systems 


Equipment Cable 
[] Exclude Load Diversity Factor 


Apply Transformer Phase Shift 


Update 
Initial Bus Voltages Cable Load Amp Operating Load & V 


[™] Inverter Operating Load |] Transformer LTCs 


Study Remarks 
Second line of remarks for "LF Report" study case. 


2. Set up protection device (optional). 


Go to the Protection page to select the protective device if Short Circuit criterion is considered for 
phase/line conductor sizing. 
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Cable Editor - Cable12 L 


Sizing - Phase Sizing - GND/PE 


Plot Conductor Temp 
12T Initial °C Final *C 
250 


Overcurrent | Device ID >| Time 


0s comet 42 
oro 


Sen ae 


Short circuit current through the cable can be user defined or updated from STAR short circuit 
calculation based on different standards. To update from STAR short circuit calculation, go to the 
Star mode. Open the Star Mode Study Case editor and switch to the Standard page. When IEC is 
selected, select Max to use the maximum c factor to update the Max kA, and select Min to use the 
minimum c factor to update the Min kA. When ANSI standard is selected, select 1/2 Cycle kA to 
update the Max kA, and select 30 Cycle kA to update the Min kA. 
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Cmax for Z Adjustment (< 1001 V) 
@ 1.05 (+6% V Tol) 
© 1.10 (+10% V Tol ) 


Calculation Method 
X/R for Peak kA 


Zero Sequence Mdl <1001V 


= Include Branch 491 
Y & Static Load 1001 to 35000 V 


> 35000 V 


© Based on Total Bus Fault Current 
© Based on Max Through Fault Current 
‘| Report Breaking Duty vs. CB Time Delay 


Star Mode Study Case ~~ | | 


— 


Info| Standard | Seq of Op. | AutoStar | Adjustment 


Standard Prefault Voltage 

© Nominal kV 
© Base kV 
© Vmag X Nominal kV from Bus Editor) 


@fxed 102 


| fii] [al] [eieg) fii! (im 


Select an Overcurrent Device ID to find the corresponding fault clearing Time for Phase faults or 
enter User-Defined Time. Note that the short circuit current used for fault clearing time 
calculation is the one giving the maximum energy. 
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3. Sizing — Phase Page 
The sizing phase/line conductor is performed in the Sizing — Phase page. 


Select the Constraints and enter their limits if needed in this page. The calculated required size 
based on the standard selected in the Capacity/Ampacity page will be displayed in the Results 
section as the Optimal Size. One size smaller than the required size is also displayed for the user’s 
selection. 


( Cable Editor - Cable Main Lx J 


50 Hz Code : 70 


woKv 3 CU mm? 


V] Apply Power Factor 


Min. Size kA [5 Use Load Growth Factor (GF) 


Cable Library Selection 


(@ Use available cable sizes only 


© Use all cable sizes from library 


Standard 


Report 


a  [) (8 2) (0K) (core | 
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Low Voltage PE Sizing & Electric Shock 
Protection Calculation 


This chapter describes the Protective Earthing (PE)/Grounding Thermal Sizing and Electric Shock 
Protection calculation features in the “Sizing - GND/PE” page of the cable editor. The thermal checking 
of armor and sheath of cables assumes the armor/sheath as the sole return paths for ground-fault currents. 


Cable Editor - 4 

Info Physical Impedance Configuration Loading Capacity Protection 
Sizing - Phase Sizing - GND/PE Reliability Routing Remarks Comment 

BS6500 Non-Mag. 50 Hz Code : 2.5 

Polyvinyl Chloride 100 % O.5kV 5/C CU (25 ¥) mm2 
Thermal Sizing Electric Shock 

Constraints Results 
Calculated Permissible 


Earthing Type 


TN-C Touch Voltage 32 


Load Type Distribution Circuit 


v 


: Additional Ground/Earth 
Ocal Dis ect Ti ul “ 
Resistance | 0.018 0.03 | Ohms connect ne aoe ® 
Permissible Vt | IEC 60364 v Loop Current | 1.387 0.033 | kA 
LoopZ}| 0.167 6.935 | Ohms 
Report Standard 
Prompt v Model Forms IEC 60364 


Permissible Touch Voltage is not dictated by the selected Permissible Vi standard. 


ESC ORK GE (5) (BM (R) 0% | | cance 
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PE Conductor Sizing feature is based on the following standards: 
e NFPA 70—- NEC (Section 250.122) 
e BS 7671 
e IEC 60364-5-54 


Electric Shock Protection calculation is based on the following standards and publications: 
e BS 7671 
e IEC 60364-4-41 


The following output reports are available for PE Conductor Sizing and Electric Shock Protection: 


e Neutral Grounding/PE Sizing Report 
e Summary Report 
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46.1 PE/Grounding Conductor Thermal Sizing 


The following section provides an overview on how to perform the PE Conductor Sizing calculation 
based on various Standards. 


46.1.1 PE Conductor Sizing - BS 7671 and IEC 60364 Standards 


From the Cable editor, select a low voltage cable (1 kV or less for AC, 1.5 kV or less for DC) from the 
Cable library in the Info page. The cable selection from the library must include a PE/Neutral 
conductor(s) or additional conductors that can be used as Main PE conductor(s). 


In the Cable editor’s Ampacity (Capacity) page, select the Installation Standard (BS 7671, IEC 60364). 


Configuration Page: 


Main Protective conductor 
Main PE data can only be populated through library selection. 


Auxiliary Protective conductor (if applicable) 
Use the cable library parameters, Typical R and X, and/or user-defined values. Check (if applicable) 
Aux Cable Bunched. 


Protection Page: 


Initial Temperature 
If Operating Temp is selected, enter the Protective conductor operating temperature value under the 
Conductor Temp section. 


Final Temperature 
Note that Initial and Final Temperature selections apply to Main Protective conductor only. 


User-Defined “Short-Circuit Current” 

Select an Overcurrent Device ID, a BS 7671 standard based device, or enter the User-Defined Ground 
disconnection time in seconds to determine device clearing time. Refer to Chapter 16 for more 
information on performing Star short-circuit analysis. 


Sizing — GND/PE” 


Leakage Current Constraint 
Enter the Leakage Current in milliamps 


Main Cable Factor k 
Select either Formula or Tables method for Factor k 


Aux Cable Factor k 
Only Tables method is available for Factor k if an Aux PE is not selected from library. 
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Results 

The Main, Auxiliary PE conductor and/or Armor/Sheath size will be automatically calculated. The next 
available standard size is selected where applicable. The results should appear under the “Required” 
column in the “Thermal Sizing” section 


Note: The calculation is not intended for sizing the PEN conductor of TN-C earthing systems. When 
performing thermal sizing for the PE conductors of TN-C cables, the sizing is based on the assumption 
that the PEN conductor is a PE conductor. Refer to standards IEC 60364 and BS7671, section 543.4 for 
more details. 


46.1.2 PE Conductor Sizing — NEC Standard 


The cable selection from the library must include a PE/Ground conductor(s) or additional conductors that 
can be used as PE conductor(s). 


Ampacity (Capacity) 
Select the Installation Standard as NEC. Note that IEEE and ICEA selection utilize the NEC Section 
250.122 for PE/Grounding conductcor sizing. 


Configuration: 
Check Main Protective Conductor (Main PE data can only be populated through library selection) 


Check Auxiliary Protective Conductor (if applicable) — Use the cable library parameters, Typical R 
and X, and/or user-defined values 


Protection: 
Select an Overcurrent Device ID or User-Defined 


Sizing - GND/PE: 

Enter Overcurrent Device Rating if Overcurrent device in the Protection page is set to User-Defined. 
Check the “Size” check box in the Thermal Requirement Size table to perform the calculation the Main 
or Auxiliary PE conductor. The next available size is selected where applicable 


ETAP 46-4 ETAP 19.0 User Guide 


Electric Shock and Thermal Sizing Calculation Inputs 


46.2 PE Conductor Sizing Calculation Inputs 


The following sections describe the input data that are required for performing PE Conductor Sizing 
calculation. 


46.2.1 Cable Library Selection 


The Cable library contains cable information from various standards and manufacturers. The selected 
cable will load the data from the library to the Cable editor for purposes of analysis. Refer to Chapter 11 - 
AC Elements for more information on Cable element and library selection. 


Library Quick Pick - Cable — |e 


Unit System Conductor Type k¥ Class Source Insulation #/Cable 
05 100 .| | BS5467 XLPE WC 
0.6 100 a BS5467 *LPE 2/C 
: 0.7 100—| | BS5467 *LPE 3/C 
Frequency Installation BSsde7 ve 


50 x) |NonMag x) 33 100 ~ 


U/GAmpacity A/G Ampacity Unit Base 


Tc RHO Ta T Lenath Temp. mre 


1km 90 : 
90 120 2 g 1000 m 90 || @ Avail. Sizes 


©) All Sizes 


The Main Neutral/PE conductor(s) are integrated with the Main cable inside an overall jacket. Cables 
with integrated PE/Grounding/Neutral conductor(s) are displayed in the Size section under the heading 
“PE” in the Cable Library Quick Pick editor. Note that additional unused Phase conductors can be 
assigned as PE/Ground/Neutral conductor(s) in the Cable editor’s Configuration page. 


Size 
Phase Re 
man 25 A 


@ Avail Sizes | 50 ‘3 
» All Sizes 35 
1 
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46.2.2 Ampacity (Capacity) Page 
The Ampacity page of the Cable editor contains the Installation Standards for PE Conductor Sizing 
calculation 

Installation for Ampacity/Capacity 

@ Standard 


; IEEE 399 
© Type 


Sub-Type 


NF C15-100 
‘ 


TEEE 399 
ICEA P-54-440 
NEC 

TEC 60364 

BS 7671 

NF C15-100 


46.2.3 Configuration Page 


The Configuration page of the Cable editor allows for entering the Main and Auxiliary Protective 
conductors’ data. 


Main Protective (PE) Conductor 


The Main PE/Neutral/Armor conductor(s) are bunched (grouped) as a part of the Main cable. For more 
information, refer to the Configuration page of the AC cable. 


Main Protective Conductor data must be loaded from library including the insulation type. The insulation 


type is dependent on the insulation of the Main cable and is shown in the Cable editor header (e.g. 
XLPE). 
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Non-Mag. 
Polyvinyl Chloride 100 % 


(2) (OK) [coe 


If the Main cable selected from the library contains integrated PE/Neutral conductor(s) then the size of the 
PE/Neutral conductor(s) is displayed in under the Size column. Note that unused Main Phase conductor 
size can be utilized as the Main PE/Neutral conductor(s). 
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Cable R xX Insulation 
Main 0.342 | 0.09 | Liray 
Main 0.342 | 0.09 | Library 
Main | 3.7047 | 0.25603 | Library 
Main | | 


fox |e | *] |r] — 
Aux | Protective ee ” 


Auxiliary Protective (PE) Conductor 


The Auxiliary PE/Neutral conductor(s) are defined as separate additional cable runs which are “auxiliary” 
to the Main cable (feeding the same circuit as the Main cable). 


To include Auxiliary PE conductor, the row’s check box must be checked and the required data must 
either be entered manually, loaded from library, or be filled in using the Typical R,X button. The library 
button and the Typical R, X buttons are located at the bottom of the page when the auxiliary row is 
selected. 


For example, if choosing to enter the data manually, the conductor material type must be selected 
(Copper, Aluminum, or Steel) and the Insulation type (e.g. Bare, Fire Risk, or Thermosetting) must be 
selected as well. However, if cable data is loaded from the library, then ETAP will size the conductor 
based on the insulation type associated with the cable that is chosen from the library. 


Aux Cable Bunched 


Check if the Auxiliary PE cable is bunched with other conductors. This option is used when the auxiliary 
cable is in close thermal proximity of other cables. 
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46.2.4 Protection Page 


The Protection page allows entering the PE/Grounding conductor temperatures; short-circuit current and 
overcurrent protective device data for PE Conductor sizing. 


Temperature Entry 


Initial Temperature 
The initial temperature value for the Main PE can be set by the selection of either the Factor k Tables or 
Formula method in the “Sizing - GND/PE” page. 


If either Tables or Formula method is used for Main PE sizing, then the initial temperature value is 
acquired from the “Thermal Damage Curve” section from the Protection page. 


The initial temperature of the conductor can be selected based on either base or operating temperature of 
the cable. 


Thermal Damage Curve 


Thermal Plot Conductor Ti 
initial Temp Final Temp Mtn 2 
Base Temp = | |ICEA P-32-392 = | Curve 12T Initial °C Final °C 
Phase 90 250 
Neutral i] 90 250 
Plot Phase Thermal fi | aT a Protective 90 250 


Curve Based on SS 


If Factor k Tables method is used for the Aux PE, then the initial temperature value is determined based 
on the standard selected from the Ampacity page. 


The base and operating temperatures of the cable are loaded from the library and displayed in the 
Ampacity page. 


Temperature 
Ta Te 
Base 30 


90 
Operating 35 90. ¥ | 


Final Temperature 

The Final Temp value for the Main PE can be set by the selection of either the Tables or Formula method. 
If Formula method is used for the Main PE calculation, then the final temperature value is based on the 
“Thermal Damage Curve” section from the Protection page. 


If Tables method is used for either the Main or Aux PE sizing calculation, then the final temperature 
value is based on the standard selected in the Ampacity. 
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Short-Circuit Current 


Select either Calculated or User-Defined in the Short-Circuit Current section. If the cable is 3-Phase, the 
Ground short circuit current which yields highest thermal energy will be automatically selected and 
displayed in the Protective Device section, along with the corresponding disconnection time. This short 
circuit current and disconnection time will be used for electric shock calculation. 


Short-Circuit Current 
Fault Type Max kA Min kA 
® Calculated 
nn | 5m 
User-Defined | | ine -to - Ground 33.48 27.28 
Line -to - Line 28.97 23.76 
= Disable os 
“J Update Line -to - Line -to - Ground 33.27 27.08 
Protective Device 
Overload | None + 
Phase Ground 
Overcurrent! Device ID v Time 0.01 0.01 s 
ID / Type Fuse Main ~| Curent 33.48 33.48 kA 
GFI / RCD None a 


For 1-Phase cable, if the “Calculated” option is selected in the Short-Circuit Current section, the 
“Ground” fields in the Short-Circuit Current section and Protective Device section are hidden. The PE 


Thermal Sizing calculation will be based on the Loop Current calculated from the Electric Shock 
calculation. 
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Short-Circuit Current 
® Calculated Line 1.024 kA 
~) User-Defined 
Disable 
Update 


Protective Device 
Overload | Device ID 7, 
ID / Type ~ 


Overcurrent! Device ID ¥ Time 0.01 


ID/Type |FuseLOCA | Curent 1.024 


GFI/RCD | None ¥ 


Otherwise, if User-Defined is selected, then the “Ground” fields appear in the Protection page and the 
User Defined Ground short circuit current and corresponding disconnection time are used in the PE 
Thermal Sizing calculation. 


Short-Circuit Current 
© Calculated Line 1.02 kA 


@) User-Defined Ground 0.98 kA 


~ Disable 
al Update 


Protective Device 
Overload | Device ID Me 
ID/ Type ¥ 
Line Ground 
Overcurrent! Device ID ¥ Time 0.01 0.01 s 
ID / Type Fuse LOCA | Curent 1.02 098 kA 
GFI / RCD None ¥ 


Note: There is an Option of “Update from the bus with lower SC kA value” from the Tools|Options 
(Preferences) in the Cable Sizing section as shown below. This Option is applicable when both terminal 
buses of a cable are faulted. The Option is defaulted to False so that the short-circuit currents are updated 
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based on the terminal bus that gives higher fault current. If this Option is set to be True, the short-circuit 
currents will be updated based on the bus that gives lower fault current. 


Options (Preferences) = 
E34)|S st oo 


> Arc Flash 
> Battery Discharge / Sizing 
4 Cable Sizing 
Earthing Type determination for Grounding / PE Sizing False 

True 

Contingency Analysis 

Control System Diagram 

Database Compare 


ETAP Application 
ETAP Project 
Geospatial View 
Ground Grid Systems 


Update from the bus with lower SC kA value 

If this entry is set to True, then ETAP will update the "Short-Circuit Current” section in the Protection page of the cable 
editor from the bus with the lower calculated 3-phase fault short-circuit kA when running "Run/Update Short-Circuit kA” in 
STAR mode and with the lower calculated line fault short-circuit kA when running "Run/Update 1 Phase Short-Circuit kA" 
in STAR mode. Otherwise the "Short-Circuit Current” section will be updated from the bus with the higher calculated 3- 
phase (line) fault short-circuit kA. 


(Help) (Ao 


ML 


Protective Device 


If a protective device is protecting the selected cable, then it can be selected from the ID/Type menu and 
its disconnection time will be determined automatically. Protection devices from the BS 7671 standard 
can be selected and the short-circuit current will be used to determine the disconnection time. 


Protective Device 


Overload | None v 


[| Fuse to BS 3036 
Phase Ground 
Overcurrent | Device ID 7 Time 0.01 0.01 = s 
ID/Type | Fuse8 | cument 26.56 26.56 kA 


GFI / RCD | None ¥ 


The disconnection time can also be user-defined. 
Note: Panel (Distribution Board) element internal protective devices are not utilized in PE Conductor 


sizing. An external fuse element in the One Line View must be protecting the cable in order for 
calculation to be performed. 
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46.2.5 Sizing - GND/PE Page 


The Sizing — GND/PE page allows entering input into the Thermal Constraints to perform the PE 
Conductor Sizing and performing the sizing. 


Check the Size check box next to the Main Cable row or the Aux row to calculate the required size for 
either the PE conductor in the Main Cable or Aux row. 


The short-circuit current values and protective device fault clearing times are imported from the 
Protection page of the cable and displayed in the thermal sizing section. 


The leakage current can be entered as an additional parameter to size the PE. 


When sizing Aux PE cable, while using Formula method to determine the factor k, the conservative 
temperatures (same as main Cable temperatures) will be used. Basically, the main cable initial and final 
temperatures will be used to size Aux PE. 


Once the results are calculated, the existing size of the PE in the Main or Aux Protective as well as 
Armor/Sheath rows of the configuration page can be compared with the required size calculated by 
ETAP. 


| Thermal Sizing | Bectric Shock | 


Constraints Result 
kA Seconds 
Ground Fault 2 0.010 Kes? 
Leakage Current 10 mA Conductor{PE) (kA) 
Temperature 
Initial °C Final °C 


MainCable [150 [| 160 — 
AuxCable [ 90 | 250 — 
Armor | 140 | 200 | 
Sheath [ 140 [| 200 _— 


Factor K 
Main Cable Aux Cable a sy 
Update Aux Size | 
@) Formula Formula 
Tables ®@) Tables 


The Update Size button will be activated once the size of the PE conductor in Aux row has been 
calculated and, when clicked, will update the Size field in the Protective row in the Configuration page. 


Minimum Sizes 


The minimum sizes for PEs are listed below. Minimum sizes are calculated based on the assumption that 
conductors are protected against mechanical damage. 
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Leakage Current Standard Conductor Type Minimum Size 
above 10 mA? Calculated (mm) 

Yes BS 7671 CU 4 

Yes BS 7671 AL 10 

Yes BS 7671 ST 10 

Yes IEC 60364 CU 10 

Yes IEC 60364 AL 16 

Yes IEC 60364 So 16 

No BS 7671 CU 2.5 

No BS 7671 AL 10 

No BS 7671 ST 10 

No IEC 60364 CU 2.5 

No IEC 60364 AL 16 

No IEC 60364 ST 16 


46.2.6 Armor and Sheath thermal Checking 


The following sections provide an overview on how to perform the thermal checking of armor and sheath 
of cables. This checking procedure will establish if either the armor or the sheath of cables can be safely 
employed as the sole return path to the source for ground-fault currents. 


The thermal checking of armors and/or sheaths is the procedure to establish if armors and/or sheaths have 
sufficient cross-sectional areas to safely carry the fault current for the entire duration of faults. 

This procedure is based on the comparison of the actual cross-sectional areas of Armors/Sheath versus the 
minimum thermally allowed cross-sectional area, calculated as follows: 


Where Ig is the value of the ground-fault current (in A) and tg (in s) is the clearing time of the protective 
device; the constant k, calculated or read from tables as per IEC 60364-5-54, depends on the following 
parameters of the armor/sheath: 


Initial and final temperatures; 
Resistivity; 

Volumetric heat capacity; 
Temperature coefficient of resistivity. 


Values of cross-sectional area for armors and sheaths are calculated based on cable dimensions in the 
Physical page. 


Physical page 


Select Armor (e.g. Steel) and/or Sheath (e.g. Aluminum), with the armor/sheath grounding grounded; 
insert armor/sheath thickness as required. Armor and sheath can only be activated from the physical page. 


Configuration Page 


Once the box(es) Armor and/or Sheath are checked, the R field with typical values for the armor and/or 
sheath resistances can be populated by pushing the "Typical R, X" button with the corresponding row 
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selected; these typical values of resistances, applicable to aluminum wire armour of single-core cables, 
and to steel wire armour of multi-core cables (up to 5/C) as per BS 5467, are applied by ETAP to all types 
of Armor and Sheath. Users can input any other values for R and X. 


Sizing-GND/PE Page 


As per IEC 60364-5-54, values for the initial temperature of armor and sheath is 10 °C lower than the 
maximum operating temperature of the line conductor (e.g. 60°C for a PVC insulated cable), whereas the 
final armor and sheath temperatures is always be 200°C, as per applicable standards. 


If Tables is selected for Factor k of Main cable in sizing-GND/PE page, the k for Armor and/or Sheath 
shall be read from Table A.54.5 of IEC 60364-5-54. 


Cross-sectional areas for armors/sheath are determined based on the cable dimensions shown in the 
Physical page. 
In the Thermal Sizing tab, existing cross-sectional area of armor/sheath is provided, together with the 


calculated required minimum size. 


For English cables, cross-sectional areas of armor/sheath are provided in kcmil. 
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46.3 Electric Shock Protection Calculation 


The following section describes an overiew on how to perform Electric Shock Protection calculation 
based on various Standards, as well as on various earthing types as defined in applicable Standards. 


46.3.1 Electrical Shock Protection — BS 7671 and IEC 60364 
Standards 


The Earthing Type automatic determination option must be selected. 


Set the System Grounding and Earthing Type for all sources. 


Ampacity (Capacity) 


Select the Installation Standard (BS 7671, IEC 60364). 


From the Cable editor, select a low voltage cable (1 kV or less for AC, 1.5 kV or less for DC) from the 
Cable library. The cable selection from the library must include a PE/Neutral conductor(s) or additional 
conductors that can be used as Main PE or Neutral conductor(s). 


Configuration: 

Check Main Neutral and/or Protective conductor(s) (Main Neutral or PE data can only be retrieved from 
the cable library). Check Armor/Sheath - Use Typical Armor/Sheath Z or user-defined values. Check 
Auxiliary Neutral and/or Protective conductor (if applicable) — Use the cable library parameters, Typical 
R and X, and/or user-defined values. Check Structure (if applicable) and enter user-defined values 


Protection: 

Select Calculated or User-Defined “Short-Circuit Current” (refer to Chapter 16 for more information on 
performing “Star Short-Circuit” analysis). Select an Overcurrent Device ID or a BS 7671 standard based 
device. Select a RCD, if applicable, Device ID or a BS 7671 standard based device 


Sizing - GND/PE: 

Under the Electric Shock Constraint section enter, if applicable, Ground/Earth Resistance and/or 
Additional Resistance in ohms. Select the Load Type. Select the Permissible Vt standard. Check, if 
applicable, Exclude Second Earth Fault for IT System. The results should appear under the “Electric 
Shock Results” section 
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46.4 Required Electrical Shock Protection Calculation 
Inputs 


The following sections describe the input data that are required for performing Electric Shock Protection 


Calculation. 


Note: For detailed definitions of all the fields in the “Electric Shock Results” section, please refer to the 
Configuration page of the AC cable. 


46.4.1 System Grounding and Earthing Type Selection 


For the definition of Earthing Type, please refer to Chapter 44 - System Grounding. 


Note: There is an Option of “Earthing Type determination for Grounding / PE Sizing” from the 
Tools|Options (Preferences) in the Cable Sizing section as shown below. This Option is defaulted to False 
so that there is no automatic Earthing Type determination. For Electric Shock calculation, this Option 
must be selected as True. 


a , 
Options (Preferences) =) 


W 


Earthing Type determination for Grounding / PE Sizing @it ¥ 


Update from the bus with lower SC kA value False 


Earthing Type determination for Grounding / PE Sizing 
If this entry is set to True, then ETAP will populate the Earthing Type from sources to cables. Note that if this entry is set 
to False, Earthing Type for cables is unknown so that Electric Shock calculation cannot be done. 


{tide} |_Aanby_] (OK) (Caneel) 


System Grounding Type 


Winding Connection 

For a source (e.g. 3-Phase Power Grid, 3-Phase Transformer), the System Grounding Type can be set by 
selecting the winding connection as either Wye (star) or Delta. For 1-Phase sources, the System 
Grounding Type is determined by the “Grounded” checkbox. 
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Grounding 
Earthing Type 


MM so 


Rg 8.7 Ohms 


(¥] Grounded 


Grounding 
For elements such as 3-Phase transformers, Synchronous Generators and Wind Turbine Generators, the 
Neutral earthing is determined by the “Grounding” selection. 


YY 


VUpen | 


Earthing Type Solid 
-—_—_—_—_—_—_— Resistor 
|IT - Individual + | Reactor 

Ximr-Resistor 
Ximr-Reactor 


Earthing Type 
This selection will only appear if the source and the bus connected to it are low voltage (1 kV or less for 
AG, 1.5 kV or less for DC). 


Sources, such as Transformers, Power Grids, Generators, need their Earthing Type selected in order to 
initiate Electric Shock Protection Calculation. 


Depending on the winding connection, such as Wye (Star) or Delta, the earthing type will be displayed 
accordingly. 


Distributed Neutral 
This checkbox appears for Non-Solid System Grounding Types 
Grounding 
nd 


Earthing Type 


IT Individual, >| [7 Snbsted 


Rg 
This is the earthing resistance of ground electrodes (e.g. ground rods, substation ground grids), which 
depends on the soil resistance and the electrode’s geometry. 
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Note: For ground grid resistance, this value can be calculated by using ETAP’s Ground Grid Module. 
Refer to Chapter 43 — Ground Grid Systems for more information. 


Note: In order for the Earthing Type menu and the Distributed Neutral check box to appear, the source 
and the bus connected to it must be 1 kV or less for AC systems and 1.5 kV or less for DC systems. 


Note: Electric Shock Protection calculation will disregard sources with incomplete data that are 
connected in parallel with other sources. 


Ampacity (Capacity) 


The Ampacity page contains the standards that the Electric Shock Protection calculation will follow. 


Installation for Ampacity/Capacity 


The following standards can be selected: 


e TEC 60364 
e =BS 7671 
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46.4.2 Configuration Page 


Refer to section 46.2.3 for the required input data for PE/Neutral conductor(s). For Electric Shock 
Protection calculations additional information is required for Main cable Armor and Structure. 


Main Conductor 


Armor and sheath R, X data can be manually entered or, if the cable is less than 3.3 kV, automatically 
calculated by selecting the “Typical Armor Z” and the “Typical Sheath Z” buttons (the corresponding 
button will be activated when mouse is pointed to the Armor or Sheath row) at the bottom of the page. 


The Armor and the Sheath can be utilized as protective conductors and their resistance value is multiplied 
by 1.1 in Shock Protection calculations when in parallel with actual protective conductors. 


XLPE 100% 10kKV = CU mm 2 


Sheath 


No. of Conductors / Phase: 1 


Ee) (2) (08) (Gree 
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Auxiliary Conductor 

To include auxiliary PE or Neutral conductors, the applicable row’s check box must be checked and the 
required data must either be entered manually, loaded from library, or be filled in using the Typical R, X 
button. The library button and the Typical R, X buttons are located at the bottom of the page when the 
applicable row is selected. 


Choose up to 10 PE and/or 10 Neutral conductors under the “No. of Cond.” column. 
For TN-C and TN-C-S Earthing Types, the Neutral conductor, and Protective conductor if selected, is 
utilized as the PEN conductor. 


For TT and IT Earthing Types, any type of Structure (e.g. Cable Tray) that is outside of the main cable 
and can be used as a path to earth can have its R,X values entered in the structure row. 


Link to Library option in cable info page 


Shock protection calculation does not utilize values loaded from library when the “Link to Library” 
option is selected in the info page. Only the values displayed in the cable editor will be considered. 


Cable Tolerances 


Cable tolerances (e.g. length and temperature) are not utilized in shock protection calculation except when 
performing regular short-circuit calculation for determining 3-Phase IT First Fault Touch Voltage. 
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46.4.3 Protection Page 


Short-Circuit Current 

Select either Calculated or User-Defined in the Short-Circuit Current section. If the cable is 3-Phase, then 
based on the Ground disconnection time in the Protective Device section, the Ground short-circuit current 
will be used for IT First Fault Touch Voltage Calculation. 


Refer to Chapter 16 in order to run Star Short-Circuit analysis. 


Short-Circuit Current Reference kV 
Fault Type Max kA Min kA 
Calculated 
1 [0 
@) User-Defined Line -to - Ground 1 2 Calculated kV 
E z 0.48 
Line -to - Line 0 0 
A Disable = 
— Update Line - to - Line - to - Ground 3.5 3 


Protective Device 


Overload | None ’ 
Phase Ground 
Overcurrent | Device ID me Time 9.72 0.325 s 
ID/Type |CB22 = Current 2 3.5 kA 


GFI/ RCD | BS 7671 ‘ Tip[10..+|mA Time 300 ms 


ID/Type | General Nondelay v 


Calculation of 1-Phase IT First Fault Touch Voltage can only be done by user-defined Ground short- 
circuit value in this release. 


Protective Device 

Overcurrent Protection of the cable can be determined by selecting an Overcurrent protective Device ID 
or a BS 7671 standard based device. 

User-defined Overcurrent disconnection time cannot be utilized for Electric Shock Protection Calculation. 
Residual current protection of the cable can be determined by selecting a RCD Device ID or a BS 7671 
standard based device. 


The BS 7671 standard based devices are based on Appendix 3 of the standard. 
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46.4.4 Sizing - GND/PE Page 


The Electric Shock Protecion Calculation determines both Actual and Allowed calculation results. If 
Actual results exceed the Allowed, then the Actual fields highlight as Magenta color indicating that the 
Allowed values have been exceeded. 

Electrical Shock Protection calculation is based on BS 7671 and IEC 60364-4-41 standards. 


The results shown in the image below for IT and TN/TT Earthing Types, respectively, will be calculated: 


Results Results 
Calculated Permissible Calculated Permissible 
istFault Vt 330 60 V Touch Voltage 88 865 V 
2nd Fault Vt 94 865 Vv 
Disconnect Time 0.010 5.000 5s Disconnect Time 0.010 5.000 s 
Loop Current 9.119 0.012 kA Loop Current 0.075 0.012 kA 
LoopZ 5.447 27.324 Ohms LoopZ 5.018 31.551 Ohms 


(| Exclude Second Earth Fault for IT System 


With standard BS 7671, for Permissible Loop Impedance calculation a Minimum Voltage Factor (Cmin) 
may be used based on Amendment 3 of BS 7671 17" edition. 
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(Themal Siing| Slectc Shock | 


Constraints Results 
Earthing Type Calculated Permissible 


TN-S Touch Voltage 94 865 V 


| Load Type [Distribution Circuit 7| 


Additional Ground/Earth 


Local Disconnect Time 0.010 5.000 5s 
Resistance 1 0 Ohms 
| 
Permissible Vt |EN 50122 : 2011 y| Loop Current 9.070 0.012 kA 
LoopZ 5.331 29.974 Ohms 


Minimum Voltage Factor 9.95 


Electric Shock Constraints 


Local Resistance to Ground/Earth 
Local Resistance to Ground/Earth is total resistance from the load chassis to the surface of the earth. 


Load Type 
Depending on the load type selected, the allowed results of electric shock parameters will vary. The load 
types are based on sections 411.3.2.2 of BS7671 and 411.3.2.2 of IEC 60364 standards. 


"TT — Equipotential Bonding" load type is based on section 411.3.2.2 of BS7671 and in 411.3.2.2 of IEC 
60364 standards and will only display shock protection results when the source Earthing Type is TT. 


“Reduced Low Voltage” load type is based on section 415.2.2 of BS7671 standard. 


EN 50122 
Check to re-calculate the Allowed Touch results as per EN 50122 Standard. 


Exclude Second Earth Fault for IT system 
Check to hide calculated 2" earth faults for both display and output reports. 
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Thermal Sizing | Electric Shock 


Constraints Results 
Earthing Type Calculated Permissible 


TT - Individual Undistributed ist Fault Vt 401 50 V 


LoadType Final Circuit <= 32 A v 2nd Fault Vt 401 50 Vv 


Additional Ground/Earth 


Loca Disconnect Time 0.070 § 
Resistance 10 10 Ohms 
Permissible Vt IEC 60364 v Loop Current 0.0861 KA 
Loop Z Ohms 


Exclude Second Earth Fault for IT System 


Electric Shock Results 


The major condition to verify the protection against electric shock is that the calculated fault-loop 
impedance should be less than, or equal to the permissible fault-loop impedance. In the case of 
multiple sources, ETAP conservatively selects the highest impedance path in order to determine 
the worst electric shock conditions. 


Permissible Loop Current 


If both OCD (Overcurrent Device) and RCD (GFI) have been selected as Device ID in the 
protection page, ETAP shall conservatively consider and display as the permissible loop current 
the OCD tripping current in correspondence with the permissible time. 

If either the OCD or the RCD has been selected as User Defined, whereas the other one has been 
selected as Device ID, then ETAP shall only consider the protective device selected as Device ID. 
If both OCD and RCD have been selected as User Defined, then ETAP shall blank out the 
Permissible Loop Current and Permissible Loop Impedance fields and display the message: 
Permissible Loop Current cannot be determined due to the selection of Ground/Earth times in 
Protection page. 


Calculated IT First Fault Voltage 
The Actual First Fault Voltage will be calculated based on the line-to-ground current, with the highest 
thermal energy, in the Protection page (either Max kA or Min kA). 


1-Phase and DC IT Earthed Cable First Fault Voltages 

First Fault Voltages for IT cables will display once a User-Defined Line to Ground short-circuit current 
value has been entered in the Protection page of the cable. Current ETAp release does not provide line to 
ground fault current calculation for 1-pahse and DC systems. 


ETAP 
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Permissible IT Voltages 
The permissible Touch Voltages are 50 Volts for AC systems and 120 Volts for DC systems based on 
IEC 60364-4-41 and BS 7671. 


If EN50122 standard is selected, the permissible Touch Voltages will recalculate to reflect the standard’s 
requirements. 


Calculated Disconnection Time 

The calculated Disconnection Time is protective device dependant. For Electric Shock Protection 
Calculation to occur, a protective device that contains a trip device must be selected from the Overcurrent 
or RCD section in the Protection page. 


The calculated Disconnection time is displayed as a blank if the fault current is below the pickup time (i.e. 
the protective device will never trip). The lowest disconnection time displayed is 0.001 seconds. 


Note: Panel element (Distribution Board) internal protective devices are not utilized in Electric Shock 
Protection Calculation or PE/Grounding Conductor Sizing. An Overcurrent (or RCD Protective Device 
for Electric Shock Protection) ID or a BS7671 standard based device must be selected in the Protection 
page for calculation to be performed. 


Permissible Disconnection Time 
Permissible Disconnection Time is dependent on the Load Type chosen from the “Electric Shock 
Constraints” section (e.g. Distribution Circuit, Final circuit, etc.) based on IEC 60364-4-41 and BS 7671. 


Calculated Loop Impedance 
ETAP will determine the Calculated Loop Impedance based on data entered in all of the elements 
modeled in the One Line View. 


Permissible Loop Impedance 

The Permissible Loop Impedance is dependent on the Load Type menu in the “Electric Shock 
Constraints” section. Permissible Loop Impedance is calculated from the Permissible Disconnection Time 
and protective device settings. 
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IT-Collective, 3-ph (Non-Distributed Neutral) 


Constraints 
Earthing Type 


{ir - Collective Undistributed 
lad Te 


Additional Ground/Earth 
Resistance 0 0 Ohms 


Permissible Vt | EN 50122: 2011 NA 


IT System 


_ ==="1854""" 
arthen F 
Through an a Chassis 
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Ground/Earth | Additional 
Parameter : z Remarks 
Resistance Resistance 


The 2™ fault to ground is assumed to occur at 
a different phase at the source (see figure 
above). 


It is the impedance of the fault loop 
comprising the source behind the 1“ and 2" 
faulted phase, the line conductor and the 
protective conductor. If armors and/or sheaths 
ignore Include are checked in the Configuration page, their 
impedances are both multiplied to 1.1 times 
and put in parallel with Zpr. 


Calculated Loop 
Impedance (2" fault) 


The additional resistance (e.g. due to an 
extension cord) is considered in series to both 
the aforementioned parallel path, as well as to 
the impedance of the line conductor. 


Calculated Loop ae Taciude Ratio of the line-to-line voltage to the 
Current 6 calculated Loop Impedance. 
Calculated Depends on calculated loop current and 
; ; ‘ n/a n/a : Sse a 
Disconnection Time protective device time-current curve 
Calauiated Baee rack . . Product of user-defined (calculated) 
Vi include include capacitive current in protection page times 
(Raadditional + Rearth/ground) 
; : Product of loop current times [Radditionat 
nd 
Calculated 2" Fault Vt ignore include (Zpe!/1.1Rarm//1.1Rsheat)] 
Dependent on the Load Type chosen from the 
Permissible “Electric Shock Constraints” section (e.g. 
Disconnection Time Distribution Circuit, Final Circuit, etc.) as per 
applicable standards. 
Permissible Loop depends on Permissible 
Current I, Disconnection time and protective device 
Permissible Loop Ul(2*Ia) 
Impedance 
Permissible 1“ Fault Vt 50 V ac or 120 V dc as per IEC 
Permissible 2™ Fault Vt «anda Nominal ac or dc voltage U between line 
conductors 
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IT-Collective, 3-ph (Distributed Neutral) 
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Ground/Earth | Additional 
Parameter : : Remarks 
Resistance Resistance 

Calculated ignore Include | It is the impedance of the fault loop comprising the 

Loop neutral conductor and the protective conductor as per 

Impedance applicable standards. If armors and/or sheaths are 
checked in the Configuration page, their impedances 
are both increased to 1.1 times and put in parallel with 
ZpE. 
The additional resistance (e.g. due to an extension 
cord) is considered in series to both the aforementioned 
parallel path, as well as to the impedance of the neutral 
conductor. 
The 2" fault to ground is assumed to occur at the 
source. 

Calculated AENONS Include Ratio of the line-to-neutral voltage to the Calculated 

Pee Loop Impedance. 

Calculated Depends on calculated loop current and protective 

Disconnection n/a n/a device 

Time 

Calculated First include include Product of user-defined (calculated) capacitive current 

Fault Vt in protection page times (Radditional + Rearth/ground) 

Calculated 2" ignore include | Product of loop current times [Radditiona + 

Fault Vt (Rpe//1.1Rarm//1.1R sheath) ] 

Permissible Depends on the Load Type chosen from the “Electric 

Disconnection Shock Constraints” section (e.g. Distribution Circuit, 

Time Final Circuit, etc.) as per applicable standards. 

Permissible Depends on Permissible Disconnection time and 

Loop Current I, protective device 

Permissible Uo/(2* 1a) 

Loop 

Impedance 

Permissible 1“ 50 V ac or 120 V dc as per IEC 

Fault Vt 

Permissible 2" : Nominal ac or dc voltage Up between line conductor 

include 
Fault Vt and neutral conductor 
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Protection Calculation Inputs 


IT-Individual / IT- in Groups or individually, 3-ph and 1-ph (Distributed or Non- 
Distributed Neutrals) 


Source 


IT System 


Additional 


Earthing 


Through an Impedance 


Load 


Additional 


Chassis 


Ground/Earth | Additional 
Parameter : . Remarks 
Resistance Resistance 

Calculated Loop n/a n/a Not applicable, as per IEC, BS standards 

Impedance 

Calculated Loop n/a n/a Not applicable, as per IEC, BS standards 

Current 

Calculated n/a n/a Not applicable, as per IEC, BS standards 

Disconnection 

Time 

Calculated First include include Product of user-defined (calculated) capacitive 

Fault Vt current in protection page times (Raaditional + 
Rearth/ground) 

Calculated 2" include include Product of the permissible loop current times the sum 

Fault Vt of the resistances of the earth/ground and the 
additional PE resistance. 

Permissible n/a n/a Depends on the Load Type chosen from the “Electric 

Disconnection Shock Constraints” section (e.g. Distribution Circuit, 

Time Final Circuit, etc.) as per applicable standards. 

Permissible Loop n/a n/a Depends on Permissible Disconnection Time and 

Current protective device; if only RCD is selected, ETAP 
multiplies the RCD rated current by 5 to obtain the 
permissible loop current, as per IEC standard. 

Permissible Loop n/a n/a Not applicable per IEC 

Impedance 

Permissible 1“ 50 V ac or 120 V dc as per IEC 

Fault Vt 

Permissible 2" include include 50 V as per IEC (only if RCD is selected, otherwise 

Fault Vt blank) 
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IT-Collective, Single-Phase (L1-L2, Non-Distributed Neutral) 


IT System 


Earthing 
Through an impedance 


ETAP 46-32 ETAP 19.0 User Guide 


Electric Shock and Thermal Sizing Protection Calculation Inputs 


Permissible 1“ 
Fault Vt 


Ground/Earth | Additional 
Parameter : ; Remarks 
Resistance Resistance 

Calculated Loop ignore Include It is the impedance of the fault loop comprising the 

Impedance line conductor and the protective conductor. If 

(2™ Fault) armors and/or sheaths are checked in_ the 
Configuration page, their impedances are both 
increased to 1.1 times and put in parallel with Zpe. 
The additional resistance (e.g. due to an extension 
cord) is considered in series to both the 
aforementioned parallel path, as well as to the 
impedance of the line conductor. 
The 2" fault to ground is assumed to occur at the 
source. 

Calculated Loop ignore Include Ratio of the line-to-line voltage to the calculated 

Current (2"¢ Loop Impedance. 

Fault) 

Calculated Depends on calculated loop current and protective 

Disconnection device time-current curve. 

Time 

Calculated First include include Product of user-defined capacitive current in 

Fault V protection page times (Raaditional + Rearth/ground) 

Calculated 2" ignore include Product of loop current times [Raaditional + 

Fault Vt (Zpe//1.1Rarm//1.1R sheath) ] 

Permissible Depends on the Load Type chosen from the 

Disconnection “Electric Shock Constraints” section (e.g. 

Time Distribution Circuit, Final Circuit, etc.) as per 
applicable standards. 

Permissible Depends on the permissible disconnection time and 

Loop Current the time-current curve of the protective device 

Permissible Z=U/(2* Ia) 


Loop Impedance 


50 V ac or 120Vdc as per IEC 


Permissible 2"¢ 
Fault Vt 


Voltage U between line conductors 


ETAP 
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IT-Collective, Single-Phase (L1-L2, Distributed Neutral) 


$text 


Earthing 
Through an impedance 
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Permissible 1“ 


Ground/Earth | Additional 
Parameter : : Remarks 
Resistance Resistance 

Calculated Loop ignore Include It is the impedance of the fault loop comprising the 

Impedance neutral conductor and the protective conductor. If 
armors and/or sheaths are checked in the 
Configuration page, their impedances are both 
increased to 1.1 times and put in parallel with Zpe. 
The additional resistance (e.g. due to an extension 
cord) is considered in series to both the 
aforementioned parallel path, as well as to the 
impedance of the line conductor. 
The 2" fault to ground is assumed to occur at the 
source. 

Calculated Loop ignore Include Ratio of the line-to-neutral voltage to the calculated 

Current Loop Impedance. 

Calculated Depends on calculated loop current and protective 

Disconnection device time-current curve. 

Time 

Calculated First include include Product of user-defined capacitive current in 

Fault Vt protection page times (Raaditional + Rearth/ground) 

Calculated 2™ ignore include =Tq *[Raaditional + (Zpe//1.1Rarm//1.1Rsheatn) ] 

Fault Vt *Ia = calculated Loop Current 

Permissible Depends on the Load Type chosen from the 

Disconnection “Electric Shock Constraints” section (e.g. 

Time Distribution Circuit, Final Circuit, etc.) as per 
applicable standards. 

Permissible Depends on the permissible disconnection time and 

Loop Current the time-current curve of the protective device 

Permissible Z’=U,/(2*Ia) 

Loop 


Impedance 


50 V ac or 120Vdc as per IEC 


Fault Vt 
Permissible 2" Voltage U, between line conductor and neutral 
Fault Vt conductor 


ETAP 
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IT-Collective, Single-Phase (L1-N, Distributed Neutral) 


Same as IT-Collective, Single-Phase (L1-L2, Distributed Neutral) 


TT System, 3-ph and 1-ph 


Source 
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Ground/Earth 


Additional 


ae Resistance Resistance ona 
Calculated include include It is the impedance of the fault loop comprising the 
Loop source, the line conductor up to the point of fault, 
Impedance Z; local earth electrode resistance of installation and of 
source. 
The additional resistance (e.g. due to an extension 
cord) is in series to both the line conductor and the 
PE. 
Calculated include include Iq = Ud/Zs 
Loop Current 
Calculated n/a n/a Depends on calculated loop current and protective 
Disconnection device time-current curve. 
Time 
Calculated Vt include include If an overcurrent protective device is employed it 
equals to I, x Zs, 
where I, is defined as the current causing the 
automatic operation of device within the permissible 
time. 
If an Residual Current Device (RCD) is employed it 
equals to Tan X (Radditional + Rearth) 
**T4,= rated residual operating current of RCD 
**R additional = e.g. Extension cord, earthing conductor, 
etc. 
**R oath = Ground/Earth field 
Permissible n/a n/a Depends on the Load Type chosen from the “Electric 
Disconnection Shock Constraints” section (e.g. Distribution Circuit, 
Time Final Circuit, etc.) as per applicable standards. 
Permissible ignore ignore Current causing the automatic operation of device 
Loop Current within the Permissible Disconnection Time; if only 
RCD is selected, ETAP multiplies the RCD rated 
residual operating current by 5 to obtain the 
permissible loop current, as per IEC standard. 
Permissible Ratio of Up to Permissible Loop Current. 
Loop 
Impedance If only RCD is selected in protection page, it is the 
ratio of 50 V to RCD rated residual operating current, 
as per IEC standard. 
Permissible ignore ignore 50 V as per IEC (only if RCD is selected, otherwise 
Fault Vt blank) 
ETAP 46-37 ETAP 19.0 User Guide 


Electric Shock and Thermal Sizing Protection Calculation Inputs 
TN-S, TN-C and TN-C-S Systems, 3-ph and 1-ph: 


TN-S System 
Source 


Load 
Chassis 


Earthing 
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Ground/Earth | Additional 
Parameter : : Formula 
Resistance Resistance 
Calculated include Include | It is the impedance of the fault loop comprising the source, 
Loop line conductor and the protective conductor as_ per 
Impedance Z; applicable standards. 
If armors and/or sheaths are checked in the Configuration 
page, their impedances are both increased to 1.1 times and 
put in parallel with Zpr. 
If local Ground/Earth resistance is other than zero, this 
value is further put in parallel to the aforementioned 
parallel path. 
The additional resistance (e.g. due to an extension cord) is 
considered in series to the aforementioned parallel path, as 
well as to the impedance of the line conductor. 
Zs=(RstjXs+Zpht+2Rada)t+[(Zpe//(1.1Rarm)//(1.1 
Rsheath)/ / Rearth)] . 
**R oath = Ground/Earth Resistance 
Calculated ignore Include | Ia= U./Z; 
Loop Current 
Calculated ignore ignore Time on _ protective device time-current curve in 
Disconnection correspondence with the calculated Loop Current. 
Time 
Calculated include include | V= Ie*[Raaat[(Zpe//(1.1Rarm)//(1.1 Rsheath)//Rearth] 
Fault Vt 
** T,=Loop Current 
**R aq = Extension of the PE (e.g. Extension cord) 
**RGround = Ground/Earth Resistance 
(Utility ground Rg is assumed = 0) 
Permissible ignore ignore Depends on the Load Type chosen from the “Electric 
Disconnection Shock Constraints” section (e.g. Distribution Circuit, Final 
Time Circuit, etc.) as per applicable standards. 
Permissible ignore ignore Current in protective device time-current curve in 
Loop Current correspondence with the Permissible Disconnection time. 
Permissible =(U)/Ia) 
Loop 
Impedance **Ta = permissible current 
Permissible ignore ignore N/A 
Fault Vt 
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Earthing Adapter in Electric Shock Loop Impedance Calculation 


The Earthing Adapter is a virtual device that will convert a TN Earthing Type to another in the One Line 
View Without the use of transformers. 


UPS and VFD Bypass Switch in Electric Shock Loop Impedance Calculation 
By default, ETAP only uses the UPS and VFD’s Short Circuit Analysis Bypass Switch status option for 
the Loop Impedance calculation. 


Defining the Installation Service Entry Point Using the Earthing Adapter 
When using TN-C-S earthing sources, the transition from the utility to the installation service entry point 
must be defined manually by using an Earthing Adapter with a TN-S secondary. Otherwise, cables 
downstream of elements, such as panels, will be calculated as TN-C Earthing Types. 
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46.5 Required Data 


*The Asterisk refers to required data needed to conduct PE/Grounding Conductor Sizing Calculation. 


Bus Data 


Nominal kV 


3-phase Power Grid Data 


Rated kV 

Grounding Type 

Earthing Type 

Rg (for TT Earthing Type) 

Short-Circuit sequence impedances %R and %X 
Earth/Ground Fault loop impedance Z. 

Neutral Conductor R and X (depending on Earthing Type) 
Earthing Conductor R and X (depending on Earthing Type) 
Distributed Neutral status 


1-phase Power Grid 


Rated kV 

Grounding Type 

Earthing Type 

SC Rating line-to-line 

SC Rating line-to-earth/Ground 

Rg (for TT Earthing Type) 

Short-Circuit sequence impedances %R and %X 
Earth/Ground Fault loop impedance Ze 

Line Impedance (depending on Earthing Type) 
Earth/Ground Loop Impedance (depending on Earthing Type) 
Distributed Neutral status 


3-phase 2-winding transformer 


Rated kVA/MVA 

Primary and secondary voltage ratings 
Positive sequence impedance 

Positive sequence X/R 

Primary and secondary winding type 
Load side Earthing Type 

Rg 

Distributed Neutral status 


3-Winding transformer 


ETAP 


Rated kVA/MVA 
Primary, secondary, and tertiary voltage ratings 
Positive sequence impedance 
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Positive sequence X/R 

Primary, secondary, and tertiary winding type 
Load side Earthing Types 

Rg and Distributed Neutral status 


Branch Data 


Cable 


Branch R, X, 
Cable and transmission line length and unit 
Number of conductors per phase (if applicable) 


Impedance page R and X * 

No. of conductors / phase * 

length and unit 

Main and Aux Neutral conductor information * 
Main and Aux PE information * 

Armor R and X 

Structure R and X 

Protection page Overcurrent device information * 
Protection page GFCI/RCD device information 
Load Type 

Local Resistance to Ground/Earth 

Leakage Current * 

EN 50122 

Factor k 

Initial temperature determination method * 
Final temperature standard selection * 


1 phase 2 winding transformer 


Rated kVA/MVA 

Primary and secondary voltage ratings 
impedance 

X/R 

Load side grounding status 

Load side Earthing Type 

Rg 

Distributed Neutral status 


Synchronous Generator Data 


ETAP 


Rated kVA 

Rated voltage 

Xd”, Xd’”/Ra 

Winding connection 
Earthing Type 

Rg 

Distributed Neutral status 
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Open Delta transformer 
e Rated kVA/MVA and Open Delta/Wye Voltage Ratings 


Impedance 

X/R 

Load grounding status 
Load side Earthing Type 
Rg 

Distributed Neutral status 


Wind Turbine Generators (Type 1-3 


Rated kVA/MVA 

Rated voltage 

Xsc (1/2 cycle) 

X/R 

Winding type 

Earthing Type 

Rg 

Distributed Neutral status 


Wind Turbine Generators (Type 4) 
Rated kVA/MVA 

Rated voltage 

Power Factor (%PF) 

Efficiency (YEFF) 

Inverter SC Contribution 

Grounding status 

Earthing Type 

Rg 

Distributed Neutral status 


Inverters (includeing the one in PV Arrays) 


e Rated AC out FLA 
e Rated AC out kV 
e Ksc 

e Grounding status 
e 

e 

e 


Earthing Type 
Rg 
Distributed Neutral status 


UPS (AC secondary) 


Rated AC out FLA 
Rated AC out kV 
Ksc 

Grounding status 
Earthing Type 
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e Rg and Distributed Neutral Status 


UPS (DC Grounding) 
DC Output Voltage 
Kdc 

DC FLA 

Grounding status 
Earthing Type 

Rg 


Charger 

DC Output Voltage 
Kdc 

DC FLA 
Grounding status 
Earthing Type 

Rg 


VED 


Rated FLA 

Rated kV 

Ksc 

Grounding status 
Earthing Type 

Rg 

Distributed Neutral status 


Battery 

Number of Cells 

Number of Strings 

External R(ohms) 

Cell Resistance (Rp) (from library) 
Number of Positive Plates (from library) 
Grounding status 

Earthing Type 

Rg 


Earthing Adapter 
e Secondary Earthing Type 


Low Voltage Circuit Breaker Data 
ANSI standard circuit breaker 

e Trip device TCC curve data 
IEC standard circuit breaker 

e Min Delay 
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e Trip device and its associated TCC curve 


Over Current Relay 


e CT connections / Assignments 
e Interlocked Devices, Device ID 
e TCC curves 


Fuse 
e TCC curve 
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46.6 Output Reports 


The PE Sizing Calculation and Electric Shock Protection results are reported in the cable editor and in 
Crystal Reports format. The Crystal Reports format provides detailed of the input data as well as the 
calculation results. 


Report 


cs 


Cable Report Manager 

Click on the Cable Report Manager button to open the Report Manager. The Report Manager allows 
selection of formats available for different portions of the report and to view it via Crystal Reports. The 
editor includes four formats (Ampacity (Capacity), Sizing - GND PE, Sizing - Phase, and Summary) 
representing different sections of the output report. 


é » 
Cable Report Manager x} 


Complete Summary 


Ampacity (Capacity) @) Viewer 
Sizing -GND PE PDF 
Sizing - Phase 

MS Word 


Rich Text Format 
MS Excel 


| Set As Default 


Output Report Name 
Cable 17 


Path 
C:\ETAP\Example-ANSI 


ico 


Ampacity (Capacity) 


Refer to the output report section of the Chapter 45 - Cable Ampacity and Sizing. 


Sizing - Phase 


Refer to the output report section of the Chapter 45 - Cable Ampacity and Sizing. 


Sizing - GND PE 
The Sizing - GND PE page can be selected from this page. The following is a sample of the report. 
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Neutral/Grounding/PE Report 


Cable ID Cablel7 
Configuration 
Conductor No. of Cond. Size Type R x Insulation Library 
nr ne | no 3.00000 0.09000 Library Library LOEV4IC CU 90C 
Main Neutral 1 70 cU 3.00000 0.09000 Library Library 1.0kV 4'C CU90C 
Main Protective 3 10 cu 3.70470 0.25603 Library Library 1.0kV 4'C CU90C 
Main Armor 5.01988 0.00000 
Aux Neutral 
Aux Protective 1 8 cu 2.55906 0.17060 Fire Risk Fire Risk 1.0kV 3/C CU 75C 
Aux Structure 
No. of Cond./Phase Aux Cable Bunched Size Units Impedance Units Earthing Type R to Ground/Earth 
1 No Tm? Ohms per 1000m TT - Individual 020000 Ohms 
Overcurrent PD RCD/GFCI PD 
Selection ID/Type ~ Ground (s) Rating (A) Selection ID/Type Trip (mA) Time (ms) 
BS 7671 Fuse to BS 1361 “010. OO  DeieeD CB 30000  s0000 
Grounding/PE Sizing Report 
Short-Circuit Current 
Selection Disable Update Ground Equipment Type 
User-Defined No “KA os Distribution Circuit 
Reference kV = 0.480 068 010 
Electric Shock 
Actual Allowed 
Voltage (V) Disc. Time (s) Impedance (Ohms) Current (kA) Voltage (V) Disc. Time (s) Impedance (Ohms) Current (kA) 
136 3.715 3.201 0.087 350 1.000 2.182 0.110 
Thermal Sizing 
Standard k Selection Temperature (C) Main PE Cable Size Aux PE Cable Size Leakage Current (mA) kK g (eA s) 
“ps767i—=~*~*«‘sTbie:=*~*«sdtnd:«SsFimal’ =—=~=sExisting’ =Required Unit —=«==sExistmg =Required » = Umt====S=~*~“<‘swCOS*~<“‘it*‘*sSC*W 
30 150 10 mum? 8 8.0 mm? 


Summary 


The Summary page can be selected from this page. In order for the report to be fully populated, the 
following pages must have their results calculated and their pages visited prior to launching this report. 


e Sizing - Phase 
e Sizing - GND/PE 
e Ampacity (Capacity) 


Model Forms For Certification and Reporting 


The Model forms are part of the BS7671, Appendix 6, guidelines. They are required of individuals 
responsible of the design, construction, inspection, and testing of the work. 


After the shock protection results for any cable has been calculated, the forms, can be customized in 
Microsoft Word 2003 and higher versions. 


mw} Electrical Installation Certificate.doc 
M4) Electrical Installation Condition Report.doc 

mw} Minor Electrical Installation Works Certificate.doc 

wi} Periodic Inspection Report for an Electrical Installation.doc 
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Inspector 
INEMMNG? Senseo sesvooseuse ene vasccerdtessesesszess Company: 


duvieecsesusleccoesusstescreuesecsceesstuewcnime  POBEOOUO™ cconccsacsccuc: . WON INOD scoctsccvcuccussescseseocucsectuuce 
SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS ‘ekeoxes and enterdetsits, ss sppropnste 
Earthing arrangements Number and Type of Live Nature of Supply Parameters Supply 
Conductors Protective Device 
TN-C Characteristics 


TN-S a.c. [J] ac  [] | Nominal voltage, U/Uo ® 500 Vv 
ie Type: Fuse 


TN-C-S 1-phase, 2-wire [_] 2-pole [_] | Nominal frequency, f 60.00 Hz 


Rated 
IT /| 2-phase, 3-wire [_] 3-pole [[] | Prospective fault current, Ipf ® 0.00 kA Current 49.00 A 
3-phase, 3-wire [7] other CT 


Alternative source Cl External loop impedance, Ze @ 00.00 2 


of supply (to be detailed 3-phase, 4-wire TC] 


Note: (1) by enquiry, (2) by enquiry or 
on attached schedules) , iil cectaia 


by measurement) 


PARTICULARS OF INSTALLATION REFERRED TO IN THE CERTIFICATE ‘boxes end enterdetsits, es sppopnste 
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46.7 Cable Manager 


The Cable Manager allows the “batch” management of all the cable data, as they appear in the Cable 
Editors of each cable. The Cable Manager shows cable data in a consolidated fashion in a grid; with the 
presence of intelligent filters, cables can be searched and grouped by their relevant parameters, thereby 
simplifying their engineering management. Cable Manager allows batch reporting and selecting from 
library. 


Refer to Chapter 45 — Cable Ampacity and Sizing — Cable Manager for detailed information on the Cable 
Manager. 
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46.8 Summary of Steps 


Cable Current Carrying Capability (Capacity/Ampacity) and Sizing Steps 


ANSI-IEC Terminology Mapping 


ANSI IEC 
Ampacity Capacity 
Phase Line 
Grounding Conductor Protective Conductor (PE) 
Triplex Trefoil 
Grounded Earthed 
Derating Factor Correction Factor 
GFCI/GFI RCD 


Protective/Grounding Conductor (PE) thermal sizing and Electric Shock calculation 
1. Set up the Configuration page 
Go to the Configuration page, check the Protective Conductor used (either in the Main Cable or 


as an Aux cable) or Sheath/Armor. Make sure the Impedance (Resistance) is available. Note that 
the Sheath/Armor only can be used as a PE when is Grounded which is selected in the Physical 


page. 
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2. Set up system Grounding and Earthing 


Double click components such as Power Grids, Generators, UPS/PV/WTG, Transformers and 
Loads/Inverters to define their Grounding and Earthing types. Set up Grounding and Earthing 
types for Chargers, UPSs and Batteries for DC system. 


fo YD | 
reroute 


SC Rating (Line to Line) SC Impedance (Line to Line) 


1 


10 0.099503 0.995037 1 Ohms 


995.037 9950.37 % (100 MVA Base) 


SC Rating (Line to Earth/Ground) Earth/Ground Fault Loop Impedance 


Y/R kAsc ne = = 
1 10 1 0.099503 0.995037 1 Ohms 


995.037 9950.37 %(100 MVA Base) 


Typical Ze &X/R_ | 


Sea0e_ IRD Colca) 
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3. Set up Protection page 
Go to the Protection page to select the protective device. 


Cable Editor - Cable12 | % |) 


50 Hz 


woKv = YC CU m2 


Thermal Damage Curve 
Initial Temp Final Temp | Thermal Plot Conductor Temp 


[Operating Temp ~| {ICEA P-22.382 ~]| Curve | 2T | intial C | Final °C 


vl | 90 250 


Plot Thermal Curve for [1.x Conductors/Phase 


3 - Phase 


D/ Tee Gumet 422 
GrI/ACD 


3) ( [s) es (2 


The Short circuit current through the PE can be user defined or updated from STAR short circuit 
calculation based on different standards. 
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To update from STAR short circuit calculation, go to the Star mode. Open the Star Mode Study 
Case editor, switch to the Standard page. When IEC standard is selected, select Max to use the 
maximum c factor to update the Max kA, and select Min to use the minimum c factor to update 
the Min kA. When ANSI standard is selected, select 1/2 Cycle kA to update the Max kA, and 
select 30 Cycle kA to update the Min kA. 


[info _| Standard | Seq of Op. | Star Auto | Adjustment 


Short-Circuit Current Cmax for Z Adjustment (< 1001 V) 
@ Max. @ 1.05 (+6% V Tol ) 


© User-Defined c Factor © 1.1(+10% V Tol) 


© Min. (Exclude Duty Calc) 
c Factor 


<1001V (1.1 


1001 to 35000 V | 1.1 


>35000V /1.1 


ETAP 46-54 ETAP 19.0 User Guide 


Electric Shock and Thermal Sizing Summary of Steps 


@ Nominal kV 
© Base kV 


@ ANSI © Vag X Nominal kV from Bus Editor) 


@ IEC 


Zero Sequence Z 


(o) 
[py Include Branch © 1/2 Cycle kA 
Y & Static Load 
@ 30Cycle kA 


(| (tes) (] [etn] = Cal] (iceman 


Select an Overcurrent Device ID to find the corresponding fault clearing Time or enter User- 
Defined Time for Ground faults. Note that the short circuit current used in the fault clearing time 
calculation is the one giving the maximum energy. 
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4. Grounding/Protective Conductor thermal sizing 


Go to the Sizing - GND/PE page, thermal sizing results will be displayed in the Thermal Sizing 
tab based on the standard selected in the Ampacity/Capacity page. 


For IEEE 399, ICEA P-54-440 and NEC standards, the Grounding conductor selection is based 
on the NEC. 


Info Physical | Impedance Configuration Loading Ampacity Protection 
Sizing - GND/PE 


60 Hz Code : 250 


10kV. = CCU AWG /kcmil 
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For IEC 60364 and BS 7671, the calculation is based on the corresponding standards. 


60 Hz 
1.0kV 


kA Seconds 
Ground Fault | 30.58 || 0.150 | 


Leakage Current | 0 | mA 


a Initial °C Final °C 
Mon cabe [| 
nacaie [0] [a0] 
armor [oO 
Sheath [ [ 


Factor K 
Main Cable Aux Cable 
@ Formula © Formula 
© Tables @ Tables 


Report 
one : [me 


Permissible Touch Voltage is not dictated by the selected Permissible Vt standard. 
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5. Electric Shock calculation 


Electric shock calculation is only available for IEC and BS standard selections and the calculated 
results are shown in the Electric shock tab. Users need to set up the Constraints section and the 
results are shown in the Results section. 


60 Hz 


10kV 3 CU AWG /kcmil 


Load Type _ Distribution Circuit 


Additional Ground/Earth 
Resistance [0.014 || 0 | Ohms 


Permissible Vt IEC 60364 


Standard 


Pron | {S) eteteme | eae 


Permissible Touch Voltage is not dictated by the selected Permissible Vt standard. 
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Underground Raceway Systems 


Cable derating analysis is an important part of power system design and analysis. When you are designing 
anew system, this determines the proper size of cables to carry the specified loads. When performing an 
analysis of an existing system, it examines cable temperatures and determines their ampacities. 


File Edit View Project Library Warehouse Rules Defaults RevControl Window Help 
(BBE SB XEN $QQQSB oo BERS Pf HAO.) o acd pase 
23K Base > 5 ucsz > ~~ Normal ~-Re, 
- Gm BB cD ~ $£ SteadyState - Cable 


ea Example-ANSI - C:\ETAP 1400 x64\I « 
=|-q Configurations 


t 


' Switching Sequence 

-@ System Logic 
Presentations 

@ Cable Pulling Systems - 1 


T1 
15/10/5 MVA 


{@ Star -9 
-y Underground Raceway Syst: 


Ea 
‘al 
i 
@ 
2 
ea 


meal 


Gq Study Cases 

(-(@y Arc Flash -7 

(8) Battery Sizing - 2 

(@@ Cable erating -1 

@ Contingency Analysis - 1 

(Gq DC Arc Flash -3 

#)-(@q DC CSD Analysis - 1 
DC Load Flow -1 
DC Short Circuit - 1 
Distribution Load Flow 
Distribution Short Circuit 


H Bed 


“193-4 @ 


(a}-Gq Harmonic Analysis -1 
)- Intelligent Load Shedding - 


For Help, press Fl 
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ETAP provides five types of calculations for cable derating analysis, namely, steady-state temperature 
calculation, uniform-ampacity cable ampacity calculation, uniform-temperature cable ampacity 
calculation, cable sizing, and transient temperature calculation. The steady-state temperature calculation is 
based on the IEC 60287 or the NEC accepted Neher-McGrath Method. 


The IEC 60287 steady-state temperature calculation fully complies with the latest standards as listed 
below: 


Standard Title 


IEC 60287-1-1 Ed. 1.2 b:2001 Electric cables - Calculation of the current rating - Part 1-1: 
Current rating equations (100 % load factor) and calculation of 
losses - General 

IEC 60287-2-1 Ed. 1.1 b:2001 Electric cables - Calculation of the current rating - Part 2-1: 
Thermal resistance - Calculation of thermal resistance 

IEC 60287-2-1 Amd.1 Ed. 1.0 b:2001 Amendment 1 


IEC 60287-2-1 Amd.2, 2006-03 Amendment 2 
IEC 60287-3-1 Ed. 1.1 b:1999 Electric cables - Calculation of the current rating - Part 3-1: 
Sections on operating conditions - Reference operating 


conditions and selection of cable type 
IEC 60287-3-1 Amd.1 Ed. 1.0 b:1999 Amendment 1 


The cable ampacity calculation and cable sizing are based on the NEC accepted Neher-McGrath Method 
only. The transient temperature calculation is based on a dynamic thermal circuit model. All of these 
calculations can handle multi-raceway systems and consider the effect of heat generated by neighboring 
cables and external heat sources. 


This chapter contains the following sections: 


e The GUI section explains the various toolbars and their functions, how to launch calculations, open 
and view an Output Report, and how to select display options. 


e The Editor section explains how to add/edit elements of the system, how to create a new Study Case, 
and what parameters are required to specify a Study Case, and how to set them. 


e The Display Options section explains what options are available for displaying some key system 
parameters and the output results on the UGS diagram, and how to set them. 


e The Calculation Methods section briefly describes calculation methods for steady-state temperature 
calculation, cable ampacity calculation, cable sizing, and transient temperature calculation. 


e The Required Data section describes what data is necessary to perform Cable Ampacity Derating 
calculations and where to enter them. 


e The Output Reports and Plots section illustrates and explains the data contents of the Output Report 
and how to interpret results on the plots. 


e The Tutorial section provides an overview of the operation and of some key functions of the 
Underground Raceway Systems Module. 
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47.1 Graphical User Interface (GUI) 


The UGS presentation is conceptually a cross-section of desired raceways, conduits/locations, cables, and 
heat sources, which are in the same vicinity. The UGS presentation allows you to graphically arrange 
raceways, conduits, cables, and external heat sources to represent cable routing and to provide a physical 
environment to conduct cable ampacity derating studies. 


Each UGS presentation is a different cross-section of the underground system. This is a different concept 
than the multi-presentation of the one-line diagram, where all presentations have the same elements. 


“ 


= | UGS1 (Edit mode) =< 


@ @ @ 


Cables Cables Cables 


ae Oe ee Pe a ee ig ie a ee ee ee ee 
5 Ae, Se See RS, SO eS SL, ee SR SO, A ee Se ee ee ee OO Se Se Se, SO OR 2 
Se er ao io ei i ei Be? i io, Rit ek RY i eo RY do ek Re a eo ee i et a 
1 


a 


. — . . . om oe . «| . 


. meen . 

1 

‘ "Cz#ble10°" ° Zbl e2" "os "8 t b1é3," "Cables ° 

eee 
* 


oa ee 


You can create as many UGS presentations as you wish. There is no limit on the number of raceways and 
heat sources that can be created/added in one presentation. In UGS, each presentation acts independently. 
If you add a raceway to a UGS presentation, this raceway will not be shown in the other UGS 
presentations. However, raceways from any UGS presentation can be added to the other UGS 
presentations as existing raceways. Also, if you delete a raceway from a UGS presentation into the 
Dumpster, this raceway can be added to other UGS presentations as an existing raceway. 
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47.1.1 Create a New UGS Presentation 


When a new project is created, by default, a UGS presentation is not created. You must create UGS 
presentations as necessary. There are two methods of creating new UGS presentations. The first method 
involves right clicking on U/G Raceway System in the System Manager, then clicking on Create New. 


~q Example-ANSI - C:\ETAP 1400 x64\Example-ANSK 
aia Configurations iy 
a-<y Presentations 
_— (-(g Cable Pulling Systems - 1 
(5g DC Control Systems - 3 


(59 Ground Grid Systems 
(5 One-Line Diagrams - 3 
(5 Star -9 
<q Underground Raceway Systems - 2 
UGS1 Create New 
EB 


0-H); 


Creating A UGS Presentation 


The second method involves clicking on the UGS System Icon on the System toolbar. If this is new 
project with no existing UGS presentations, the following window will appear. 


Create Presentation 
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If there are existing UGS presentations in the ETAP project then click on the New Presentation icon to 
create additional UGS presentations. 


of eae use = Nomi 


In either method, a graphical user interface window with a UGS presentation will be displayed on your 
screen. The ID (name) of the displayed presentation is UGS1 by default (default name appended with a 
number). The name may be changed to any unique name (maximum 12 characters) that you choose. 
Double-click anywhere inside the UGS1 presentation to change the name. 


Underground System - UGS1 Lo | 2 _So) 
Temperature 


Ambient 35 TE 


RHO 390 Alarm 30 qe 


ID UGS1 
Soil 


Heat Sources Raceways 


Distance Distance 
ID Horiz. Vert. Horiz. Vert. 


Steam Pipe 


| (uss [| F He J COD| [ort 


Change ID (Name) of a UGS Presentation 


Another way you can change the name of a UGS presentation is to right-click on UGS1 in the System 
Manager, then click on Properties, as shown below. Enter a new name from the dialog box. 
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System Manager x 
tj One-Line Components 

a Distribution Components 

= Multi-Dimensional Database 


=)-<Sq Example-ANSI - C:\ETAP 1400 x64\Example-ANSI, 
- Configurations 

a-<y Presentations 

-Ga Cable Pulling Systems - 1 

t(j DC Control Systems - 3 

9 Distribution 

(5g Dumpster 


(9 Ground Grid Systems 

(5g One-Line Diagrams - 3 

(9g Star-9 

<q Underground Raceway Systems - 2 


Cees fe 3 fe eer 


View 
ai Study Cases) Save 


Associate with Distribution 
Properties... 
Purge... 


Print... 


Print Preview... 


Right-Click on UGS1, to View, Save, Rename, or Purge UGS1 
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47.1.2 Edit Toolbar 


Add Existing Direct Buried RWs 

Add Existing Cables 

Add Existing Duct Bank RWs 

Add New Conduits for Duct Banks RWs 
Add Existing Heat Sources 


Display Options 


New Duct Bank Raceway Wizard 

Add New Direct Buried RWs 

Add New Cables 

Add New Duct Bank RWs 

Add New Locations for Direct Buried RWs 


Add New Heat Sources 


UGS Edit Toolbar 


Pointer 
The mouse pointer allows you to select or move items. Clicking on the Pointer icon returns the cursor to 


its original shape after an element icon has been clicked on, displaying an element to be placed into the 
UGS. 
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New Raceway Wizard 
The new raceway wizard allows you to create new duct bank raceways using one of the following 
raceway arrangement options: 

e Uniform 

e = Non-Uniform 

e =Circuit Level 


Bottom-Edge 


6 Conduits (2 Rows, 3 Columns) 
Row 1: [Other, 5] [Other, 5] [Other, 5] 
Row 2: [Other, 5] [Other, 5] [Other, 5] 
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Existing External Heat Source 


Click on the Existing External Heat Source icon to open a drop-down list from which you can choose an 
external heat source that has been previously created. 


External Heat Source 


ID Steam Pipe2 


Sie] RD) (eat) 


If no existing external heat sources are available a message box will appear. These external heat sources 
can be found either in the Dumpster or in other underground systems. For more information on external 
heat sources see the External Heat Source Editor. 


New External Heat Source 


Click on the New External Heat Source icon to create a new external heat source. This will enable you to 
place it in the UGS wherever there is space available. For more information on external heat sources see 
External Heat Source Editor. 


Existing Cable 


Click on the Existing Cable icon to open a drop-down list from which you can choose a cable that has 
been previously created. This list includes one-line, equipment, and UGS cables. 


Cable 


ID | Cable? 7| 


[He] [aconza 


The cables in this list can be found in the one-line diagram (either as a one-line or equipment cable), 
Dumpster (deleted cables), or in other underground raceway systems (UGS cables). Cables selected from 
the one-line diagram will be converted from one-line or equipment cables to compound cables. A 
compound cable represents a cable that exits in the one-line diagram and UGS. For more information on 
cables, see Cable Editor Overview. 


Note: You can graphically add existing one-line cables to any location (conduit) in UGS. To do this, press 
and hold Shift and drag the cable from the one-line diagram into a location in UGS. 


A message will appear if no existing cables are available. These cables can be found in the one-line 
diagram, Dumpster, or in other underground raceway systems. Cables selected from the one-line diagram 
will be converted from one-line cables to compound cables. For more information on cables, see Cable 
Editor Overview. 


ETAP 47-9 ETAP 19.0 User Guide 


Underground Raceway Systems Graphical User Interface (GUI) 


New Cable 


Click the New Cable icon to create a new cable. This will enable you to place it in the UGS wherever 
there is space available. This cable will be a UGS cable since it only exists in the UGS. To add this cable 
(or any other cable in the UGS) to the one-line diagram press and hold Shift and drag the cable, using the 
mouse, from the UGS into the one-line diagram. For more information on cables see the Cable Editor 
Overview. 


Existing Duct Bank Raceway 


Click the Existing Duct Bank Raceway icon to open a dialog box from which you can choose a duct bank 
raceway that has been previously created. 


Raceway - Duct Bank 


ID [RWS 4 


(tite [acon 


A message will appear if no existing duct bank raceways are available. These duct bank raceways can be 
found either in the Dumpster or in other underground systems. For more information on duct bank 
raceways, see Duct Bank Raceway Editor. 


New Duct Bank Raceway 


Click the New Duct Bank Raceway icon to create a new duct bank raceway. This will enable you to place 
it in the UGS wherever there is space available. For more information on duct bank raceways, see Duct 
Bank Raceway Editor. 


Existing Direct Buried Raceway 


Click the Existing Direct Buried Raceway icon to open a dialog box from which you can choose a direct 
buried raceway that has been previously created. 


Raceway - Direct Buried 


ID | Rw2 7 


—s = 


A message will appear if no existing direct buried raceways are available. These direct buried raceways 
can be found either in the Dumpster or in other U/G Systems. For more information on direct buried 
raceways, see Direct Buried Raceway Editor. 


New Direct Buried Raceway 


Click the New Direct Buried Raceway icon to create a new direct buried raceway. This will enable you to 
place it in the UGS wherever there is space available. For more information on direct buried raceways, 
see Direct Buried Raceway Editor. 
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New Conduit 


Click the New Conduit icon to create a new conduit. This will enable you to place it in any duct bank 
raceway wherever there is space available. For more information on conduits, see Conduit Editor. 


New Location 


Click the New Location icon to create a new location. This will enable you to place any Direct Buried 
Raceway wherever there is space available. For more information on locations, see Location Editor. 


Display Option 


Click on the Display Options icon to change the appearance of element IDs and ratings in the UGS. For 
more information, see Display Options. 


U/G Raceway Display Options ame 


Default 


|| Use Project Default Options 


Options 


Color iy y 
Size 
Cable 
Conduit 
Raceway 


Heat Source 


Results 


(| % Fill 
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47.2 Study Toolbar 


Steady-State Cable Temperature Calculation 

Cable Ampacity Calculation, Uniform Ampacity 
Cable Ampacity Calculation, Uniform Temperature 
Cable Sizing 

Transient Cable Temperature Calculation 

Display Options 

View Output Report 

Cable Temperature Plots 

Halt Current Calculation 

Get Online Data 


Get Archived Data 


Click on this icon to calculate the steady-state temperature of cables in the raceway system under the 
specified loading conditions. ETAP uses the IEC 60287 or the NEC accepted Neher-McGrath Method for 
these calculations. It determines steady-state conductor temperature for the specified cable loading and 
raceway system configuration, considering the effect of heat generated by neighboring cables and external 
heat sources. 


Uniform-Ampacity Cable Ampacity Calculation 


Click on this icon to calculate cable ampacity under uniform ampacity conditions for all cables in the 
raceway system. This calculation assumes that the loading of all cables is increased/decreased uniformly 
based on cable base ampacity, which is defined in the cable library. The cable ampacity is calculated by 
increasing the loading of all cables until the temperature of the hottest cable reaches the maximum 
allowable limit. ETAP uses the Neher-McGrath Method for this calculation. This icon is disabled when 
the IEC 60287 Method is used. 


Uniform-Temperature Cable Ampacity Calculation 


Click on this icon to calculate cable ampacity under uniform temperature conditions for all cables in the 
raceway system. This calculation adjusts individual cable loading to maintain uniform temperature 
throughout the raceway system. The cable ampacity is obtained when the cable temperature reaches its 
maximum allowable limit. ETAP uses the Neher-McGrath Method for this calculation. This icon is 
disabled when the IEC 60287 Method is used. 
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Cable Sizing 


Click on this icon to automatically optimize cable sizes for the specified cable loading and cable 
temperature limit. The result of this study yields the smallest possible sizes for all cables in the raceway 
system that can carry the specified loading within the temperature limit. ETAP uses the Neher-McGrath 
Method for this calculation. This icon is disabled when the IEC 60287 Method is used. 


Transient Cable Temperature Calculation 

Click on this icon to calculate cable transient temperatures as a function of time. The cables carry time- 
varying loads, as defined in the Load Profile of the Cable Editor. This study allows you to investigate 
cable transient operating conditions and verify cable temperatures against time for determining the short- 
time loading limit. This calculation is based on a dynamic thermal circuit model. This icon is disabled 
when the IEC 60287 Method is used. 


Display Options 


Click on this icon to open the Cable Derating Display Options dialog box to display calculation results. 


Report Manager 

Click on this button to open the Cable Derating Report Manager dialog box to select a variety of pre- 
formatted output files to review. Select a file type and click OK to open the output file. A detailed 
explanation of the Cable Derating Report Manager is given in Section 46.13, Output Reports. 


UG Raceway System Report Manager 


[Conse [iu Resut | Surman 


Complete @) Viewer 

PDF 

MS Word 

Rich Text Format 
MS Excel 

| Set As Default 


Output Report Name 


SteadyState 
Path 


C\ETAP\Example-ANS! 


ities) Lact} (aoe 


Output Report files can be selected from the Output Report List Box on the Study Case toolbar shown 
below. 
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Conduit-Cable Location 
Cover 

External Heat Source 
Raceway-Direct Buried 
Results 
Summa 


Study Case Toolbar 


Cable Transient Temperature Plot 


Click on the Plot icon to select and plot the calculated temperatures of the cables in the raceway. 


Get Online Data 


If the ETAP key installed on your computer has the online feature (ETAP Real-Time), you can copy the 
online data to the cables in the current U/G system. 


Get Archived Data 


If the ETAP key installed on your computer has the online feature (ETAP Real-Time), you can copy the 
archived data to the current U/G system. 
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47.3 Study Case Editor 


Cable Derating Study Case 


Study Case ID Multiplication Factor (MF] 


cD [_]Use Application MF 


Use Growth Factor (GF 
Methods - eH 


@ Neher - McGrath 
QO) IEC 60287 


Initial / Steady-State Amp Transient Temperature Study 


O Load Profile Units 
Max. Time Hours 


@) Operating Load 


Update Output Step Size Minutes ~ 


[| Currents from Ampacity Calc. 


[_] Size from Cable Sizing Calc. 


kl CD vv) |}>| Copy) | New Delete Help Cancel 


The Cable Derating Study Case Editor contains solution control variables, cable loading parameters, and 
options for Output Reports. ETAP allows you to create and save an unlimited number of Study Cases. 
Cable derating calculations are conducted and reported in accordance with the settings you have specified 
in the Study Case Editor. 


Note: You can have an unlimited number of Study Cases and can easily switch between the Study Cases 
without the trouble of resetting the Study Case options each time. This feature is designed to organize 
your study efforts and save you time. 


To conduct studies, you first need to switch to the Calculation Mode by clicking on the U/G Cable 
Raceways button on the Mode toolbar. 


Mode = x 
—- 2 
+ 4 


U/G Cable 
Raceways 
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The Cable Derating Study Case Editor can be accessed by clicking on the Study Case button located on 
the Study Case toolbar. You can also access this editor from the System Manager by clicking on the 
Cable Derating Study Case folder. 


Conduit-Cable Location 
Cover 

External Heat Source 
Raceway-Direct Buried 


There are two methods to create a new Study Case. The first method involves going to the System 
Manager, right clicking on the Cable Derating Study Cases folder, and selecting Create New. A new 
Study Case is created, which is a copy of the default Study Case and it is added to the Cable Derating 
Study Case folder. 


(59 Configurations 

--(j Presentations 

-q Study Cases 

(Og Arc Flash - 7 
(5 Battery Sizing - 2 


(0) ----FF)--- Fe 


~-(§j Cable Derating -1 


-S Contioaeney 8 Create New 
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~-(§y DC Short Circuit - 1 
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Cable Derating Study Case x 


Study Case ID Multiplication Factor (MF) 


(cD. | (] Use Application MF 


Use Growth Factor (GF 
Methods | ald 
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Initial # Steady-State Amp Transient Temperature Study 
© Load Profile Units 


Max. Time 8 H a 
@ Operating Load ours 


Update Output Step Size} 10 Minutes 


[_] Currents from Ampacity Calc. 


[_] Size from Cable Sizing Calc. 


ig CD v bl Delete | Help OK | Cancel 


The second method involves clicking on the "Copy" or "New" buttons inside the Study Case as shown 
above. 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering the new ID. The Study Case ID can be up to 25 alphanumeric characters. Use the Navigator 
button at the bottom of the editor to move between Study Cases. 


Methods 
Use this area to specify the Calculation Method by clicking one of the two buttons. 


Neher-McGrath 
When this option is selected, the Neher-McGrath Method is employed. 


IEC 60287 
When this option is selected, the IEC 60287 Method is used for the steady-state temperature calculation. 


Initial/Steady-State Am 

Use this area to specify the cable loading for the Study Case by clicking one of the two buttons. The 
loading amps are entered into the Loading page of the Cable Editor. The cable current specified in the 
Cable Editor is the phase current, and the current each conductor carries is equal to the phase current 
divided by the number of conductors per phase. 
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Load Profile 

When this option is selected, the first current value in the Transient Load Profile list in the Loading page 
of the Cable Editor will be used as the initial load current for the transient temperature calculation, and as 
the load current for the steady-state temperature calculation. 


Operating Load 

When this option is selected, the operating load in the Loading page of the Cable Editor will be used as 
the initial load current for the transient temperature calculation and as the load current for the steady-state 
temperature calculation. The operating load current can be updated with the load flow calculation result 
by clicking on the Update Cable Load Current button on the Load Flow toolbar. 


Multiplication Factor 

ETAP provides several multiplication factors, which allow you to vary the cable loading both individually 
and globally. These options furnish flexibility in raceway system design and allow you to project future 
load variation. 


Use Application MF 

When this box is checked, the Application MF selected in the Sizing-Phase page of the Cable Editor will 
be utilized to modify the cable load. Prior to performing the cable derating calculation, the cable load 
current is multiplied by the Application MF. 


Individual GF 
Select this option to apply the individual load projection multiplication factor that you have entered in the 
Loading page of the Cable Editor. The cable load will be multiplied by this factor prior to calculation. 


Global GF 
The cable load, which you have specified in the Cable Editor, is multiplied by this factor prior to 
calculation, allowing you to globally change the system load. 


Transient Temperature Study 


Enter the time limit and plot time step for a Cable Transient Temperature Study in this section. 


Max. Time 
Maximum Time is the length of time, at the unit selected, for which the transient temperature calculation 
will be performed. 


Output Step Size 

Output Step Size specifies the time step, at the unit selected, at which plot points will be generated. The 
total number of plot points generated is approximately equal to the Max. Time divided by the Output Step 
Size. 


Units 


The Units list box allows you to select time units for the Max. Time and Output Step Size. Time unit 
options include days, hours, minutes, and seconds. 


Update 
This group is provided for you to flag ETAP to update your cable data. 
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Currents from Ampacity Calculation 
If the box is checked, after running a UT ampacity or UA ampacity calculation, ETAP will update the 
allowable current for each cable involved with the calculated ampacity. 


Size from Cable Sizing Calculation 


If the box is checked, ETAP will update all the cables involved with the calculated optimal size after 
running a cable sizing calculation. 
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47.4.1 Cable Derating Result Display Options 


This dialog box allows you to specify the format for information annotations associated with an 
Underground Raceway Systems presentation. 


Cable Derating Result Display Options , aes 


Info Default 


Color lit . | Use Default 
Display Options 


| Cable 
| Conduit/Location Results 


‘| Raceway 


(\¥| Temperature 


Heat Source 7] Ampacity 


Cancel 


Default 


This checkbox is used to edit the display options specified by the Project Default Display Options. When 
this option is selected, the Info group in this dialog box will be disabled and all the customized selections 
displayed will be ignored and replaced by the default settings. 


Results 


This group allows the user to enable / disable the calculation results from the steady state temperature and 
uniform ampacity calculations. Results from the transient temperature calculation are available via output 
reports and plots. 


Temperature 
Select this option to display the calculated cable temperature in degrees Celsius. 


Ampacity 
Select this option to display the cable current in amps. 


Info 


This group becomes accessible only when the Use Default Display Options box is not checked; otherwise, 
the information in this group will not apply. 


Color 
This selection box allows you to select one of the sixteen available colors for information annotations. 


Cable ID 
Select the checkbox to display the cable ID in the raceway view. 
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Conduit/Location ID 
Select the checkbox to display the conduit/location ID in the raceway view. 


Raceway ID 
Select the checkbox to display the raceway ID in the raceway view. 


Heat Source ID 
Select the checkbox to display the external heat source ID in the raceway view. 


47.4.2 U/G Raceway Display Options 


This dialog box is used to specify the format and content of the annotations to be displayed for each 
individual element on the Underground Raceway Systems presentation. 


U/G Raceway Display Options ame 


Default 


|| Use Project Default Options 


Options 

Color a ’ 

Size 

(| Cable 
(|) Conduit 
| 


[7] Raceway 


iV) {-] Heat Source 


Results 


(| % Fill 


Lie) Ca] 


Default 


If the Use Project Default Options box is selected, the project default settings will be used on the UGS 
presentation. 


Options 


Color 
Select from a variety of colors to display annotations for each element. 
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ID 
For each element type (cable, conduit/location, raceways, and heat sources) choose whether or not to 
display their ID in the UGS presentation. 


Size 
For each element type (conduit/location, raceways, and heat sources) choose whether or not to display 
their size (in inches or cm) on the UGS presentation. 


Results 


% Fill 

Select this option to display the conduit percent fill expressed as a percentage. The %fill is a dynamically 
calculated number that is updated each time the cable size is changed and/or cables are moved between 
conduits. 


47.4.3 Default Display Options - UGS 


This dialog box is used to specify the default format and content of the annotations to be displayed for 
each individual element on UGS presentations. 


Default Display Options - UGS [pre 


Underground Raceway System Annotations 


Size 


Cable 


Conduit/Location 


Raceway ae - 


Heat Source 


Annotation Font 
Font Style Size 


IDs | Select... Courier New Regular iE 
Ratings [_ Select... ]| Courier New Regular i7| 
Results | Select... Courier New Regular [e 


Help Cancel 


Underground Raceway System Annotations 


Color 
Select the color for information annotations to be displayed. 
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ID 
For each element type (cable, conduit/location, raceways, and heat sources) choose whether or not to 


display their ID on the UGS presentation. 

Size 

For each element type (conduit/location, raceways, and heat sources) choose whether or not to display 
their size (in inches or cm) on the UGS presentation. 


Annotation Font 


IDs 
Select the font, style, and size to display all IDs selected in Display Options. 


Ratings 
Select the font, style, and size to display all ratings selected in Display Options. 


Results 
Select the font, style, and size to display all study results selected in their respective Display Options. 
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47.5 Editing a UGS 


This section addresses editors for elements in the U/G Raceway Systems (UGS). Except for the element’s 
ID, all other data that appear in the editors are considered engineering properties. 


The elements that are included in this chapter are shown below. 


Underground System (Soil) Raceway External Heat Source 


= | UGSI (Edit moda) aeons x] 
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& 
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Add Elements 

Duct bank raceways and direct buried raceways, conduits for duct bank raceways, locations for direct 
buried raceways, external heat sources, and cables are the elements that can be adding to an underground 
raceway system. This is done by clicking on the Edit toolbar. 


Rules 

Elements can be added ONLY in Edit Mode when the Base Data is active. 

Elements CANNOT be added when you are in Study Mode or in a Revision level of the database. 
You CANNOT drop two raceways on top of each other. 

You CANNOT drop an external heat source inside a raceway. 

Cables can ONLY be placed inside of a conduit or location. 

Conduits and locations can ONLY be added inside of their respective raceway types. 

Conduits and raceways CANNOT overlap each other. 
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Cables Cables Cables 


A UGS Presentation 


To add a new element to your UGS presentation, select a new element from the Edit toolbar, which 
changes the cursor symbol to a picture of that element. You may place the element anywhere in the UGS 
(where there is room) by clicking the mouse. After dropping the element, the cursor goes back to its 
original arrow shape. If you double-click on an element in the Edit toolbar, you can place multiple copies 
of the same element in the UGS. 


To add an existing element to a UGS presentation, select an existing element in the Edit toolbar (red 
symbols), which changes the cursor shape to a picture of that element. Move the cursor into the UGS 
presentation and click. It will open an editor (dialog box), which allows you to select an element from the 
list box to be added as an existing element, and then click on OK. The element will be added with the 
same ID (name) with all of the engineering properties preserved. 


External Heat Source (emer Cable (reeSm| Raceway - Duct Bank ere Raceway - Direct Buried (ere 
ID [HSI x) ID {Cable7 x 1p (ws x Ip {we 7 
Help | Cancel Help Cancel 
External Heat Source Cable Duct Bank Raceway Direct Buried Raceway 
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Add Raceways and External Heat Sources 


Click on the Raceway or External Heat Source button on the Edit toolbar, move the cursor to the UGS 
presentation, and drop it into place by clicking. If a new raceway or heat source is selected from the 
toolbar, ETAP creates the new raceway or external heat source using the default values. If an existing 
raceway or heat source is selected, ETAP prompts you with a drop-down list to select an element from the 
already existing ones. 


Add Cables 


Click on the Cable button on the Edit toolbar, move the cursor inside of a conduit or location, and drop it 
into place by clicking. If you select new cables from the toolbar, a new cable (UGS cable) is created with 
a dummy cable diameter. If an existing cable is selected, ETAP provides a drop-down list that you can 
use to select a one-line cable, equipment cable, or UGS cable. 


Add Conduits 


Click on the Conduit button on the Edit toolbar, move the cursor inside of a duct bank raceway, and drop 
it into place by clicking. Conduits are always created. You cannot add existing conduits to a raceway. The 
drop point of a conduit or location is its center. The cursor is marked with an X if your drop point is too 
close to the raceway’s edge causing it to overlap the outside of the raceway. 


Add Locations 


Click on the Location button on the Edit toolbar, move the cursor inside of a direct buried raceway, and 
drop it into place by clicking. Locations are used for placing and locating cables in direct buried raceways 
and do not physically exist. Locations are always created. You cannot add existing locations to a raceway. 
The drop point of a location is its center. The cursor is marked with an X if your drop point is too close to 
the raceway edge causing it to overlap outside of the raceway. 


Add One-Line Cables 


You can graphically add cables from one-line diagrams (one-line cables) to underground raceways. To do 
this from a one-line diagram presentation, use <Shift>+Drag to select and graphically drag a one-line 
cable to a conduit or location in a UGS presentation. At first, the cursor becomes a cable symbol with a 
big X marked on top of it. Once the cursor inside a conduit or location, the X disappears and you can drop 
it. The cable that you have just placed inside a U/G raceway appears both in the one-line diagram and the 
UGS presentations. The property of this cable can be changed from either presentation. 


Note: You can also use <Shift> + Drag to add UGS cables to the one-line diagram. 


Select Elements 


To select an element, click the left mouse button while the cursor (arrow shape) is on top of the element. 
To rubber band multiple raceways, click the left mouse outside the raceway and drag the mouse across the 
raceways you want to select. It will show you a dotted rectangle. When the mouse is released, only the 
raceways inside the rectangle will be selected. 


Note: When a raceway is selected, no matter how many conduits, locations, or cables it contains, the 
raceway is considered to be one element. For example, if you cut or copy a selected raceway, the raceway 


and its contents will be cut or copied. 


Selecting & Deselecting Multiple Elements 
<Ctrl>+Click on the elements that you want to select or deselect. 


ETAP 47-26 ETAP 19.0 User Guide 


Underground Raceway Systems Editing a UGS 


UGS Cable System Representation 


This section explains how ETAP is representing and naming the three-phase, single-phase and DC cables 
for single core “1/C” and multi-core ”3/C” cables. 


Three Phase - cable branch by 1/C (single core) cables 

For a 3-phase cable branch that is 1/C and 2-conductor/Phase, six 1/C cables will be generated in the 
UGS. These physical cables are named as Cable49-1A, Cable49-1B, Cable49-1C, Cable49-2A, Cable49- 
2B, and Cable49-2C respectively, where “Cable49” is the cable name and “A”, “B” and “C” represent the 
phases. The names of such physical cables are displayed in the editor, UGS view and report. 


Raceway Editor - RW4 
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Three Phase - cable branch by 3/C (multi-core) cables 

For a 3-phase cable branch that is 3/C and 2-conductor/Phase, two 3/C cables will be generated in the 
UGS. These physical cables are named as Cable52-1, Cable52-2, respectively, where “Cable52” is the 
cable name. The names of such physical cables are displayed in the editor, UGS view and report. 
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oom i. 
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Single Phase-2 wire cable branch by 1/C (single core) cables 

For a 1-phase 2-wire cable branch that is 1/C and 2-conductor/Phase, four 1/C cables will be generated in 
the UGS. These physical cables are named as Cable38-1F, Cable38-1R, Cable38-2F, and Cable38-2R 
respectively, where “Cable38” is the cable name and “F” and “R” represent forward and return 
conductors. The names of such physical cables are displayed in the editor, UGS view and report. 
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Single Phase -2 wire cable branch by 3/C (multi-core) cables 

For a 1-phase 2-wire cable branch that is 3/C and 2-conductor/Phase, two 3/C cables will be generated in 
the UGS. These physical cables are named as Cable41-1, Cable41-2 respectively, where “Cable41” is the 
cable name. In this case, two conductors from each cable will be carrying currents and the third conductor 
will not be used. The names of such physical cables are displayed in the editor, UGS view and report. 
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Single Phase-3 wire cable branch by 1/C (single core) cables. 

For a 1-phase 3-wire cable branch that is 1/C and 2-conductor/Phase, six 1/C cables will be generated in 
the UGS. These physical cables are named as Cable43-1F, Cable43-1R, Cable43-1Ct, Cable43-2F, 
Cable43-2R, Cable43-2Ct respectively, where “Cable43” is the cable name and “F”, “R”, and “Ct” 


represent forward, return, and center tap conductors. The names of such physical cables are displayed in 
the editor, UGS view and report. 
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Single Phase -3 wire cable branch by 3/C (multi-core) cables 
For a 1-phase 3-wire cable branch that is 3/C and 2-conductor/Phase, two 3/C cables will be generated in 
the UGS. These physical cables are named as Cable51-1, Cable51-2 respectively, where “Cable51” is the 
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cable name. In this case, three conductors from each cable will be carrying currents. The names of such 
physical cables are displayed in the editor, UGS view and report. 
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DC cable branch by 1/C (single core) cables 

For a DC cable branch that is 1/C and 2-conductor/Phase, four 1/C cables will be generated in the UGS. 
These physical cables are named as Cable39-1P, Cable39-1N, Cable39-2P, and Cable39-2N respectively, 
where “Cable39” is the cable name and “P” and “N” represent positive and negative conductors. The 
names of such physical cables are displayed in the editor, UGS view and report. 


emia es 


Raceway | Location | Cable 
Conduit / Location Info 


conta EE) erty 
Conduit . it Level 


Cables Assigned to this Raceway 


SSS hee) WR Co) [cox] 


ETAP 47-30 ETAP 19.0 User Guide 


Underground Raceway Systems Editing a UGS 


DC cable branch by 3/C (multi-core) cables 
For a DC cable branch that is 3/C and 2-conductor/Phase, two 3/C cables will be generated in the UGS. 
These physical cables are named as Cable40-1, Cable40-2 respectively, where “Cable40” is the cable 
name. In this case two conductors from each cable will be carrying currents and one conductor will not be 
used. The names of such physical cables are displayed in the editor, UGS view and report. 
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Move/Relocate Elements 


When an element (other than a cable) is added to a UGS presentation, according to the drop point, its 
coordinates (x and y) are updated automatically in its editor and in the Help Line at the bottom of your 
screen. You may relocate the element to new coordinates, either from its editor (Ref. X and Ref. Y for 
raceways and external heat sources, and Horiz. Dist. and Vert. Dist. for conduits and locations relative to 
their raceways reference point) or by dragging the element and watching the Help Line change to the 
desired position, as shown below. 


+llie 
+ + *© * + + + 


Steam Pipe 
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X 24.6 Y: 633 inch 
X and Y Coordination of an Element in the Help Line 


To drag an element, first select the element that you want to move, place the cursor on top of the selected 
element. Click and hold the left mouse button, drag the element to the desired position, and release the 
left button. 


Move Raceways, Heat Sources, and Locations (Conduits 


Select the element, hold the left button, drag it to the new position, and then release the left button. When 
the cursor is placed on a selected element, the cursor becomes a movement symbol. 


The following graph shows the relationship between raceway reference points and other elements. 
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The value of the reference Y for raceways and heat sources represents the depth of the elements below the 
earth’s surface. The value of the reference X determines the relative horizontal distance between 
raceways and heat sources. The reference X is irrelevant for a UGS presentation that has only one 
raceway. 


Rules 

e Elements CANNOT be relocated in Study Mode or in a Revision level of the database. 

e Elements CANNOT be overlapped. 

e All three phases of a cable must be routed through the same raceway, i.e., if you move one of the 
conductors, ETAP prompts you to move all conductors (placed together). 


You can also move a raceway (reference X and Y) or a location/conduit (horizontal and vertical distance) 
from its editor as shown below. 


Raceway Editor - RW1 |r 


Raceway | Location | Cable | __ 
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Move Cables 


You can graphically move any cable within a UGS. To move a cable, select the cable, hold the left button, 
drag it to the new location (conduit), and then release the left button. When you move a cable from one 
raceway to another raceway, all conductors for that cable will be moved. 
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Move Cable4 from Raceway RW1 to RW2 


Cut (Delete) Elements 


When elements are cut, they are placed into the Dumpster (inside a Dumpster Cell). You can cut elements 
in Edit Mode only. When you cut an element or group of elements, they are deleted from UGS and placed 
in the Dumpster with the same IDs (engineering properties are preserved). 


Elements can be cut (deleted) three ways: 


Click on Edit in the menu bar, and then click on Cut. 
Click on the Cut button on the Project toolbar. 
Press the Delete key on the keyboard. 


Rules 


Elements can be cut in Edit Mode ONLY when Base Data is active. 

Elements have to be selected in order for them to be Cut (deleted). 

When a conduit or location that contains cables is cut, the cables are not deleted. They are moved into 
a container attached underneath of the raceway. This container is used to hold cables that belong to 
this raceway but are not assigned to a specific conduit or location. 

When one or more raceways, cables, or heat sources are placed in the Dumpster, ETAP forms a new 
Dumpster Cell (element group) that holds these elements. ETAP automatically assigns the name of 
the Dumpster Cell. 
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Copy Elements 

Elements are copied into the Dumpster (inside a Dumpster Cell). To copy an element or group of 
elements, right-click on top of the element and select Copy. When you copy an element or group of 
elements, they get copied into the Dumpster with new IDs while the engineering properties are preserved. 


Elements can be copied two ways: 


e Click on Edit in the menu bar, and then select Copy. 
e Click on the Copy button in the Project toolbar. 


Rules 

e Element can be copied in Edit Mode ONLY when Base Date is active. 

e Element must be selected before they can be copied. 

e When one or more raceways, cables, or heat sources are placed in the Dumpster, ETAP forms a new 
Dumpster Cell (element group) that holds these elements. ETAP automatically assigns the name of 
the Dumpster Cell. 


Select a raceway and <Shift>+Drag to graphically copy raceways from a UGS presentation to the 
Dumpster. At first, the cursor becomes a preventive symbol (a red circle with a line across it). When you 
move the cursor on top of the Dumpster, it becomes a box symbol with a plus sign indicating that you can 
copy it to the Dumpster. 


Paste 


Use the Paste command to copy the selected cell from the Dumpster into the UGS presentation. To paste 
a copy of the elements from a Dumpster Cell, first select the Cell from the Dumpster, activate the UGS 
presentation view you want the element to be pasted into, and then click on Paste. When you paste 
elements, they get copied into the UGS presentation with new IDs (engineering properties are preserved). 


Elements can be pasted two ways: 


e =©Click on Edit in the menu bar, and then select Paste. 
e Click on the Paste icon in the Project toolbar. 


Rules 


e You CANNOT paste if there are no Cells (element groups) in the Dumpster. 

e Pasting can be done in Edit Mode ONLY when Base Data is active. 

e Conduits or locations in the Dumpster CANNOT be deleted or purged unless the raceway containing 
these conduits or locations is deleted or purged. 

e You can paste any Dumpster Cell you wish to by making it active from the Dumpster presentation. 

e When you cut or copy elements to the Dumpster, the newly created Dumpster Cell becomes the 
active Cell. 

e You CANNOT paste part of a Dumpster Cell; the entire contents of a Cell are pasted. 

e You CANNOT paste Dumpster Cells that contain one-line diagram elements in UGS presentations. 

e A UGS presentation can contain multiple raceways but not a duplicate raceway (i.e., a raceway 
CANNOT be placed twice in the same UGS presentation). 
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Size Elements 


When an element is added into a UGS presentation, its size is set to the default. You can graphically 
change the width and height of raceways, as well as, the outside diameter of conduits, locations, and heat 
sources. To change the size, select the element, move the cursor to the corner or edges of the selected 
element, and, when the cursor changes its shape, release the mouse button. You can see the new sizes on 
the Help Line. 


Note: You can also change the sizes from the Raceway Editor. Outside diameter (OD) of cables can only 
be changed from the Cable Editor. 


Rules 
e Sizing elements can be done in Edit Mode ONLY when Base Data is active. 
e Elements CANNOT overlap each other. 


Hyperlinks 


You can add hyperlinks to the raceway presentation or cables. 
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47.6 Underground Raceway System Rule Book 


A rule book is a system level file that contains various engineering rules / rules of thumb, standards and 
best practices for performing routine engineering tasks. The advantage of utilizing the rule book is that it 
can be shared across the organization ensuring that the companies / industry engineering standards are 
being followed consistently. A user can open and create their own rule files similar to library files. Along 
with copying and merging different rule files together. 


Rules Menu 


The rule book can be access from the Rules menu either in Network Analysis or UGS system as shown 
below. 


“Rules | Defaults Tools 
Star Auto... 
UGS... 

Auto Build... 


Open... 


t 
a 
mv 

ae 


Create... 
Copy/Merge... 


Purge 


The following options are available under the Rules menu: 


UGS 

Open 

Save 

Save As 
Create 
Copy/Merge 
Purge 


UGS 
This option launches the Underground Raceway System Rule Book Editor. 


Open 


This option allows you to associate a rule book with your current ETAP project. When you open a new 
rule book, the association between the ETAP project and its existing rule book will be disconnected. A 
warning message as shown below is issued. 
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You are about to disconnect from the project rulebook... If this project has studies 
that use rules from this rule book, they may become invalid. 


Do you wish to continue? 


Save Rule Book 

Select this option to save the entire associated rule book file. The Save option in the Library menu only 
saves the associated rule book file and is independent of the ETAP Save Project function in the File 
menu. 


Save As Rule Book 
Select this option to save the current rule book file as a new rule book file. This new rule book file 
contains all the information in the current rule book file but now has a new name in an independent 
location. If the name for the new rule book file already exists in the selected location, it will request 
permission to overwrite the old rule book file, and then do so if you click Yes. The new rule book must 
have a .rul extension. 


Create Rule Book 
This option allows you to create a new rule book and associate it with the current project file. The old rule 
book file will be disconnected. 


Copy / Merge Rule Book 
ETAP allows merging of two rule book files (*.rul) using the copy/merge function. The typical 
application of the rule book Copy/Merge function can be accessed on the following two menus: 


1. Rules menu on the main toolbar. 
2. Right-click menu on the Rules folder in the System Manager. 


The Copy/Merge function allows you to merge partial (selected rules) or complete rule book file from one 
rule book (source) to another rule book (sink). The Copy/Merge function is enabled only for the Project 
Editor and Librarian access levels. The source rule book overwrites any duplicate information found in 
the sink rule book during the merge process. 
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|] Connect the project to the merged rule 


&i-{¥] C:\RedOAKRel\Rules\etaprules 1100.rul 


ay] UGS 


Warning: The merged rule will be overwritten when the rule headers are the same 


First Rule file 
The first rule file in the copy / merge is selected here. By default this file is the same as the project rule 
file. 


Second Rule file 
The second rule file in the copy / merge is selected here. By default this field is blank. 


File 
Opens a dialog to select the rule file to copy / merge. 


Arrow 
The direction of Copy/Merge is specified by this button. The tail of the arrow is the source and the head 


a 
of the arrow is the destination. It has two positions one is downward, the other is upwards, 
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Connect the project to the merged rule 

When checked the project will automatically connect to the merged rule file (destination). For example, if 
the project is connected to the first rule file, but the merge is to the second rule file, then after completing 
the merge, the project will automatically connect to the second rule file. 


Copy / Merge List 

A list of rule books and rules within the source rule file are displayed here. Checkboxes are available to 
check / uncheck which rules are copied to the destination rule file. If UGS is expanded the individual 
Rules will be available for checking and unchecking. 


Copy / Merge Confirmation 
Clicking on Next will bring the Copy/Merge Confirmation dialog. A list of rules that will be copied is 
displayed, and another list of rule that will not be copied is also displayed. 


Purge Rule Book 
This action will permanently delete all data from the current rule book file but not the rule book file itself. 
Be certain that you no longer require the rule book data prior to clicking on the Purge button. 


Access Levels 


The type of actions a user can perform on the rule books will depend on the type of Access Level they are 
logged in as. Furthermore, ETAP needs to keep track of the Lock, Edited, and Checked by information 
(name and date) for individual rules defined within the rule book. 


Add / Edit a Rule 
The access level and lock/unlock status determines if a rule can be added or edited by a user. A locked 


rule cannot be edited by a user until it is first unlocked. 


When a rule is first added it is unlocked, therefore, the Project Editor, Base Editor, Revision Editor, and 
Librarian can add a new rule. 


An unlocked rule can be edited by a Project Editor, Base Editor, Revision Editor, and Librarian. 


Access Level | Edit Unlocked Rule 
Project Editor xX 
Base Editor xX 
Revision Editor xX 
Checker - 
Browser - 
Librarian xX 
Controller - 
Operator = 
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View Rule 


A locked rule can be viewed but not edited if the user has Project Editor, Base Editor, Revision Editor, 
Checker, or Librarian access level. 


Access Level | View Locked Rule 
Project Editor xX 
Base Editor xX 
Revision Editor xX 
Checker xX 
Browser - 
Librarian xX 
Controller - 
Operator - 


Lock/Unlock Rule 
Only Project Editors and Librarians have the rights to Lock or Unlock a Rule 


Access Level | Lock Rule 


Project Editor Xx 
Base Editor - 
Revision Editor - 
Checker - 
Browser - 
Librarian xX 
Controller - 
Operator - 


Delete Rule 

The access level and lock/unlock status determines if a rule can be deleted by a user. A locked rule cannot 
be deleted by any access level. A rule must first be unlocked before it can be deleted. An unlocked rule 
can be deleted by a Project Editor, Base Editor, Revision Editor, and Librarian. 


Access Level | Delete Unlocked Rule 
Project Editor Xx 
Base Editor xX 
Revision Editor xX 
Checker - 
Browser - 
Librarian xX 
Controller - 
Operator - 
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Check Rule 
To check a rule the user must be logged in as Checker. 


Access Level | Check Rule 


Project Editor - 
Base Editor - 
Revision Editor - 
Checker xX 
Browser - 
Librarian - 
Controller - 
Operator : 


Copy/Merge 
To Copy/Merge Rules from other rule files, the user must have Project Editor or Librarian access level. 


Copy/Merge 
Rule File 
Project Editor xX 
Base Editor - 

Revision Editor - 

Checker - 
Browser - 
Librarian xX 
Controller - 
Operator - 


Access Level 


Change Project Rule File 
To change the rule file used by the project the user must be logged in as Project Editor. 


Change 
Access Level Rule File 
Project Editor X 


Base Editor - 
Revision Editor - 
Checker - 
Browser - 
Librarian - 
Controller - 
Operator - 
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Save Rule File 
Access levels that can edit rules can save them as well 


Access Level OAS Rule 
File 

Project Editor Xx 
Base Editor xX 
Revision Editor xX 
Checker - 
Browser - 
Librarian xX 
Controller - 
Operator - 


Create Rule File 
To create a new rule file the user must be logged in as Project Editor 


Create 
Access Level Rule File 
Project Editor Xx 


Base Editor - 
Revision Editor - 
Checker - 
Browser - 
Librarian - 
Controller - 
Operator - 


Purge Rule File 
To delete a rule file the user must be logged in as Project Editor or Librarian. 


Copy/Merge 
Rule File 

Project Editor Xx 
Base Editor - 
Revision Editor - 
Checker - 
Browser - 
Librarian xX 
Controller - 
Operator = 


Access Level 
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UGS Rule Book Manager 


This manager is also launched when the UGS rule book is selected from the Rules menu option. 


a 7 
Rule Book: UGS 


Rule 


ID « Type Unit Reference 
f) ETAP Defau... CircuitLevel inches ANSI 518-1982 (Revision of ANSI/IEEE Std 518-1977) 


| = @ ~—_—_ETAP Defau... |Non-Uniform inches 


Description 


IEEE Guide for the Installation of Electrical Equipment to Minimize 
Electrical Noise Inputs to Controllers from External Sources 


Edit) [Addis] { Delete | [ee Copy 


Edited By Checked By Locked By 
Name OTI Name Name oTI 
Date 08-29-2011 ] Date a Date 08-29-2011 
Help Close 
Rule List 


The rules that are part of the selected rule book are listed here. 


Lock 
A Locked © or Unlocked & image is displayed here. If the rule is locked, then the locked image will be 
displayed. If the rule is unlocked, then the unlocked image is displayed. 


ID 
The ID of the rule is displayed here. 


Type 
The type of the rule is displayed here, Non-Uniform or Circuit Level. 


Unit 
Display the unit of measurement to sort the rules (inches or cm). 


Edit 
Opens the rule editor for the selected rule. 


Add 
Opens the rule editor for a new rule. 


Delete 


Deletes the selected rule from the rule book. A confirmation message is displayed if an unlocked rule is 
deleted. Note that locked rules cannot be deleted unless they are unlocked. 


ETAP 47-44 ETAP 19.0 User Guide 


Underground Raceway Systems Underground System Rule Book 


Please Confirm |e S| 


Are you sure you want to delete this item? 


Copy 
Copies the selected rule to a new rule with the user-defined name. 


Reference 
Edit or view the rule reference as a text. 


Description 
Edit or view the rule description as alphanumeric text up to 100 characters. 


Edited By 
The Edited by Name and Date are displayed here. 


Checked By 
The Checked by Name and Date are displayed here. 


Locked By 
The Locked by Name and Date are displayed here. 
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UGS Rule Book Editor — Non-Uniform Rules — Adding Rules 


Clicking on Add in the Rule Book editor will open the Rule Book Editor. Note: When the rule has been 
locked, all fields become Display Only. 


Rule ID 
The ID of the Rule is entered here. If Edit was clicked to open the rule editor, then the ID of the selected 
rule will be displayed, but cannot be changed. 


Type 
The rule type is selected from the list. If Edit was clicked to open the rule editor, then the Type field is 
display only and cannot be changed. Rule types include: 


- Non-Uniform 
- Circuit Level 


Unit 
Select the display units in inches or cm. If Edit was clicked to open the rule editor then the unit field is 
display only and cannot be changed. 


Reference 
Edit the rule reference as a text. 


Description 
Edit the rule description as alphanumeric text up to 100 characters. 


ETAP 47-46 ETAP 19.0 User Guide 


Underground Raceway Systems Underground System Rule Book 


UGS Rule Book Editor — Non-Uniform Rules - Info Page 


Clicking on Edit in the Rule Book will also open the Rule Book Editor. The info page will include the 
edited by, checked by and locked by information in addition to the information entered when the rule was 
created. 


UGS Rulebook Editor: ETAP Default (Non-Uniforn x 


Size | Spacing id 


Rule Edited By 
Rule ID ETAP Default (Non-Uniform) Name OTl 


Unit 
Type | Non-Uniform @ Inches Date 6/23/2011 10:47:34 AM 


Rule Info Checked By 


Reference Cable Installation Manual - 17th Edition Sian 


._..__ Conduit spacing rules based on the trade size of the 
Description abr aa 9 


Locked By 
Name OTI 


Date 6/23/2011 10:48:12 AM 


Rule ID 
ID of the selected rule is displayed and cannot be changed. 


Type 

Type field is display only and cannot be changed. Rule types include: 
- Non-Uniform 
- Circuit Level 


Unit 
Unit field is display only and cannot be changed. 


Reference 
Edit the rule reference as a text. 


Description 
Edit the rule description as alphanumeric text up to 100 characters. 


Edited By 
The Edited by Name and Date are displayed here. 


Checked By 
The Checked by Name and Date are displayed here. 
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Locked By 
The Locked by Name and Date are displayed here. 


UGS Rule Book Editor — Non-Uniform Rules — Size Page 


The purpose for the non-uniform rules is to allow the user to specify the following rules for an 
underground raceway system setup: 


1. Specify the conduit types commonly used for designing underground raceway systems 

2. Specify the conduit sizes considered for various conduit types 

3. Specify the minimum separation to maintain when placing conduits of various sizes to create an 
underground raceway 


The size page is used to define items 1 and 2, i.e. the commonly used conduit types and the sizes 
considered based on the conduit types. 


a 


UGS Rulebook Editor: 


Size | Spacing | _ 


Size Description 
Used Conduit Types 
lf Other 
("| Metal 
(-] Fiber 
("| Transite 
gPvc4o 
[-] Pvc-80 
[] PVC-A 


Available Trade Size 


Check All} [ Uncheck All 


Used Conduit Types 

These are the available conduit types / conduit materials that will be utilized as part of this rule. Note that 
if the company standard is to utilize e.g. PVC Schedule 40 then only that particular conduit type must be 
checked. Checking one conduit material in this list does not imply that the other types will not be 
available within the conduit editor. This selection only impacts raceways that are built using the UGS 
raceway wizard. 


Available 

Select whether a particular size is available for the selected conduit material. This selection only impacts 
raceways that are built using the UGS raceway wizard and is only saved with the selected rule. You can 
always change the conduit size using the conduit editor. 
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Trade Size 
Size specifies the standard diameter of a conduit in inches or centimeters. There are a variety of sizes to 
choose from. The English trade sizes are shown below: 


- 0.50 
- 0.75 
- 1.00 
- 1.25 
- 1.50 
- 2.00 
- 2.50 
- 3.00 
- 3.50 
- 4,00 
- 5.00 
- 6.00 


ID 
This is a non-editable field showing the internal diameter of the conduit in inches or cm. 


OD 
This is a non-editable field showing the outside diameter of the conduit in inches or cm. 


Thickness 
This is a non-editable field showing the conduit wall thickness in inches or cm. 
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UGS Rule Book Editor — Non-Uniform Rules — Spacing Page 


The spacing page is used to enter or view the edge-edge spacing between conduit walls for various 
conduit sizes. This is a matrix of spacing between various conduit sizes and can be adjusted per the 
company rules or standards. The default values for this rule are obtained from General Cable Installation 
Manual and are primarily based on satisfying thermal requirements. 


Info | Size | Spacing 


Conduit Spacing 


Size 
Based on the available sizes checked on the description page, generate a cumulative list of available sizes. 


Spacing value 

The spacing rules are user-defined numeric fields that give edge to edge spacing between conduits of 
various sizes. Note that this list is symmetrical so you only need to enter spacing between the sizes once. 
Spacing for example between 1 and 3 is used between size 3 and 1. 


Top-Edge 
This is a user-defined field where the raceway top edge to conduit edge spacing is defined. 


Side-Edge 
This is a user-defined field where the raceway side edge to conduit edge spacing is defined. 


Bottom-Edge 
This is a user-defined field where the raceway bottom edge to conduit edge spacing is defined. 
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UGS Rule Book Editor — Circuit Level Rules - Info Page 


Clicking on Edit in the Rule Book will also open the Rule Book Editor. The info page will include the 
edited by, checked by and locked by information in addition to the information entered when the rule was 


created. 


UGS Rulebook Editor; ETAP Default (Circuit Level 


Size _| Circuit Level | Spacing 


Rule Edited By 
Rule ID ETAP Default (Circuit Level) Name OT! 


Unit 
Type | Circuit Level © Inches Date 8/29/2011 9:42:59 AM 


Rule Info Checked By 


Reference ANSI 518-1982 (Revision of ANSI/IEEE Std 518-1977) Name 


Descripti IEEE Guide for the Installation of Blectrical Equipment to 
cription  WYinimize Electrical Noise Inputs to Controllers from Extemal 
Sources 


Locked By 
Name OTI 


Date 8/29/2011 9:43:31 AM 


Rule ID 
ID of the selected rule is displayed and cannot be changed. 


Type 
Type field is display only and cannot be changed. Rule types include: 


- Non-Uniform 
- Circuit Level 


Unit 
Unit field is display only and cannot be changed. 


Reference 
Edit the rule reference as a text. 


Description 
Edit the rule description as alphanumeric text up to 100 characters. 


Edited By 
The Edited by Name and Date are displayed here. 
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Checked By 
The Checked by Name and Date are displayed here. 


Locked By 
The Locked by Name and Date are displayed here. 


UGS Rule Book Editor — Circuit Level Rules — Size Page 


The purpose for the circuit level rules is to allow the user to specify the following rules for an 
underground raceway system setup: 


1. Specify the conduit types commonly used for designing underground raceway systems 

2. Specify the conduit sizes considered for various conduit types 

3. Specify the minimum separation to maintain when placing conduits of various circuit or power 
levels next to each other 


The size page is used to define items 1 and 2, i.e. the commonly used conduit types and the sizes 
considered based on the conduit types. 


UGS Rulebook Editor: ETAP Default (Circuit Leve! =) 


Size | Circuit Level | Spacing | _ 


Edge-Edge Spacing 


Used Conduit Types 


Available Trade Size 


("| Transite 
(¥] PVC-40 
(¥] PVC-80 
[-] PVC-A 


Check All} [ Uncheck All 


Used Conduit Types 

These are the available conduit types / conduit materials that will be utilized as part of this rule. Note that 
if the company standard is to utilize e.g. PVC Schedule 40 then only that particular conduit type must be 
checked. Checking one conduit material in this list does not imply that the other types will not be 
available within the conduit editor. This selection only impacts raceways that are built using the UGS 
raceway wizard. 
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Available 

Select whether a particular size is available for the selected conduit material. This selection only impacts 
raceways that are built using the UGS raceway wizard and is only saved with the selected rule. You can 
always change the conduit size using the conduit editor. 


Trade Size 
Size specifies the standard diameter of a conduit in inches or centimeters. There are a variety of sizes to 
choose from. The English trade sizes are shown below: 


- 0.50 
- 0.75 
- 1.00 
- 1.25 
- 1.50 
- 2.00 
- 2.50 
- 3.00 
- 3.50 
- 4,00 
- 5.00 
- 6.00 


ID 
This is a non-editable field showing the internal diameter of the conduit in inches or cm. 


OD 
This is a non-editable field showing the outside diameter of the conduit in inches or cm. 


Thickness 
This is a non-editable field showing the conduit wall thickness in inches or cm. 
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UGS Rule Book Editor — Circuit Level Rules — Circuit Level Page 

The rules page of the rule book will contain the following information when type of rule selected is circuit 
level based. These levels are based on circuit power levels, i.e. control power, LV power and/or MV 
power. 


UGS Rulebook Editor: ETAP Default (Circuit Level =) 


Circuit Level | 


Control 1 
Control 2 
Low Voltage 1 
Low Voltage 2 


Power 1 


Power 2 
Power 3 
User Defined 1 
User Defined 2 
User Defined 3 


Circuit Level # 

ANSI 518-1982 defines circuit levels from level 1 through 4S. Additional circuit levels are provided for 
future expansion or handling of other standards. The following table is the overall summary of ANSI 518- 
1982 standard. For more details, please refer to the standard. 


Circuit 
_ [Analog Signal | <50V | = 
bs Signl =| <i6V | - 


ane Signal Ei ee 
| Switching Signal | <50V | - | 


Analog Signal | >50V_ | - | 
AC Feeders | = | <20A | 


| 
——hoae 0-1kV | 20-800A 
ae es eS RCT 
| 4S | AC & DC > 800 A 


ie Switching Signal | >SOV | - 
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Avail. 
Clicking this selection indicates whether a particular condition (circuit level) is to be used as part of the 
overall rule or not. 


ID 
This is the ID given to each condition. Circuit Level IDs 1 through 4S are fixed and cannot be changed. 
This ID is displayed in the conduit editor. Circuit Level 5, 6, 7 and 8 are user-defined and are editable. 


Type 
This refers to the default type of conduit material used for each circuit level. This is a fixed list with the 
list of all available conduit types. 


Conduit Size 


This refers to the size of conduit used for each circuit level. This is a fixed list with all available conduit 
Sizes. 
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UGS Rule Book Editor — Circuit Level Rules — Spacing Page 


The spacing page is used to enter or view the edge-edge spacing between conduit walls for various circuit 
levels. This is a matrix of spacing between various circuit levels and can be adjusted per the company 
rules or standards. The default values for this rule are obtained from ANSI 518-1982. For the default rule 
the circuit level spacing has certain spaces that are colored in blue. The blue color indicates that these 
values are not based on ANSI 518-1982 electromagnetic interference standard but based on thermal 
spacing requirements. 


UGS Rulebook Editor: ETAP Default (Circuit Level) Lu) 


| Info | Size | Circuit Level) Spacing 


Conduit Spacing 


Unit g 


Circuit 
Level # 


Top-Edge 2 Side-Edge 2 Bottom-Edge 2 


Help | OK | Cancel 


Circuit Level # 
Circuit level # matrix between which spacing can be defined. 


Spacing value 

The spacing rules are user-defined numeric fields that give edge to edge spacing between conduits of 
various circuit levels. Note that this list is symmetrical so you only need to enter spacing between the 
sizes once. Spacing for example between 1 and 3 is used between circuit level 3 and 1. 


Top-Edge 
This is a user-defined field where the raceway top edge to conduit edge spacing is defined. 


Side-Edge 
This is a user-defined field where the raceway side edge to conduit edge spacing is defined. 


Bottom-Edge 
This is a user-defined field where the raceway bottom edge to conduit edge spacing is defined. 
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47.7 Duct Bank Raceway Wizard 


New raceways can be created using the New Raceway Wizard from the edit toolbar as shown below. 


New Raceway 
Wizard 


Raceway Arrangement 
There are three main options for using the wizard to create new raceways with associated conduits: 


- Uniform 


- Non-Uniform (using rule book) 
- Circuit Level (using rule book) 
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Create New Raceway 


88 


Raceway Arrangement 


® Uniform () Non-Uniform () Circuit Level 


Conduit Information 


Row Column Type Size OD Thickness 


5 & 6 & 5 - 5.563 0.258 


Conduit Spacing Distance to Reference Location 
Horizontal Vertical Horizontal Vertical 
@ C-C Spacing 7.5 7.5 10 10 inches 
Er coaan a Dimensions . 
Height Width 
41.5 49 inches 
Raceway Border 
Side-E doe 3 Top-Edge 3 Bottom-Edge 3 
Preview 
30 Conduits [5 Rows, 6 Columns) a 


Row 1: [Other,5] [Other,5] (Other. 5] [ — 
Row 2: [Other,5] (Other, 5] (Other, 5) [ 
Row 3: [Other 5] (Other, 5] [Other 5) [ 


« Th r 


UGS Raceway Wizard — Uniform 


Use uniform selection when the raceway needs to be built using uniform conduit size, type and spacing. 
This option is particularly useful for building standard raceway layouts like 2x2, 3x3, 2x3, etc. 


Row 
Enter the number of rows of conduits to include in the uniform raceway. 


Column 
Enter the number of columns of conduits to include in the uniform raceway. 
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Type 
Type specifies the type of material used in the fabrication of the conduit for duct bank raceways. You can 
select from a variety of options including: 


- Metal 
- Fiber 
-  Transite 
- PVC-40 
- PVC-80 
- PVC-A 
- Other 


Size 
Size specifies the standard diameter of a conduit in inches or centimeters. 


OD 
OD is the outside diameter of the chosen conduit size in inches or centimeters. This is a display only field. 


Thickness 
Thickness is the wall thickness of the chosen conduit size in inches or centimeters. This is a display only 
field. 


C-C Spacing 
Select whether the uniform conduit spacing for horizontal and vertical spacing is based on center to center 
spacing. 


E-E Spacing 
Select whether the uniform conduit spacing for horizontal and vertical spacing is based on edge to edge 
spacing. 


Horizontal 
Enter the horizontal spacing between the conduits in inches or centimeters. 


Vertical 
Enter the vertical spacing between the conduits in inches or centimeters. 


Distance to Reference Location — Horizontal 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the horizontal distance or distance in the X direction. 


Distance to Reference Location — Vertical 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the vertical distance or distance in the Y direction. 


Raceway Dimensions — Height 

This is the raceway height in inches or centimeters. Note that the minimum height is automatically 
calculated based on the number of conduits in rows, conduit spacing and margin spacing. This value can 
be modified greater than the minimum calculated value. 
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Raceway Dimensions — Width 

This is the raceway width in inches or centimeters. Note that the minimum width is automatically 
calculated based on the number of conduits in columns, conduit spacing and margin spacing. This value 
can be modified greater than the minimum calculated value. 


Top-Edge 
This is a user-defined field where the raceway top edge to conduit edge spacing is defined. 


Side-Edge 
This is a user-defined field where the raceway side edge to conduit edge spacing is defined. 


Bottom-Edge 
This is a user-defined field where the raceway bottom edge to conduit edge spacing is defined. 


Preview 


This shows the overall conduit layout based on the number conduits in rows & columns, spacing, margin 
spacing and raceway overall dimensions. 
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UGS Raceway Wizard — Non-Uniform 


Select this option to create a new raceway using the spacing rules from the non-uniform rule book. This 
option creates the raceways with non-uniform conduit size and types but based on the spacing rules 
entered with respect to conduit size. These rules are used when adequate spacing is required in order to 
avoid thermal interaction between the conduits in close proximity. 


Create New Raceway 


Raceway Arrangement 
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Rule 
Select from the drop down list, a list of rules that are setup in the rule book and applicable to non-uniform 
spacing. Note that rules for inches or centimeters are displayed based on the project unit selection. 


Top-Edge 
This is a user-defined field where the raceway top edge to conduit edge spacing is defined. 


Side-Edge 
This is a user-defined field where the raceway side edge to conduit edge spacing is defined. 


Bottom-Edge 
This is a user-defined field where the raceway bottom edge to conduit edge spacing is defined. 


Size 
Click to launch the selected rule book and view the rule book information. If the rule book is not locked 
then the size selections within the rule book can be modified. 


Spacing 
Click to launch the selected rule book and view the rule book information. If the rule book is not locked 
then the space selections within the rule book can be modified. 


Distance to Reference Location — Horizontal 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the horizontal distance or distance in the X direction. 


Distance to Reference Location — Vertical 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the vertical distance or distance in the Y direction. 


Raceway Dimensions — Height 

This is the raceway height in inches or centimeters. Note that the minimum height is automatically 
calculated based on the number of conduits in rows, conduit spacing and margin spacing. This value can 
be modified greater than the minimum calculated value. 


Raceway Dimensions — Width 

This is the raceway width in inches or centimeters. Note that the minimum width is automatically 
calculated based on the number of conduits in columns, conduit spacing and margin spacing. This value 
can be modified greater than the minimum calculated value. 


Row 
The row information is automatically filled out based on the selected rule book. For example if 3 sizes are 
selected as part of the rule book then automatically 3 rows will be made available with the 3 selected 
sizes. 


Quantity 


Enter number of conduits in each row. 


Top — Down Arrow 
Select the row to move the conduits from one row and merge them into another neighboring row. 
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Trade Size 
Size specifies the standard diameter of a conduit in inches or centimeters. The list of sizes is based on the 
number of sizes included in the selected rule book. 


Type 
Type specifies the type of material used in the fabrication of the conduit for duct bank raceways. 
The list of conduit types is based on the number of conduit types included in the selected rule book. 


OD 
View the outside diameter of the selected conduits in inches or centimeters. 


Add 
Click to add additional rows to the list. Note that the rows will be appended to the tabular list. 


Delete 
Click to delete the selected rows 


Preview 


This shows the overall conduit layout based on the number conduits in rows, quantity, spacing, margin 
spacing and raceway overall dimensions. 
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UGS Raceway Wizard — Circuit Level 


Select this option to create a new raceway using the spacing rules from the circuit level rule book. This 
option creates the raceways with non-uniform conduit size and types but based on the spacing rules 
entered with respect to circuit level of circuits routed through the conduits. These rules are used when 
adequate spacing is required in order to avoid EMI between the conduits in close proximity. 


Create New Raceway 


Raceway Arrangement 
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Rule 
Select from the drop down list, a list of rules that are setup in the rule book and applicable to non-uniform 
spacing. Note that rules for inches or centimeters are displayed based on the project unit selection. 


Top-Edge 
This is a user-defined field where the raceway top edge to conduit edge spacing is defined. 


Side-Edge 
This is a user-defined field where the raceway side edge to conduit edge spacing is defined. 


Bottom-Edge 
This is a user-defined field where the raceway bottom edge to conduit edge spacing is defined. 


Size 
Click to launch the selected rule book and view the rule book information. If the rule book is not locked 
then the size selections within the rule book can be modified. 


Spacing 
Click to launch the selected rule book and view the rule book information. If the rule book is not locked 
then the space selections within the rule book can be modified. 


Distance to Reference Location — Horizontal 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the horizontal distance or distance in the X direction. 


Distance to Reference Location — Vertical 
Enter the distance from the reference location to the top edge of the raceway in inches or centimeters. 
This is the vertical distance or distance in the Y direction. 


Raceway Dimensions — Height 

This is the raceway height in inches or centimeters. Note that the minimum height is automatically 
calculated based on the number of conduits in rows, conduit spacing and margin spacing. This value can 
be modified greater than the minimum calculated value. 


Raceway Dimensions — Width 

This is the raceway width in inches or centimeters. Note that the minimum width is automatically 
calculated based on the number of conduits in columns, conduit spacing and margin spacing. This value 
can be modified greater than the minimum calculated value. 


Row 
The row information is automatically filled out based on the selected rule book. For example if 3 sizes are 
selected as part of the rule book then automatically 3 rows will be made available with the 3 selected 
sizes. 


Quantity 


Enter number of conduits in each row. 


Top — Down Arrow 
Select the row to move the conduits from one row and merge them into another neighboring row. 


ETAP 47-65 ETAP 19.0 User Guide 


Underground Raceway Systems Duct Bank Raceway Wizard 


Trade Size 


Size specifies the standard diameter of a conduit in inches or centimeters. The list of sizes is based on the 
number of sizes included in the selected rule book. 


Circuit Level 
Select the circuit level to assign to each row. The circuit levels 1 through 4S are based on definitions per 
ANSI 518. 


Type 
Type specifies the type of material used in the fabrication of the conduit for duct bank raceways. 
The list of conduit types is based on the number of conduit types included in the selected rule book. 


OD 
View the outside diameter of the selected conduits in inches or centimeters. 


Add 
Click to add additional rows to the list. Note that the rows will be appended to the tabular list. 


Delete 
Click to delete the selected rows 


Preview 


This shows the overall conduit layout based on the number conduits in rows, quantity, spacing, margin 
spacing and raceway overall dimensions. 
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47.8 Underground System Editor 


The Underground System (UGS) Editor provides details regarding the overall layout of the underground 
system. This includes global properties such as soil type and temperature. 


Underground System - UGS1 (> | © jee) 


Temperature 


Ambient 35 


ID UGS1 
Soil 


Type | Clay Wet Warning 80 


RHO 390 Alarm 30 
Heat Sources Raceways 


Distance Distance 
ID Horiz. Vert. ID Horiz. Vert. 


Steam Pipe 754 359  |Mee(AW1 19.2 30 


(6) (ust ~) 5)| [undo |[ Find || Help | [OK }) | Canc! 


ID 


Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each UGS. The IDs consist of the word UGS plus an integer starting with the number one and 
increasing with the addition of each UGS. The default ID can be changed from the Defaults menu in the 
menu bar or from the System Manager. 


Soil 


Soil refers to the surrounding earth for the raceway system. Backfill soil or concrete for raceways is 
specified in the Raceway Editor. 


Type 
Select the soil type from the drop-down list. 


Average Dry 
Average Wet 
Clay Dry 

1 Clay Wet 
Sandy Dry 

(1 Sandy Wet 


Note: The selection of soil type will not affect the value of RHO. 
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RHO 


Enter the thermal resistivity of the earth (soil) in degrees C-cm/Watt. 


The table below provides some typical thermal resistivity of common components. (Source: Electric 
Power Distribution Equipment and Systems). 


Components Thermal Resistivity 
Degrees C-cm/W 

XLPE Insulation 350 
EPR Insulation 500 
Paper Insulation 700 
PE Jackets 350 
PVC Jackets 500 
Plastic ducts 480 
Concrete 85 
Thermal Fill 60 
Soil 90 
Water 160 
Air 4000 


The table below provides some typical thermal resistivity of common types of soil (Source: Electric 
Power Distribution Equipment and Systems). 


United Soil Soil Thermal Resistivity Thermal Resistivity 
Classification System (Wet) (Dry) 
(USCS) 
Degrees C-cm/W Degrees C-cm/W 

GW Well graded gravel 40 120 
GP Poor graded gravel 45 190 
GM Silty gravel 50 140 
GC Clayey gravel 59 150 
SW Well graded sand 40 130 
SP Uniform sand 45 300 
SM Silty sand sys) 170 
SC Clayey sand 60 180 
ML Silt 65 240 
CL Silty clay 70 210 
OL Organic silt 90 350 
MH Micaceous silt 75 300 
CH Clay 85 270 
OH Soft organic clay 110 400 
Pt Silty peat 150 > 600 


Temperature 


Ambient 


Ambient refers to the soil ambient temperature specified in degrees Celsius. The soil temperature is a 
constant from the surface of the soil to the deepest point considered in the underground raceway system. 


ETAP 


47-68 
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Warning 

Warning refers to the conductor warning temperature specified in degrees Celsius. Each conductor, whose 
temperature is above the warning level and below the alarm level, will be shown in magenta after a cable 
temperature calculation study has been performed. 


Alarm 

Alarm refers to the maximum allowable conductor temperature specified in degrees Celsius. Each 
conductor, whose temperature is above the alarm level, will be shown in red after a cable temperature 
calculation study has been performed. 


Heat Sources 


This is the list of all external heat sources located in this underground raceway system. Each heat source 
is specified by an ID as well as its (center-point) X and Y coordinates. X and Y coordinates are specified 
from the upper left corner of your underground raceway system. 


Raceways 


This is the list of all raceways (direct-buried or duct bank) located in this underground raceway system. 
Each raceway is specified by its ID, as well as, its reference point X and Y coordinates. The reference 
point is the upper-left corner of the raceway. 
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47.9 Raceway Editor 


The Raceway Editor consists of three separate pages or screens. These are the Raceway, Location, and 
Cable pages. The Location and Cable pages will not be displayed if there are no conduits/locations or 
cables in the raceway. 


47.9.1 Raceway Page 


Raceway Editor - RW1 oe 
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Raceway Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each raceway (direct buried or duct bank). The default ID consists of RW plus an integer starting 
with the number one and increasing as the raceway numbers increase. The default ID can be changed 
from the Defaults menu in the menu bar or from the System Manager. 


Ref.X 

Ref.X is the X coordinate for the reference point in inches or cm. The reference point is the upper left 
corner of the raceway. X and Y coordinates are specified from the upper left corner of your underground 
raceway system. 
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Ref. Y 

Ref.Y is the Y coordinate for the reference point in inches or cm. The reference point is the upper left 
corner of the raceway. X and Y coordinates are specified from the upper left corner of your underground 
raceway system. 


Width 
Width specifies the raceway width in inches or in centimeters. The width of the raceway begins from the 
raceway reference point and extends to the right. 


Height 
Height specifies the raceway height in inches or in centimeters. The height of the raceway begins from the 
raceway reference point and extends down. 


Fill Type 

Select the type of fill (material) from the list of options used in the construction of the raceway. Light 
Aggregate and Heavy Aggregate are options for duct bank raceways, and Average Dry, Average Wet, 
Sandy Dry, Sandy Wet, Clay Dry, and Clay Wet are options for direct buried raceways. 


Fill RHO 
Fill RHO specifies the thermal resistance of the fill material. Units are specified in degrees Celsius 
centimeters per watt. 


Cables in Raceway 


Displays a list of all the cables located in this raceway. Each cable is described with its ID, the number of 
conductors per phase, the number of conductors per cable, and which location (conduit) the cable is 
located in. 
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47.9.2 Location Page 


Raceway | Location | Cable 
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, Assigned for 
Conduit Cond1 Greuit Level 


Honk. 485) Te (AVEO 


Vert. Dist. 5.45 Size 5 + 


Cables 
Cables in this Location Cables Assigned to this Raceway 


Cable1-1A 
Cable1-1B 
Cable1-1C 


<< 


eS 


BES Wea =|) WP) Ga) [cons] 


Conduit/Location Info 


Conduit 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each location or conduit. The default IDs consist of Loc (for direct buried locations) or Cond (for 
duct bank conduits) plus an integer starting with the number one and increasing as the location/conduit 
numbers increase. The default ID can be changed from the Defaults menu in the menu bar or from the 
System Manager. 


Horiz.Dist 
Horiz. Dist specifies the horizontal distance of the center point of the location (conduit) from the raceway 
reference point. The horizontal distance is specified in inches or in centimeters. 


Vert. Dist 
Vert. Dist specifies the vertical distance of the center point of the location (conduit) from the raceway 
reference point. The vertical distance is specified in inches or in centimeters. 


Type (Conduit) 


Type specifies the type of material used in the fabrication of the conduit for duct bank raceways. This 
field is not active for direct buried raceways. You can select from a variety of options including: 
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Metal 
Fiber 
Transite 
PVC-40 
PVC-80 
PVC-A 
Other 


Size (Conduit) 
Size specifies the standard diameter of a conduit in inches or centimeters. There are a variety of English 
trade sizes to choose from including: 


0.50 
0.75 
1.00 
1.25 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 
5.00 
6.00 


There are also a variety of Metric trade sizes (mm) to choose from including: 
16 
21 
27 
35 
41 
53 
63 
78 
91 
103 
129 
155 


OD (Conduit) 
OD specifies the outside diameter of a conduit in inches or centimeters. For standard size conduits, ETAP 
provides the outside diameter of the conduit based on the conduit type. 


Thickness (Conduit) 
Thickness specifies the thickness of the material used to fabricate the conduit in inches or centimeters. 
For standard size conduits, ETAP provides the conduit thickness based on the conduit size and type. 


Assigned for Circuit Level 
Click to assign the conduit circuit level based on the cable type (Control or Power) 
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47.9.3 Cable Page 
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Cable Type 


Cable type specifies details regarding the selected cable header and size. The details include 
manufacturer, type, voltage rating, loading factor, number of conductors per cable, conductor material 
type, and magnetic or non-magnetic installation type. 


Size 
Size specifies the cable size using international standards. The units for cable sizing are AWG/kcmil for 
English unit cables and mm2 for Metric unit cables. 


Note: For rapid selection, ETAP provides the list of all available cable sizes from the selected library. 
Changing the cable size will update pertinent cable data from the library. 


Cable Editor 

Clicking on the Cable Editor button will open the editor for the selected cable. The Cable Editor contains 
electrical and physical data used in both the one-line diagram and the underground raceway systems. Any 
changes made in the Cable Editor will be reflected on the Cable page of the Raceway Editor. 


Cable Routing 


Cable routing specifies the conduit or location where this cable is installed (routed) in every underground 
raceway system for this project. Details include the raceway ID, the type of raceway, i.e., direct buried or 
duct bank, and which underground raceway system the raceway is located in. 
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47.10 External Heat Source 


Steam Pipe 


101.2 Outside Diameter 5 


24.3 Operating Temp. 100 


< } Undo || Find | Help | [OK )] | Cancel | 


External heat sources can be placed in underground raceway systems to simulate steam pipes or other 
sources of heat in the vicinity of raceways. 


Info 


ID 

Enter a unique alphanumeric ID with a maximum of 25 characters. ETAP automatically assigns a unique 
ID to each external heat source. The IDs consist of HS plus an integer starting with the number one and 
increasing as the external heat source numbers increase. The default ID can be changed from the Defaults 
menu in the menu bar or from the System Manager. 


Ref. X 
Ref. X is the X coordinate reference for the focal (center point) of the external heat source in inches or 
cm. X and Y coordinates are specified from the upper left corner of your underground raceway system. 


Ref. Y 
Ref. Y is the Y coordinate reference for the focal (center point) of the external heat source in inches or 
cm. X and Y coordinates are specified from the upper left corner of your underground raceway system. 


Outside Diameter 

Outside diameter specifies the diameter of the external heat source in inches or cm. The thermal energy 
produced by the external heat source uses a constant temperature for the entire external heat source. The 
larger the diameter, the greater the thermal energy provided by the external heat source. The outside 
diameter is specified in inches or in centimeters. 


Operating Temp. 


Operating Temp. specifies the surface operating temperature of the external heat source in degrees 
Celsius. The temperature is constant throughout the external heat source. 
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47.11 Calculation Methods 


ETAP provides five types of cable derating calculations, namely, steady-state temperature calculation, 
uniform-ampacity ampacity calculation, uniform-temperature ampacity calculation, cable sizing, and 
transient temperature calculation. 


In the calculations, all conductors from the same cable branch are presumed to equally share the total line 
current. They can be located in the same conduit/location or different conduits/locations in the same 
raceway. 


Note: The cables located in different conduits/locations in general will not have the same temperature, 
even though they carry the same load current. However, if they are located in the same conduit/location, 
the calculated temperature will be the same. 


The raceway system can contain several raceways and external heat sources. The calculation considers 
the mutual heat effect of cables in the same raceway as well as in different raceways. It also considers the 
heat effect from external heat sources. 


Raceway Width and Height Ratio 


According to IEC 60287-2-1, section 2.2.7.3, formulas for external thermal resistance of the duct are only 
valid for Y/X ratios less than 3; where the X and Y quantities are the shorter and longer dimensions of the 
duct bank cross section, respectively. 


Cables with De-Energized Conductors 


For a DC or a single-phase cable branch, it is possible that some of the cable conductors may not carry 
current. For example, consider that a single-phase branch needs five conductors per phase to carry its 
load. Since a single-phase circuit has a forward and a return path, it requires ten conductors in total. If for 
some reason three-conductor cables are used for this branch, four, three-conductor cables will be needed, 
which equals a total of twelve conductors. This leaves two of the twelve conductors as non-current- 
carrying (de-energized) conductors. ETAP will spread non-current-carrying conductors among individual 
cables for the branch. In this case, two of the four cables will have only two conductors carrying current. 
In the Cable Temperature section of the Output Report, ETAP reports the number of energized conductors 
for each individual cable. 


Voltage Used for Calculating Cable Dielectric Losses 


Since the cable dielectric losses are directly related to the voltage applied on the insulation layer, the cable 
operating voltage should be used for this calculation. In ETAP, if a cable is a branch cable or an 
equipment cable, the nominal kV of the cable terminal bus will be used. For an underground cable (no 
terminal bus), the cable rated voltage is used. In the report, the voltage applied on the insulation layer is 
printed under the “Insulation Layer kV” column. 


Modeling of DC Cables 


A DC cable is handled in a similar way to that of an AC cable in cable derating calculations. However, 
since the current flowing through and the voltage applied on a DC cable are DC current and voltage, the 
losses in an AC cable due to AC current nature do not apply to a DC cable. These losses include loss due 
to conductor proximity and skin effect, losses in shield, sheath, and armor layer, loss in a steel conduit, 
and cable die-electric loss. For a DC cable, all these losses are equal to zero. 
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47.11.1 Steady-State Temperature Calculation 


The Steady-State Cable Temperature calculation determines the temperature of all the cable conductors 
involved in the raceway system under a specified loading condition. The calculation is based on the IEC 
60287 standard or the NEC accepted Neher-McGrath approach, which employs a thermal circuit model to 
represent heat flow situations. It is assumed that the cables have been carrying the specified load long 
enough that the heat flow has reached its steady-state and no more changes of temperature will occur 
throughout the raceway system. The cable temperature calculated is dependent on raceway system 
configuration, cable loading, and the location of each particular cable. 


The most important differences between the IEC 60287 and Neher-McGrath approaches are listed below. 


1. The Neher-McGrath approach uses a user defined load factor, whereas the IEC 60287 approach 
assumes a unity load factor. 


2. IEC 60287 gives analytical expressions for the computation of the geometric factor of three-core 
cable insulation, whereas the Neher-McGrath approach makes a reference to the paper by Simmons 
(1932). 


3. The Neher-McGrath approach uses the thermal resistivity, power/loss factors and dielectrical 
constants as defined in the file insullib.mdb, located in the Table directory under the ETAP 
installation directory. The relevant values used in IEC 60287 are as defined in the standard. When a 
material is not given in IEC Table, a conservative value of 6.0 is used for IEC cable derating. 


4. Calculation of losses in magnetic armor is treated only qualitatively in the Neher-McGrath approach 
with references to the literature for complex computational methods. Relevant approximations are 
proposed in IEC 60287. 


5. The insulation resistance calculation for three-conductor cables is different between the Neher- 
McGrath approach and IEC 60287 standard, which may result in significant difference in cable 
thermal resistance value. 


6. For IEC 60287, PVC material shall be used for jacket or overall covering whereas Polyvinyl Chloride 
material shall be used for insulation. 


Due to the differences between the Neher-McGrath and IEC 60287 Methods as mentioned above, it is 
expected that for the same underground system, the two methods may produce different results. 


Calculate 3/C Cable G1 by IEC Method 

When the Neher—McGrath Method is selected in the Cable Derating Study Case for UGS calculations, the 
geometric factor G1 for insulation thermal resistance can be calculated using the same method specified 
in IEC 60287 by setting the Preferences option “Calculate 3/C Cable G1 by IEC Method” to 1. Note that 
the Option (Preference) dialog box can only be opened from the Tools menu when an OLV presentation 
is on focus. 


Maximum Number of Iterations 


The maximum number of iterations for the steady-state and transient temperature calculations is set to 50. 
To modify, change the value for the Max. No. of Iterations for Temperature Calculations entry in Options 
(Preferences). 
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47.11.2 Cable Ampacity Calculation 


The Cable Ampacity calculation determines the maximum allowable load current that the cables in a 
raceway system can carry under the specified system conditions and the cable conductor temperature 
limit. ETAP provides two approaches to ampacity calculation: Uniform-Ampacity calculation and 
Uniform-Temperature calculation. Both approaches employ the NEC accepted Neher-McGrath Method to 
calculate cable temperature, but they differ in the criteria used to determine the maximum allowable load 
current. 


47.11.3 Uniform-Ampacity (UA) Ampacity Calculation 


This approach is based on the equal loading criterion for ampacity calculation. It determines the 
maximum allowable load currents when all the cables in the system are equally loaded to the same 
percentage of their base loading. The base load is obtained from the Cable Library for the appropriate 
system configuration type, such as duct bank or directly buried raceways. 


The calculation involves an iterative process of cable temperature calculation and load adjusting, as listed 
below. 


1. Determine an initial loading level based on the base ampacity from the Cable Library and using cable 
derating factors for the given configuration. 

2. Calculate cable temperature as in the steady-state temperature calculation described above. 

3. Check cable temperature values against the cable temperature limit. 

4. If the temperature of the hottest cable is within close range of the temperature limit, the solution has 
been reached. If not, adjust the cable loading uniformly at the same percentage, either increasing or 
decreasing the loading in order to make the highest cable temperature come closer to the temperature 
limit. Then go to back to step 2 to recalculate cable temperature. 


If the Update Currents from Ampacity Calc option is checked in the Study Case, the cable allowable 
current is updated by the calculated ampacity. 


Maximum Number of Iterations 


The maximum number of iterations for uniform-ampacity and uniform-temperature calculations is set to 
200. To modify, change the value for the Max. No. of Iterations for UT and UA Calculations entry in 
Options (Preferences). 


Cables with Fixed Current 


If the Fixed Current box in the Leading page of the Cable Editor is checked for a cable, the load current 
for this cable will be held constant in the ampacity calculation. The cable current used in the calculation 
depends on the Initial/Steady-State Amp selection in the Study Case. 
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47.11.4 Uniform-Temperature (UT) Ampacity Calculation 


This approach is based on the equal temperature criterion for ampacity calculation. It determines the 
maximum allowable load currents when all the cables in the system have their temperature within a small 
range of the temperature limit. Since all the conductors in a cable branch are assumed to equally share the 
load current, in the case where these conductors are not located in the same conduit/location, they may 
not have the same temperature. When this situation occurs, the temperature of the hottest conductor in this 
cable branch will be used to represent this cable branch. 


The calculation involves an iterative process, which adjusts cable loading current in each iteration so that 
the cable temperature approaches the temperature limit. The load adjustment in each step is determined 
based on the gradient of cable temperature change and therefore offers fast convergence to the solution. 
The following steps are involved in the calculation: 


1. Determine an initial loading level based on the base ampacity from the Cable Library and using cable 
derating factors for the given configuration. 

2. Calculate cable temperature as in the steady-state temperature calculation described above. 

3. Check cable temperature values against the cable temperature limit. If the temperature values of all 
the cables are within close range of temperature limit, the solution has been reached. If not, determine 
the load change required for the cable temperature to approach the temperature limit based on the 
gradient of cable temperature change. 

4. Update the cable loading and go back to step 2 to recalculate cable temperature. 


If the Update Currents from the Ampacity Calculation option is checked in the Study Case, the cable 
allowable current will be updated by the calculated ampacity. 


If for any of the cables the Fixed Current option from the Loading page of the Cable Editor is checked 
then Uniform Temperature calculations cannot be conducted. In this situation ETAP stops the 
calculations and provide an error message informing the user that UGS contains a cable with fixed 
ampacity. 


Maximum Number of Iterations 


The maximum number of iterations for uniform-ampacity and uniform-temperature calculations is set to 
200. To modify, change the value for the Max. No. of Iterations for UT and UA Calculations entry in 
Options (Preferences). 


Acceleration Factor 


The uniform-temperature ampacity acceleration factor has a range between 0.0 and 2.0. The value can be 
set higher than the default setting of 0.5 to speed up the calculation; however, the calculation may 
diverge. To modify, change the value for the UT Ampacity Acceleration Factor entry in Options 
(Preferences). 


47.11.5 Cable Sizing 


The Cable Sizing calculation determines the minimum size for each cable that will carry the specified 
load current without violating the cable temperature limit. The cables considered as candidates for cable 
sizing are the ones that are flagged as available cables in the Cable Library of the same cable type, that is, 
they have the same voltage, insulation, conductor type, etc., as the cable to be sized. 
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The calculation is an iterative process involving repetitively adjusting the cable size and calculating cable 
temperature. The cable temperature calculation is done in the same way as the steady-state temperature 
calculation described above. If there are no available alternative sizes for a cable, the cable will be 
considered not changeable. 


If a solution is reached, calculation results will be reported in the Output Report and the cables involved 
in the study will be changed to the new sizes if the Update Size option is checked in the Study Case. 


Maximum Number of Iterations 


The maximum number of iterations for cable sizing calculations is set to 1000. To modify, change the 
value for the Max. No. of Iterations for UGS Cable Sizing entry in Options (Preferences). 


Cables with Fixed Size 


If the Fixed Size box in the Loading page of the Cable Editor is checked for a cable, the size of this cable 
will not be changed in the Cable Sizing Studies. 


47.11.6 Transient Temperature Calculation 


The transient temperature calculation yields cable temperature variations as a function of time in 
accordance to load changes. While the steady-state temperature calculation can be used to check the cable 
temperature under constant loading, the transient temperature calculation provides a tool to verify 
operation conditions of the raceway systems against the cable short-time or emergency temperature limits. 
In most cases, the short-time maximum allowable temperature of a cable is considerably higher than its 
steady-state temperature limit. For loads that have high peak values for only a short period of time, the 
transient temperature calculation can be used to determine the cable peak temperature and its duration, 
and to compare against its short-time maximum allowable temperature, resulting in a more economical 
design of your raceway systems. 


| Transient. cs || © | fee 


Cable Transient Temperature 


Temperature in °C 
s = FT] 
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The transient temperature calculation is based on a dynamic thermal model of the raceway system, 
constructed mainly from thermal resistance, thermal capacitance, and heat sources. The thermal resistance 
is used to represent different thermal layers from the cable conductor to ambient soil. The thermal 
capacitance is used to represent the capability of each layer to absorb the heat. When you change the 
cable loading, the heat generated by the loss in the conductor will change accordingly, resulting in a 
variation of the heat flow dissipated from the cable conductor to the ambient soil. As a result, the cable 
conductor temperature will vary to follow the load change pattern, at a rate of temperature change that 
depends on the resistance and capacitance values of the circuit. 


The cable load variations are defined in the Load Profile of the Cable Editor. The initial state of the 
raceway system is based on the initial load specified in the Cable Derating Study Case, either the load 
profile (the first current value in the profile list) or the operating load. It is assumed that all cables initially 
carry the initial load and have reached the steady-state. 


Maximum Number of Iterations 


The maximum number of iterations for the steady-state and transient temperature calculations is set to 50. 
To modify this value, change the value for the Max. No. of Iterations for Temperature Calculations entry 
in Options (Preferences). 


Maximum Transient Steps 


Maximum number of transient steps is set to 5000. To modify this value, change the value for the Max. 
No. of Steps for Transient Temp Calculations entry in Options (Preferences). 
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47.12 Required Data 


47.12.1 Underground Raceway System Data 


The data for the underground raceway system can be entered from the Underground System Editor. The 
minimum requirement for underground system data includes soil type, soil thermal resistivity, and 
ambient temperature. 


47.12.2 Raceway Data 


Two types of raceways are supported in the current version of ETAP: Duct Bank Raceway and Direct 
Buried Raceway. Raceway data can be entered from the Raceway page of the Raceway Editor. The 
minimum requirement for raceway data includes raceway dimension, raceway fill type, and its thermal 
resistivity. 


You can run studies with raceways that contain no cables. However, you cannot run studies if the raceway 
contains unassigned cables (cables that are assigned to a raceway but are not located in a specific conduit 
or location). 


Conduit/Location Data 


The data for conduit/location can be entered into the Location page of the Raceway Editor. A 
conduit/location can be empty (contain no cables). 


Conduit 
A conduit can only be placed in a duct bank raceway. The minimum requirements for conduit data 
include location, type, outside diameter, and thickness. 


Location 
A location is a specified space in a direct buried raceway in which cables are placed. Location can only be 
assigned to a direct buried raceway. The only requirement for location data is its location. 


Cable Data 


Cable data is entered into several pages of the Cable Editor. 


Data from the Info Page 


The cable type data must be available before performing any cable derating calculation. You can select 
cable type from the Cable Library by clicking on the Library button. 


Other data that are needed for cable derating calculations and that can be entered into the Info page 
include the cable size and the number of conductors per phase. 


Special attention should be given to the Link to Library box. When this box is checked, the cable derating 


calculation will extract the cable physical data directly from the Cable Library; otherwise it will use the 
data from the Physical page of the Cable Editor. 
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Physical Page 


This page is designed especially for entering parameters employed in cable derating calculations. These 
parameters describing the physical aspect of a cable are required to calculate cable electrical resistance, 
thermal resistance of different layers, dielectric losses, etc. 


Loading Page 


The data entered in this page describe the loading condition of a cable. The Transient Load Profile data is 
used for transient temperature calculation. The Operating Load or the first current value in the Transient 
Load Profile list are used, depending on the selection in the Cable Derating Study Case, as the initial or 
steady-state load current in the transient temperature calculation, steady-state temperature calculation, and 
cable sizing. 


The Load Factor is used in all types of cable derating calculations to represent cyclic load conditions. 


The Projection Multiplication Factor is used to modify cable loading in the transient temperature 
calculation, steady-state temperature calculation, and cable sizing, if the corresponding option is checked 
in the Cable Derating Study Case. 


The Sheath/Armor Current is specified as a percentage of the load current. It represents the situation 
where the sheath/armor is intentionally utilized to carry part of the load current. In all other situations, 
sheath/armor current should be set to zero. The Sheath/Armor Current is considered by the Neher- 
McGrath Method only. 


Ampacity Page 


The Application Multiplication Factor is used to modify cable loading in the transient temperature 
calculation, steady-state temperature calculation, and cable sizing, if the corresponding option is checked 
in the Cable Derating Study Case. 


External Heat Source Data 


The external heat source data required for cable derating calculations include the location of the external 
heat source, its outside diameter, and its temperature. 


Study Case 


Prior to performing any type of cable derating calculations, a Cable Derating Study Case must be 
selected. The Study Case contains information necessary to carry out the calculation. 
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47.13 Output Reports 


The UGS calculation results are reported both on the one-line diagram and in the Crystal Reports format. 
You can use the UGS Report Manager (from the Study toolbar) or View Output Report button (from the 
Study Case toolbar) to view the Output Reports. 


You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel formats. If you wish this selection to be the default for reports, click the Set As Default 
checkbox. 


47.13.1 Cable Derating Systems Report Manager 


After running the Cable Derating Systems Study, click on the Report Manager button located on the 
Study Case toolbar, or select the Crystal Report format from the Cable Derating Systems toolbar, to open 
and view the Crystal Report output. The Cable Derating Systems Study Crystal Report contains the 
following major sections: 


Complete Page 


Selects a report format that provides the Complete Output Report. 


Input Page 


Provides the format for different input data. 


Result Page 


Provides the format for different calculation results. 


Summary Page 


Provides the summary from the calculation results. 


UG Raceway System Report Manager 


Complete | Input | Resutt | Summary | 


[Complete ] @) Viewer 

PDF 

MS Word 

Rich Text Format 
MS Excel 

Set As Default 


Output Report Name 


Transient 
Path 


C:\ETAP\Example-ANS| 


_—s zt 
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47.13.2 Cable Derating Systems Crystal Report 


After running the Cable Derating Systems Study, click on the Report Manager button located on the 
Study Case toolbar, or select the Crystal Report format from the Cable Derating Systems toolbar, to open 
and view the Crystal Output Report. The Cable Derating Systems Study Crystal Report contains the 
following major sections: 


Input Page 


This section reports the input data related to the System, Cable, External Heat Source, Conduit and 
Raceway. 


Cover Data 


The Cover Data includes the general information about the project, the Study Cases, the version of ETAP, 
and the underground raceway system, such as the numbers of raceways and external heat sources, etc. It 
also reports the Type, RHO and ambient temperature of Soil, and temperature limits. 


Electrical Transient Analyzer Program 


Underground Cable Raceway Systems 


Transient Temperature Analysis 


Method: Neher-MecGrath 


U/G System Number of Number of 
ID Cable Raceways Ext. Heat Sources 
UGS1 2 1 
Soil Temperature Limits 
RHO Ambient Temperature Alarm Warning 
Type °C-cm/ W att °c °C bs 
Clay Dry 90.0 35.0 90.0 80.0 
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External Heat Source Data 


This section reports the External Heat Source information. It shows the Locations, OD’s, and 
temperatures of external heat sources. 


External Heat Source Data: 


Refer ence Distance 


Eas 86 (ESE 
Horizontal Vertical Diameter Temp. 
ID inch inch inch °C 
Steam Pipe 71.22 39.31 6.00 80.0 


Duct Bank Raceway Data 


This section reports the Duct Bank Raceway information. It shows the physical information of the Duct 
Bank Raceways, such as their Locations, Dimensions, Fill Materials, and Numbers of Conduits and 
Cables. 


Duct Bank Raceway Data: 


Refi Dista Di i Fill 
Pada Ek ah Number Number Average Distance 
Horizontal Vertical Height Width RHO of of Center-to- Center 
ID inch inch inch inch Type °C-cm/Watt Conduits Cables inch 
RW1 19.20 30.00 20.40 43.50 Light Aggregate 90.0 9 7 7.57 


Conduit Data 


This section reports the Conduit information. It shows the physical information of conduits, such as their 
Locations, Type, Size, Thickness, OD, RHO, Thermal Resistance, and Fill%. 


Conduit Data: 
Refer ence Distance 
Horizontal Vertical Size Thickness OD RHO Thermal R Fill 

ID inch inch Type _ inch inch inch °C-cm/Watt Ohm-ft % 
Cond! 6.45 5.55 PVC_40 5 0.258 5.563 600.0 0.303 30.04+ 
Cond2 14.15 5.75 PVC_40 5 0.258 5.563 600.0 0.303 18.49 
Cond3 35.40 14.50 PVC_40 6 0.280 6.625 600.0 0.275 29.97 
Cond4 24.70 14.60 PVC_40 6 0.280 6.625 600.0 
Cond5 6.20 14.10 PVC_40 6 0.280 6.625 600.0 0.275 23.03 
Condé 14.80 14.50 PVC_40 6 0.280 6.625 600.0 0.275 9.25 
Cond? 29.10 5.90 PVC_40 25 0.203 2.875 600.0 0.474 28.37 
Cond8 22.60 5.90 PVC_40 25 0.203 2.875 600.0 0.474 28.37 
Cond9 35.60 6.00 PVC_40 25 0.203 2.875 600, (Bubreport:Conduit.rpths. 37 


* Warning - Industry representatives recommend avoiding ajam ratio of 2.8 to 3.2. 
# Alarm - Cable jamming may occur when jam ratio is in between 2.74 and 2.8. 
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Cable Data 


This section reports the Cable information. It mainly shows the physical information of cables, such as 
Size, Rated kV, Current, and parameters of Conductor, Insulation, Sheath, and Jacket. 


Cable Data: 
Projection Load Conductor Insu lation 
Size Reted Current Factor Factor Por Thickness Thermal Rk 

ID AWGhemd LV Amp * * Ho. Type Phase Construction Trpe ail nObarhe 
Cobled soo 15 ooo 23400 1oo 10 Ve cu 1 CooRod-¥T RUSSERGIO 250 1735 
CobleG 3a 15 ooo Isc 00 1oo 100 lec cw ! Cooked-NT RUSSERGIO 250 2585 
Coble? soo $000 286 47 1oo 100 se co 1 Cookod-T RUSSER loo0 Idi 
Cobles 4a Sooo 78 00 1oo 100 lec cu 1 CooRod-T RUSSERGIO loo0 1 224 
Cable! 4a 15 ooo 9400 100 100 Ic AL ! Cookod-T RUSSERGIO 2050 2385 
Coble 2 15 00 4700 1oo 1o0 I< cu i Cookod-NT RUSSERGIO 250 33i4 
Cobled 330 $a00 O66 loo 100 lec cw ' Cookod-T RUSSERGIO 19a0 i 4io 
Cobl<9 4a 15 ooo 102 oo 100 100 Ic cu 1 CooRod-T RUSSERGIO 2950 2385 

Shield ing Jacket Rdc 6ahie 
End Thickness Sheeth*Arm or Thickness 4 25°C Diem eter 

ID Stetus Type Connection al Type Trpe mil wObaorh toch 
Coble’ Ye Copper Opco loa NONE tos 1 co 
CobleG Yeo Copper Opce loa NOME G4 2s 12s 
Coble? Yeo Copper Opca loo NOME tas 289 
Cobles Yeo Copper Opce loa NONE 30 98 1a? 
Coble! Yea Copper Opce loo NONE £350 13l 
Coble Yeo Copper Opca loa NOME 16267 las 
Cobled Ye Copper Opce loo NONE 3077 12s 
Cobled Yes Copper Opce loo NONE 30 98 131 


For the Steady-State Temperature calculation, the Size and Current columns are cable existing size and 
load current respectively. For the Cable Sizing calculation, the Size column is the calculated cable size. 
For the Ampacity calculation, the Current column is the calculated cable ampacity. 


In ETAP 12, new fields have been added for cable physical parameters. It allows for a cable to have both 
sheath and armor layers. The end grounding connection of shield layer can be set separately from that of 
sheath/armor layer. The order of layers of a cable can also be specified in Cable Library. For a three- 
conductor cable, its sheath and armor layers are assumed to encompass all three conductors. 


Result Page 


This section reports the results related to Cables. The Output Reports of calculation results are formatted 
according to the types of calculation being performed. 


Steady-State Temperature Calculation 


This section of the Output Report starts with cable ID, followed by conduit/location ID. It then presents 
the main result information for cables, including cable dielectric losses and conductor temperatures from 
the steady-state temperature calculation 


The calculation results are listed for each individual cable. For example, in the sample report given below, 
Cable8 is a three-phase, one-conductor AC cable with one conductor per phase, which results in three 
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individual one-conductor cables. In the report, individual cables are identified with a specific suffix, such 
as 1A, 1B, and 1C, to identify its phase and location. The suffix attached is the same as the one displayed 
in the Underground Raceway View. 


Analysis Results (RW1) 


Conductor Energized Rde @ Dielectric Conductor 
per Conductor Final Temp. Losses Losses Current Temp. 
No. CableID Condu t/Lo cation ID Cable  perCable wObarh Waowvt ¥e ¥s Wot Amp *e 
! Cobled-14 Coodl ! 1 26 25 0175 0033 0 008 1485 23400 £0 39 
2 Coblc8-15 Coodl ' i 2S o175 0033 0008 1485 23400 £0 39 
3 Cobles-1C Coodl ! 1 26 25 0175 0033 0 008 1485 23400 £0 39 
4 Cobici-l4 Cood? ' 1 80 G5 ol? ooos ooo? 1 908 isc a0 9135 
$ Coblet-13 Cood? ' 1 20 Gs oii? ooo 0 a0% | gz 136 00 9135 
6 Cobleo-1c Cood? ' 1 80 Gs ol? ooos Oo 002 1 908 Isc 00 9135 
? Coble? Coods 3 3 27 4e 00s? ood oad? 7039 280 47 9438 
& CaobleS-1c Coodd ' 1 co 4! oov Oo 006 Oo 002 0370 78 00 7298 
| CobleS-15 Coodd ! 1 co 4! ooz0 Oo o06 0 a2 0370 78 00 7298 
lo Cobles-l4 Coodd ! 1 co 4! oovd Oo 006 0 a0? 0370 7200 7298 
W Coblicl-la Coods ' 1 102 G? O12? oo02 ood! o 909 9400 sla 
2 Cobicl-18 Coods ' 1 102 6? 0127 ooo? ooo oO 909 9400 83 10 
13 Cobicl-ic Coods ' 1 102 6? O12? o 00% oad! o 909 9400 sla 
4 Cobles-l4 Coods | i} 198 70 0 086 ao a00 oat 0439 47 00 8248 
1s Cobie3-15 Coods ! 1 198 70 0086 ooo oad! 0439 47 00 248 
IG Coble3-1C Coods ! 1 198 70 0086 ooo oad! 0439 47 00 2248 
17 Cobled-lA Coodo ! 1 3089 ool? ool ood O138 GO Go 76 SE 
18 Cobled-13 CoodG ! 1 30 89 ool? ool oa04 0138 60 GG 76 58 
19 Cobled-1c CoodG ! 1 3089 ool? ool Oo ood 0138 60 Go 706 SE 
20 Cobic?-14 Cood? ' 1 Gi 30 O12? oo03 0 ooo ocd 102 00 2752 
2 Cobicd-15 Coods ' i} Git 0127 0003 oa00 0639 102 00 770 
x Coble9-1c Coodd ! 1 Gl 3s O12? oo0s o ooo ocd 102 00 2978 


VYe- lscememof ACD reamooes rove duc w AC currcoahio ood groximuy cffece 


Ya - locremeotof A COC reaitooes roue ducioe losses of cueulouoo ood eddy curnco. cffecrio abreld, abcouwb ood omar 


Ampacity Calculation 

The ampacity calculation results are reported in the same format as the steady-state temperature 
calculation, the only difference being that the cable current value reported is the cable maximum 
allowable load instead of the actual cable load current. 


Cable Sizing Calculation 

The cable sizing calculation results are reported in the same format as the steady-state temperature 
calculation, the only difference being that the cable size reported is the smallest cable size that can carry 
the specified load current without violating the cable temperature limit. 


Transient Temperature Calculation 

The results of the transient temperature calculation are represented in both Crystal Report and plot 
formats. The Crystal Report has the same format as the report generated by the steady-state temperature 
calculation. The current printed is the final current value at end of the simulation. As the cable 
temperature varies with time, the temperature values reported is the highest temperature value during the 
simulation period. 


ETAP 47-88 ETAP 19.0 User Guide 


Underground Raceway Systems Output Reports 


The temperature plots can be viewed by clicking on the View Cable Temperature Plots button on the 
Cable Derating toolbar. The Printing and Plotting Chapter describes features that will be helpful in 
viewing the plot. 
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Summary Page 


This page summarizes calculation results for each individual cable, including cable location, size, current, 
and temperature. For the Transient Temperature calculation, the current printed is the final current value 
and the temperature is the highest temperature value during the simulation period. 


Summary (RW1) 


Current Temp. 


No. Cab le ID Conduit/LocationID Size Amp *C 
1 Cabkel-14 Conds 40 94.00 76.38 
2 Cabk1-1B Conds 40 94.00 76.38 
3 Cabk1-1C Cond5 4 94.00 76.38 
4 Cable2 Cond3 750 286.06 83.35# 
5 Cable3-14 Cond5 2 47.00 75.97 
6 Cabk3-1B Cond5 2 47.00 F577 
ie Cabk3-1C Cond5 2 47.00 F577 
8 Cable4-14 Cond6 350 60.66 72.25 
9 Cabke4-1B Cond6 350 60.66 72.25 
10) - Cable4-10 Cond6 350 60.66 72.25 
ll Cabke5-1C Cond6 40 78.00 72.69 
12 Cabk5-1B Cond6 40 78.00 72.69 
13 Cablke5-14 Condé 40 73.00 72.69 
14 Cabk6-14 Cond2 30 156.00 87.43# 
15 Cabk6-1B Cond2 30 156.00 87.434 
16 Cabk6-1C Cond2 30 156.00 87.434 
1? = Cabhe3-14 Condl 500 234.00 77.99 
18 Cabk8-1B Condl 500 234.00 77.99 
19 Cabk8-1C Condl 500 234.00 77.99 
20 © Cabk9-14 Cond? 40 102.00 73.40 
21 Cable9-1B Conds 4 102.00 72.86 
22 Cable9-1C Condd 40 102.00 75.06 


F Indicates fixed cable size m cable sinmg calculations orfixed cable ampacity m uniform ampacity calculation 
wm Indicates a cable temperature exceeding its lmit 
# Indicates a cable temperature exceeding its margmal lmit 
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47.14 Plots 


Click on the Plot icon to open the Cable Selection dialog box, which contains all the cables in the raceway 
system. Clicking on a cable will select the cable for plotting its temperature. If a cable is already selected, 
clicking on it again will deselect that cable. Clicking the OK button will open the Plot View, which will 
display the transient temperature for the selected cables. 


The Cable Selection dialog box displays the cable ID along with the conduit/location ID in which the 
cables are located and the raceway ID. 


Note: You can have more than one raceway in a U/G system, and the same cable can be placed in more 
than one raceway. 


Cable Selection |pemne-Srom| 
Raceway ID Conduit/Location ID Cable ID =| 
Rw Cond1 Cable8-14, 

Rw’ Cond1 Cable8-1B 

Rw’ Cond1 Cable8-1C 

Aw Cond2 Cable6-14 = 
Rw’ Cond2 Cable6-1B 

Rw’ Cond2 Cable6-1C 

Rw’ Cond3 Cable2 

Rw’ Cond5 Cable1-14, 

Rw Cond5 Cable1-1B 

Rw’ Cond5 Cable1-1C 

Rw Cond5 Cable3-14, 

Rw’ Cond5 Cable3-1B 

Rw Cond5 Cable3-1C + 
<4 ue > 


Cancel 


Temperatures for up to sixteen cables can be displayed in one plot. If more than sixteen cables are 
selected, the temperature for the first sixteen cables will be displayed in the plot. The Cable Transient 
Temperature plot indicates temperatures of selected cables as functions of time. You can change the size 
and font of the text (labels) by double-clicking on the labels. You can also change the type and color of 
plots (curves) by double-clicking on them. For more details, refer to Printing and Plotting. 
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Cable Transient Temperature 


Temperature in °C 


Time ia Hour 


Plots, which are generated as a result of transient temperature calculations, can be printed by any printer 
supported by your Windows platform. To print a plot, display the plot view, make formatting 
modifications, if required, and select the Print command from the File menu. You may have several plot 
views displayed on your screen; however, only one plot can be active at any time. The printed plot size is 
currently set to the size of the paper on which it is being printed. 


Modifying Plot Parameters 


Plot parameters such as plot line type, axis, legend, and text can be modified directly from the plot view. 
For example, to modify plot line type, double-click on the plot line and change the line type from the Plot 
Parameter Editor. For more details see the chapter on Printing and Plotting. 
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47.15 Tutorial 


This tutorial provides a brief overview of the operation of the Underground Raceway System (UGS). 
Once you finish this tutorial, you will be familiar with some the key features and capabilities of the 
program and the various options available for performing cable derating analysis. 


Cable derating analysis is an important part of power system design and analysis. For designing a new 
system, it determines the proper size of cables to carry the specified loads. For analysis of an existing 
system, it examines cable temperatures and determines their ampacities. 


Launching ETAP and Opening the Example Project 
Start the ETAP program by double-clicking on the icon. 


om 


ETAP organizes your work on a project basis. Each project provides all the necessary tools and support 
for modeling and analyzing an electrical power system. A project consists of an electrical system that 
requires a unique set of electrical components and interconnections. In ETAP, each project provides a set 
of users, user access controls, and a separate database in which its elements and connectivity data are 
stored. 


Follow these simple steps to open the EXAMPLE project file. 


Enter your User Name in the Logon Editor and select the Project Editor option in the Select Access 
Level Editor. 


ETAP Logon 
Project File 
Name EX&MPLE-ANSI 
Path C:\ETAPSExample-ANSI 
User 
Name OT 


| ETAP License Wizard ... | 


| Help | | Canoe 
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Select Access Level 


Project File Name EXA4MPLE-ANSI 


User Name OoTl 


Access Level 
Administrator 


@ Project Editor © Browser 

© Base Editor ©) Librarian 
© Revision Editor © Controller 
© Checker ©) Operator 


The Example project includes a one-line diagram of an electrical system. Notice the UGS1 view located 
behind the Study View. Click on the UGS1 view to bring it to the foreground or click on the UGS button 
on the System toolbar. 


EE) Bh | | 5 O8 |x? | @ [Reena vented =} | 
Nome) 
er se 


ag 


Syn] Motor, 1250 HP 
Load Model ~ Centr. Comp 


Inertia = 0.799 MW-SeoMVA 
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47.15.1 Cross-Section Diagrams and Editors 

ETAP provides a fully graphical Underground (U/G) Raceway System. Each ETAP project supports a 
unique U/G raceway system with multiple views of the U/G system. Each view is conceptually a cross- 
section of the desired raceways and heat sources that are in the same vicinity. 


of 
g 


bal cai 


Notice the toolbars on the top and the right-hand side of the U/G raceway cross-section view. 
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Editors 


a Double-click on the raceway RW1 and view the Raceway Editor. This editor includes 
Raceway, Location, and Cable information. Flip through the pages and familiarize yourself 
with the Raceway Editor. 


i) Note: The Help button is available on each page of all editors. 


he) I) | [come] 


Click on OK and close the editor. 


Double-click on the underground system (soil) and view Underground System Editor. This editor 
provides details regarding the overall layout of underground raceways, which includes global 
properties such as soil type and temperature. 


Click on OK and close the editor. 


Double-click on the External Heat Source. External heat sources can be placed in underground 
raceway systems to simulate steam pipes or other sources of heat in the vicinity of raceways. 


ETAP 47-96 ETAP 19.0 User Guide 


Underground Raceway Systems Tutorial 


LEW oe, 4: External Heat Source - Steam Pipe = 


wo 
o 


. 


ee 48 


. 

* ¢ + & & & 
+ + 
* 


‘ 
, 
* 
* 

Pear ney Greer ta te ae ei aa as ID Steam Pipe 

ws ees $e 
* 
: 
3 
: 


+ + e 8 * * 


* + + & e 6 
+ 


. 
. 


hee 6 OR ee 
fam Oy 2 el ee 
* 


* 
* 
* 
+ 
+ 
* 
* 
+ 
+ 


Outside Diameter 6 inch 


> 
+ 
+ 
+ 
+ 
+ 


+ 
* 


>) ee 
+ 
* 
* 
+ 
* 


Operating Temp. 80 4B 


+ 
. 
* 
+ 
* 
. 
* 
+ 
* 
+ 
+ 
cers 
* 
ere ts 


} 
} 

3 
ee |Blex “5 (0 ene 


he ee Ae ie Oe 
+ + # 4 


47.15.2 Menu Bars and Toolbars 


ETAP Menu Bar 


 UGS1 (Calculation Mode) - ETAP 14.0.0 (64-bit) 


File Edit View Project Library Warehouse Rules Defaults RevControl Window Help 


The ETAP Menu Bar contains a comprehensive collection of menu options. 


This menu bar is displayed when a UGS view is active. The ETAP menu bar contains a list of menu 
options which, when an option is selected, activates a drop-down list of commands. Some of the menu 
options also activate an additional list of menus (an arrow pointing to the right denotes an additional 
menu). For example, select Project, Settings, and Data Type. 


Project Toolbar 
Project Toolbar 


toe SS s2H8QQaQask oa BERR & AA O 


The Project toolbar contains icons that allow you to perform shortcuts of many commonly used functions 
in ETAP. 


Mode Toolbar 


Underground raceway system has two modes of operation: Edit and U/G Cable Raceway. 


Edit Mode 


Edit Mode allows you to create a cross-section view of your underground raceway system. 


li Click on the Edit Mode of the UGS Mode toolbar. 
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To add elements to the UGS view you click on the elements on the Edit toolbar and add it to the 
UGS view. 


Lets start by adding a New Duct Bank Raceway to the UGS view. Then add two New Conduits to 
the raceway. 


Resize a conduit as follows: 


e Click once on one of the conduits so it is selected. 

e Then move your cursor to one corner of the selection box. A double-end arrow appears. 
e—_ Left-click, hold, and drag the cursor. 

e Release the cursor when the desired conduit size is reached. 


Note: You can also resize a conduit from its editor. 
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Next click on the New Cable icon on the Edit toolbar and add a cable to the conduit. Then 
double-click on the cable cross-section and select a cable from the library. 


e Select different cable sizes and notice how the cross-section size of the cable changes 
accordingly. 

e Click on one conductor and notice the cable phase annotation. 

e Select a conductor and drag it to the second conduit. 
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Study Mode 


Cable Derating Study Mode enables you to create and modify Study Cases, perform system analysis, and 
view Output Reports and plots. 


Click on the U/G Cable Raceway icon on the Mode toolbar to go to the Cable Derating Study 
Mode. Cable Derating Study toolbar and Cable Derating Study Case toolbar are available in the 
Study Mode of operation. 


Mode x) 


|? |e 


Cable Derating Study Toolbar 
When a Study Mode is active (selected), the Study toolbar for the selected study is displayed on the right 
side of the screen. 


Cab Dering eal 
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—; View Plots 
UT Ampacity 
Calc. View Output 
File 
oe aepaety Display 
™ Options 
Steady State Transient 
Temperature Temperature Calc. 


You can run studies, view Output Reports, view plots, and change display options by clicking on the 
buttons on the Study toolbar. 


Cable Derating Study Case Toolbar and Editor 
When ETAP is in Study Mode, the Study Case toolbar appears on the top toolbar. This toolbar contains 
Cable Derating Study Case, Output Report name, and viewer. 


— 


i= SteadyState , Cable 
Edit Study Case View Output Report 


Click on the Edit Study Case icon on the Study Case toolbar. 
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Cable Derating Study Case (eum) 


Study Case ID Multiplication Factor 
cD || Use Application MF 


| Use Growth Factor (GF) 
Methods 


(@) Neher - McGrath 
IEC 60287 


Initial / Steady-State Amp Transient Temp. Study 


(-) Load Profile 


; Max. Time 
(@ Operating Load 


Update Output Step Size 10 


|| Currents from Ampacity Calc. 


|| Size from Cable Sizing Cale. 


= 


The Cable Derating Study Case Editor contains solution control variables, cable loading parameters, 
and options for Output Reports. ETAP allows you to create and save unlimited numbers of Study Cases. 
Cable derating calculations are conducted and reported in accordance with the settings you have specified 
in the Study Case Editor. 


Note: You can have an unlimited number of Study Cases and can easily switch between the Study Cases 
without the trouble of resetting the Study Case options each time. This feature is designed to organize 
your study efforts and save you time. 


Click on OK and close the editor. 
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47.15.3 Exercise 


Let’s do an exercise to get the feel of how UGS works. You learned how to add elements to the UGS 
view earlier in this tutorial. In this exercise you can run a study and study the calculation results. 


Steps 


1. Go to the System Manager and open UGS2 view. This is a working example and you can perform all 
Cable Derating Analyses for learning purposes. 
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This example consists of one Raceway (RW2), six conduits, and six routed cables. There is a steam pipe 
in the close vicinity of this raceway. 


2. Activate UGS2 view by clicking once on the view. The Study toolbar appears on the right-hand side. 


3. Run Steady-State Temperature Analysis by clicking on its icon. 
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4. View the Output Report for the calculated results. 


5. Perform other calculation methods and view the Output Report. 
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Cable Temperature 
Conduit 

Cable Location 
ID ID 
Cable10 Locl 
Cable2 Loc2 
Cable4-1A Loc3 
Cable1-1A Loc4 
Cable8-1A Loc5S 
Cable3-1A Loc6 


(°C) 


Cable Calculated 
— Results 


Temperature 
Ambient 35 “By 


Waming 88 c Temperature 
Warning 


Alarm 30 Cc 
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The accurate prediction of cable pulling force is essential for the design of cable conduit systems. 
Application of this knowledge makes it possible to avoid over-conservative design practices and achieve 


Chapter 48 


Cable Pulling Systems 


substantial capital savings during construction. 


The Cable Pulling (CP) Presentation of ETAP is used to determine the tensions and the sidewall pressures 
a cable is subjected to when pulled into a conduit. The Cable Pulling Module is a fully integrated part of 
ETAP, enabling it to use existing cables within the one-line diagram or the underground cable raceway 
systems. It can account for cables of different sizes with complex pulling path geometry. A point-by-point 
calculation method is performed at every conduit bend and pull point. Both the forward and reverse 


pulling tensions are calculated to determine the preferred direction of pull. 


Some of the main features of the Cable Pulling Module of ETAP are listed below: 


ETAP 48-1 ETAP 19.0 User Guide 


Pull existing one-line diagram cables and/or equipment cables 

Create and pull new cables (cables not contained in the one-line diagram) 

Calculate the pulling tension at every conduit bend and pull point 

Calculate the forward and reverse pulling tensions 

Calculate the maximum tension limited by the sidewall pressure at every conduit bend 
Compare the maximum tension limitations against the calculated pulling tensions 
Calculate the maximum total allowable pulling tension 

Calculate the total length of run (pull) 

Calculate the conduit percent fill 

Check the conduit jamming situation 

Account for the equivalent tension for the cables pulled from the reel 

Allow the segments to have both nonzero slopes and horizontal bends (at the ends of segments) 
Pull Path Geometric View configuration showing segment and bend plots 

Conduit Cross-Section View configuration showing conduit and cable plots 

Display and print 3-D diagram of pulling path geometry 


Cable Pulling Presentation 


48.1 Presentation 


The CP Presentation is composed of three views. They are: 


1) Pull Path Geometric View 
2) Conduit Cross-Section View 
3) 3-D View 


The Pull Path Geometric View allows you to edit the pulling segments/bends of a cable pull. The Conduit 
Cross-Section View is provided primarily to edit the properties of the cables and the conduit (which the 
cables will be pulled into). The 3-D View is a specialized application for the three-dimensional display of 
pulling path geometry. The CP Presentation allows you to graphically arrange cables, segments, and 
bends, for the purpose of providing a physical layout of the conduit system for Cable Pulling Design 
Studies. 


Cable Pulling Systems - CablePulling Revision: Base 


*) lome jiew le v 
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Existing New New Create Edit Calculate Report Options 
Cable Cable Segment New Cable Pull Manager « Print Setup 
s Jutput List Output Report Report Format Display Print 


* |Cable2 


Edit Edit Cable Pull Study Case / Scenario 


Conduit 


% Fill = 30.4 
Conduit Cross-Section View 
Segment Name AB BC cD DE EF 
Length 6 410 170 12 5 
Slope 0 10 7 0 30 
oS C—O 
Bend Location B-B1 cc D-D1 EE1 
Horizontal Angle a 45 0 a 
Bend Radius 3 3 3 3 
Tensions (Ibs) Pull Path Geometric View 
FWD Pull 
REV Pull 
Max. Sidewall 
r 


Each CP Presentation depicts a different conduit and cable arrangement. You can create an unlimited 
number of CP Presentations, where each presentation acts independently. As with the other elements in 
ETAP, the CP Presentation supports all of the Base/Data Revisions with checker capability. The active 
revision is controlled from the main ETAP window. 
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48.2 Cable Pulling System Editor 


Cable Pulling System editor uses the modern ribbon bar user interface. To launch the editor, user may 
click the Cable Pulling System icon on the ETAP System toolbar. Cable Pulling System editor ribbon bar 
layout includes four main tabs: File, Home, View and Help. 
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Cable Pulling 
Systems Icon 


Cable Pulling System Editor 
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Ground Grid Systems Ground Grid Editor File Tab 


48.2.1 File Tab 


The File tab is the first of four tabs displayed as a triangular symbol. This tab includes five function 
buttons. 


Cable Pulling Systems - CablePulling Revision: Base 


Save poze: ‘ Ge 
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Existing New New Create Edit Calculate Alert Report Options 
Cable Cable Segment New Cable Pull Manager a Print Setup 


» Print Setup Edit Cable Pull Study Case / Scenario Run Study Output List Output Reports Report Format Display Print 
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Save 
Click on the Save button to save the active cable pulling model. 


Print 
Click on the Print button to print out the current 3-D View. 


Print Setup 
Click on the Print Setup button to change the printer and printing settings. 


Print Preview 


Place the mouse into the 3-D view and click the view itself. Click on the Print Preview button to generate 
the preview for current cable pulling 3-D view. 


Exit 
Click on the Exit button to quit the cable pulling model with the prompts to save project. 
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48.2.2 Home Tab 
The cable pulling editor Home tab is one of four ETAP tabs including function buttons to edit, perform, 


report and print the calculation. 


Home [VOUS ° 


di Save ii = w S A Study Case List Hie) ! [- id = z id ies >| @ - 
cPL -| =e - —) 
New 


Existing New Create Edit Calculate Alert Report Options 
Cable Cable Segment New Cable Pull Manager @ Print Setup 


Edit Edit Cable Pull Study Case / Scenario Run Study Output List Output Reports Report Format Display Print 


Save 
Click on the Save button to save the active cable pulling model. 


Cut 
Click on the button to cut the selected editable field and put it on the clipboard. 


Copy 
Click on the button to copy the selected editable field and put it on the clipboard. 


Paste 
Click on the button to insert the clipboard contents. 


Existing Cable 


Click on the Existing Cable button to place a cable from the one-line diagram or the underground 
raceway system inside the Conduit Cross-Section View. After a cable is dropped inside the conduit, a 
dialog box will be displayed. Using this dialog box, you can select a cable from the list of cables that exist 
in the one-line diagram or the underground raceway system. 


Cable 


D | ns ~ 


Help Cancel | 


New Cable 


Click on the New Cable button to create a new cable that will appear only in the cable pulling system. 
This will enable you to place it in the Conduit Cross-Section View. For more information on new cables, 
see CP Cable Editor. 


New Segment 


Click on the New Segment button to automatically add a new segment and bend to the Pull Path 
Geometric View. For more information on segments/bends, see Pull Path Geometric View. 


Create New 
Click on the Create New button to add a new cable pulling study case and launch study case editor. 
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Edit 
Click on the Edit button to modify the study case selected from the Study Case List. 


Calculate Cable Pull 


Select a Study Case from the Study Case list. (See Study Case Editor for details.) Click on the Calc 
Cable Pull button to perform the point-by-point calculation at every conduit bend and pull point. Both the 
forward and reverse pulling tensions are calculated. The Cable Pulling study results will appear in the Pull 
Path Geometric View and can be viewed in Output Report tabulated formats. 


Display Alert 


Click on the Display Alert button to view the alarms and warnings for the Cable Pulling calculation. See 
Cable Pulling Analysis for additional details. 


Report Manager 


Click on Report Manager button to open the Cable Pulling Report Manager Dialog box. From here you 
can select a variety of pre-formatted Output Reports to review. The Report Manager provides five formats 
for report text. They are Crystal Reports™ format Viewer, PDF format, MS Word format, Rich Text 
format and MS Excel format. Select a report type and click the OK button to display the Output Report. 
Please refer to Output Reports section for details. 


Cable Pulling Report Manager |p Sr 


(* Viewer 

{ PDF 

{ MS Word 

( Rich Text Format 
( MS Excel 


CP-Report1 
Path 


C:\ETAP1100\Example-ANS! 


Ec ea 


Note: Output reports can also be selected from the dropdown list of Report Format. 
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List Output Report 

Click this dropdown list to list all ETAP output reports. From this drop-down list, all previously created 
output reports can be previewed. If “Prompt” is selected, it will be asked to provide a report file name 
when the “Calc Cable Pull” button is pushed. 


By pushing the button in front of the dropdown list, the Windows Explorer will allow users to select an 
output report database and inspect the data in the tables. 


Note that if the Cable Pulling System window is not maximized, the output report file names are listed in 


a sub list inside of the ales cea list as shown below. 
(hs an ! = 
= 


Calculate Alert Report ListOutput Report Options Print 


Cable Pull Manager Reportsy Formatyr 
Run Study Output Display 
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View Output Report 

Click this dropdown list to display the contents of the current output file selected in the “List Output 
Reports”. Report Format list allows users to browse, view and print pre-formatted report. By pushing the 
button in the front of the list, the selected formatted report in the list will be open. Please refer to Output 
Reports section for details. 


Display Options 


Click on the Display Options button to change the appearance of the Conduit Cross-Section View. Please 
refer to Cable Pulling Display Options section for details. 
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= 
Display Options 


info | 


Print 
Click on the Print button to print out the current active 3-D View. 


Print Setup 


Click on the Print Setup button to change the printer and printing settings. 


Print Preview 


Place the mouse into the 3-D view and click. Click on the Print Preview button to generate the preview 
for current cable pulling 3-D view. 


Zoom In 
This button is only valid when Print Preview is active. Click on the button to zoom in the Print Preview. 


Zoom Out 
This button is only valid when Print Preview is active. Click on the button to zoom out the Print Preview. 


Close 


This button is only valid when Print Preview is active. Click on the button to close the Print Preview and 
return to the cable pulling presentation. 
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48.2.3 View Tab 
The cable pulling editor View tab is one of the four ETAP tabs including the checkbox to display/hide the 


cable pulling status bar. 
A Home View Help 8 


\V] Status Bar 


Toolbars 


Status bar 
Check this box to show the status bar at the bottom of Cable Pulling System editor. 
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48.2.4 Help Tab 


The cable pulling editor Help tab is one of four ETAP default tabs including help file and software 
information. 


’ Home View Help 8 


® @ 


Help About Cable 
Topics Pulling 


Help Topics 
Click on the button to launch the ETAP help file. 


About Cable Pulling 


Click on the button to display software name, version number, copyright and other information. 
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48.3 Study Case Editor 


The CP Study Case Editor contains the tolerances for cable weight and diameter, 3-cable configuration 
and the equivalent length of cable for pulling off the reel. ETAP allows you to create and save an 
unlimited number of Study Cases for each type of study. Just like all other ETAP study types, you can 
easily switch between different CP Study Cases. This feature is designed to organize your study efforts 
and save you time. 


To create a new CP Study Case, go to the Study Case menu in the CP Presentation window, and select 
Create New to open the CP Study Case Editor, which is a copy of the default Study Case. The new Study 
Case will be added to the navigator inside the Study Case Editor. 


Max. Allowable Tension 
Reduction Factor 


RF-123 0 % 


RF-1/C 20 % 
RF-3/C 40 % 


ses} | oe) me 


Study Case ID 


The Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering a new ID. A Study Case ID can be up to 25 alphanumeric characters long. Use the navigator 
button at the bottom of the editor to go from one Study Case to another. 


Alert 
Check this box to automatically show the result window for Summary and Warnings. 
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Cable Tolerance 


In this group, you can enter the tolerances for cable weight and diameter in percent (%). It is 
recommended to perform multiple studies with positive, negative and zero tolerance and select the most 
conservative one as the final result. 


Weight 
The CP calculation will increase the cable weight by the tolerance value specified here. You may enter a 
value ranging from negative 20% to 20%. The default value is 5%. 


Outside Diameter 
The CP calculation will increase the cable diameter by the tolerance value specified here. You may enter 
a value ranging from negative 20% to 20%. The default value is 5%. 


3/C Cable Configuration 


You can specify the configuration type for 3/C (three conductor) cables in the conduit in this group. The 
cradled configuration usually occurs when the cable ratio D/d >= 3, while the triangular configuration 
normally occurs for D/d <= 2.51. D/d is the conduit to cable ratio, or the ratio of the internal diameter of 
the conduit to the cable diameter. When D/d is between 2.51 and 3.0, the cables can have either of these 
two formations. The CP Presentation provides the cradled/triangular option feature so that you can 
simulate either formation, particularly for this range. You may however, specify either configuration, for 
any cable ratio in order to find out the maximum possible cable tension. Ratios between 2.74 and 2.95 are 
best avoided however, to prevent jamming. 


Cradled 
Check this button to use a cradled cable configuration. 


Triangular 
Check this button to use a triangular cable configuration. 


Max. Allowable Tension 


You can specify the Reduction Factors for computing pulling tension limits in this group. In case of a 
multiple-conductor cable, the entered permissible maximum pulling tension (in Ibs/kcmil or kg/mm’) is 
for each conductor. In the Cable Pulling calculation, the cable permissible maximum pulling tension will 
be computed by multiplying this value by the number of conductors. Please refer to Calculation Method 
section for their usage. 


RF-123 
Enter the reduction factor in %, for the cables whose number is less than or equal to 3. 


RF-1/C 
Enter the reduction factor in %, for the single-core cables whose number is greater than 3. 


RF-3/C 
Enter the reduction factor in %, for the multiple-core cables whose number is greater than 3. 


Reel to Conduit 


Enter the equivalent length of cable for pulling off the reel in ft/m. This length and corresponding friction 
force will be considered in the cable pulling calculation. The friction factor used for Reel to Conduit 
segment is the same value as the cable segments in conduit. 
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Pulling Method 
The default method by which the cable is pulled is the Pulling Eye Method. In current ETAP releases, 
Pulling Eye method is the only available Pulling Method. 
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48.4 Create a New Presentation 


There are two methods of creating new CP presentations. The first method of creating a new CP 
Presentation is to go to the System Manager, right-click on the Cable Pulling Systems folder, and select 
Create New. Double-click on the new button that appears to open the graphical user interface window 
with a new CP Presentation. When a new ETAP project is created, a default CP Presentation does not 
exist. 
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The second method is to switch back to the main ETAP application window and click on create new 
presentation as shown below. 
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The unit system for a new CP Presentation is determined by the project file settings. That is, when a new 
CP Presentation is created, its default unit is that of the project from which it was created. Once a 
Presentation has been created, its unit system is fixed. 
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48.5 Cable Pull Editor 


The Cable Pull Editor can be accessed from the System Manager by right-clicking on the Cable Pulling 
presentation and selecting properties from the appearing menu. 
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48.5.1 Info Page 


CablePull Editor - CablePulling |p 
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ID 


Enter the ID for your cable pulling presentation using a maximum of 25 alphanumeric characters. 


Cable Pulling Presentation Button 


Press this button to open the cable pulling presentation. In this presentation, you will be able to design 
your cable pulling system. 
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48.5.2 Remarks Page 


CablePull Editor - CablePulling (eS 


[info | Remarks | Comment | 


User Defined Info Drawing / Diagram 
Eq. Ref. 0 


One-Line 
Last Maint. 


Next Maint. Reference 


Tests Reg. 


UD Field A5 


UD Field A6 


UD Field A7 
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User-Defined Info 


These fields allow you to keep track of additional data associated with this component. The names of the 
User-Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to five digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 


This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 


This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, using up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element in this field, using up to 25 alphanumeric characters. 


Purchasing Date 
Enter the date of purchase for this element in this field, using up to 8 alphanumeric characters. 
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48.5.3 Comment Page 


CablePull Editor - CablePulling |e 


BES W Genin >) ae 


Enter any additional data or comments regarding condition, maintenance, tests, or studies associated with 
this element. This field can be up to 64KB with a default size of 4KB. To increase the size of this field, 
refer to the entries in the ETAPS.INI file. When entering information in the page, use Ctrl+Enter to start a 
new paragraph. Standard key combinations such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, 
and paste information. 
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48.6 Pull Path Geometric View 


Using the Pull Path Geometric View, you can specify the names, lengths, and slopes for straight 
segments, and specify the location ID’s, horizontal angle changes, and radii for conduit bends. 


The Pull Path Geometric View is the template for the geometry through which the pulled cable will travel. 


Sacto TOS a ro [DE Yr | 

Lentth [ 6 [410 [170 [12 [5 

“ = [40 ~ [7 _| a [30 E 
—O————————————————— SS ID 

Bend Location B-B1 C1 D-D1 E-E1 


Horizontal Angle a 45 0 0 
Bend Radius 3 3 3 3 


< Ul r 


48.6.1 Input Data 


Any pull path geometry segment can have both different slopes and horizontal bend angles. This means 
that there are absolutely no limitations on the pull path geometry. 


Straight Segment 


In this group, you can specify the names, lengths, and slopes for straight segments. 


Segment Name 
Enter the name of the conduit segment in this field, using up to 25 alphanumeric characters. Each conduit 
is made up of a user-defined number of segments. 


Length 
Specifies the length of each straight conduit segment in ft/m. The total length of the conduit is comprised 
of the sum of the segment lengths, as well as the bend lengths. 


LA = Length of Segment A 
LB = Length of Segment B 


LAB = Length of Bend 


Total Conduit Length = LA + LAB + LB 


The length of a bend between two segments is calculated by ETAP, based on the bend radius and 
horizontal bend angle between the two segments. 
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Slope 
The slope refers to the angle deviation from the horizontal in degrees. This angle is measured from the 
horizontal plane, having possible values between -90 and 90 degrees. 


Note: An uphill (+) slope will increase the forward pulling tension due to the effects of gravity. The 
reverse is true for downhill (-) slopes. 


Cable 


Slope Angle 
Honzontal Plane 


ID 
The starting location and ending location name can be entered in these fields. 


Bend Segment 


In this group, you can specify the location names, horizontal angle changes, and radii for bend segments. 


Bend Location 
Enter the name of the location where each bend occurs, using up to 25 alphanumeric characters. 


Horizontal Angle 

This is the turning or bending angle of the conduit at each bend in degrees. The angle is measured in the 
horizontal plane, from the original cable direction. The possible values for this angle are between -90 and 
90 degrees. 


segment B 


Honzontal Angle 


segmentA Continued Path 


44 of Segment A 


Bend Radius 
The individual bend radius of each conduit bend in ft/m. 
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48.6.2 Modifying the Pull Path Geometry 


Select Segment 


To select an existing segment in the Pull Path Geometric View, click on the segment button, and the 
selected segment will turn blue. The properties of each segment appear in the fields directly above the 
segment, and can be modified there. 


Note: Every bend in the conduit is attached to the segment that appears immediately to the right of the 
bend in the Pull Path Geometric View. The properties of each bend are listed directly below the bend, and 
can be modified there. 


Add Segment 
Using the Cable Pulling toolbar, you can add new segments by clicking on the New Segment button. If a 
segment is not selected (selected segments are blue in color) in the Pull Path Geometric View, new 
segments will be placed at the end of the pull path. New segments are placed immediately to the left of a 
selected segment. 


Delete Segment 


To delete a segment, click on the segment to select it, and then press Delete button on keyboard. The 
segment properties, including the bend segment immediately to its left, will be permanently deleted. 
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48.6.3 Creating a Pull Path 


Creating a pull path using the Pull Path Geometry View is simple. Here is an example of a simple pull 
path. 


Start Bend = 20° 


a 


F—$2= 39 = 
View From Side View From Above 


The geometry for the pull path can be outlined in the Pull Path Geometric View. Begin with a new (one 
segment) path, and add three more. Then add the segment and bend data until the Pull Path Geometric 
View appears as below. These two methods of presenting the pull path are equivalent. 


SegmentName [ 51 [$2 [$3 [ s4 
Length [15 [33 [45 [ 7 | 
Slope [90 [o. [32 J 30 
| Sa Ss, 
Bend Location [Bi [ B2 [ 63 
Horizontal Angle [oo [20 | gq | 
Bend Radius [10 [ a | [3 


< i | b 


mW 


Horizontal bend angle in degrees between two consecutive straight segments 
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48.7 Conduit Cross-Section View 


The Conduit Cross-Section View allows you to select conduit and cable characteristics for a Cable 
Pulling Study. New cables, as well as cables existing in the one-line diagram to be pulled can be added 
here. 


Conduit 


% Fill = 30.4 


48.7.1 Conduit 


The single conduit displayed in the Conduit Cross-Section View is the conduit that will be used for 
pulling calculations. 


Conduit Editor 


Double-click any location inside the conduit in the Conduit Cross-Section View to bring up the Conduit 
Editor from which you can specify ID, type, size, diameter, thickness, and friction factors of the conduit. 


Conduit [nem 
Info 


Ty Conduit] 
Type [OTHER | 


Dimension 


Size oD Thickness 


Friction Factor 
Segments Bends 


ee ee 


vedo | Hep | [0K || cance | 
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Info 


ID 
Enter the conduit name in this field, using up to 25 alphanumeric characters. 


Type 
Select the type of conduit material from the pull-down list. The type of material selected will affect the 
outside diameter (OD) and thickness of the conduit. Material types are listed below: 


DB (Direct Burial) 

EB (Encasement Burial) 
Fiber 

Transite 

PVC 

Other 


Dimension 


In this group, you can specify the trade size, outside diameter, and thickness of the conduit. 


Size 
Select the Conduit trade (nominal) size in inch, or enter a trade size in inch/cm. If the Size is entered by 
the user, then the Conduit OD and Conduit Thickness needs to be verified and adjusted manually, if 
needed. Note that it is always suggested, to verify that the correct Conduit OD and Conduit Thickness are 
used. 


OD 
Enter the conduit outside diameter inch/cm in this field. This measurement can be adjusted independently 
of the nominal size and thickness. 


Thickness 
Enter the thickness of conduit in inch/cm in this field. This measurement can be adjusted independently of 
the nominal size and OD. 


Friction Factor 
In this group, you can specify the friction factors for straight segments and bends of conduit. 


Segments 
Enter the friction factor for straight segments of conduit, in percent. The following is a table of typical 
friction factor values for straight segments with adequate lubrication. 


Cable Exterior Conduit Type 
Material PVC Metallic Fiber Transite Concrete 
Rubber 0.30 0.30 0.35 0.40 0.50 
Lead 0.20 0.35 0.40 0.45 0.60 
PVC 0.15 0.35 ---- ---- ---- 
Polyethylene 0.13 0.20 ---- ---- ---- 
Braid 0.13 0.30 0.35 0.40 0.50 
Neoprene 0.13 0.35 0.40 0.45 0.50 
Skidwire ---- 0.173 ---- ---- ---- 
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Bends 


Enter the friction factor for conduit bends, as in percentage. This entry is provided for the cases where 
different conduit materials are used for bends and straight segments. 


% Fill 
This field displays the fill percentage of the conduit. 


48.7.2 Cables 


No limit is placed on the number of cables that can be placed in a conduit in the Conduit Cross-Section 
View. However, you cannot run a Cable Pulling calculation unless the cable(s) fit in the conduit. 


Existing Cable 


Select Existing Cable from the Cable Pulling toolbar. Click anywhere inside the conduit in the Conduit 
Cross-Section View to place the cable. A prompt window will appear, with a drop-down menu containing 
the cables that are present in the one-line diagram and U/G Raceways. Select the cable to be pulled, and 
click OK. The engineering properties of the cable as they appear in the one-line diagram or U/G Raceway 
will automatically be transferred to the CP Presentation. To change these properties, return to the one-line 
diagram or U/G Raceway and modify them. 


Cable Pulling Systems - CablePulling Revision: Base 


L B Eait te : [ 
Study Case List aS . 


ic Prompt > be 2 
ga 
Existing | New New Create ;— Calculate Report Report Options Print 
Cable |Cable Segment New CPL ~ | Cable Pull Manager Format+ ’ 
Study Case / Scenario Run Study Output List Output Reports Display 
a 
+ Conduit 


4 


Cable10 liv 
BC Cablei0 - 


Segment Name AB 


Bend Location B-B1 C1 D-D1 E-E1 

Horizontal Angle 0 45 it) it) 

Bend Radius 3 3 3 3 
Tensions (Ibs) 
FwiD Pull 
REV Pull 

! 

Max. Sidewall 


« m » 
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New Cable 


Select New Cable from the Cable Pulling toolbar. Click anywhere inside the conduit in the Conduit 
Cross-Section View to place the cable. A new cable will have no ties to the one-line diagram; its 
properties can be modified directly from the CP Presentation, by means of the CP Cable Editor. 


Cable Pulling Systems - CablePulling Revision: Base 


Edit , =) [7 S 
@ tai s 4 ! : id Prompt ¥ 3 
Study Case List = . 


New Create -— Calculate Report Report Options Print 
New CPL ~ Cable Pull Manager Format* ’ 


View Help 


Existing 
Cable 


Edit Stu 


Scenario Run Study Output List Output Reports Display 


a 


Conduit 


Segment Name AB BC cD DE EF 


Length 6 410 170 12 5 


Slope -90 10 7 0 90 


[8 gs, FC 


Bend Location B-B1 C1 D-D1 E-E1 


Horizontal Angle 0 45 it) it) 


Bend Radius 3 3 3 3 
Tensions [Ibs] 


FWD Pull =a == =a 


REV Pull | | 


Max. Sidewall 


CP Cable Editor 


Double-click on a cable in the Conduit Cross-Section View to open the CP Cable Editor from which you 
can specify the characteristics of the cable. 
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48.7.3 Info Page 


The Info page is where you enter a cable ID, application type, connection type, length, and whether or not 
the cable is to be included in the pulling calculation on this page. 


Cable |S 


15kV vc OCU [2/0 AWG/kcmil 


Cable 10 
ID =| 0 => ~ Not i 


Info 
Enter cable name and application type in this section. 


ID 
Enter a unique ID with up to 25 alphanumeric characters in this field. 


Cable 

Select the cable application type. Choose from Power, Control, or Ground from the pull-down list. 

e For Ground Conductor, ETAP places one conductor in the conduit. 

e For 3-phase Power cables the program places 3 1/C Conductors or 1 3/C conductor. 

e For Power cables, 1-phase the program places 2 1/C (Forward and return) conductors or 1 3/C 
conductor (forward, return, and a spare). 


Not included 
Check this box to ignore the selected cable in the Cable Pulling calculation. 
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Connection 
Click on the appropriate button to specify the connection Phase type of the cable in this group. 


3 Phase 
Check this box to choose a 3-phase cable. 


1 Phase 
Check this box to choose a single-phase cable. 


Equipment 


FDR Tag 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Units 


Length 
Enter the length of the cable and select the unit from the pull-down list. 


# /Phase 


Enter the number of conductors per phase, i.e., if 2-3/C cables or 6-1/C cables are used, then the number 
of conductors per phase is equal to two 
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48.7.4 Physical Page 


You can specify the engineering properties of the cable on this page. 


Cable |S 


Size 


15kV 1 cu [2/0 AWG/kcmil 
) |-Max. Tension ——— 
Pull [8 lbs/kemil 


Sidewall |400 lbsAt 


Cable OD |1.09 


Jacket Type [pvc v 


mee Sh fe | CY ne 


Dimensions 


Size 
Select the cable size in AWG/kcmil or mm? from the dropdown list. 


kV 
Enter the nominal kV of the cable in this field. 


# of C/C 
Enter the number of conductors per cable in this field. 


Cable OD 
Enter the cable outside diameter inch/cm in this field. 


Jacket Type 
Select the jacket type from the dropdown list. 
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Max. Tension 


Users can specify the maximum allowable pulling tension and sidewall pressure in this section. 


Pull 
Enter the maximum allowable total tension in kg/mm” or lbs/kcmil in this field. 


Sidewall 
Enter the maximum allowable sidewall pressure in kg/m or |bs/ft in this field. 


Weight 
Enter the cable weight in kg/km or lbs/1000ft. The weight will be adjusted for calculation conservatism 
by the tolerance value specified in the Study Case Editor. 
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48.8 3-D View 


The 3-D View is a three-dimensional, graphical summary of the data entered in the Pull Path Geometry 
View. This view can be rotated 360 degrees around the vertical axis, and can be rotated around a 
horizontal axis slightly for better perspective. The 3-D View is a graphical aid only, allowing the pull path 
to be interpreted spatially. If a segment is selected from the Pull Path Geometric View, it will be 
displayed in red in the 3-D View. 


The 3-D View can also be plotted using a logarithmic scale, where each segment length shows as the log 
of its actual length. Click on the display options button on the Cable Pulling toolbar to toggle between 
Linear and Log scale. 


The segments displayed in the 3-D can be color coded to visibly show the changes in orientation of the 
conduit. Right-click on the 3-D view and select customize dialog for customizing the 3-D view. 
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48.9 Cable Pulling Analysis 


To calculate the pulling tensions for an active configuration, click on the Calc Cable Pull button on the 
Cable Pulling toolbar. The results of the calculation are displayed in the Pull Path Geometric View. 


SegmentName [ AA [ BB [cc [ DD 
Lenath [15 — 100 | 10 [ 10 
Slope [90 _ [0 [20° | 90 
| A Ss, 
Bend Location bb col dd 


Horizontal Angle 5 90 45 
Bend Radius 1 4 4 


Tensions [Ibs] 


FWD Pull | 26 0 201 466 489 


REV Pull | 423 389 10 0 26 
Sidewall 340 1559 1559 


48.9.1 Results 


Tensions 


These are the calculated tensions for a cable being pulled through the conduit. The tension at each bend 
location, as well as the total linear tension is displayed. Any results exceeding the maximum allowable 
tensions will be flagged in red. 


FWD Pull 
Results are displayed for a cable being pulled in the forward direction (as entered in the Pull Path 
Geometric View). The tension is measured in lbs/kg. 


REV Pull 
Results are displayed for a cable being pulled in the reverse direction in lbs/kg. 


Max. Sidewall 


The maximum calculated sidewall pressure at each bend location is displayed here. If any calculated 
results exceed the maximum allowable sidewall pressure, they will be flagged in red. 
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48.9.2 Summary and Warning 


Once a cable pulling calculation has completed, you can click on the Summary and Warning button on the 
Cable Pulling toolbar. This will open the CP Alert View. A brief overview of the calculation results will 
be displayed here. If the calculation resulted in any tensions that exceed specified limits, they will also be 
displayed in the lower portion of the window in red. 


Alert |e) 
Summary and Alert 
Result Summary 
Max. Allowable Pulling Tension [ 18003 Ibs 


Equivalent lenath of cable for pulling off the reel 500 ft 


Total Length of Run (Pull) 615 ft 


Alarm & Waming 
Cable tension for reverse pull exceeds the side wall pressure limit 


Any limit or condition that has been exceeded will be shown in red in this window. The Alert View can 
also be automatically displayed after a calculation completes, by clicking on the Auto Display checkbox 
in the Study Case Editor. 
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48.10 Display Options 


48.10.1 Info Page 


Select the information annotations to be displayed on the Conduit Cross-Section View of Presentations. 


Display Options |e sme) 


Color 
Select the color for the Cable/Conduit annotations to be displayed on the Conduit Cross-Section View of 
Presentations. 


Cable ID 
Check this box to display the cable annotations. 


Conduit ID 
Check this box to display the cable annotations. 


3D 


Normal Scale 
Check this button to plot the 3-D pulling path view in normal scale. 


Log Scale 
Check this button to plot the 3-D pulling path view in the Log scale. 
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48.11 Calculation Methods 


The Cable Pulling Presentation of ETAP uses a general tension model and a comprehensive solution 
method, which eliminates the limitation that non-horizontal segments cannot have horizontal bends. The 
Cable Pulling Presentation is used to determine tensions and sidewall pressures that a cable is subjected to 
when pulled through conduits. ETAP can account for cables of different sizes and allows complex pulling 
path geometry. A point-by-point calculation method is performed at every conduit bend and pull point. 
Both the forward and reverse pulling tensions are calculated to determine the preferred direction of pull. 
In addition, the Cable Pulling Presentation uses the Pulling Cable Method of a pulling eye on a conductor. 


Some fundamental formulas are shown below. 


Maximum Allowable Pulling Tension, Tinc 
T.. =A-RF-N-S, 


Where A is the cross-sectional area of conductor; N is the number of conductors; Sm is the maximum 
allowable pulling stress; RF is the reduction factor for the maximum allowable tension. Values of RF are 
determined as follows: 


RF = (100 - RF1)/100 if the number of cables is less than or equal to 3 

RF = (100 - RF2)/100 if the number of cables is greater than 3 and all cables are single-core 

RF = (100 - RF3)/100 if the number of cables is greater than 3 and all cables are multiple-cores 

RF = min {(100 - RF2)/100, (100 - RF3)/100} if the number of cables is greater than 3 and the cables 
include both single-core and multiple-cores 


Where RF1, RF2, RF3 are the input reduction factors in the Study Case Editor. 


Pulling Tension 
Pulling tensions for a horizontal section of conduit can be calculated by using: 


T=N-V-F,-W-L 


Where V is cable position factor; Fp is the basic friction factor; W is the weight of conductor; L is the 
length of conduit. 


Maximum Tension Limited by the Sidewall Pressure 


When a cable is pulled around bends, the “snubbing” effect may cause considerable sidewall pressure 
against the inner arc of curvature. The maximum tension limited by the sidewall pressure can be given by: 


T,, = N*R,(P,,/B)? —W’ 


Where R is the radius of bend curvature; Pm is the maximum allowable sidewall pressure for a specific 
type of insulation; B is the sidewall correction factor, and N is the number of cables. 
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Jamming 

When three cables are pulled into a conduit, they change their relative position in the conduit, especially 
when being pulled around bends. When D/d is slightly less than 2.8, a jamming condition may occur, 
which causes severe pressures on the cable insulation. Jamming obviously cannot occur when D/d > 3.0 
and normally does not occur when D/d < 2.8. Because of a slight increase in conduit diameter when it is 
bent, the D/d between 2.74 (40-percent conduit fill) and 2.95 (34.5-percent conduit fill) should be avoided 
to eliminate jamming. Considering the cable outside diameter tolerance influence on jamming calculation, 
it is recommended to perform multiple studies with positive, negative and zero tolerance and select the 
most conservative one as the final result. 


In ETAP, alerts are generated when the jamming ratio (D/d) is between 2.74 and 2.8. Warnings are 
generated if the jamming ratio (D/d) is between 2.8 and 3.2. 
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48.12 Required Data 


To run a cable pulling study, you only need to provide CP related data, such as path geometry, conduit 
characteristics, and cable properties. A summary of this data is given in this section. 


Conduit Data 


Conduit outside diameter 

Thickness of conduit 

Friction factor for straight segments of conduit 
Friction factor for conduit bends 


Cable Data 


Cable connection (3-phase or 1-phase) 
Number of conductors per phase 
Cable outside diameter 

Cable weight 

Maximum allowable tension 
Maximum allowable sidewall pressure 


Pulling Configuration 


e Individual lengths of straight segments of conduit 

e Individual vertical slopes of straight segments of conduit 

e Individual horizontal bend angles between two corresponding connected straight 
e Individual radius of bend segments of conduit 


System Data 

Tolerance for cable weight 

Tolerance for cable diameter 

Configuration type (cradled or triangular) for 3 cables 
Equivalent length of cable for pulling off the reel 
Three reduction factors 
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48.13 Output Reports 


Output Reports for the Cable Pulling Studies are available in different levels and are arranged into three 
formats: Crystal Reports output format, display in the Pull Path Geometric View, and in the Summary and 
Warning window display. Report Manager provides five formats for report text. They are Crystal 
Reports™ format Viewer, PDF format, MS Word format, Rich Text format and MS Excel format. 


48.13.1 Cable Pulling Report Manager 


Click on the Report Manager button on the Home tab of Cable Pulling ribbon bar to open the Cable 
Pulling Report Manager. The Cable Pulling Report Manager provides different formats for Crystal 
Reports and consists of three pages. 


Cable Pulling Report Manager |p| 


(* Viewer 

( PDF 

{ MS Word 

( Rich Text Format 
( MS Excel 


Output Report Name 


CP-Report1 
Path 


C:\ETAP1100\Example-ANS! 


i es 


Complete Page 


From this page you can select the report format that gives you the Complete Output Report. 
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Input Page 


This page provides the formats for different input data. 


Cable Pulling Report Manager [rewre-Srom| 


| CAETAP1100\Example-ANS! 


Fey aa 


Result Page 


This page provides the formats for different calculation results. 


Cable Pulling Report Manager |preeSrm| 
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48.13.2 Cable Pulling Crystal Report 


If an existing cable pulling calculation report is available, by clicking on the Report Manager button or 
selecting the Crystal Report format from the Cable Pulling ribbon bar, you will be able to open and view 
the Crystal Reports output for the Cable Pulling Study. 


The cable pulling study Crystal Report contains the following major sections: 


Complete 


This section contains the complete report, which contains all of the below reports in one document. 


Input 


This section reports the input data related to cables and conduit. 


Cable Input Data 


This section reports the input data related to cables that include the cable application type, number of 
conductors per phase, cable size, cable outside diameter, cable weight, maximum allowable tension, and 
maximum allowable sidewall pressure. 


Cable Input Data: 


Max. Max. Sidewall 
——————_—————. Cable OD Weight Tension Pressure 
Cables ID Connection Application perCable kV  AWGékcmil kcmil inch 1b/1 0008 lbéccmil lb/ft 


1 Cable2 3/C 5 750 750.0 3.320 2976.0 8.00 450.0 


No. of Conductor Conductor Size 


Conduit Input Data 


This section reports the input data related to the conduit, which includes the conduit outside diameter, 
thickness of conduit, friction factor for straight segments of conduit, and friction factor for conduit bends. 


Conduit Input Data: 


% Friction Factor 


Trade OD Thickness —————________ 
Size Type inch inch Segments Bends % Fill 
6.00 OTHER 6.625 0.300 33.0 38.0 30.4 


Input Parameters 
This section reports the input data related to the study. 
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Input Parameters: 


Total maximum allowable tension: 

Equivalent length of cable for pulling from the reel: 
Total length ofrun (pull): 

Tolerance for cable diameter (OD): 

Tolerance for cable weight: 

Conduit fill: 


Three cable configuration: 


Reduction factor for the maximum allowable tensions of cables 


Up to 3 cables (1/C, 3/C, etc.): 
More than 3 single-conductor (1/C) cables: 


More than 3 multi-conductor cables: 


Result 


18003.1 Ib 
50.0 ft 
614.8 ft 
0.0 % 

5.0 % 
30.4 % 
Triangular 
0.0 % 
20.0 % 
40.0 % 


This section reports the input data and results related to pulling configuration segments/bends, summary, 


and warnings. 


Cable Pulling Results 


Sidewall Pressure 


1237.2 


1237.2 


1237.2 


Segment Horizontal Bend 
Length Slope Radius Angle 
ID fh gee ID i deg. 
AB 6.0 90.0 > OT 

B-Bl 3.0 0.0 

BC 410.0 10.0 >| 
C-C1 3.0 45.0 

cD 170.0 7.0 >| 
D-D1 3.0 0.0 

DE 12.0 0.0 >| 
E-El 3.0 0.0 

EF 5.0 90.0 >| 

# Cable tension for Reverse Pull exceeds the sidewall pressure limit 
ETAP 48-43 


Total Tension 
Forward Reverse 
Pull Pull 
Ib Ib 
51.6 1515.4 

40.8 1496.6 # 
321.5 237.5 
587.3 64.1 

1095.3 43.5 
1111.0 51.6 
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Switching Interlock Enforcer 


This chapter addresses the Switching Interlock Enforcer (SIE) feature in ETAP. The feature uses the 
Interlock logics entered in the AC switching devices to implement interlock schemes which need to be 
implemented during special system operating conditions (including maintenance and outage modes). The 
SIE can also work with metering devices and take actions based on measured simulation results from the 
load flow and switching sequence management modules. 


This chapter introduces three main sections required for SIE to implement the switching actions 
e Initial system wide conflict check 
e  Pre-switching action conflict check 


e  Post-switching conflict check 


The items listed above will be discussed in detail in the later sections of this chapter, but before the setup 
of the SIE is discussed in the following section. 
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49.1 Interlock Logic Setup 


Switching Interlock Enforcer can be activated by clicking on its associated button. 


This button is only activated under the following modes: 


e Edit Mode 
e Load flow Mode 
e Switching Sequence Mode 


This feature does not have a study case editor and only requires setup of the interlock page of any or all of 
the following AC switching devices: 


LVCB 

HVCB 
Recloser 
Single Switch 
Double Switch 
Ground Switch 
Contactor 


The following syntax statements can be used into the SIE interlock page: 


Boolean: AND, OR 
Relational: = != < > <= >= 


Precedence: ( ) 


Inputs are the switching device status (open / close) and the multi-meter MW, MVAR, AMPS, VOLTS, 
FREQ and Power Factor (PF). 


This section gives examples on setting up the Pre-Switching and Post-Switching of the switching devices. 
A high voltage circuit breaker (HVCB) switching device is used as an example. 
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Example 1 

Logic: To Open circuit breaker “CB32” if circuit breakers CB3 has open status and LVCB1 has closed 
status. The following image shows how the interlock logic is added into the interlock page of circuit 
breaker “CB32”. 


Pre Switching logic Open: 
IF CB3 = Open AND LVCB1 = Closed 


ESC Ie (28 (2) (06 | cone 
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Example 2 
Open circuit breaker “CB32” if Multi-Meter “MM32” reads a frequency which is not exactly the same as 
60 Hz. 


Info _| Rating | Reliability | 
12kV 0.05 sec 16kA 40kA | 
Pre Switching Logic 
[Active | Action] |__ Type | iDTag | | Stotus | 


Pre Switching logic Open: 
IF Multi-Meter_freg != 60 


ees (2) (5) [coos | 
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Example 3 


Syntax Error example. There is a built-in syntax logic checker. If the proper syntax is not used when 
entering the switching logic a message is displayed in the logic description window. 


Logic Operator Missing 
(e.g. OR, AND, etc.) 


or i complete 
'= Groundec 


ean (2) (05) cones | 
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Example 4 


Example of post action execution without post action requirements. 


Logic: If circuit breaker “CB32” is successfully switched, then automatically trip “CB2” 


CB2 -> Tip@0 millisecond(s): 


ESC he (28 (2) (06 | cone 
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Example 5 


Post action execution with post action requirement. 


Logic: If circuit breaker “CB32” is successfully closed (which it should since pre-switching action is only 
dedicated to the Open function), then automatically trip “CB2” if and only if “CB4” is open. 


High Vi Circuit B -CB 


Pre-Switching Logic 


Pre Switching Logic 
Aare ison pe ote | es 


a rd ih | Gad 
Ground Switch | _ GroundSwitch1 


| ost Switching Logic | 
re Fes a TA VO A 
SAE a ae a ee ee 
Pe | Close || twee cee = | Open | 
[to Taen | wes | cn [> | te [BOT 


ESC he a8) (2) 
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49.2 Initial Conflict Check 


Once the Switching Interlock Enforcer is activated, it will check the entire system to verify that that no 
switching device with an interlock logic in its interlock page is conflicting with any interlock-associated 
switching or metering device in the system. 


If a conflict is detected, then the Switching Interlock View (SIV) window is launched with a list of all the 
conflicts. 


Each conflict must be settled. For example by changing the status of breakers or by de-activating the 
interlock condition before dismissing the conflict alert. 


If the conflicts are not resolved, then the SIE is tumed off and interlock logic enforcement does not take 
place. 


In the example below, “CB29-9” is interlocked with “CB29-3” in a way such that “CB29-9” can only be 
closed if “CB29-3” is open. However, “CB29-2” is closed. 


u11-3 u11-9 
Req eee Low Voltage Circuit Breaker Editor - CB29-9 
bee] bord) 
[Info | Rating | Tip Device | TCCKA | Model Info | Relibilty | Interlock | Checker | Remarks | Comment | 
‘Bus62-3 ‘Bus62-9 Medlin Gerin 0.69 kV max. 75kA @ 0.66kV 
NS100L 2 Pole Size (100. y+ 
Fuse98 i} Fuse4 fl 
Pre-Switching Logic 
ca2o-3 CB29-9 ) 
{ }—< RD { }—~ RD 
Cable30 [] Cable12 
Post Switching Logic 
Det ID/T: 
——_—=_ Bus ———_—= Bus6 ae [Acton = [ = 
[| Open | 
| Close 
Load3 Load7 Logic Description 
Pre Switching logic Close: 
IF CB29-3 = Open 
eal (@ ) (Kj [cezss >) & 


Once the SIE is activated, the following alert view window appears 
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Conflict 


At this point, the only available options for the user are: 


e Double click on any field in the CB29-9 row under the Action column to launch the Interlock 
page of the CB29-9 and revise the logic. 

e Click OK to deactivate SIE, revise the switching status of either CB29-3 or CB29-9, and then 
reactivate SIE. 

e Click OK to deactivate SIE and Continue working on the project file without enforcement of the 
Interlock logic 


It is important to note that SIE will not continue to be active if there are any outstanding conflicts that are 
not yet resolved. 
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49.3 Pre-Switching Conflict Check 


Once the detected conflict checks have been resolved or if there were no conflicts to begin with, then 
Switching Interlock Enforcer (SIE) will allow the user to carry on modifying the system model with 
Interlock monitoring and enforcement in place. 


When the user changes the status of the switching device, SIE will check to see if the interlock logic in 
any Interlock page does not conflict with the switching status of another switching device in the system or 
a meter reading (Interlocking with meter readings are only available in Load Flow mode). 


Under this mode, simultaneous switching of status of multiple switching devices is not available to user. 
The user will only be able to switch one switching device at a time either through the switching device 
editors or through selecting the element and changing the Switching Device status through the Right 
Click menu. 


Cut 


Copy 
Paste 


Move From Dumpster 


Get From Template... 

Add To Template... 

Size r 

Bus Size r 

Symbols r 

Status r 

Switching Device Status » 

Colors r 

Classification r Not available 
Alignment > when SIE is 
Rotate Y active 


If a conflict is detected, then SIE will prevent the user’s switching action from taking place and the 
Switching Interlock View (SIV) will launch instead informing the user of the issue. 


As an example, in the image below, CB2 can only be opened if CB1 is opened. The current status of CB1 
is closed. 
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v1i-9 


75kA @ O.66kV 


Size [100 mi 


a a es 
pay Oee.__}__tes__ cal | = | Open | 


Load3 


Pre Switching logic Open: 
IF CB1 =Open 


BBs wW« =D) 2) CS [coe] 


As soon as the user tries to switch the status of CB2 to open, then the following interlock conflict appears 
with the SIE feature already active. 


en 
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If OK is selected, the SIE will turn off and the user has the option to modify the switching device status 
or the Interlock logic. 


If Cancel is selected, then the user’s action (Opening CB2) is ignored and SIE will remain active. 


It is extremely important to note that the Interlock logic of CB2 will alert the user that CB2 cannot be 
opened since CB1 is closed. However, the Interlock logic of CB2 will not give an alert to the user if the 
user changes the switching status of CB1. Basically, CB1 must have its own interlock logic as well. 


For example, using the previous example of CB1 and CB2, the user was able to successfully open CB2 
since CB1 was open. 


uii-3 
Bus62-3 
Fuse98 
cB1 ) 
Open 
= 
Cable30 
Bus3 
Load3 


u11-9 
Bus62-9 
Fuse4 
CB2 ) 
Open 
R 
Cablei2 
Bus6 
Load7 


However, if the user violates the logic given in CB2 by closing CB1, as in the image below, then no alert 
will given. In this case, the user is responsible to enter equivalent logic in the interlock page of CB1 to 
prevent the user from unintentionally opening CB1. 


ETAP 


49-12 
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Note: if the user deactivates then reactivates SIE, then the SIE will perform initial conflict check and the 


error will be detected. 


vu11-3 
Bus62-3 
Fuse98 
cB1 ,) 
= 
Cable30 
Bus3 
Load3 


u11-9 
Bus62-9 
Fuse4 
CcB2 
Open 
= 
Cablei2 
Bus6 
Load7 


Note that in SSM mode, SIE will be disabled if either of the SSM Builder or Sequence view windows are 


launched. 


ETAP 
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49.4 Post Action Conflict Check and Execution 


Once the user has successfully executed an action with no conflicts, then SIE will analyze the logic in the 
switching device’s interlock page to see if a post-switching action is to be triggered by the successfully 
executed action. 


If a Post-switching action is triggered due to the last successful action, then a SIE alert window is 
launched displaying for the user the available post switching actions with a checkbox next to them. 


In the example below, CB2 can only be opened if CB1 is opened. However, Once CB2 is successfully 
opened, then CB1 needs to be closed as well. 


wii-3 v1i-9 
Low Voltage Circuit Breaker Editor - CB2 
BS BS info___| Rating | Trip Device | TCC KA | Model Info | Reliability | Interlock | Checker | Remarks 
0.69 kV max. 75kA @ 0.66kV 
Bus62-3 Bus62-9 2Pole Size [100 gi * 
Fuse98 Fuse4 | 
cal )) cB2 ) 
Open 
> > 
Cable30 Cable12 Joa 
Bus3 Bus6é 
xy Logic Description 
Load3 pee 
Pre Switching logic Open: 
IF CB1 =Open 
Ses Wz 7) ae 


Once the action takes place, the following confirmation alert appears. If the check boxes are ticked, then 
those actions will be executed; otherwise, the post action is disregarded. 
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If the subsequent post actions are generated due to the previous post actions, then the SIE alert window 
will repeat launching continuously until the chain of post actions are all executed or until the user cancels 
execution of post actions. 


If the user cancels execution of post actions, then the subsequent post-switching actions are disregarded 
and the previous post actions on the OLV have been reversed including the original action that caused the 
chain of action triggers. 
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49.5 Switching Interlock Alerts 


There are three alerts to be discussed in this section and they are the: 
e Interlock Logic Conflicts 
e Switching Action Conflicts 


e Post-switching Alerts 


The following alert appears when initial system conflicts (Refer to Initial Conflict Check section) have 
been detected. 


Interlock Logic Conflicts 


Conflict 


fom te es | Sts |e | es | Sits 
LVCB Bus62-9 LVCB 2-3 Closed 


CB Open CB1 Bus62-3 


1. Action-ID: The ID of the switching device (SD) that is the subject of the Pre-Switching conflict 
2. Action-Type: Lists the type of the SD that is the subject of the Pre-Switching Alert. 
3. Action-Bus: Lists the “From” bus that the switching device is connected to. 


4. Action-Status/New Status: Lists the configuration status of the SD that is in conflict due to 
another switching device or meter reading. 


5. Conflict-ID: lists the ID of the SD that conflicts with Device-ID. 
6. Conflict-Type: lists the type of the switching device SD that conflicts with Action-ID. 
7. Conflict-Bus: Lists the “From” bus that the conflicting switching device is connected to. 


8. Conflict-Status: lists the existing configuration status of the interlocking SD which conflicts with 
the pre-interlock logic of Action-ID. The user will have to double click on the row to open the 
interlock page of Action-ID for further investigation. 
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The following alert appears when pre-switching conflict (refer to Pre-Switching Conflict Check section) 
has been detected. 


1. Action-ID: The ID of the switching device (SD) that is the subject of the Pre-Switching conflict 
2. Action-Type: Lists the type of the SD that is the subject of the Pre-Switching Alert. 
3. Action-Bus: Lists the “From” bus that the switching device is connected to. 


4. Action-/New Status: Lists the configuration status of the SD that is in conflict due to another 
switching device or meter reading. 


5. Conflict-ID: lists the ID of the SD that conflicts with Device-ID. 
6. Conflict-Type: lists the type of the switching device SD that conflicts with Action-ID. 
7. Conflict-Bus: Lists the “From” bus that the conflicting switching device is connected to. 


Conflict-Status: lists the existing configuration status of the interlocking SD which conflicts with the pre- 
interlock logic of Action-ID. The user will have to double click on the row to open the interlock page 
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The following alert appears when post-switching action (refer to Post Switching Conflict Check and 
Execution section) is awaiting confirmation for execution. 


1. Current Action-ID: The ID of the switching device (SD) that is triggering the post action. 


2. Current Action-Type: Lists the type of the SD that is triggering the post action. 

3. Current Action-Bus: Lists the “From” bus that is triggering the post action. 

4. Current Action- Status: Lists the configuration status of the SD that is triggering the post action. 
5. Post Action-ID: lists the ID of the SD that is being triggered by the post action. 


6. Post Action -Type: lists the type of the switching device SD that is being triggered by the post 
action. 


7. Post Action -Bus: Lists the “From” bus that is being triggered by the post action. 


8. Post Action —Current Status: lists the existing configuration status of the interlocking SD that is 
being triggered by the post action. 


9. Post Action —New Status: lists the existing configuration status of the interlocking SD that is 
being triggered by the post action. 


10. Post Action —Execute?: When checked, this is a confirmation by the user, that the post action can 
take place and therefore will modify the system configuration and possibly the study (e.g. Load 
Flow) results. 
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49.6 Required Data 


Switching Device Data 


Required data for Switching Interlock Enforcer for the following devices are: 


LVCB, HVCB, Recloser, Single Switch, Double Switch, Contactor, Ground Switch 
e §=6Action 

e Device Type (Switching or Metering) 

e ID/Tag 

e Logic Operator (=, !=, AND, OR, (, ) ) 


Multi-Meter 
e Connected Current Transformer ratio 
e Connected Potential Transformer ratio 


Voltmeter 
e Connected Potential Transformer ratio 


Ammeter 
e Connected Current Transformer ratio 
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Switching Sequence Management 


The Switching Sequence Management (SSM) Module is a tool for the user to create, test, and simulate a 
switching sequence. A switching sequence is a series of status changes of switching devices (switches and 
circuit breakers) to accomplish a specific task, such as transferring loads from one source to another, 
energizing/de-energizing loads, de-energizing a piece of electric equipment (i.e. transformers or bus) for 
maintenance. With this tool, you can simulate system behavior and study the effect of the switching 
sequence before it is actually implemented in the real world. 


A switching sequence can be created and modified from the Switching Sequence Editor. This interface 
allows the user to build a sequence of actions using devices and/or instructional procedures. The sequence 
can be set in any order and organized into different groups. During the simulations, the automatic 
interlock built-in among the switching devices will also be simulated. 


ETAP then performs the following when a sequence is ready to be run: 


e Load Flow calculation is initially run to verify system operating conditions 

e Switching Device’s pre-switching interlock logic is checked to ensure that no power flow or 
switching device’s interlock conditions are not violated. 

e Trigger a post-action if the Interlock condition requires it. 

e Alert user to system power flow and interlock logic alerts. 

e Alert user if a portion of a live system is grounded through a ground switch. 
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50.1 Study Case Toolbar 


To access the SSM, click on the “Switching Sequence” button which is located between the “Reliability 
Assessment Mode” button and the “Optimal Capacitor Placement Mode” buttons. 


a ea ee ee ee 
— 29S Ayer Ww Le tPHF By hey 82 BZ es te HK ES we 


The Switching Sequence Toolbar will appear on the screen when the user is in the Switching Sequence 
Study Mode. 


Run Switching Sequence 


Switching Sequence Display Options 


Switching Sequence Report Manager 


Halt Current Calculation 


Get Online Data 


Get Archived Data 


Run Switching Sequence 


Select a switching sequence from the Switching Sequence Editor and a Study Case from the Study Case 
Editor and then click on the “Run Switching Sequence” icon to perform a Switching Sequence 
simulation. A dialog box will appear to specify the Output Report name if the output file name is set to 
“Prompt”. The simulation results, which are Load Flow Study results, will then appear on the one-line 
diagram and in the Output Report. The One Line View and Sequence Editor will update each other 
accordingly and display actions in the same way. 


Switching Sequence Display Options 


The results from the SSM simulation, which are Load Flow results, are displayed on the one-line diagram. 
To edit how these results look, click on the “Switching Sequence Display Options” icon and options to 
modify results display on the One Line view will be available. 


After running a switching sequence, the user can click on this button to open the Alert View, which lists 
all equipment with Load Flow critical and marginal violations based on the settings in the Study Case. 


Switching Sequence Report Manager 


The user can also view Output Reports by clicking on the “View Output Report” button on the Study 
Case Toolbar. A list of all output files in the selected project directory is provided for Switching Sequence 
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simulations. To view any of the listed Output Reports, click on the “Output Report Name”, and then click 
on the “View Output Report” button. 


Halt Current Calculation 


The “Halt Current Calculation” button is normally grayed-out. When a Load Flow calculation has been 
initiated after running a switching sequence, this button becomes enabled and shows a red stop sign. 
Clicking on this button will terminate the Load Flow calculation. 


Get Online Data 


When ETAP Real-Time is set up and the Sys Monitor presentation is online, the user can bring Real- 
Time data into their offline presentation and run a Load Flow in SSM by clicking on this button. The user 
will notice that the Operating Loads, Bus Voltages, and Study Case Editor will be updated with the online 
data. This capability is only possible with the Real Time version of ETAP. 


Get Archived Data 


When ETAPS Playback is set up and any presentation is set to Playback Mode, the user can bring this 
data into an ETAP presentation and run a Load Flow in SSM by clicking on this button. The user will 
notice that the Operating Loads, Bus Voltages, and Study Case Editor will be updated with the Playback 
data. This capability is only possible with the Real Time version of ETAP. 
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50.2 Study Case Editor 


Switching Sequence Builder 


After clicking on the “Switching Sequence Builder Mode” icon, the Switching Sequence Builder Mode 
window will open and the user can build a sequence of actions that include devices, logic, or procedures. 


Study Case Editor 


The Switching Sequence Study Case Editor contains solution control variables, loading conditions, and a 
variety of options for Adjustments and Alerts. ETAP allows the user to create and save an unlimited 
number of Study Cases. Switching Sequence simulations are conducted and reported in accordance with 
the settings of the Study Case selected in the toolbar. The user can easily switch between Study Cases 
without having to reset the Study Case options each time. This feature is designed to organize the user’s 
study efforts and save time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any 
combination of the three major system toolbar components, i.e., for any configuration status, one-line 
diagram presentation, and Base/Revision data. 


When the user is in SSM Mode, they can access the Switching Sequence Study Case Editor by clicking 
on the “Study Case” button from the SSM Study Case Toolbar. The user can also access this editor from 
the System Manager by clicking on the “Switching Sequence Study Case” folder. 


There are two ways the user can create a new Study Case. They can click on the “New Study Case” 
button in the Study Case Toolbar, as shown above. It will open the Duplicate Study Case dialog box for 
them to specify names of an existing Study Case and the new Study Case they want to create. 


r 
Duplicate Study Case 


Copy: | SSM 


To 


The user can also create a new Study Case from the System Manager, by right-clicking on the “Switching 
Sequence Study Case” folder and selecting “Create New”, as shown below. ETAP will then create a new 
Study Case, which is a copy of the default Study Case, and adds it to the Switching Sequence Study Case 
folder. 
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System Manager x | 
GS One-Line Components 
7 Distribution Components 


~( Harmonic Analysis - 1 

-( Intelligent Load Shedding - 1 

(5g Load Flow -5 

(5 Motor Starting - 2 

(5 Optimal Capacitor Placement - 1 

-(j Optimal Power Flow - 1 

-(5y Railway Traction - 1 

(5 Reliability Analysis - 1 

-(y Short Circuit - 7 

-(y Star Analysis - 2 

-G@ StarZ-1 

-( Supervisory Control - 1 

-(j Switching Optimization - 1 

<q Switching Sequence Management - 1 
vo P) SSM - Default Create New 

(5g Time Domain 3-P 

(9 Transient Stability - 2 

(3g Unbalanced 3-Phase Load Flow - 1 

(5g Unbalanced 3-Phase Short Circuit - 1 

-( Voltage Stability - 1 


em )- 2) 


Ce a ee 9 


Study Case Parameters 


Please refer to the Study case section in the Load Flow chapters, Chapter 19, in order to learn more about 
the SSM study case. The study cases are identical except that the Load Flow has the sections for handling 
transformer phase shifting and 1 phase systems. 
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50.3 Switching Sequence Display Options 


The Switching Sequence Display Option window is identical to Load Flow’s Display Option. Please refer 
to Load Flow chapter, Chapter 19, for more information. The only exception of the identity is the 
handling of 1 phase systems. 


- —* 
Display Options - Switching Sequence Ma... =) 


Ow 


© ikvar 
@ kW +jkvar 
kVA 
>) Amp 
¥) Load Term. Mag. © kVA, Amp 


Load Term. Base kV 


Based on Flow Results 
@ Load Rated kV (¥] Branch 


Bus Nom. kV ["] Source 


Load 
Voltage Drop 
Line / Cabh Composite Motor 


Load FDR (¥| Composite Network 


Branch Losses 
| kW +j kvar 
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50.4 Building a Switching Sequence 


In order to get started with simulating a switching sequence, the sequence must first be built. The 
Switching Sequence Editor is a tool that lets the user build a sequence with switching devices that are 
available in the AC Edit toolbar. In the builder, the user can choose the ID of the devices, their delay 
times, and the switching actions needed. The user can also place the devices in the required order and also 
group the actions. Once the sequence is properly built, simulation can begin. 


To get started with the builder, click the Edit Switching Sequence button (the left button in the picture 
above) and the switching Sequence Editor — Builder mode will be launched. 


50.4.1 Building a Sequence Using Switching Sequence Editor — 
Builder Mode 


This section describes all the fields and buttons related to the Switching Sequence Editor. 


Device/Logic Operation Modification 


H¥CB | CB2 | _0;00:00.000 Open 50.00 oTl 02/01/2003 6:20:25 
2 2 Vv HVCB | CB10 | 0:00:00.000 Open 50.00 | oTl | 2701/2009 6:20:26 


Switch Sequence 


Sequence ID 
From this edit field, the user can enter or modify the ID of the sequence. 


Save Last Config 

When checked, this checkbox will display a combo box that will contain all existing status configurations 
and you can enter a new configuration name as well. If the user selects an existing configuration, then the 
user built switching device configuration will replace the existing configuration; otherwise, it will be 
saved as the new configuration name that was defined. 


Action # 
The “Action Number” field is display only and the number is automatically assigned. The number will be 
reassigned whenever there is a change in the sequence order or in Delay Time, including, 


e Clicking on one of the following buttons: Up, Down, Split Group, Insert, Add, and Delete. 
e Change of group number by editing the field. 
e Change of Delay Time for an action. 


Note that when the Action Number is reassigned after one of the changed listed above; the sequence list 
will not be resorted automatically and must be manually sorted by clicking on the column header. 


Group # 


This is an editable field indicating the group number of the actions. During simulation, all actions in the 
same group will be processed together in parallel. 
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Active 
If the checkbox is checked, the action is considered active. Only active actions will be included in the 
Sequence View window to be simulated. 


Device Type 
This is a list of device types. Options include: 


e Protective Device: LV CB, HV CB, Switch, DT Switch, Contactor, Recloser, and Ground Switch. 
e Procedure: This is a plain text entry added by the user. A new one can be added to the System 
Manager window by browsing for it under the Switching branch under the configuration branch. 


Device ID 
Depending on the selection in the “Type” field, this field lists the device IDs, or procedure IDs. 


Delay T (HH:MM:SS) 

The delay time for a device is entered in the format of Hour:Minutes:Second:Millisecond. This is an 
intentional time spent between sending command to take an action and the actual execution of an action. 
This, for instance, can represent the actual time taken by a crew to safely rack a breaker once the work 
order has been received. 


Action 

This is a list for action types. For Double Throw Switch, the options include “Pos. A” and “Pos. B”, for 
the Ground Switch, the options include “Ground” and “Open”, and for all other protective devices, the 
options include “Open” and “Close”. 


For Procedures, this field is disabled and will show as a blank. 


Crew 
This is a text field of up to 25 characters which can represent the crew that is performing the switching 
action. 


Remarks 
This is a text field of up to 25 characters which can serve as reminders of why this action was taken. 


Cost 
This is a currency field displayed in the column in U-S ($) dollars. Note that the project’s local currency 
can be entered without the need to convert to dollars. 


Name 
This field logs the name of the ETAP user who last modified this action line. The field is display only. 


Date 
The “Date” field is display only. It displays the date the action line was modified. 


Time 


The modification time for an action line is in the format of Hour:Minutes:Second. This is the time the 
action line is modified and the field is display only. 
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Edit 


Edit 


Up 
Down 


Split Group 


Insert 


Add 


Delete 


Logic Editor 


Up 
Clicking on this button will move the currently highlighted action up by a row. If the action is the highest 
ranking order in a group, then the Up button will move the action to the bottom of the higher ranking 


group. 


Down 

Clicking on this button will move the currently highlighted action down by a row. If the action is the 
lowest ranking order in a group, then the Down button will move the action to the top of the lower 
ranking group. 


Split Group 
Clicking on this button will make the currently highlighted action to solely take over the group number. 
The rest of the actions will form their own group with a lower ranking number. 


Insert 

Clicking on this button will insert a new action before the currently selected action. If the action is 
surrounded by other actions in a group, then this action will be inserted before the currently selected 
action and below the higher ranking action. 


Add 


Clicking on this button will add a new action to the bottom of the list with a new group number. 


Delete 

Clicking on this button will delete the selected action from the list. Note that if this action was the only 
action number in the group, the action along with the group number will be deleted. The group number 
can be manually re-entered by modifying an existing or a newly assigned group number. 
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Logic Editor 

Clicking on this button opens up the Interlock page associated with the device type selected in the Type 
column. The user can add/modify the Interlock logic from the launched editor. This button is enabled 
only when the highlighted action line is associated with a Switching device and will not highlight when a 
procedure is selected. 


For more information about the Interlock feature, read the Interlock sections associated with the devices 
that include an Interlock page in Chapter 11. 


Switch Device Filter 


If the User’s project file has a lot of switching devices, then selecting a device from the Type column can 
be time consuming. It is recommended to filter the switching devices based on Zone and/or Area and/or 
Region. For more information on assigning your switching devices, please refer to Chapter 10 >> One 
Line Diagram >> Project menu >> Settings >> Area and Zone. 


Switch Device Filter 


¥| Zone v| Area ¥| Region 


- 71S) cs ‘2 ty] 


Zone 
Enable device filtering in the Sequence for the “ID” field of the elements that are connected to terminal 
busses belonging to a selected zone in the One Line View. 


Zone Number 

The user can type or select the Zone number. When a number for a Zone is displayed, if the Zone has 
been defined in the project, the name of Zone will be displayed in the field next to the number. If the 
Zone has not been defined, the field will show as blank. 


Zone Name 
The user can select a Zone from the “Name” field. The list will contain all Zones defined in the project. 
When the name for a Zone is selected, the “Number” field shall display the number for the Zone. 


Area 
Enable device filtering in the Sequence for the “ID” field of the elements that are connected to terminal 
busses belonging to a selected Area in the One Line View. 


Area Number 

The user can type or select the Area number. When a number for an Area is displayed, if the Area has 
been defined in the project, the name of Area will be displayed in the field next to the number. If the Area 
has not been defined, the field will show as blank. 


Area Name 
The user can select an Area from the “Name” field. The list will contain all Areas defined in the project. 
When the name for an Area is selected, the “Number” field shall display the number for the Area. 


Region 


Enable device filtering in the Sequence for the “ID” field of the elements that are connected to terminal 
busses belonging to a selected Region in the One Line View. 
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Region Number 

The user can type or select the Region number. When a number for a Region is displayed, if the Region 
has been defined in the project, the name of Region will be displayed in the field next to the number. If 
the Region has not been defined, the field will show as blank. 


Region Name 

The user can select a Region from the “Name” field. The list will contain all Regions defined in the 
project. When the name for a Region is selected, the “Number” field will display the number for the 
Region. 


Method of Action Insertion Options and Execution 


This section tailors to the user’s preference on how the actions are inserted from the One Line View. 


A user can add switching device actions to the switching sequence by either adding them using the 
buttons (e.g. Add, insert, etc.) in the builder or by clicking on them on the One Line View while the 
Builder editor is open. 


If the user chooses to add the switching actions from the One Line View, then the following two options 
are available to the user. 


Insert OLV Actions After Last Executed Action 
A user can automatically select an action from the One Line View while the builder is open and then 
automatically select the actions to be added for simulation and simultaneously execute (e.g. Change their 
switching status) them. If there are unexecuted actions in the group, then adding another action will be 
done after the last executed lowest ranking action in the lowest ranking group and before the highest 
ranking unexecuted action in the highest ranking group. 


Insert OLV Actions After Selected Action 

A user can automatically select an action from the One Line View while the builder is open and then 
automatically select the actions to be added for simulation. The actions added from the One Line View 
will be added, unexecuted, below the selected action in the list. Note that selected action has the “>>” 
sign showing in the first column of the list. 


Execute / UnExecute 

This button, when clicked on an unexecuted action, will execute (change the switching device status) all 
the unexecuted action from the top of the list to the selected unexecuted action. When clicked on an 
executed action, it will un-execute all executed actions form the bottom of the list to the selected executed 
action. 
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50.4.2 Building a Sequence from the One Line Diagram 


1200 Mase 


By Utility 
cBlL 
Main Bus 
#1 Open 
cae ee cB1o Lee 
—) Switching Sequence Editor - Builder Mode & 


Switch Sequence 


ID Sequence Save Last Config Edit 


Device/Lagic Operation Modification 


Crew Remarks 
1 1 


v | HVC CB2 | 0;00:00.000 | Open | 0.00 tarek.gadd 02/01/2009 | 5:33:46 
2 2 v | HVCB cB10 | 0:00:00.000 | Open | 0.00 tarek.gadd 02/01/2003 | 5:33:48 


In addition to adding a switching action from the Switching Sequence Editor - Builder Editor, an action 
can also be added from one-line diagram through a two way interaction between the One Line View and 
the Auto-Builder Editor as described in the previous section. 


Left mouse-click and control-click can be used to specify actions as the actions are simulated on the 
ETAP One Line View. 


Initial State in the Builder Editor and Temporary Configurations 

When the Builder Mode is initially launched with an existing switching sequence, it displays all PDs with 
their initial status according to the configuration that was selected prior to launching. It also displays all 
specified future actions as un-executed actions. 


The Switching Device status on the One Line View will mimic the status before the Builder editor was 
launched. Once the builder is launched, a temporary configuration will be used for the Builder and it will 
return to the selected configuration once the Builder editor is closed. 


Green annotations on the One Line View will also appear next to the Switching Devices representing 
future switching action to be taken. 


Magenta annotations will appear next to the Switching Devices representing switching actions. 


PD Operation for a New Action 
When a new action is added, the operation of the PD involved will be to change its current status in the 
presentation to the opposite status. 


Conflicts between One Line View Status and Existing Action 
For example, the action is to open a PD, but the PD is already open in the configuration. In this case, no 
change is needed. 


Multiple-Actions on a specific PD in any one Sequence 

In a given sequence, a PD can have multiple actions. Initially, the PD will show an annotation for the first 
action in green. After any actions have been executed, it will show annotation for the last executed action 
in pink. After all actions have been unexecuted, it will show the next initial unexecuted action in green. 
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Switching Sequence Editor 

While the user is making changes in the sequence from the One Line View, the executed and unexecuted 
action highlighting of the rows in the Builder Editor will be displayed in the color that is automatically 
associated with their PC’s windows theme (e.g. Gray). 


When in the Builder Mode, the user may change the settings of a unexecuted action but not the executed 
ones. 


The next sections describe the methods of adding and executing actions using the mouse buttons on the 
One Line View while the Builder editor is open. 


Click — Left Mouse Button 


Different actions will be taken when clicking on a Protective Device (PD) that is or is not already 
associated with an action. 


Left-Click on a PD 
When a PD is left clicked, a switching action is inserted on its behalf in the Builder editor. ETAP then 
executes this action by changing the PD status on the One Line View as well as the Builder editor. 


If there are no executed actions, the newly inserted action will take the group number of the first group 
and take an action number that is dependent on the delay times of the other actions in the same group. 


Left-Click on a PD Associated with an Already Executed Action 

This is the same as clicking on a PD not associated with an Action. In this case, another action will be 
inserted in the same group as the executed action. It will be the same device but the PD status will be the 
opposite. 


Control-Click — Left Mouse Button 


Different actions will be taken when control-clicking on a PD that is or is not associated with an action. 


Control-Click on a PD Not Associated with an Action in the Builder 
No actions will occur. 


Control-Click on a PD Associated with an Unexecuted Action in the Builder 

When a PD is clicked on that has been associated with an unexecuted action, all actions after the last 
executed action will be executed up to this action. Note that if the status of the PD in the Sequence differs 
from the status in the One Line View, the status of the PD in execution will be based on the action in the 
sequence. 


Click on a PD Associated with an Executed Action 
No actions will occur. 
Left Mouse Click Actions on Protective Devices (CB & Switches) 


Mouse Click PD Associated with Sequence Builder Actions 
Click No Action A new action after the last executed action is inserted. 
An Un-Executed Action | The action after the last executed action is moved and executed. 
An Executed Action A new action after the last executed action is inserted. 
Ctrl-Click No Action No action taken. 
An Un-Executed Action | All actions up to this action are executed. 
An Executed Action No action taken. 
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50.5 Switching Sequence Simulation 


When the “Sequence View” button is clicked on, the Switching Sequence View appears and the user can 
simulate the sequence all at once or step by step. 


Sequence Selection 

When ETAP is switched to SSM mode, the default or previously selected Sequence is available. There 
could be multiple previously created sequences and the user can choose any of them for simulation 
purposes. 


Configuration Selection 
When ETAP is switched to SSM Mode, the user can change the configuration the same way as in any 
other mode. 


When the “Run Switching Sequence” button is clicked on, the Sequence View window opens up and 
ETAP creates a temporary configuration and uses it for simulation. During simulation, it displays the 
results within the temporary configuration. When in the Run Mode, any changes in the permanent 
configuration One Line View is disabled. 


When the Sequence Simulation View is closed, the presentation returns to the selected configuration. 


Switching Se a 


Sequence List 


0:00:00.000 | Ce 
0:00:00.083 


0:00:00.091 | Completed 0:00:00.003 | 0:00:0... 
0:00:00.099 | Completed | SPST11 | Switch | Closed | Open | 0:00:00.008. | 0:00:0... 
0:00:00.107 | Completed | SPDT4 |DTSwitch| Pos.B | Pos.A& | Pos.A | 0:00:00.008 | 0:00:0... 
0:00:00.001 | |GroundSwi...|Grd Swit...| Open | Open | Open | 0:00:00.000 | 0:00:0... 


Progress Status: Action Number: Logic Alert: Operating Alert: View Logic Editor 


Execution Control 


(J Override Switching Req, 
| autoexente | Execute | stepexecte_ | Execute 
oO Override Operating Reg. 


Skip Alert Evaluation (Load Flow) 


[¥] Save Last Config | Test Config 


Alert 


SS .- T 
Se SS Ce ST oe TR 


[] Show All lerts {_]Skip Alerts on Not-Required Actions 
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50.5.1 Switching Sequence View 


Sequence List 


Sequence List 


Command Device/Logic Original 


0:00:00.001 | CB2 Closed | Open | Closed _| 0:00:00.000 | 0:00:0... | | 
; /0:00:00.001 | CBI0 | HV¥CB | Closed | Open | Closed | 0:00:00.000 | 0:00:0... 


Progress Status: Action Number: Logic Alert: Operating Alert: View Logic Editor 


The entire Sequence List in Sequence View is display only. 


Action # 
The “Action Number” field is automatically assigned and the Action # is carried over from the Sequence 
Builder Editor. 


Group # 
The “Group Number” field is automatically assigned and the Group # is carried over from the Sequence 
Builder Editor. 


Command Time 

This column displays the starting time of each action. The starting time for an action is the end time of 
last action (group) plus the delay time of this action. Note that the first action starts at 0:0:0.00 plus the 
initial action’s delay open/closing delay time. For example, if the switching device is a 5 Cycle HVCB on 
a50 Hz system, then the command time will be incremented by 0.1 seconds such as 0:0:0.100. 


Action Status 
The Action status shows the status of each action. The possible status includes Completed, skipped, Not 
Required, and Next. The future actions will have the field shown as blank. 


List Text 


Action Status List Background 
Completed Action Gray 
Not-Required Action 
Skipped Action 


ID 
Depending on the selection in the “Type” field, this field is a list of device IDs, or procedure IDs. 


Type 
This is a list of device types such as LVCB, HVCB, Switch, DT Switch, Contactor, Recloser, and Ground 
Switching Procedures can also be added. 


Original Status 


This field displays the original status of the device as in the selected configuration before a switching 
action takes place. 
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Action 
This field displays the switching action type. This field is carried over from the Sequence 
Editor/Sequence Builder Mode. 


Current Status 
This field displays the current switching status of the device, which changes as the simulation progresses. 


Duration 
Duration is the time used to execute an action. It is the difference between the End Time and the 
Command Time. 


End Time 
This column displays the ending time of each action. For simulation, it is the command time plus the PD 
operation time. 


Crew 
This field is the same as the corresponding field in the Sequence Builder/Editor. 


Remarks 
This field is the same as the corresponding field in the Sequence Builder/Editor. 


Cost 
This field is the same as the corresponding field in the Sequence Builder/Editor. 


View Logic Editor 


This button becomes enabled when an action in the list is selected. Clicking on the button opens up the 
Switching Logic, or the Procedure Editor to view, but the user cannot modify the logic/text. 


Execution Control 
Execution Control 
Override Switching Req. 
Auto Execute Step Execute Restart 
Override Operating Req. 


v| Skip Alert Evaluation (Load Flow) 


Save Last Config | Normal 


Auto Start 


Clicking on this button will simulate the whole sequence. Once the Auto-Simulation is started, the button 
changes to “Auto Exec”. 


Once the simulation starts, different colors will apply on different actions to indicate status of actions 
according to the display options. 


Also note that if a Critical Alert is raised, such as when exposing the system to a grounded switch or any 
other alert, simulation will halt and will not advance to the next action, just like the figure below. 


If the “Skip Alert Evaulation (Load Flow)” check box is checked, the sequence will be automatically 
executed without regard to the load flow alerts raised. 
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For the “Overide Pre-Switching Condition Logic” and “Override Pre-switching Operational Logic” check 
boxes, the sequence will be automatically executed without regard to the Pre-Switching Interlock logic 
defined in the switching device’s interlock page. 


_t 


Sequence List 


2 2 0:00:00.001 Open Open Open | 0:00:00.000 | 0:00:0... | 

3 3 0:00:00.001 SPST14 Switch | Closed | Open | Closed | 0:00:00.000 | 0:00:0... | it} 

4 3 0:00:00.001 14-2 | H¥CB_ | Closed | Open | Closed | 0:00:00.000 | 0:00:0... | Crew | Shifts | 50 

5 4 0:00:00.001 CB43 LY CB | Closed | Close | Closed | 0:00:00.000 | 0:00:0... | Crew Shift 3 35 

6 5 0:00;00.001 CONT4 Contactor | Closed | Open | Closed | 0:00:00.000 | 0:00:0... | Sub 0... Dept 8 20 

Zz 6 0:00:00.001 SPST19__ | Switch | Closed _| Close | Closed _| 0:00:00.000 | 0:00:0... |Electric... | Insrument. ... | 15 

3 Zz 0:00:00.001 SPDT2 DT Switch | Pos.A | Pos.& | Pos. A | 0:00:00.000 | 0:00:0... |Electric... | Insrument.... | 15 [y 


Progress Status: Action Number: Logic Alert: Operating Alert: View Logic Editor 
Execution Control 
(J Override Switching Req. 
Restart 
Oo Override Operating Req. 


(J Skip Alert Evaluation (Load Flow) 


(_] Save LAS Config 
Alert 


a 
Picton [Te [0 | Typo [| Sistus | Acton | Type condton_] Device D_| Device Type 


{_]Show All Alerts (_]Skip Alerts on Not-Required Actions 


Step Start/Step Execute 
Clicking on this button will start the step-by-step simulation. Once started, the button text will change to 
“Step Execute”. In the step-by-step simulation, ETAP will execute the following steps: 


e Run an initial Load Flow based on the initial system’s Switching Device configuration . System 
Load Flow Alerts should be displayed at the bottom of the window. 


e Check Pre-Logic Conditions for Next Action — by checking all pre-logic conditions for the next 
action to see if all the interlocking conditions are satisfied. If not, an alert will be posted for any 
failed conditions and the action will be skipped. 


e Implement the first Action— by executing the switching actions on the One Line View and inside 
the editors. Interlock Logic alerts can be seen at the bottom of the window. 


e Run Load Flow - If the Skip Operating Evaluation checkbox is not checked, it will run Load 


Flow for each switching in this action. It will check the Load Flow alerts according to the 
selected study case options. If there are any abnormal conditions, an alert will be raised. 
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e Determine Post Actions — It will determine post actions based on the logic defined in the 
Interlock Logic Editor for switching devices. All post actions generated will be inserted in the 
sequence list. 


Note that if an action causes a ground switch to be directly grounding a live portion of the system, 
simulation will halt and will not advance to the next action, and an alert will be raised as shown in the 
figure below. 


Also note that during step-simulation, the “Auto-Exec” button will be enabled, allowing the user to switch 
to auto-simulation at any stage. 


J 


Sequence List 


Jenner | teicetocie [orga | [ower] ra] 


[Aston # [Group #{ Tine | AclonStatus| 0 | Type | status | Actin { status | Owralon | Tine | Crew | Remens _[ 


ay 2 2 |0:00:00.001 GroundSwi...|Grd Swit... | Open | Open Open | 0:00:00.000 | 0:00:0... 0 
s 3 3 |0:00:00.001 SPST14 | Switch | Closed | Open | Closed | 0:00:00.000 | 0:00:0..._ i jo 
(all 4 3 {0:00:00.001 14-2 | H¥CB | Closed | Open | Closed _| 0:00:00.000_| 0: . | Crewl | Shift3 | 50 
= 5 4 |0:00:00.001 CB43 LY CB | Closed Close Closed | 0:00:00.000 | 0:00:0... | Crew Shift 3 35 
= 6 5 /0:00:00.001 ONT4 Contactor | Closed Open | Closed | 0:00:00.000 | 0:00:0... | Sub oO... Dept 6 20 
= rd 6 0:00:00.001 SRST19 Switch | Closed | Close | Closed | 0:00:00.000 | 0:00:0... |Electric... | Insrument.... |15 
= 3 fd (0:00:00.001 SPDT2__| DT Switch | Pos.4 | Pos.A | Pos. A | 0:00:00.000 | 0:00:0... |Electric...| Insrument.... |15_[y 
Progress Status: Action Number: Logic Alert: Operating Alert: 


Execution Control 
— l [J Override Switching Reg. 
estar 
Oo Override Operating Req. 
[save Last Config (J Skip Alert Evaluation (Load Flow) 


Alert 


ee Hen 


Tacion#| Time [0 | Type | <latus_| Acton | Type | Conan | Device D | Device Type 


{_]Show All Alerts (_]Skip Alerts on Not-Required Actions 


Restart 
Clicking on this button will abort the current simulation. The Sequence List and the Alert List will appear 
as if it is just opened. 


Override Pre-Switching Condition Requirement 
When this box is checked, ETAP skips checking logic conditions defined in the Interlock Logic Editor 
related to one switching device interlocking another. 


Override Pre-Switching Operation Requirement 


When this box is checked, ETAP skips checking logic conditions defined in the Interlock Logic Editor 
related to a metering device interlocking a switching device. 
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Skip Alert Evaluation (Load Flow) 
When this box is checked, the entire switching sequence will be automatically executed without regard to 
Load Flow alerts. 


Save Final Config 
The configuration list allows the user to select existing configurations in the list or type the name of a new 


configuration. 


When this box is checked, at the end of the simulation, ETAP will save the temporary configuration with 
the final switching sequence using the name selected. 


Alert 


Alert 


SExy Command 
facton#[ Time | | __‘Type | Steluc [action] Type] _Conalion | Device D__| Device Type 


Show All Alerts Skip Alerts on Not-Required Actions 


Action # 
This field displays the action number shown in the Sequence Editor. Notice that blank actions are related 
to initial Load Flow simulation before the first switching sequence was executed. 


Command Time 
This field displays the action Command Time shown in the Sequence List section at the top of the 
Sequence View window. 


ID 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Type 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Status 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Action 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Alert Type 
This field displays one of four types: Invalid Action/Initial State, Logic, Critical, and Marginal. 
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Alert Condition 
Alert conditions include Over Loading, Over Voltage, Under-Voltage, Over-Excitation, Under-Excitation, 
Existing Status, Interlock Logic, and Invalid Action. 


Over/Under Voltage: SSM Load Flow detected and Over Voltage condition at the listed bus. 
Over/Under Excited: SSM Load Flow detected an excitation issue with the listed generator. 


Existing Status: SSM detected that the action specified for switching action is redundant due to the action 
already having the same switching status (e.g. Opening an already open breaker). 


Interlock Logic: SSM detected that the action specified for switching action cannot taken due to its Pre- 
switching Logic not meeting the stated requirement. 


Invalid Action: SSM detected that the action that was about to be taken will cause a live portion of the 
system to be connected directly to ground. 


Device ID 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Device Type 
This field is the same as the corresponding field in the Sequence List section of the Sequence View. 


Required 
This field shows the required condition, including device status, voltage values, and loading values. 


Actual 
This field shows the actual values related to the required condition. 


Show All Alerts 

If this box is checked, the list of alerts associated with all the actions will be displayed. If this box is not 
checked, the alerts for completed actions will be removed automatically once the action is completed. 
Therefore, only alerts for current action will be displayed. 


Skip Alerts on Non-Required Actions 

This option will cause the violated logic/Operation alerts in the Alert section to not show. This also 
applies to switching a device to an already existing status. For example, if an action is to open CB1 and 
CB1 is already open in the selected configuration. 
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50.5.2 Post Switching Actions Generated from Switching Logics 


In simulation, sub-actions generated due to actions of other breakers will also be inserted in the sequence 
list dynamically. The actions required by the Logic Editor will be listed with Action numbers that are a 
combination of the original action number plus “-#”, where # is a consecutive number assigned by ETAP. 
It starts from one for each original action. For example, the actions generated from actions 1 and 2 in the 
image below will have action numbers 1-1 and 2-1. Any subsequent sub-actions will have another number 


extension added to it, such as 2-1-1. 


Sequence List 


H¥ CB | Closed 


Open 


0:00:00.083 


Completed 


H¥ CB | Closed 


Open 


| 0:00:00.083 


Completed 


H¥ CB | Closed 


Open 


| 0:00:00.083 


Completed 


CBS 


H¥ CB | Closed 


Open 


| 0:00:00.083 


Progress Status: Action Number: 


ETAP 


Logic Alert: 


50-21 


Operating Alert: 


View Logic Editor 
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50.6 Switching Sequence Simulation Required Data 


Switching Sequence Data 
SSM Builder Mode Data needed includes: 


Device Type 

Device ID 

Delay Time 

Action 

Active status 

Group # that the device belongs to 
Action# based on the sequence needed 


Bus Data 
Required data for SSM Load Flow calculations for buses includes: 


e Nominal kV 
e %V and Angle (when Initial Condition is set to Bus Initial Voltages) 
e Load Diversity Factor (when the Loading option is set to use load diversity factor) 


Branch Data 


Branch data is entered into the Branch Editors, i.e., Transformer, Transmission Line, Cable, Reactor, and 
Impedance Editors. Required data for Load Flow calculations for branches includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Impedance base kV and base kKVA/MVA 


Power Grid Data 
Required data for SSM Load Flow calculations for power grids includes: 


Operating Mode (Swing, Voltage Control, Mvar Control, or PF Control) 
Nominal kV 

%V and Angle for Swing Mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for Voltage Control Mode 
MW and Mvar loading, and Mvar limits Mvar Control Mode 

MW loading and PF, and Mvar limits for PF Control Mode 
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Synchronous Generator Data 


Required data for SSM Load Flow calculations for synchronous generators includes: 


Operating Mode (Swing, Voltage Control, or Mvar Control) 
Rated kV 
%V and Angle for Swing Mode of Operation 


%V, MW loading, and Mvar limits (Qmax and Qmin) for Voltage Control Mode 


MW and Mvar loading, and Mvar limits Mvar Control Mode 
MW loading and PF, and Mvar limits for PF Control Mode 


Note: The Mvar limits (Qmax and Qmin) can also be calculated from the capability curve. The required 
additional data for this calculation includes 


All data on the Capability page 
Synchronous reactance (Xa) 


Inverter Data 
Required data for SSM Load Flow calculations for inverters includes: 


Inverter ID 
DC and AC rating data 
AC output voltage regulating data 


Synchronous Motor Data 


Required data for SSM Load Flow calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
% Loading for desired Loading Category 

Equipment cable data 


Induction Motor Data 


Required data for SSM Load Flow calculations for induction motors includes: 


e Rated kW/hp and kV 
e Power factors and efficiencies at 100%, 75%, and 50% loadings 
e % Loading for desired Loading Category 
e Equipment cable data 
Static Load Data 


Required data for SSM Load Flow calculations for static loads includes: 


ETAP 


Static Load ID 

Rated kVA/MVA and kV 

Power factor 

% Loading for desired Loading Category 
Equipment cable data 


50-23 
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Capacitor Data 


Required data for SSM Load Flow calculations for capacitors includes: 


Capacitor ID 

Rated kV, kvar/bank, and number of banks 
% Loading for desired Loading Category 
Equipment cable data 


Lumped Load Data 


Required data for SSM Load Flow calculations for lumped loads includes: 
Conventional 


e Load ID 
e Rated kV, kVA/MVA, power factor, and % motor load 
e % Loading for desired Loading Category 


Unbalanced 


e Load ID 
e Rated kV, kVA/MVA, power factor, % motor load, and % static load 
e % Loading for desired Loading Category 


Exponential 


e Load ID 
e Rated kV, PO, QO, a, and b 
e % Loading for desired Loading Category 


Polynomial 

e Load ID 

e Rated kV, PO, QO, p1, p2, q1, and q2 

e % Loading for desired Loading Category 
Comprehensive 

e Load ID 


e Rated kV, PO, QO, al, a2, b1, b2, p1, p2, p3, p4, ql, q2, q3, and q4 
e % Loading for desired Loading Category 


HV DC Link Data 
Required data for SSM Load Flow calculations for HV DC links includes: 


e Element ID 


e All data on the Rating page is required for Load Flow calculations 
e Inverter current margin (Im) 
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SVC Data 
Required data for SSM Load Flow calculations for SVC’s includes: 


Element ID 

Rated kV 

Inductive Rating (Either Qz, I1, or Bi) 
Capacitive Rating (Either Qe, Ic, or Bc) 

Max Inductive Rating (Either Qymaxy, or ILaaxy) 
Max Capacitive Rating (Either Qcqminy, or Iccminy) 


Note: Qc, Qccmin), and Br must be entered as a negative value 


Other Data 


There are some SSM Study Case related data, which must also be provided. This includes: 


Max Iteration 

Precision 

Loading Category 

Initial Voltage Condition 
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50.7 Output Reports 


The SSM Output Report is exported in .XLS format. The .XLS format provides the user with a replicated 
set of information from the Switching Sequence Simulation performed. The user can utilize the Switching 
Sequence Report Manager to help them view the Output Report. 


50.7.1 Switching Sequence Output Reports 


Report Manager 
This is a shortcut for the Output Report. When the user clicks on the Report Manager, ETAP 
automatically opens the Output Report listed in the Study Case Toolbar. 


Report Format 
The SSM Mode offers the user an Output Report as a complete document in MS Excel format. 


50.7.2 Output Report Structure 


Output Reports come out as one complete document in MS Excel format. The report is divided into four 
sections: 


General 
Builder 
Sequence 
Alerts 
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General 
The General page is the title page which displays all the basic information about the report. 


A B c D E F G H I J K L M N fe) P Q R | 
1 
2 ETAP 
3 6.0.8C 
4 Project: Sub 1 Load Transfer Date: 8/11/2008 
5 Location: Zone1 SN: SN 123456 
6 Contract: 5554565 Study Case: SSM Revision: Base 
7 Engineer: John Smith Config: Normal 
8 File Name: C:\ETAP RT\Sub 1 Load Transfer 
9 
10 
14 
12 
3 Electrical Transient Analyzer Program 
14 
15 
16 Switching Sequence Analysis 
7 
18 
19 2 
20 
21 Switching Sequence: Sequence 
22 
23 Description: Sequence of actions needed to Transfer the loads in Sub 1 
24 
25 
26 
27 Name Date Time 
28 Editor: Paul Gonzalez 8/5/2008 8:43 AM 
29 Checker: Mark Dedman 8/6/2008 12:11 PM 
30 Verifier: Jennifer Panzer 8/6/2008 3:11 PM 
31 Approver: Bryan Goode 8/11/2008 9:58 AM 
32 
33 
34 
35 System Frequency: 60 
36 Unit System: English 
37 Project File Name: Untitled 
38 Output File Name: C:\ETAP RT\Sub 1 Load Transfer\Feeder 6.XLS 


4 
]Meanbo>t|_ General, ABuilders-Sequence Alert 2 = 
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Builder 
The Builder page corresponds to the SSM Sequence Editor/Builder window. 


A B c D E F G H ] J K | L a 
Action # Group # Type ID Delay T (H:M:S) Action Crew Remarks Cost ($) Name Date Time 
1 1 HV CB CBE 00:00.0 Open Elec 6 Pass 50 tarek.gadd 7/12/2008 7:27 
Zz Switch St 00:00.0 Open Elec 6 Pass 154 tarek.gadd 7/12/2008 7:27 
3 Switch SPST1 00:00.0 Open Elec 6 Pass 658 tarek.gadd 7/12/2008 7:27 
4 HV CB CB18 00:00.0 Open Elec 6 Maint. Soon 365 tarek.gadd 7/12/2008 1:27 
5 LV CB CB22 00:00.0 Open Elec 6 Pass 584 tarek.gadd 7/12/2008 7:27 
6 
1d 
8 


LV CB CB23 00:00.0 Open Elec 6 Pass 478 tarek.gadd 7/12/2008 7:27 
HV CB CB19 00:00.0 Open Tech 13 Pass 78 tarek.gadd 7/12/2008 1:27 
HV CB CB21 00:00.0 Open Tech 13 Pass 268 tarek.gadd 7/12/2008 7:27 
10 9 9 HV CB CB12 00:00.0 Open Tech 13 Pass 98 tarek.gadd 7/12/2008 1:27 
11 10 10 HV CB cB11 00:00.0 Open Tech 13 Pass 697 tarek.gadd 7/12/2008 1:27 
12 1 1 HV CB CB2 00:00.0 Open Tech 13 Pass 485 tarek.gadd 7/12/2008 1:27 
13 12 12 HV CB CB1 00:00.0 Open Oper. 21 Pass 748 tarek.gadd 7/12/2008 1:27 
14 13 13 HV CB CB10 00:00.0 Open Oper. 21 Re-check 522 tarek.gadd 7/12/2008 7:27 


wloo slalen| eer) a! 


N 
oO 
Mm 


44> bt) General | Builder Sequence , Alert #2 
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equence 


The Sequence page corresponds to the Sequence List section at the top of the Sequence View window. 


E F 
Acti tus ID Type iS Action “Status 
1 00:00.0 Completed CBE HV CB Closed Open Open 
= 00:00.1 Completed si Switch Closed Open Open 
E 00:00.1 Completed SPST1 Switch Closed Open Open 
4 00:00.1 Completed cB18 HV CB Closed Open Open 
5 00:00.1 Completed CB22 LV CB Closed Open Open 
6 

rd 

8 


M N 

Remarks Cost a 

Pass 50 

Pass 154 

Pass 658 
00:00.1 Elec 6 Maint. Soon 365 
00:00.2 Elec 6 Pass 584 
00:00.2 Elec6 Pass 478 
00:00.2 Tech 13 Pass 78 
00:00.3 Tech 13 Pass 268 
00:00.4 Tech 13 Pass 98 
00:00.5 Tech 13 Pass 697 
00:00.6 Tech 13 Pass 485 
00:00.7 Oper. 21 Pass 748 
00:00.8 Oper. 21 Re-check 522 


>) 
a0 


co} 0] ofr} | 0} n3] 45 > 
3 
2 
3 
e 
S| 
oe 
| 
E | 
a 


00:00.2 Completed CB23 LVCB Closed Open Open 
00:00.2 Completed CB19 HV CB Closed Open Open 
00:00.2 Completed CB21 HV CB Closed Open Open 
9 00:00.3 Completed CB12 HV CB Closed Open Open 
11 10 10 00:00.4 Completed CB11 HV CB Closed Open Open 
12 11 1 00:00.5 Completed CB2 HV CB Closed Open Open 
13, 12 12 00:00.6 Completed CB1 HV CB Closed Open Open 
14 be] 13 00:00.7 Completed CB10 HV CB Closed Open Open 


© 00 No ew) | 
| 


nN 
tal 
ll 


14> | General“ Buider | Sequence Alert“ ¢3 UIIIIII ttt tt <i 
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Alert 


The Alert page is equivalent to the Alert section at the bottom of the Sequence window with the “Show 
All Alerts” checkbox enabled. 


al A B c D E F G H I J _K L M i 
1 Action # Time ID Type Status Action Type Condition Device ID Device Type Required Actual 
2 1 00:00.0 CB6 HV CB Open Open Critical Under Voltage Bus1 Bus 0.48 kV 0.477 
3 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Bus2 Bus 0.48 kV 0.475 
4 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Bus6 Bus 13.8 kV. 13.799 
S 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Bus7 Bus 13.8 kV 13.99 
6 1 00:00.0 CB6 HV CB Open Open Critical Under Voltage Bus23A Bus 0.4 kV 0.396 
7 1 00:00.0 CBE HV CB Open Open Critical Under Voltage LVBus Bus 0.48 kV 0.471 
8 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Main Bus Bus 34.5 kV 34.5 
9 1 00:00.0 CB6 HV CB Open Open Critical Under Voltage MCC1 Bus 0.48 kV 0.486 
10 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Sub2A Bus 13.8 kV 13.995 
11 1 00:00.0 CB6 HV CB Open Open Critical Under Voltage Sub2B Bus 13.8 kV 13.8 
12 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Sub 3 Bus 4.16 kV 4.155 
13 1 00:00.0 CBE HV CB Open Open Critical Under Voltage | Sub3 Swgr Bus 4.16 kV 4.152 
14 1 00:00.0 CBE HV CB Open Open Critical Under Voltage Sub22 Bus 3.45 kV. 3.398 
15 1 00:00.0 CB6 HV CB Open Open Critical Under Voltage Sub23 Bus 3.45 kV 3.432 

16 1 00:00.0 CBE HV CB Open Open Critical Overload Fuse3 Fuse 390 Amp 601.655 
7 1 00:00.0 CB6 HV CB Open Open Critical Overload CB32 LV CB 175 Amp 299.74 
18 1 00:00.0 CBE HV CB Open Open Critical Overload UPS-1 UPS 296.694 Amp 299.74 
19 1 00:00.0 CB6 HV CB Open Open Critical Overload SPST1 Switch 30 Amp 62.376 

20 4 00:00.1 St Switch Open Open Critical Under Voltage Bus7 Bus 13.8 kV 13.99 
21 2 00:00.1 $1 Switch Open Open Critical Under Voltage Main Bus Bus 34.5 kV 34.5 
22 = 00:00.1 S1 Switch Open Open Critical Under Voltage Sub2A Bus 13.8 kV 13.995 j 
23 2 00:00.1 $1 Switch Open Open Critical Under Voltage Sub22 Bus 3.45 kV. 3.398 ‘| 
24 8 00:00.2 CB21 HV CB Open Open Critical Under Voltage Bus7 Bus 13.8 kV 13.937 

25 8 00:00.2 CB21 HV CB Open Open Critical Under Voltage |__ Main Bus Bus 34.5 kV. 345 
26 8 00:00.2 CB21 HV CB Open Open Critical Under Voltage Sub2A Bus 13.8 kV 13.943 
27 8 00:00.2 CB21 HV CB Open Open Critical Under Voltage Sub22 Bus 3.45 kV. 3.385 
28 

29 
30 
31 
32 

33 
34 
35 
36 

37 
38 
39 
40 
41 
42 
43 

4 
45 
46 
47 
Wea pH [ General 7 Builder“ Sequence | Abert £2) iii [sis 


ETAP 


50-30 


ETAP 19.0 User Guide 


Chapter 51 


Contingency Analysis 


Contingency analysis represents an important tool to study the effect of elements outages in power system 
security during operation and planning. It investigates, evaluates, filters and prioritizes the impacts on an 
electric power system whenever typically unplanned problems or outages occur. 


The ETAP Contingency Analysis module allows users to evaluate the impact of N-1 and N-2 contingencies, 
determine system performance indices, and compare results against safe operating limits for each element 
in the power system based on user-defined component outage and failure scenarios. For accurate results, 
AC load flow is run for each contingency. The ETAP user friendly interface allows running base and 
contingency load flows to see the outage effects on OLV. 
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51.1 Contingency Analysis Toolbar 


The Contingency Analysis toolbar will appear on the screen when you are in the Contingency Analysis 
Study Mode. 


Run Contingency Analysis 


Display Base Load Flow/CA Load Flow 


Display Options 


y : 


Report Summary 

Report Manager 
Performance Index List 
Halt Current Calculation 


Unit Display Options 


FEES] 
a 
yh 
kW 


Power Flow Display Options 


~*~ 
<= 
By) 
= 


Voltage Display Options 


r 


Ht — O- 2 


Load Terminal Voltage 
Line/Cable Voltage Drop 
Load Feed Voltage Drop 


Get Online Data 
Get Archive Data 


Action List 


Run Contingency Analysis 

Select a Study Case from the Study Case Editor. Then click on the Run Contingency Analysis icon to 
perform a contingency analysis study. A dialog box will appear to specify the output report name if the 
output file name is set to Prompt. The study results will then appear on the one-line diagram and in the 
Output Report. 
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Display Base Load Flow/Contingency Load Flow 


The icon here indicates whether base load flow or contingency load flow result is displayed on OLV. 


Contingency Analysis Display Options 


The results from contingency analysis studies are displayed on the one-line diagram. To edit how these 
results look, click on the Contingency Analysis Display Options icon. For more information see 
Contingency Analysis Display Options. 


Contingency Analysis Report Summary 


The Contingency Analysis Report Summary allows you to view the results of various studies in one screen 
so you can analyze and compare the different results. 


Contingency Analysis Report Manager 


Contingency Analysis Output Reports are provided in the form of a Crystal Report. The Report Manager 
provides three pages (Complete, Input and Output) for viewing the different parts of the output report for 
Crystal Reports. Available formats for Crystal Reports are displayed in each page of the Report Manager 
for contingency analysis studies. You can view the report in the Crystal Reports viewer, or save the report 
in PDF, MS Word, Rich Text Format, or Excel format. If you wish this selection to be the default for 
reports, click the Set As Default check box. 


Choosing any format in the Report Manager activates the Crystal Reports. You can open the whole 
contingency analysis output report or only a part of it, depending on the format selection. The format names 
and corresponding output report sections are given below: 


e Adjustments Indicates tolerance and temperature correction adjustments 

e Branch Loading Alert Provides summary of branch loading alert only 

e Bus Loading Alert Provides summary of bus loading alerts only 

e Bus Voltage Alert Provides summary of bus voltage alerts only 

e Branch Branch input data 

e Bus Bus input data 

e Cable Cable/Busway input data 

e Complete Complete output report including all input and output 

e Cover Title page of the output report 

e High Voltage DC Link High Voltage DC Link input data 

e Impedance Provides detailed information about impedance elements in the 
system 

e Line Coupling Displays Transmission Line coupling impedance data 

e Load Flow Report Load Flow calculation results 

e Losses Report Power and customers losses results 

e Outage List Provides summary of N-1 and N-2 outages 

e Performance Index Performance Index calculation results 

e Reactor Reactor input data 

e SVC Static Var Compensator (SVC) input data 

e Switched Capacitor Switched Capacitor input data 

e Switched Capacitor Summary Summary of Switched Capacitor actions 

e Transformer Transformer input data 

e UPS Report Load Flow calculation results for UPS systems 
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e VFD Report Load Flow calculation results for VFD systems 
e Voltage Regulator Voltage Regulator input data 
e Voltage Regulator Summary Summary of Voltage Regulator actions 


You can also view output reports by clicking on the View Output Report button on the Study Case toolbar. 
A list of all output files in the selected project directory is provided for contingency analysis calculations. 
To view any of the listed output reports, click on the output report name, and then click on the View Output 
Report button. 


needa Ls 
Prompt 


Performance Index List 


The Performance Index List allows you to view performance index results of various contingencies in one 
list so you can compare the different results. 


Halt Current Calculation 


The Stop Sign button is normally grayed-out. When a Contingency Analysis calculation has been initiated, 
this button becomes enabled and shows a red stop sign. Clicking on this button will terminate the 
calculation. 


Unit Display Options 
Click to turn on/off the units in OLV display. 


Power Flow Display Options 
Click and hold to select the power flow display options. 


kW kVA W VA 
KW kvar pyar KVA Amp Amp (mM) : Wovar var VA Amp amp (mM) 7 


MW MVA 
MW Myar yao, MVA Amp Amp k 


Voltage Display Options 
Click and hold to select the voltage display options. 


VV Volt 


Load Terminal Voltage 
Click to display load terminal voltage. 
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Line/Cable Voltage Drop 
Click to display line or cable voltage drop. 


Load Feeder Voltage Drop 
Click to display load feeder voltage drop. 


Get Online Data 


When ETAP Real-Time is set up and the Sys Monitor presentation is online, you can bring real-time data 
into your offline presentation and run a Load Flow by pressing on this button. You will notice that the 
Operating Loads, Bus Voltages, and Study Case editor will be updated with the online data. 


Get Archived Data 


When ETAPS Playback is set up and any presentation is on Playback mode, you can bring this data into 
your presentation and run a Load Flow by pressing on this button. You will notice that the Operating Loads, 
Bus Voltages, and Study Case editor will be updated with the playback data. 
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51.2 Study Case Editor 


The Contingency Analysis Study Case Editor contains solution control variables, loading conditions, and a 
variety of options for output reports. ETAP allows you to create and save an unlimited number of study 
cases. Contingency analysis calculations are conducted and reported in accordance with the settings of the 
study case selected in the toolbar. You can easily switch between study cases without having to reset the 
study case options each time. This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any combination 
of the three major system toolbar components, i.e. for any configuration status, one-line diagram 
presentation, and Base/Revision data. 


When you are in Contingency Analysis Mode, you can access the Contingency Analysis Study Case Editor 
by clicking on the Study Case button from the Contingency Analysis Study Case toolbar. You can also 
access the editor from the System Manager by clicking on the Contingency Analysis Study Case folder. 


There are two ways you can create a new Study Case. You can click on the New Study Case button in the 
Study Case toolbar, as shown above. It will open the Duplicate Study Case dialog box for you to specify 
names of an existing Study Case and the new Study Case you want to create. 


P 


Duplicate Study Case x 


Copy: CA, 7 


To CAI 


Cancel 


You can also create a new Study Case from the System Manager — Multi-Dimensional Database, by right- 
clicking on the Contingency Analysis Study Case folder and selecting Create new. ETAP will then create 
anew Study Case, which is a copy of the default Study Case, and adds it to the Contingency Analysis Study 
Case folder. 
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51.2.1 Info Page 


Contingency Analysis Study Case x 
Performance Index (P!) Adjustment Alert 
Info Loading and Generation N-1 Outage N-2 Outage 
Study Case ID CA Selection Method and Parameters 
@ 1P1Q 
CA Include CA Screening 
Method Study Option 
Max. Iteration 2000 N-1 Contingency 
Fast-decoupled 
Precision | 0.00001 [_] N-2 Contingency 
Report Initial Voltage Condition 
[)Sieicenis Fae @ Bus Initial Voltages 
© User-Defined Fixed Value 
@ Bus Voltage in Percent 
O Bus Voltage in kV (J Apply XFMR Phase-Shift 
Study Remarks 
ale ¥| [2)| copy || New | Delete Help) [OK |) cance 


Study Case ID 

The Study Case ID is shown in this entry field. You can rename a Study Case by deleting the old ID and 
entering the new ID. Study Case ID can be up to 12 alphanumeric characters. Use the Navigator button at 
the bottom of the editor to go from one Study Case to the next existing Study Case. 


CA Selection Method and Parameters 


1P1Q 

1P1Q method is used for Performance Index (PI) calculation by default. In this method, a decoupled power 
flow is used and after one iteration (one P-Q computation and one Q-V computation) or a very few number 
of iterations, the bus voltages are noted and with these bus voltages, the line power flows are calculated. 
The information is used to calculate the performance index. 
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Include CA Screening 

Check this box to scan the Outage List by running a quick form of load flow analysis to identify potential 
contingencies and put them into the CA Evaluation List. User defined Performance Index (PI) are used as 
criteria for identifying potential contingencies. Include CA Screening is an option when the number of the 
events in the Outage List is not large, or when the calculation time is not a concern. When Include CA 
Screening is not selected, all events in the Outage List will be automatically moved to the CA Evaluation 
List. 


Method 


In this section, you can define the method you used for calculation including Iterations and Precision. 


Fast-Decoupled 
For Contingency Analysis, the Fast-Decoupled method is the only available method for calculation. The 
checkbox is grayed out by default. 


Max. Iteration 
Enter the maximum number for iterations in this field. If the solution has not converged before the specified 
number of iterations, the program will stop and inform you. The recommended and default value is 2000. 


Precision 

Enter the value for the solution precision in this field, which is used to check for convergence. This value 
determines how precise you want the final solution to be. For the Fast-Decoupled method, the precision is 
compared with the difference in power for each bus (MW and Mvar) between iterations. If the difference 
between the iterations is less than or equal to the value entered for precision, the desired accuracy is 
achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the program again (you may need to increase the number of iterations). 


Note: A smaller precision value results in lower mismatch (higher accuracy), as well as a longer run time. 
The default (and recommended) value is 0.00001 for Fast-Decoupled method. 


Study Option 

In this section you can select the type of study you want to run. If both boxes are unchecked, the study will 
run base case load flow and the message “Neither N-1 nor N-2 contingency is checked in the study case. 
Only base load flow is run.” will be shown. You can check both boxes to run the both studies at the same 
time. 


N-1 Contingency 
Check this box to run single contingency calculation with all the outages in the N-1 Outage List. 


N-2 Contingency 


Check this box to run double contingency calculation with all the outages in the N-2 Outage List cross- 
matching with all the outages in the N-1 Outage List. 


Report 


Suppress Report 
Check this box to suppress the output report. Study reports will not be generated. 
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Bus Voltage in Percent 
Print the calculated bus voltages seen in the Output Report in percent of the bus nominal voltages. For 
graphical display of bus voltages, see Contingency Analysis Display Options. 


Bus Voltage in kV 
Print the calculated bus voltages seen in the Output Report in kV. For graphical display of bus voltages, see 
Contingency Analysis Display Options. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this section for contingency analysis 
calculation purposes. 


Bus Initial Voltages 
Select this option to use bus voltages and angles as entered in the Info page of the bus editors. Using this 
option, you can simulate contingency analysis studies with different initial conditions for bus voltage. 


User-Defined Fixed Value 

This option allows you to simulate contingency analysis studies using a fixed bus voltage and angle for all 
buses. When you select the fixed initial condition option, you must enter the initial voltage value as the 
percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude and zero degrees 
for bus voltage angle. 


Determination of Initial Bus Voltage Angle 

When transformer phase-shift is considered in the contingency analysis calculation, the initial bus voltage 
angle should be taken into account. Otherwise, very poor initial bus voltage angle may be used and which 
may affect load flow convergence. To resolve this issue, the ETAP Contingency Analysis module calculates 
the bus voltage angle based on transformer phase-shift and compares the calculated value against the initial 
bus voltage angle from the user selected option. If the difference between the two values is larger than the 
specified MaxIniAngDiff, ETAP uses the calculated values as the initial bus voltage angle, where 
MaxIniAngDiff is an ETAP.INI file entry defaulted at 10. According to the selection for the initial bus 
voltage and the Apply XFMR Phase-Shift field, there are four different situations: 


e When Use Fixed Values is checked and Apply XFMR Phase-Shift is also checked, the calculated 
initial bus voltage angles are used in the contingency analysis calculation. 


e When Use Bus Voltages is checked and Apply XFMR Phase-Shift is also checked, the initial bus 
voltage angle from the bus editor is compared against the calculated bus voltage angle. If the 
difference is less than MaxIniAngDiff, the initial bus voltage angle from the Bus editor is used; 
otherwise the calculated value is used in the contingency analysis calculation. 


e When Use Fixed Values is checked and Apply XFMR Phase-Shift is not checked, the initial voltage 


angle entered in the Contingency Analysis Study Case is used in the contingency analysis 
calculation. In this case, all the buses have the same initial voltage angle. 


e When Use Bus Voltages is checked and Apply XFMR Phase-Shift is not checked, the initial bus 
voltage angles from the bus editor are used in the contingency analysis calculation. 


When the operating load is specified as the system load, the operating voltage angles are used as the initial 
value. In this case, if Apply XFMR Phase-Shift is checked, the operating voltage angle is compared against 
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the calculated bus voltage angle. If the difference is less than MaxIniAngDiff, the operating voltage angle 
is used; otherwise the calculated value is used in the contingency analysis calculation. 


Apply XFMR Phase-Shift 
Check this box to consider transformer phase-shift in contingency analysis calculations. The phase-shift of 
a transformer can be found in the transformer editor. 


Study Remarks 


You can enter up to 120 alphanumeric characters in the remarks field. Information entered in the location 
will be printed on the second line of every output page header line. These remarks can provide specific 
information for each Study Case. The first line of the header information is global for all Study Cases and 
is entered in the Project Information editor. 
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51.2.2 Loading and Generation Page 


Cc 


Contingency Analysis Stud 


Performance Index (PI) Alert | 
| Info| _Loading and Generation N-1Qutage | —-N-2Qutage | 


Loading Category Generation Category 
Design Ms (Desn 
[7] Operating P.Q Operating P.Q.V 
Load Diversity Factor Charger Loading 
© None @) Loading Category 
© Bus Minimum ~) Operating Load 
© Bus Maximum 
(@ Global 
ConstantkVA ConstantZ Constant | Generic 
100 100 100 100 
aa al 


Loading Category 


Select one of the ten Loading Categories for the current Contingency Analysis Study. With the selection of 
any category, ETAP uses the percent loading of individual motors and other loads as specified for the 
selected category. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the induction 
machine editor and synchronous motor editor and the Loading or Rating page of other load component 
editors. 


Operating P,Q 

This option is available if your ETAP key has the online feature. When this box is checked, the operating 
loads updated from online data or a previous contingency analysis study will be utilized in the contingency 
analysis study. 
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Generation Category 


Select one of the ten Generation Categories for the current contingency analysis study. With the selection 
of any category, ETAP uses the generator controls for the selected category, as specified in the Rating page 
of the generator editor. The generator controls will be different depending on the mode that the generator 
is operating under. The mode of generation is selected on the Info page of the generator editor. The table 
below shows the generation controls with respect to the mode of generation. 


Mode Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
Mvar Control MW and Mvar 
PF Control MW and PF 
Operating P,Q,V 


This option is available if your ETAP key has the online feature. When this box is checked, the generator 
operating values updated from online data or a previous contingency analysis study will be utilized in the 
contingency analysis study. 


Load Diversity Factor 


This section allows you to specify load diversity factors to be applied on the Loading Category load. When 
Operating Load is selected, a diversity factor is not considered. 


None 
Select None to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When the minimum bus loading option is selected, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate contingency 
analysis studies with each bus having a different minimum diversity factor. 


The minimum bus loading study option may be used to see the effect of transformer taps and capacitors (if 
any) on the system voltages under a minimum (light) loading condition. 


Bus Maximum 

When the Maximum Loading option is selected, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate contingency 
analysis studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global Diversity Factor 

Enter the diversity factors for all constant kVA, constant Z, generic, and constant I loads. When you select 
this option, ETAP will globally multiply all motors, static loads, constant current loads, and generic loads 
of the selected Loading Category with the entered values for the respective load diversity factors. 


Constant kVA 


Constant kVA loads include induction motors, synchronous motors, conventional and unbalanced lumped 
loads with % motor load, UPS’s, and chargers. 
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Constant Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOV’s, and conventional and 
unbalanced lumped loads with % static load. 


Constant I 
Constant current loads include unbalanced lumped loads with % constant current load. 


Generic 
Generic loads include lumped loads modeled using either the exponential, polynomial, or comprehensive 
model. 


Please refer to the Calculations Methods for the load-modeling concepts used in ETAP. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25 percent above their nominal values. This value can be smaller or greater than 100 percent. 


Charger Loading 


You have the option to use the Loading Category or the Operating Load for chargers. The operating load 
for a charger can only be updated from a DC load flow study. 
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51.2.3 N-1 Outage Page 


This page is provided for you to select N-1 outages for contingency analysis calculation. 


Contingency Analysis Study Case x 
Performance Index (P!) Adjustment Alert 
Info Loading and Generation N-1 Outage N-2 Outage 
Device Type Device ID Outage List 
Bus1 
Syn. Generators Bus2 . a 
Power Grids Bus4 1 Cable22 
Wind Turbine Bus5 Lal 2 Cable23 
Line Bus6 
Cable Bus? oes: 
Transformer Bus9 4 Line4 
Impedance Bus23A Add >> 
Reactors Cable2 
Bus Cable 14 
Node LVBus 
PV Array MCC1 
Sub2A Remove << 
Sub3 Swar 
Sub22 
Sub23 
T1 
T2 
T3 
T4 
T5 
T22 
T23 
XFMR 3 
Ale Z| [Bil | copy New | [Delete Hep | [OK ]|| Cancel 


Device Type 


In this list, all the device types used for contingency analysis are displayed including: 


All 

Synchronous Generators 
Power Grids 

Wind Turbine 

Line 

Cable 

Transformer 

Impedance 

Reactors 

Bus 
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e Node 
e =6PV Array 


You can only select one device type at a time. If “All” is selected, all the device types are included. 


Device ID 


In this list, the device IDs of the selected device type in the Device Type list will be displayed. If “All” is 
selected in the Device Type list, then all of the device IDs will be displayed in Device ID list. You can 
select multiple devices in the Device ID list. 


All 
If the All option is checked, all of the devices displayed in the Device ID list are automatically selected. If 
the option is not checked, only the highlighted devices in the Device ID list are selected. 


Add >> 
Click the button to add all of the selected devices in the Device ID list to the Outage List on the right. The 
selected devices will be removed from the Device ID list. 


Remove << 
Click the button to remove all the selected devices from the Outage List. The selected devices will be 
displayed in the Device ID list. 


Outage List 


In this list, all of the selected outage devices are displayed. 


# 
The outage number assigned to the outage devices. The number starts from 1. 


ID 
The device IDs of all the selected outages are displayed here. 
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51.2.4 N-2 Outage Page 


This page is provided for you to select N-2 outages for contingency analysis calculation. 


Contingency Analysis Study Case x 
Performance Index (P!) Adjustment Alert 
Info Loading and Generation N-1 Outage N-2 Outage 
Device Type Device ID Outage List 
Bus1 
Syn. Generators Bus2 : ™ 
Power Grids Bus4 5 Cable22 
Wind Turbine Bus5 LIA 6 Cable23 
Line Bus6 
Cable Bus? eS 
Transformer Bus3 8 Line4 
Impedance Bus23A Add >> 5 LVBus 
Reactors Cable2 
Bus Cable 14 = 
Node Sub2A 
PV Aray Sub3 Swar 
Sub22 Remove << 
Sub23 
T1 
T2 
T3 
T4 
T5 
T22 
T23 
XFMR 3 
Ale J] [Bil | copy New | [Delete | Hep | [OK ]|| Cancel 


Device Type 


In this list, all the device types used for contingency analysis are displayed including: 


All 
Synchronous Generators 
Power Grids 
Wind Turbine 
Line 

Cable 
Transformer 
Impedance 
Reactors 

Bus 

Node 
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e PV Array 


You can only select one device type at a time. If “All” is selected, all the device types are included. 


Device ID 


In this list, the device IDs of the selected device type in the Device Type list will be displayed. If “All” is 
selected in the Device Type list, then all of the device IDs will be displayed in Device ID list. You can 
select multiple devices in the Device ID list. 


All 
If the All option is checked, all of the devices displayed in the Device ID list are automatically selected. If 
the option is not checked, only the highlighted devices in the Device ID list are selected. 


Add >> 
Click the button to add all of the selected devices in the Device ID list to the Outage List on the right. The 
selected devices will be removed from the Device ID list. 


Remove << 
Click the button to remove all the selected devices from the Outage List. The selected devices will be 
displayed in the Device ID list. 


Outage List 


In this list, all of the selected outage devices are displayed. 


# 
The outage number assigned to the outage devices. The number starts from the end of the number in N-1 
Outage list. 


ID 
The device IDs of all the selected outages are displayed here. 
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51.2.5 Performance Index Page 


The Performance Index page in the Contingency Analysis Study Case Editor is used to specify the setup of 
all Performance Index, including threshold and weight. 


ic 


Contingency Analysis Study Case x 
Info | Loading and Generation N-1 Outage | N-2 Outage 
Performance Index (P!) Adjustment | Alert 
PI Selection 
Threshold Weight 
\¥| Bus Voltage Security Index 0 100 = 
\¥| Real Power Flow Change Index 0 100 re 
(| Reactive Power Flow Change Index 0 100 = 
(\¥| Branch Overloading Violation 0 1000 * 
(¥] Use Combined Indexes 0 
ic =) Bi Co 


PI Selection 


Bus Voltage Security Index 
Performance Index calculated based on the bus voltage difference before and after the contingency. Smaller 
values represent smaller differences. 


Real Power Flow Change Index 
Performance Index calculated based on the real power flow difference before and after the contingency. 
Smaller values represent smaller differences. 


Reactive Power Flow Change Index 


Performance Index calculated based on the reactive power flow difference before and after the contingency. 
Smaller values represent smaller differences. 
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Branch Overloading Violation Index 
Performance Index calculated based on the branch loading difference before and after the contingency. 
Smaller values represent smaller differences. 


Use Combined Indexes 
Performance Index calculated based on all the index values and weight. 


Threshold 


The thresholds for all of the indexes. Values smaller than the threshold will be considered zero. 
Weight 


The weight for individual indexes when calculating combined index in percentage value. They will only be 
activated when “Use Combined Indexes” checkbox is selected. 
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51.2.6 Adjustment Page 


This page allows you to specify tolerance adjustments to length, equipment resistance, and impedance. 
Each tolerance adjustment can be applied based on the individual equipment percent tolerance setting or 
based on a globally specified percent value. 


Contingency Analysis Study Case x 
Info Loading and Generation N-1 Outage N-2 Outage 
Performance Index (PI) Adjustment Alert 
Impedance Tolerance Lenath Tolerance 
Transformer Cable / Busway 
O Individual O Individual 
@ Global 0 % @ Global 0 % 
Reactor Transmission Line 
O Individual O Individual 
@ Global 0 |% @ Global 0 |% 
Overload Heater 
O Individual 
@ Global 0 |% 
Resistance Temperature Comection 
Cable / Busway Transmission Line 
O Individual Max. Temperature O Individual Max. Temperature 
@ Global 75 | @ Global m | 
CA v iB) Copy || New | Hai | [0K | Cancel 


Impedance Tolerance 


This group allows you to consider tolerance adjustments to impedance values for transformer, reactor, and 
overload heater. 


Transformer Impedance Adjustment 

This adjustment is applied to transformer impedance. The net effect of the transformer impedance 
adjustment in contingency analysis calculations is to increase the impedance by the specified percent 
tolerance value. For example, if the transformer impedance is 12% and the tolerance is 10%, the adjusted 
impedance used in the contingency analysis calculation will be 13.2%, resulting in higher losses. 


The Impedance Adjustment can be applied to individual transformers by using the tolerance percent value 
specified in the Transformer Editor Rating page. A global Transformer Impedance Adjustment can be 
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specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field of 
Contingency Analysis Study Case Editor Adjustment page. The global Impedance Adjustment overrides 
any individual transformer tolerance value. 


Reactor Impedance Adjustment 

This adjustment is applied to the reactor impedance. The Contingency Analysis module increases the 
reactor impedance by the specified percent tolerance resulting in a larger impedance and consequently a 
larger voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then 
the adjusted reactor impedance used in the contingency analysis calculation is 0.105 Ohm. 


The Impedance Adjustment can be applied to individual reactors by using the tolerance percent value 
specified in the Reactor Editor Rating page. A global Reactor Impedance Adjustment can be specified as 
well by selecting and specifying a global tolerance other than 0% in the corresponding field of the 
Contingency Analysis Study Case Editor Adjustment page. The global Impedance Adjustment overrides 
any individual reactor tolerance value. 


Overload Heater Resistance 

This adjustment is applied to the overload heater (OH) resistance. The Contingency Analysis module 
increases the OH resistance by the specified percent tolerance resulting in a larger resistance and 
consequently a larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 
5%, then the adjusted OH resistance used in the contingency analysis calculation is 0.105 Ohm. 


The Resistance Adjustment can be applied to individual overload heaters by using the tolerance percent 
value specified in the Overload Heaters Editor Rating page. A global Overload Heater Resistance 
Adjustment can be specified as well by selecting and specifying a global tolerance other than 0% in the 
corresponding field of Short Circuit Study Case Editor Adjustment page. The global Resistance Adjustment 
overrides any individual overload heater tolerance value. 


Length Tolerance 


This section allows you to consider tolerance adjustments to cable and transmission line lengths. 


Cable/Busway Length Adjustment 

This adjustment is applied to the cable/busway length. The Contingency Analysis module increases the 
cable/busway length by the specified percent tolerance resulting in larger impedance and consequently a 
larger voltage drop. For example, if the length of the cable/busway is 200 ft. and the tolerance is 5%, then 
the adjusted cable/busway length used in the contingency analysis calculation is 210 ft. 


The Length Adjustment can be applied to individual cables/busways by using the tolerance percent value 
specified in the Cable/Busway Editor Info page. A global Cable/Busway Length Adjustment can be 
specified as well by selecting and specifying a global tolerance other than 0% in the corresponding field of 
the Contingency Analysis Study Case Editor Adjustment page. The global Length Adjustment overrides 
any individual cable/busway tolerance value. 


Transmission Line Length Adjustment 

This adjustment is applied to the transmission line length. The Contingency Analysis module increases the 
transmission line length by the specified percent tolerance resulting in larger impedance and consequently 
a larger voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 2.5%, 
then the adjusted transmission line length used in the contingency analysis calculation is 2.05 miles. 
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The Length Adjustment can be applied to individual lines by using the tolerance percent value specified in 
the Transmission Line Editor Info page. A global Transmission Line Length Adjustment can be specified 
as well by selecting and specifying a global tolerance other than 0% in the corresponding field of the 
Contingency Analysis Study Case Editor Adjustment page. The global Length Adjustment overrides any 
individual transmission line tolerance value. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the maximum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on the 
individual cable/line maximum temperature setting or based on a globally specified value. 


Temperature Correction for Cable/Busway Resistance 

This adjustment is applied to the cable/busway conductor resistance. The Contingency Analysis module 
adjusts the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables/busways by using the maximum operating 
temperature value specified in the Cable/Busway Editor Impedance Page. A global temperature correction 
can be specified as well by selecting and specifying a global maximum temperature value in the 
corresponding field of the Contingency Analysis Study Case Editor Adjustment Page. The global 
temperature correction value overrides any individual Cable/Busway Impedance Page maximum 
temperature. Please refer to the Cable Editor Impedance Page and Busway Editor Rating Page section in 
AC-Editors. 


Temperature Correction for Transmission Line Resistance 

This adjustment is applied to the transmission line conductor resistance. The Contingency Analysis module 
adjusts the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by using the maximum operating temperature 
value specified in the Transmission Line Editor Impedance page. A global temperature correction can be 
specified as well by selecting and specifying a global maximum temperature value in the corresponding 
field of the Contingency Analysis Study Case Editor Adjustment page. The global temperature correction 
value overrides any individual Transmission Line Impedance page maximum temperature. Please refer to 
the Transmission Line Editor Impedance Page section in AC-Editors. 
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51.2.7 Alert Page 


The Alert page in the Contingency Analysis Study Case Editor is used to specify the setup of all the 
Simulation Alerts that are provided to notify you of an abnormal loading condition based on predetermined, 
“allowable”, percent values and system topology. The functional capability of the Simulation Alert System 
is to generate alerts when there is an overload in protective devices, buses, transformers, cables, lines, 
panels, DC links, reactors, generators, and power grid. The alerts are reported by the generation of different 
types of alerts, either graphically in the one-line diagram display or in the Contingency Analysis Report 
Summary. 


Contingency Analysis Study Case x 
Info Loading and Generation N-1 Outage N-2 Outage 
Performance Index (Pl) Adjustment Alert 
Critical Marginal Critical [4] Marginal Critical [| Marginal 
Loading Violation Loading Deviation Bus Voltage Violation 
Bus| 100 95 10 5 % OverVoltage 110 102 |% 
Cable / ey * 
en 100 95 10 5 te UnderVoltage 80 98 te 
Line | 100 95 10 = % 
Critical Marginal 
Reactor/Imp | 100 95 10 5 % | _ Gus Voltage Deviation 
Xfmr| 100 95 10 5 = OverVoltage 10 5 % 
Panel | 100 95 10 5 % UnderVoltage 10 5 he 
PD | 100 95 10 5 x 
Gen| 100 95 10 5 % 


<| \cA ¥| [Bil | copy New | Delete | Help [OK] cance 


Critical and Marginal Alerts 

There are two types of simulation alerts generated after a Contingency Analysis study. The difference 
between Marginal and Critical Alerts is their use of different percent value conditions to determine if an 
alert should be generated. If a condition for a Critical alert is met, then an alert will be generated in the 
Loading/Voltage Page of Contingency Analysis Report Summary and the overloaded element will turn red 
in the one-line diagram. The same is true for Marginal Alerts, except that the overloaded component will 
be displayed in magenta color. Also, the Marginal Alerts check box must be selected if you wish to display 
the Marginal Alerts. Unlike Load Flow study, the Marginal Alert checkboxes in Contingency Analysis 
works separately. If a device alert qualifies it for both Critical and Marginal alerts, only Critical Alerts are 
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displayed. It should be noted that in order for ETAP to generate alerts for an element type, both the element 
rating and the percent value entered in this page must be non-zero. The element ratings for alert checking 
are given in the following sections. 


Loading Violation 


This set of value fields allows you to enter the condition percent values of the monitored parameters used 
to determine if an alert should be reported based on loading conditions determined by a load flow 
calculation. The Contingency Analysis Loading Alerts generate overload alerts. 


Bus Alert 

The Contingency Analysis module will generate a Bus Loading Alert if the Critical or Marginal percent 
limit of rated continuous current in the bus is exceeded. The rated continuous current in the bus is specified 
in the Rating page of the Bus editor. 


Cable/Busway Alert 

The Contingency Analysis module will generate a Cable/Busway Alert if the Critical or Marginal percent 
limit of allowable ampacity in the cable/busway is exceeded. The allowable ampacity of the cable is 
specified in the Ampacity page of the Cable editor. The allowable ampacity of the busway is specified in 
the Rating page of the Busway editor. 


Line Alert 

The Contingency Analysis module will generate a Line Alert if the Critical or Marginal percent limit of 
derated ampacity in the transmission line is exceeded. The derated ampacity of the transmission line is 
calculated in the Ampacity page of the Transmission Line editor. 


Reactor/Imp Alert 

The Contingency Analysis module will generate a Reactor/Impedance Alert if the Critical or Marginal 
percent limit of rated current in the reactor is exceeded. The rated current in the reactor/impedance is 
specified in the Rating page of the Reactor/Impedance editor. 


Transformer Alert 

The Contingency Analysis module will generate a Transformer Alert if the Critical or Marginal percent 
limit of maximum MVA of the transformer is exceeded. The maximum MVA of the transformer is specified 
in the Rating page of the Transformer editor. The simulation alerts work for both two and three winding 
transformers. 


Panel Alert 
The Contingency Analysis module will generate a Panel Alert if the Critical or Marginal percent limit of 
rated current in the panel is exceeded. The rated current of the panel is specified in the Rating page of the 
Panel editor. 


Protective Device Alert 

The Contingency Analysis module will generate Protective Device Alerts when certain predetermined 
parameter value ratings are exceeded. The following table contains a list of the conditions used by the Alert 
Simulation program to determine when to report an alert. Contingency Analysis results are compared to the 
monitored parameters listed in the following table: 


Protective Devices Monitored parameters in percent of | Condition reported 
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Low Voltage Circuit Breaker Continuous rated Current Overloaded 
High Voltage Circuit Breaker Continuous rated Current Overloaded 
Fuses Rated Current Overloaded 

Contactors Continuous rated Current Overloaded 
SPDT/SPST switches Continuous rated Current Overloaded 


The Contingency Analysis module will generate Protective Device Alerts only if the monitored parameter 
rating is larger than zero. 


Generator Alert 

The Contingency Analysis module will generate a Generator Alert if the Critical or Marginal percent limit 
of rated MW of the generator is exceeded. The rated MW of the generator is specified in the Rating page 
of the Generator editor 


Loading Deviation 


This set of value fields allows you to enter the condition percent values of the monitored parameters used 
to determine if an alert should be reported based on the difference between contingency loading and base 
case loading determined by a load flow calculation. The Load Flow Loading Alerts generate over-swing 
alerts. 


Bus Alert 

The Contingency Analysis module will generate a Bus Loading Deviation Alert if the Critical or Marginal 
percent limit of current deviation (from the rated continuous current) in the bus is exceeded. The rated 
continuous current in the bus is specified in the Rating page of the Bus editor. 


Cable/Busway Alert 

The Contingency Analysis module will generate a Cable/Busway Loading Deviation Alert if the Critical or 
Marginal percent limit of current deviation (from the allowable ampacity) in the cable/busway is exceeded. 
The allowable ampacity of the cable is specified in the Ampacity page of the Cable editor. The allowable 
ampacity of the busway is specified in the Rating page of the Busway editor. 


Line Alert 

The Contingency Analysis module will generate a Line Loading Deviation Alert if the Critical or Marginal 
percent limit of current deviation (from the derated ampacity) in the transmission line is exceeded. The 
derated ampacity of the transmission line is calculated in the Ampacity page of the Transmission Line 
editor. 


Reactor/Imp Alert 

The Contingency Analysis module will generate a Reactor/Impedance Loading Deviation Alert if the 
Critical or Marginal percent limit of current deviation (from rated current) in the reactor/impedance is 
exceeded. The rated current in the reactor/impedance is specified in the Rating page of the 
Reactor/Impedance editor. 


Transformer Alert 

The Contingency Analysis module will generate a Transformer Loading Deviation Alert if the Critical or 
Marginal percent limit of MVA deviation (from maximum MVA) of the transformer is exceeded. The 
maximum MVA of the transformer is specified in the Rating page of the Transformer editor. The simulation 
alerts work for both two and three winding transformers. 
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Panel Alert 

The Contingency Analysis module will generate a Panel Loading Deviation Alert if the Critical or Marginal 
percent limit of current deviation (from rated current) in the panel is exceeded. The rated current of the 
panel is specified in the Rating page of the Panel editor. 


Protective Device Alert 

The Contingency Analysis module will generate Protective Device Loading Deviation Alerts if the Critical 
or Marginal percent limit of current deviation (from monitored parameters) in the protective device is 
exceeded. The following table contains a list of the conditions used by the Alert Simulation program to 
determine when to report an alert. Contingency Analysis results are compared to the monitored parameters 
listed in the following table: 


Protective Devices Monitored parameters in percent of | Condition reported 
Low Voltage Circuit Breaker Continuous rated Current Over-swing 
High Voltage Circuit Breaker Continuous rated Current Over-swing 

Fuses Rated Current Over-swing 
Contactors Continuous rated Current Over-swing 
SPDT/SPST switches Continuous rated Current Over-swing 


The Contingency Analysis module will generate Protective Device Alerts only if the monitored parameter 
rating is larger than zero. 


Generator Alert 

The Contingency Analysis module will generate a Generator Alert if the Critical or Marginal percent limit 
of MW deviation (from rated MW) of the generator is exceeded. The rated MW of the generator is specified 
in the Rating page of the Generator editor. 


Bus Voltage Violation 

Bus Voltage Simulation Alerts generate alerts if the voltage magnitude percent results from the contingency 
analysis calculation exceed or are below the specified nominal kV rating percent values. Bus Voltage Alerts 
report over voltage and under voltage alerts. 


Bus Voltage Deviation 


Bus Voltage Simulation Alerts generate alerts if the voltage magnitude percent results from the contingency 
analysis calculation exceed the Critical or Marginal percent limit of voltage deviation. Bus Voltage Alerts 
report over voltage and under voltage alerts. 
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51.3 Display Options 
The Contingency Analysis Display Options consist of a Results page and three pages for Results, AC, AC- 
DC, and Colors information annotations. The colors and displayed annotations selected for each study are 


specific to that study. 


Show Units 


Load Term. Base kV 


(] Load Term. Mag. 
Based on 
@ Load Rated kV 


Bus Nom. kV 


@ Base LF 
Cont. Analysis LF 


Composite Motor 
|W] Composite Network 


Branch Losses 
kW + jkvar 


Select this option to show units for power flow and current displayed on the one-line diagram. 


ETAP 
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Check All 
Select this option to show all available result annotations. When this box is unchecked, the previous settings 
are restored. 


Voltage 


Voltage 
Select kV or percent for voltage display on the one-line diagram from the list. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. Bus voltages are displayed at 15 degrees. 


Bus Angle 
Select this option to display bus angles in degrees on the one-line diagram. Bus angles are displayed at -15 
degrees. 


L-N 
Select this option to display line to ground bus voltage on the one-line diagram. 


L-L 
Select this option to display line to line bus voltage on the one-line diagram. 


Load Term. Base kV 


This group allows you to select base kV for load terminal magnitude, when the voltage is selected to be 
displayed in percent. This group will be disabled if it is selected to display voltage in kV. 


Load Term. Mag. 

Select this option to display load (motors and static loads) terminal voltages on the one-line diagram. Load 
terminal voltages are displayed at 15 degrees. Load terminal voltages can be displayed based on load rated 
kV or bus nominal kV, depending on the selection in Load Term. Base kV. 


Load Rated kV 
Select this option to use load rated kV as the base for load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for load terminal voltage display. 


Voltage Drop 


Line/Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


Load FDR 
Select this option to display the load feeder voltage drops. 


Results 
This section is grayed out by default. The checkbox selection would change based on the OLV display. 
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Base LF 
When the base case result is displayed on OLV, this checkbox will be selected. 


Cont. Analysis LF 
When the contingency load flow is displayed on OLV, this checkbox will be selected. 


Power Flows 
You can specify how the flows will be displayed in this area. 


Units 
Select the unit (VA, kVA or MVA) to be used to display power flow on the one-line diagram. 


kW + jkvar 
Select the kW + jkvar radio button to display power flow in W+jvar, kW+jkvar or MW+jMvar. 


kVA 
Select the kVA radio button to display power flow in VA, kVA or MVA. 


Amp 
Select the Amp radio button to display current flow in amperes. 


%PF 
When the Amp or kVA radio button is selected, you can check this box to show power factor of power flow 
along with the current. 


Flow Results 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at one end of a branch, i.e., the end that has a positive kW value flowing into the branch. For 
three-winding transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 
Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select the check box to display power flow into composite networks. 


Branch Losses 


Select this option to display branch losses on the one-line diagram. Losses are displayed inside a bracket in 
[W+jvar], [kW+jkvar] or [MW+jMvar]. 


ETAP 51-29 ETAP 19.0 User Guide 


Contingency Analysis Display Options 


Meters 


Ammeter 
Check this option to display primary current for the branch to which an ammeter is attached. 


Voltmeter 
Check this option to display primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 
Check this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 
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51.4 Calculation Methods 


Contingency Analysis study uses a single method for load flow calculation: Fast-Decoupled. AC load flow 
is first run for the base case. Then for each outage, the elements with outages are kept out and another load 
flow is run - called contingency load flow. Depending on the outage, bus voltage and branch loading can 
be affected significantly. Contingency load flow may determine under voltage buses and overloading 
branches. 


Fast-Decoupled Method 

The Fast-Decoupled method is derived from the Newton-Raphson method. It takes the fact that a small 
change in the magnitude of bus voltage does not vary the real power at the bus appreciably, and likewise, 
for a small change in the phase angle of the bus voltage, the reactive power does not change appreciably. 
Thus the load flow equation from the Newton-Raphson method can be simplified into two separate 
decoupled sets of load flow equations, which can be solved iteratively. Please see Fast-Decoupled Method 
in the Load Flow Analysis chapter. 
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51.5 Performance Index Calculation 


Performance Index is used for outage ranking. An index may indicate the severity of the outage. 
Performance index is a number and it has no unit. Therefore we can add different indices as well as different 
weights. 


Bus Voltage Security Index (PIv/vsp) 


Bus Voltage Security Index is calculated based on the bus voltage difference before and after the 
contingency. Smaller values represent smaller differences. 


N 
2 
Plyjvsp = | (Aree _ hie) Vatia) /N 


n=1 
For PIv/vsp based on Equipment Rating 
Vn_PostCon Post contingency bus voltage for Bus n in percentage value. 
Vin_spec Specified bus voltage base for Bus n in percentage value, 100% in this case. 
Viimit Limit for bus voltage critical alert. Viimie = |Veriticat — 100%| 
N Number of buses in the system. 
For PIy,/vsp based on Base Case 
Vn_PostCon Post contingency bus voltage for Bus n in percentage value. 
Vn_spec | Specified bus voltage base for Bus n in percentage value, base case in this case. 


Viimit Limit for bus voltage critical alert. Viimit = Vcritev, which is the critical voltage 
deviation alert in percentage value. Vcrit_pev is collected from the Alert page. 


Real Power Flow Change Index (PI) 


Real Power Flow Change Index is calculated based on the real power flow difference before and after the 
contingency. Smaller values represent smaller differences. 


N 
2 
Pl yp = ») (Pr posto = 5 pice Pa iase) /N 
n=1 


Pn_postCon Post contingency real power flow for Branch n. 
Pn_Base Base case real power flow for Branch n. 


N Number of branches with real power flow changes in the system. 
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Reactive Power Flow Change Index (PIjq) 


Reactive Power Flow Change Index is calculated based on the reactive power flow difference before and 
after the contingency. Smaller values represent smaller differences. 


N 
Plyq = ») ((Gn Postdon _ Oise) Ops) /N 
n=1 


Qn_PostCon Post contingency reactive power flow for Branch n. 
Qn Base Base case reactive power flow for Branch n. 


N Number of branches with reactive power flow changes in the system. 


Branch Overloading Security Index (PIs /ssp) 


Branch Overloading Security Index is calculated based on the branch overloading condition after the 
contingency. Smaller values represent less overloading violations. 


N 
2 
>. (Sn_postcon/Stimit) /N 


n=1 


Plsissp = | 


For PIs/ssp based on Equipment Rating 


Sn_PostCon Post contingency branch load flow for Branch n, MVA for transformers and Amps for 


other branches. 
S Limit Branch overloading limit, in this case Srimie = Ampacity * Scrit Alert. 
N Number of branches in the system. 


For PIs/ssp based on Base Case 


Sn_PostCon Post contingency branch load flow for Branch n, MVA for transformers and Amps for 


other branches. 
S Limit Branch overloading limit, in this case Srimit = Spase * (1 + Scrit_pev). 
N Number of branches in the system. 
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51.6 Required Data 


Bus Data 
Required data for contingency analysis calculations for buses includes: 


e Nominal kV 
e %V and Angle (when Initial Condition is set to use Use Bus Voltages) 
e Load Diversity Factor (when the Loading option is set to use Diversity Factor) 


Branch Data 


Branch data is entered into the Branch Editors, i.e., Transformer, Transmission Line, Cable, Reactor, and 
Impedance editors. Required data for contingency analysis calculations for branches includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable/busway and transmission line, length, and unit 

Transformer and voltage regulator rated kV and kVA/MVA, tap, and LTC settings 
Impedance base kV and base kVA/MVA 


Power Grid Data 
Required data for contingency analysis calculations for power grids includes: 


Operating mode (Swing, Voltage Control, Mvar Control, or PF Control) 
Nominal kV 

%V and Angle for swing mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for Voltage Control mode 
MW and Mvar loading, and Mvar limits Mvar Control mode 

MW loading and PF, and Mvar limits for PF Control mode 


Synchronous Generator Data 


Required data for contingency analysis calculations for synchronous generators includes: 


Operating mode (Swing, Voltage Control, or Mvar Control) 

Rated kV 

%V and Angle for swing mode of operation 

%V, MW loading, and Mvar limits (Qmax and Qmin) for Voltage Control mode 
MW and Mvar loading, and Mvar limits Mvar Control mode 

MW loading and PF, and Mvar limits for PF Control mode 


Note: The Mvar limits (Qmax and Qmin) can also be calculated from the capability curve. The required 
additional data for this calculation includes: 


e All data on the Capability page 
e Synchronous reactance (Xa) 


Inverter Data 
Required data for contingency analysis calculations for inverters includes: 
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e Inverter ID 
e DC and AC rating data 
e AC output voltage regulating data 


Synchronous Motor Data 


Required data for contingency analysis calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
% Loading for desired Loading Category 

Equipment cable data 


Induction Motor Data 
Required data for contingency analysis calculations for induction motors includes: 


e Rated kW/hp and kV 
e Power factors and efficiencies at 100%, 75%, and 50% loadings 
e % Loading for desired Loading Category 
e Equipment cable data 
Static Load Data 


Required data for contingency analysis calculations for static loads includes: 


Static Load ID 

Rated kVA/MVA and kV 

Power factor 

% Loading for desired Loading Category 
Equipment cable data 


Capacitor Data 


Required data for contingency analysis calculations for capacitors includes: 


Capacitor ID 

Rated kV, kvar/bank, and number of banks 
% Loading for desired Loading Category 
Equipment cable data 

Switch capacitor info if exists 


Lumped Load Data 


Required data for contingency analysis calculations for lumped loads includes: 
Conventional 


e Load ID 
e Rated kV, kVA/MVA, power factor, and % motor load 
e % Loading for desired Loading Category 
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Unbalanced 


e Load ID 
e Rated kV, kVA/MVA, power factor, % motor load, and % static load 
e % Loading for desired Loading Category 


Exponential 


e Load ID 
e Rated kV, PO, QO, a, and b 
e % Loading for desired Loading Category 


Polynomial 


e Load ID 
e Rated kV, PO, QO, p1, p2, q1, and q2 
e % Loading for desired Loading Category 


Comprehensive 


e Load ID 
e Rated kV, PO, QO, al, a2, b1, b2, p1, p2, p3, p4, ql, q2, q3, and q4 
e % Loading for desired Loading Category 


Charger and UPS Data 


Required data for contingency analysis calculations for chargers and UPS’s includes: 


e Element ID 
e Rated AC kV, MVA, and power factor, as well as DC rating data 
e % Loading for desired Loading Category 


HV DC Link Data 


Required data for contingency analysis calculations for HVDC links includes: 


e Element ID 
e All data on the Rating page is required for contingency analysis calculations 
e Inverter current margin (Im) 


SVC Data 


Required data for contingency analysis calculations for SVC’s includes: 


Element ID 

Rated kV 

Inductive Rating (Either Qr, IL, or Br) 
Capacitive Rating (Either Qc, Ic, or Bc) 

Max Inductive Rating (Either Qrmax), or Inqmaxy) 
Max Capacitive Rating (Either Qccminy, or Icqminy) 
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Note: Qc, Qccmin), and Br must be entered as a negative value 


Panel Data 
Required data for contingency analysis calculations for panels includes: 


Element ID 

Rated kV and Amps 

Number of Branch Circuits 

Loading and %Loading 

Phasing, Number of Poles, and State 

Connection Type, i.e. Internal, External, Spare, etc. 


Other Data 


There are some study case related data, which must also be provided. This includes: 


Max Iteration 

Precision 

Loading Category 

Initial Voltage Condition 
N-1 Outages 

N-2 Outages 

Report (report format) 


The study case related data is entered into the Contingency Analysis Study Case editor. 
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591.7 Output Reports 


The contingency analysis calculation results are reported both on the one-line diagram and in the Crystal 
Reports format. The graphical one-line diagram displays the calculated bus voltages, branch flows and 
voltage drops, load power consumption, etc. You can use the Display Options editor to specify the content 
to be displayed. It also flags abnormal operating conditions, such as overloaded cables and over- or under- 
voltage buses, in different colors. 


The Crystal Reports format provides you with detailed information for a contingency analysis. You can 
utilize the Contingency Analysis Report Manager to help you view the output report. 


51.7.1 View from Study Case Toolbar 


This is a shortcut for the Report Manger. When you click on the View Output Report button, ETAP 
automatically opens the output report listed in the Study Case toolbar with the selected format. In the picture 
shown below, the output report name is CAreport and the selected format is Complete. 


Adjustments 


Branch 

Branch Loading Alert 
Bus 

Bus Loading Alert 
Bus Voltage Alert 
Cable 
Complete 
Cover 
High Voltage DC Link 

Impedance 

Line Coupling 

Load Flow Report 

Losses Report 

Outage List 

Performance Index 

Reactor 

svc 

Switched Capacitor 

Switched Capacitor Switching Report 
Transformer 


Voltage Regulator 
Voltage Regulator Summa 


51.7.2 Report Manager 


To open the Report Manager, simply click on the Report Manager button on the Contingency Analysis 
toolbar. The editor includes three pages (Complete, Input and Output) representing different sections of the 
output report. The Report Manager allows you to select formats available for different portions of the report 
and view it via Crystal Reports. There are several fields and buttons common to every page, as described 
below. 


Output Report Name 
This field displays the name of the output report you want to view. 
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Project File Name 
This field displays the name of the project file based on which report was generated, along with the directory 
where the project file is located. 


Path 
This field displays the name of the project file based on which report was generated, along with the directory 
where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will close the editor. Click on the Cancel button to close the 
editor without viewing the report. 


Complete 
The Complete Report includes Input Data, Results, and Summary Reports. 


( ' 
Contingency Analysis Report Manager —sa 


~) Viewer 
(@ PDF 
MS Word 
© Rich Text Format 
») MS Excel 
| Di Set As Defaut 


Output Report Name 
CAreport 
Path 
CAETAP 1400 x64\Example-ANS! 


Viewer and File Options 

You can view the report in the Crystal Reports viewer, or save the report in PDF, MS Word, Rich Text 
Format, or Excel format. If you wish this selection to be the default for reports, click the Set As Default 
check box. 


ML 
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Electrical Transient Analyzer Program 


Contingency Analysis 
Loading Category (1): Design 
Generation Category (1): Design 


Load Diversity Factor: None 


Swing V-Control Load Total 
Number of Buses: 2 1 14 17 
XFMR2 XFMR3 Reactor Line/Cable Impedance Tie PD Total 
Number of Branches: z 1 0 5 0 1 14 


Input 


This page allows you to select different formats for viewing input data, grouped according to type. They 
include: 


Adjustments 
Branch 

Bus 

Cable 

Cover 

High Voltage DC Link 
Impedance 

Line Coupling 
Reactor 

SVC 

Switched Capacitor 
Transformer 

UPS 

VFD 

Voltage Regulator 
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Adjustments 
Apply 
Tolerance Adjustments 
Transformer Impedance: No 
Reactor Impedance: No 
Overload Heater Resistance: No 
Transmission Line Length: No 
Cable Length: No 
Apply 
Temperature Correction Adjustments 
Transmission Line Resistance: Yes 
Cable Resistance: Yes 


Output 


Individual 
/Global Percent 
Individual 
‘Global Degree C 
Individual 
Individual 


This page allows you to select different portions of the contingency analysis summary to view. 


Note: Some portions of the summary are available only when you have selected specific options in the 


study case, such as Critical and Marginal Voltage options. 


Branch Loading Alert 
Bus Loading Alert 
Bus Voltage Alert 
Load Flow Report 
Outage List 

Losses Report 
Performance Index 


Base Load Flow Report 


Bus Voltage Generation Load 
D kV %Mag Ang — MW Mvar MW Mvar ID 
Bus 0.480 97.645 -19 0 0 0 0 Bus2 
Sub 3 
Bus2 0480 93.441 -2.0 0 0 0.538 0.327 Busi 
Bus5S 0480 96.436 -33 0 0 0.155 0.074 LVBus 
Bus6 13.800 99.992 1.0 0 0 0 0 Sub2B 
Sub23 
Bus7 13.800 98.816 -1.6 0 0 0 Qo SublA 
Sub22 
Bus9 4160 = 97.193 -18 0 0 0.581 0.258 Sub3 Swer 
Bus23A 0480 98.498 17 0 0 0.585 0.343  Sub23 
LVBus 0480 96.436 -33 0 0 0.423 0.227 Sub3 Swer 
Bus5 
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Load Flow XFMR 
MW Mvar % PF % Tap 
0.562 0.343 810.5 $54 
-0.562 0.343 810.5 854 
0.538 0.327 810.5 85.5 
0.155 0.074 214.1 90.3 
0.591 0.385 29.5 83.8 
0.591 0.385 29.5 $3.8 
2.996 -2.021 153.0 829 
2.996 2.021 153.0 82.9 
0.581 0.258 90.7 914 
0.585 0.343 827.7 86.3 
0.578 -0.301 812.9 887 
0.155 0.074 214.1 90.3 
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Summary 


This page allows you to select different portions of the load flow summary to view. 


Switched Capacitor Switching Report 
Voltage Regulator Summary 


Switched Capacitor Switching Summary Report 


Initial Final 
Capacitor ID Mvar Steps Mvar Steps 

CAP1-2 -0.800 8 -0.919 10 
CAP 1-3 -1.000 10 -0.364 4 
CAPI1-A -0.700 7 -0.718 

CAP1-AB -0.900 9 -1.013 10 
CAP1-B -1.000 10 0.000 0 
CAP1-BC -0.900 9 0.000 0 
CAP1-C -1.000 10 -1.040 10 
CAP1-CA -0.900 9 0.000 0 
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51.8 Contingency Analysis Report Summary 


The Contingency Analysis Report Summary allows you to view the results of various contingency analysis 
studies. You can compare the results of general information about the project or view more specific 
information such as the violations, performance index and losses in a contingency analysis study. The 
Contingency Analysis Report Summary is a tool that allows you to analyze different reports coming from 
different projects within the same directory. 


fc — — 


Contingency Analysis Report Summary 
Study Information 
Base Untitled Screening Included 
Summary Selection 
@ Base Case Report ID nf Untitled Y Untitled2 ns - 
® Loading Study Case ID CA CA 
Voltage 
Performance Index Data Revision Base Base 
ees Configuration Normal Normal 
as Loading Cat Design Design 
Eample- ANSI Generation Cat Design Design g 
Diversity Factor None None 
Study Reports 
Select ReportName asec 17 17 
oe Sranches 1a 14 
Untitled2 Generators 1 1 
Power Grids 1 1 
Loads 14 14 
Load-MW 9,068 9.068 
Load-Mvar 3.605 3.605 
Generation-MW 9.135 9.135 + 
Load Flow for Contingency Export] [Help] [| Close 


Study Information 


General information of the study report selected is displayed here. 
Study Information 


Base Untitled Screening Included 


Base 
The report name currently selected is shown here. 


Screening 
Based on the Study Case setting of the current study report, “Included” or “Not included” is shown here. 


Summary Selection 
Select which Report Summary you would like displayed. 
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Summary Selection 
@) Base Case 
Loading 
Voltage 
Performance Index 


Losses 


Base Case 
Selecting Base Case will display the general information contained in the study report such as number of 
elements, system generation, loads and losses, and conversion parameters. 


Loading 
Selecting Loading will display loading information contained in the study report. 


Voltage 
Selecting Voltage will display the branch information contained in the study report. 


Performance Index 
Selecting Performance Index will display performance index information contained in the study report. 


Losses 
Selecting Losses will display losses information contained in the study report. 


Active Project 

Displays which project report(s) are active. This limits you to all of the reports generated from this project. 
Active Project 
Example-ANSI 


Study Reports 


Select which Contingency Analysis study reports to view by clicking on the radio button. The results of the 
selected study report will appear in Loading, Voltage, Performance Index and Losses page. 
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Study Reports 


Select ReportName 


Untitled 


Untitled2 


Load Flow for Contingency 


Run the Contingency Load Flow and see result on the OLV. This button is disabled in Base Case page and 
enabled in Loading, Voltage, Performance Index and Losses page. 


Load Flow for Contingency 


Export 


Export Contingency Analysis Report Summary Data and create a report in Microsoft Excel format. 


Export File 


Name Untitled 


P3th D:\Pecan64Rel\Example-ANSI 


L 
a 
@ 
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51.8.1 Base Case Page 


General Info 


Under this category, general information that summarizes the study and the information that is reported in 
the first and last page of the output reports are displayed. 


Contingency Analysis Report Summary x 
Study Information 
Base Untitled2 Screening Included 
Summary Selection 
Report ID i Untitled 44 Untitled2 Y = 
@ Base Case | 
ate Study Case ID CA CA 
Voltage 
Performance Index Data Revision Base Base 
» Losses Configuration Normal Normal 
3 : Loading Cat Design Design 
Active Project 
Generation Cat i i 
Example-ANSI Design Design = 
Diversity Factor None None 
Study Reports 
Select ReportName 
Buses 17 17 
Untitled Branches 14 14 
° Untitled2 Genesaus 1 1 
Power Grids 1 < 
Loads 14 14 
Load-MW 9.068 9.068 
Load-Mvar 3.605 3.605 
Generation-MW 9.135 9.135 a 
Load Flow for Contingency Export Help | | Close 


Study Case ID 
Study case ID: unique name up to 12 characters. 


Data Revision 
This field indicates the name of the Data Revision used for the selected study report. 


Configuration 
This field indicates the configuration status being used for the selected study report. 


Loading Cat 
Display the name of the Loading Category used for the selected study report. 


Generation Cat 
Display the name of the Generation Category used for the selected study report. 


Diversity Factor 
Display the Load Diversity Factor used for the selected study report. 


Buses 


Total number of Energized Buses that exist in the selected study report. 
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Branches 
Total number of Branches that exist in the selected study report. 


Generators 
Total number of Generators that exist in the selected study report. 


Power Grids 
Total number of Power Grids that exist in the selected study report. 


Loads 
Total number of Loads that exist in the selected study report. 


Load-MW 
Total Load in MW that exists in the selected study report. 


Load-Mvar 
Total Load in Mvar that exists in the selected study report. 


Generation-MW 
Total Generation in MW that exists in the selected study report. 


Generation-Mvar 
Total Generation in Mvar that exists in the selected study report. 


Losses-MW 
Total losses in MW that exist in the selected study report. 


Losses-Mvar 
Total losses in Mvar that exist in the selected study report. 


Mismatch-MW 
Total mismatch in MW that exists in the selected study report. 


Mismatch-Mvar 
Total mismatch in Mvar that exist in the selected study report. 


Load Flow for Contingency 


Displays load flow results on the OLV for selected contingency. Outage element will be marked on OLV. 


Run 
Run Load Flow for Contingency. This button is disabled all the time for Base Case page. 
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51.8.2 Loading Page 


Alert Based on 


Select the base of alerts displayed in Post Contingency Violations window. 


Equipment Rating 


Alert Base 


(@) Equipment Rating 
©) Base Case 


Select to set the equipment rating as the base of alerts. 


Base Case 


Select to set the base case results as the base of alerts. 


General Alerts 


Under this category, general information that summarizes the loading alerts and converge status is 


displayed. 
‘Contingency Analysis Report Summan S| 
Study Information 
Base Untitled2 Screening Included 
Summary Selection 
iz 
@ Base Cae N-2 Converge No. of Loi 
@ Loading # VY ID Type Tse ID a1 Type Y YN Y Bus ¥ Cable ¥ Line 
© Voltage 4 |Bus23A Bus 7 Bus7 Bus Yes z z i) 
© Performance Index 5 | Cable2 Cable 7 Bus7 Bus Yes 0 ft) 0G 
> Losses 6 |Cableis | cable | 7 Bus? Bus vs | 1 | 1 | off 
1 | Bus6 | Bus | 8 Bus? Bus Yes | 1 | 0 | 0 
Alert Based on a 
_ 4 | Bus23A | Bus 8 Bus9 Bus Yes 1 | 0 0 
@ Equipment Rating 
ANS 5 |cable2 | Cable 8 Busd Bus Yes o | o of 
«| m1 | r 
Post Contingency Violations 
ID Type Condition Rating/timit, | POs pest % Violation Type 
Sub3 Swor Bus | Overloaded | 225A | 156.3 | 563 | Giitica 
Cable2 Cable | Overloaded | 275 | 12788 =| 2788 | iitical 
Load Flow for Contingency Export | | Help | Close 


N-1 
Display all N-1 outage information. 


ETAP 
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# 
Number of N-1 outage. 


ID 
ID of N-1 outage. 


Type 
Device type of N-1 outage. 


N-2 
Display all N-2 outage information. 


# 
Number of N-2 outage. 


ID 
ID of N-2 outage. 


Type 
Device type of N-2 outage. 


Converge (Y/N) 
Displays if the contingency load flow converges or not. 


Bus 
Total number of bus loading violations. 


Cable 
Total number of cable/busway loading violations. 


Line 
Total number of line loading violations. 


Imp 
Total number of impedance loading violations. 


PD 
Total number of protective device loading violations. 


Xfmr 
Total number of transformer loading violations. 


Post Contingency Violations 


Under this category, detailed information of the selected contingency in the General Alerts window are 
displayed 


ID 
ID of violation device. 
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Type 
Type of violation device. 


Condition 
Condition of the violation device. 


Rating/Limit 
Rating/Limit of the device based on the Editor setting. 


Base Value 
Loading of the device when no contingency in the system. 


Post Contingency (%) 
Post contingency loading in percentage based on Rating/Limit or Base Value. 


% Violation 
Violation in percentage based on Study Case Editor setting. 


% Deviation 
Deviation in percentage based on base case. 


Violation Type 
Violation type (Critical/Marginal) base on Study Case Editor setting. 


Load Flow for Contingency 


Displays load flow results on OLV for selected contingency. Outage element will be marked on OLV. 


Run 
Run Load Flow for Contingency. This button is enabled after CA study is run. 
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51.8.3 Voltage Page 


Alert Based on 
Select the base of alerts displayed in Post Contingency Violations window. 
Alert Base 
(@) Equipment Rating 
©) Base Case 


Equipment Rating 
Select to set the equipment rating as the base of alerts. 


Base Case 
Select to set the base case results as the base of alerts. 


General Alerts 


Under this category, general information that summarizes the loading alerts and converge status are 
displayed. 


ontingency Analysis Repor S| | 
Study Information 
Base Untitled2 Screening Included 
Summary Selection 
E = = . of b= 
Wy Biase Case N-1 N-2 Converge No. of Undervoltage eS 
© Loading oy, ID sl Type Y#yr ID nl Type Y YN Y Critical FY Marginal le 
© veo ifs | = |e we | « | ol 
© Performance Index 2 Bus7 Bus 0 Yes 3 0 
© Losses 3 |Bus9 | Bus 0 vs | 2 | 0 
4 |Bus23a | Bus 0 vs | 2 | 0 
Alert Based on 
- 2 : 5 |cabie2 | Cable 0 Yes 6 | 0 
@ Equipment Rating 
RS 6 |Cable1s | Cable 0 Yes 1 | o £ 
«| m ] r 
Post Contingency Violations 
ID Type Condition __Rating/Limitiky) PO*COntngency — ¢, violation Type 
Bus2 | Bus | Undervoltage | 048 | 93.44 | 156 Critical 
Bus6 | Bus | Underoltage | 138 ‘| 0 | 9s Ciitical 
Bus23A | Bus | Undervoltage | 0.48 | 0 | 95 Critical 
Sub23 | Bus | Undervoltage | 3.45 | 0 | 95 Critical 
Load Flow for Contingency Export | | Help | Close 


N-1 
Display all N-1 outage information. 
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# 
Number of N-1 outage. 


ID 
ID of N-1 outage. 


Type 
Device type of N-1 outage. 


N-2 
Display all N-2 outage information. 


# 
Number of N-2 outage. 


ID 
ID of N-2 outage. 


Type 
Device type of N-2 outage. 


Converge (Y/N) 
Displays if the contingency load flow converges or not. 


Under-Voltage Critical 
Number of Under-Voltage Critical Violations. 


Under-Voltage Marginal 
Number of Under-Voltage Marginal Violations. 


Over-Voltage Marginal 
Number of Over-Voltage Marginal Violations. 


Over-Voltage Critical 
Number of Over- Voltage Critical Violations. 


Post Contingency Violations 


Under this category, detailed information of the selected contingency in the General Alerts window are 
displayed 


ID 
ID of violation device. 


Type 
Type of violation device. 


Condition 
Condition of the violation device. 
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Rating/Limit (kV) 
Rating/Limit of the device based on the individual setting. 


Base Value 
Voltage of the device when no contingency in the system. 


Post Contingency (%) 
Post contingency voltage in percentage based on Rating/Limit or Base Value. 


% Violation 
Violation in percentage based on equipment rating. 


% Deviation 
Deviation in percentage based on base case. 


Violation Type 
Violation type (Critical/Marginal) base on Study Case Editor setting. 


Load Flow for Contingency 


Displays load flow results on OLV for selected contingency. Outage element will be marked on OLV. 


Run 
Run Load Flow for Contingency. This button is enabled after CA study is run. 
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51.8.4 Performance Index Page 


Alert Based on 
Select the base of alerts displayed in Post Contingency Violations window. 


Alert Base 
@ Equipment Rating 
©) Base Case 


Equipment Rating 
Select to set the equipment rating as the base of alerts. 


Base Case 
Select to set the base case results as the base of alerts. 


Performance Index Window 


; Study ican . 
Base Untitled2 Screening Included 
Summary Selection 
© Base Case wkd Bid 
© Loading ef ID > 4 Type AES 4 ID 14 Type 
© Voltage 1 | Bus6 Bus 0 
@ Performance Index 2 |Bus7 Bus 0 
© Losses 3 |Bus9 Bus 0 
en ee 4 |Bus23A Bus 0 
@ Equipment Rating a haat a : 
© Base Case 6 | Cablel4 Cable 0 
1 | Bus6 Bus F i Bus7 Bus 
3 |Bus9 Bus 7 Bus7 Bus 
4 |Bus234 Bus 7 Bus7 Bus 
5 | Cable2 Cable 7 Bus7 Bus 
6 | Cable14 Cable 7 Bus7 Bus 
1 |Bus6 Bus 8 Bus9 Bus 
4 |Bus23A Bus 8 Bus9 Bus 
5 |Cable2 Cable 8 Bus9 Bus 
6 | Cablel4 Cable 8 Bus9 Bus 
«| wm 
Load Flow for Contingency 


N-1 
Display all N-1 outage information. 


# 
Number of N-1 outage. 
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ID 
ID of N-1 outage. 


Type 
Device type of N-1 outage. 


N-2 
Display all N-2 outage information. 


# 
Number of N-2 outage. 


ID 
ID of N-2 outage. 


Type 
Device type of N-2 outage. 


Performance Index 
Displays all the performance index information. 


V/Vsp 


Voltage security performance index. 


AP 
Real power change performance index. 


AQ 


Reactive power change performance index. 


S/Ssp 
Loading security performance index. 


Combined 


Combined performance index. The sum of weighted V/Vsp, AP, AQ and S/Ssp. Weighted factors will be 
collected from Performance Index (PI) page in study case. 


Load Flow for Contingency 


Displays load flow results on OLV for selected contingency. Outage element will be marked on OLV. 


Run 
Run Load Flow for Contingency. This button is enabled after CA study is run. 
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51.8.5 Losses Page 


Losses Window 


Study Information 
Base Untitled2 Screening Included 
Summary Selection 
Wieser N-1 N-2 Losses = 
© Loading #7 D Y type Ye Y¥ ID Y type YY eae Y Load(Mw) ¥ ¢ 
© Voltage 1 Bus 0 0.59 0.58 
© Performance Index 2 Bus i) 2.84 2.98 
@ Losses 3 Bus 0 0.59 0.58 
4 |Bus23A Bus fy) 0.59 0.58 
5 |Cable2 Cable 0 2.07 2.05 
6 |Cablel4 Cable i) 0.56 0.53 . 
1 |Bus6 Bus Z Bus7 Bus 2.84 3.57 
3 |Bus9 Bus 7 Bus7 Bus 2.84 3.56 
4 |Bus23A Bus 7 Bus? Bus 2.84 3.57 
5 | Cable2 Cable 7 Bus7 Bus 2.84 5.04 
6 | Cablel4 Cable 7 Bus7 Bus 2.84 3.52 
1 | Bus6 Bus 8 Bus9 Bus 1.18 1.16 
4 |Bus23A Bus 8 Bus9 Bus 1.18 1.16 
5 | Ceble2 8 
6 |Cablel4 8 a 
«| mH ] r 
Load Flow forContingency | fun __| (__Expor_] Help Close 
N-1 


Display all N-1 outage information. 


# 
Number of N-1 outage. 


ID 
ID of N-1 outage. 


Type 
Device type of N-1 outage. 


N-2 
Display all N-2 outage information. 


# 
Number of N-2 outage. 


ID 
ID of N-2 outage. 
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Type 
Device type of N-2 outage. 


Losses 
Displays all the losses information. 


Generation (MW) 
Generation power loss in MW. 


Load (MW) 
Customer power loss in MW. 


No. of Customers 
Interrupted customers. 


Load Flow for Contingency 


Displays load flow results on OLV for selected contingency. Outage element will be marked on OLV. 


Run 
Run Load Flow for Contingency. This button is enabled after CA study is run. 
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51.9 Performance Index List 


Alert Based on 
Select the base of alerts displayed in Post Contingency Violations window. 


(© Equipment Rating Base Case 


Equipment Rating 
Select to set the equipment rating as the base of alerts. 


Base Case 
Select to set the base case results as the base of alerts. 


Performance Index List 


a) Performance Index List =" 
N-1 | N-2 Performance Index 
| ay Device ID ye Device Type Y¥ | rey Device ID Y| DeviceType Y VNsp Y¥ OP 4 4Q Sf SiSsp ‘Y| Combined ¥ 
1 Bus2 Bus 47.18 0.17 0.17 0.25 0.00 
1 Bus2 Bus 2 Bus7 Bus 94.20 0.38 0.50 0.20 0.00 
1 Bus2 Bus 3 Bus9 Bus 70.69 0.26 0.25 0.20 0.00 
1 Bus2 Bus 4 Bus23A Bus 70.71 0.42 0.42 0.21 0.00 
1 Bus2 Bus 5 Cable2 Cable 164.76 0.50 0.50 0.08 0.00 
1 Bus2 Bus 6 Cable14 Cable 47.18 0.17 0.17 0.25 0.00 
@ Equipment Rating Base Case [ Export [ Help | Close 


N-1 
Display all N-1 outage information. 


# 
Number of N-1 outage. 


ID 
ID of N-1 outage. 


Type 
Device type of N-1 outage. 
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N-2 
Display all N-2 outage information. 


# 
Number of N-2 outage. 


ID 
ID of N-2 outage. 


Type 
Device type of N-2 outage. 


Performance Index 
Displays all the performance index information. 


V/Vsp 


Voltage security performance index. 


AP 
Real power change performance index. 


AQ 


Reactive power change performance index. 


S/Ssp 
Loading security performance index. 


Combined 


Combined performance index. The sum of weighted V/Vsp, AP, AQ and S/Ssp. Weighted factors will be 
collected from Performance Index (PI) page in study case. 
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Chapter 55 


StarZ Protection and Coordination Analysis 


StarZ is a fully integrated system protection and coordination module within ETAP with focus on 
distance, directional and load encroachment protection settings and analyses for Transmission and 
Distribution applications. This a major addition to existing ETAP capability to handle overcurrent based 
protection elements and devices. StarZ is consisting of state-of-the-art tools for performing protection and 
protective device and system coordination. This is achieved by utilizing intelligent one-line diagrams, 
comprehensive protective device libraries, an integrated multi-dimensional database, powerful engine to 
handle realistic/detailed protection element settings and models, graphical presentations of protection 
element characteristics (R-X plots) along with impedance seen by the impedance-based protection 
elements, generating different plots out of analysis results and sequence of protective device operation. 


Distance protection element in ETAP provide the same settings and protection element outputs of the 
actual relay. In addition, the modeled relay simulates the behavior of actual relay for steady state analyses 
supported in this module. You can also set and simulate scheme logic, interlocks and relay 
communication on top of the existing protection elements. StarZ enables power engineers to easily and 
efficiently perform protection and coordination studies. Engineers can quickly adjust and evaluate 
protection settings and scheme logic and find and correct setting or logic issues and mis-coordinations. 


This chapter provides an overview of the features and capabilities in StarZ. By exploring this chapter, 
you will become familiar with many of the key concepts and capabilities of the StarZ module. Each 
section is available in an interactive format, allowing you to visualize each step as it is explained in this 
chapter. 


Note: Some of the directory paths shown in the figure below will be different if you have chosen a 
custom installation path. 
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55.1 StarZ Mode Toolbar 


Create StarZ View 
Run StarZ Study 
Message Viewer 


State Plot 
Sequence Viewer 
Display Options 
Report 


Device Settings Reports 


Create StarZ View 


Click this button to generate a new StarZ View. A StarZ View is a presentation that contains impedance- 
based relay characteristics with respect to power system branches such as lines, cables and transformers. 
To activate the Create StarZ View toolbar button, select a single branch (transmission line, cable, 
transformer, impedance, or reactor) on the one-line diagram. For more details refer to StarZ View section 
of help file. 


Run StarZ Study 


Run StarZ Study initiates StarZ Protective Device (PD) Sequence-of-Operation based on fault/study 
location on the one-line diagram, selected in the Study case of StarZ Mode. The Run StarZ Study icon 
changes based on the type of study and fault selected from the Study Case. 


Zo ye Z y av 
e 
3 Phase Line-to- Line-to-Line Line-to-Line-to- Load Flow 
Ground Ground (No Fault) 
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Once the run StarZ study is selected, based on the fault/study location, Unbalanced Short Circuit study 
including Prefault loading calculations is executed and Protective Devices selected in the Study Case are 
evaluated. For more details refer to StarZ Sequence-of-Operation section of help file. 


Message Viewer 


The Message Viewer logs possible errors, alerts, warnings and messages of the selected StarZ Study 
report. Clicking the Message Viewer button displays a summary of alerts that provides hints as to why a 
particular device is not evaluated or study not performed and informs you of any missing or disabled 
input to the protective devices. The Message Viewer button is enabled only if a report is available. 


© Alert Summary for Relay View feel] [ree 
StarZ Alert-12-: [Fuse2] Model could not be found for the connected library. Protective device evaluation is skipped 

StarZ Warning-43: [CB20] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip] in the analysis. 

StarZ Warning-43: [CB34] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip] in the analysis. 

StarZ Warning-43: [CB35] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip] in the analysis. 

StarZ Warning-43: [CB36] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip] in the analysis. 

StarZ Warning-43: [CB37] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip1 in the analysis. 

StarZ Alert-12: [CB1 7-1] Model could not be found for the connected library. Protective device evaluation is skipped Trip Device 

StarZ Alert-12: [CB15] Model could not be found for the connected library. Protective device evaluation is skipped Trip Device 

StarZ Alert-12: [CB16] Model could not be found for the connected library. Protective device evaluation is skipped Trip Device 

StarZ Warning-37: [Relay7] Assigned CT's Current Rating Primary Amps or Secondary Amps is zero. Zero currents assumed for Ip] in the analysis. 
StarZ Warning-43: [Relay7] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ip] in the analysis. 

StarZ Warning-37: [Relay7] Assigned CT's Current Rating Primary Amps or Secondary Amps is zero. Zero currents assumed for Ig] in the analysis. 
StarZ Warning-43: [Relay7] Analysis result could not be found for a CT/PT/inline PD. Zero currents assumed for Ig] in the analysis. 

StarZ Message-36: [Relay7] Relay input current/voltage terminal setting is not assigned. Zero voltages assumed for V1 in the analysis. 

StarZ Alert-12: [Relay7] Model could not be found for the connected library. Protective device evaluation is skipped 


The information in the Message Viewer is displayed in four categories: 


a. Errors: Errors are highest priority messages. This generally refers to scheme logic divergence or 
issues with the relay model in the library. Error will result in halting of the entire study. To run 
study either fix the error or ignore erroneous device(s) from study case. 


In case of scheme logic divergence, there are control variables or logic outputs that keep toggling 
within one or multiple relays within two consecutive iterations. The error message contains the 
list of relay(s) and its/their outputs/control variables which are toggling. 


In case of library issue, the relay settings in the project do not match with relay model in the 
library due to the wrong library selection. Selection of correct library will solve the issue. 


b. Alerts: Alerts are issued when issues are found with scheme logic or protective device settings. 
Alerts will not halt the study, but will skip the Alerted protective device from the study. Once the 
Alert is fixed, study need to be rerun to consider the protective device evaluation. 


c. Warning: Warning are lower priority messages that are issued as a notification means to track 
issues with relay input data. For example, if CT/PT ratio is not entered or Digital Inputs are not 
set correctly, warning will be issued. Warning will not halt the study or skip protective device, 
but evaluation is performed with the available data. For instance, if ratio of the CT assigned to a 
relay terminal is zero, zero current will be assumed in the simulation for the corresponding relay 
terminal. 


d. Messages: Messages are lowest priority that are issued as a notification means to track the state 
of the disabled protective devices, missing CT/PT connection and etc. Similar to Warning, 
messages will not halt the study or skip any protective device. 
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State Plot 


Clicking the State plot button opens the Plot Manager which is used to generate Protective 
Device Plots based on the selected report. Based on the report type, three different plot types are 
available in the Plot Manager. 


1. Time-State 
2. Time-Distance 
3. Time-Distance-Resistance 


The State Plot button is enabled only if a report is available. For more details refer to State Plot 
section of help file. 


Sequence Viewer 


The Sequence Viewer button is enabled when you run a StarZ, Sequence-of-Operation Study or you select 
a valid StarZ study report. If you click the Sequence Viewer button, ETAP displays the Sequence-of- 
Operation Events table that displays a sequence summary list of actions for the applicable protective 
devices. 


Data Rev: Preloading Config: Normal Date: 03-24-2017 
Study Type: Single Fault Fault Type: 3 Phase 


Location: 100% 


Device IO 
ID Type 


Relay5 Relay Output On - Phase - O0C1 - 50 
Relay3 Relay Output 
Status 


+ 
[Relay Output 


Relay Output 
| 

[Relay Output 
Relay Output 


Relay Output 
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Sequence Viewer for the Sliding Fault additionally provides user with slider controls to vary fault 
location and fault impedance values. For more details refer to StarZ Sequence-of-Operation Viewer 
section of help file. 


Display Options 

Refer to the Display Options section in this chapter for more information about customizing display 
annotations and color themes on the one-line diagram. The Display Options — StarZ dialog box contains 
options for StarZ Sequence-of-Operation results, as well as associated device parameters. 


Report Manager 

Complete output report with or without Load Flow results are available for StarZ Mode. The StarZ Report 
Manager contains four pages (Complete, Input, Result, and Summary) for viewing the different sections 
of the Output Report in Crystal Reports. 


Available formats for Crystal Reports are displayed on each page of the Report Manager for Sequence-of- 
Operation studies. 


StarZ Report Manager 


Complete Input Result Summary 
Complete (with Load Flow) @ Viewer 
Complete (without Load How) OppF 
OMS Word 
O Rich Text Format 
OMS Excel 
[_] Set As Default 
Output Report Name 
| Mtr2-LG | 
Path 
| D:\StarZ\ | 
= Ler] ce 


You can also view output reports by clicking the List Output Reports button on the Study Case toolbar. 


SZM ’ io) Mtr2-LG ’ ERS Complete (without * 
ia] 


List Output Reports Button 
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A list of all output files in the selected project directory is provided for the performed calculations. To 
view any of the listed Output Reports, click the Output Report name, and then click the View Output 
Report button. 


* List Output Report S 


€ ~ B > ThisPC >» New Volume (E:) > SEL-FCI > Sea 5°) 
Organize ¥ New folder =v (?} 
Name Size 
3 Quick access we 
(#5) Untitled.SZ1S 
BD This Pc ©) FuseBlowing-US-Fuse.SZ1S 
I Desktop (| FuseBlowing-DS-Fuse.SZ1S 
[| Documents &) NoFCI.SZ1S 
¥ Downloads 5) FuseBlowing.SZ1S 
: [| FuseSaving.SZ1S 
d Music 
—_ (E) NoFCI2.SZ1S 
=i T=] NoFCI1.SZ3S 
BE Videos TE] NoFCI3.SZ1S 2 
‘Sem Local Disk (C:) {| BACKUP 4/21/2017 10:29AM File folder 
we New Volume (D:) 
= New Volume (E:) 
2 Network 
File name: v| | StarZ Report (*.SZ15S,*.S; 
SC Report (*.shr,*.SA1S,*.SA1,*.SA2S,*.SA2,*.SA4S, *.SA4,*.SI1S,*.S11,*.S12S,*.S12,*.S13S, *.S13,*.S145,*.5 4 
GOST Report (*.SG1S,*.SG1,*.$G25,*.SG2) 
MS Report (*.msr,*.MS1S,*.MS1) 


HA Report (*.har,*.HA1S,*.HA1) 

TS Report (*.tsr,*.TS1S,*.TS1) 

OPF Report (*.0P1S,*.OP1) 

RA Report (*.RA1S,*.RA1) 

OCP Report (*.CA1S,*.CA1) 

DCLF Report (*.DL1S,*.DL1) 

‘|DCSC Report (*.DS1S,*.DS1) 

BS Report (*.DB1S,*.DB1) 

CD Report (*.cdr,*.CD1S,*.CD1,*.CD2S,*.CD2) 

Star Report (*.ST1S,*.ST1,*.ST2S,*.ST2,*.ST3S,*.ST3,*.STAS,*.ST4,*.SQ1S,*.SQ1,*.SQ2S,*.SQ2) 
Auto Star Report (*.AS1S,*.AS1,*.AS2S) 

Voltage Drop Report (*.vdr,*.VD1S,*.VD1) 

JAC Voltage Drop Report (*.vdr2,*.VD2S) 

AF Report (*.AAF1S,*.AAF1,*.AAFS,*.AAF,*.IAFS,*.IAF,*.UAFS,*.UAF*,HVAF1S,*.HVAFIS;,) 
DCAF Report (*.DA1S,*.DA1) 

Voltage Stability Report (*.VS1S) 

StarZ Report (*.SZ1S,*.SZ2S,*.SZ3S,) 

All Files(*.*.*) 

Switching Optimization Report (*.SO1S) 

FMSR Report (*.FM1S) 

TD Unbalanced Load Flow Report (*.TU1S) 

Traction Power Report (*.TP1S) 

Volt-Var Optimization Report (*.VVOS) 

Load Allocation Report (*.LOAS) 

Unbalanced Short Circuit(*.SC3S,*.SC5S,*.SC6S,*.SC7S,*.SC8S,) 

CA Report (*.CA2S) 

Text File (*.txt) 


The Output Reports for StarZ Studies have an extension of *.SZ1S, *.SZ2S, *.SZ3S for single fault, load 
flow and sliding fault, respectively. 


Device Settings Reports 


Select one or a group of protective relays to activate Create Device Settings Report. Click on the Create 
Device Settings Report button to display the Device Settings Report Manager. The Report Manager 
allows you to preview and print the protective device setting data using the Excel or XML formats. 


The device settings report is created for all the Relays selected in the Relay Selection table. 


Halt Current Calculation 


The Halt Current Calculation button is normally disabled. When a StarZ Study has been initiated, this 
button is enabled allowing the user to terminate the short circuit calculation. The display results will not 
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be shown on the one-line diagram if you terminate the calculation before it completes. The output report 
will be incomplete. 


If the StarZ progress bar is displayed, this means that the short circuit calculation is already completed. 


You may cancel protective device evaluation by pressing the cancel button. For more information please 
refer to ***, 
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55.2 Study Case Editor 


The StarZ Mode Study Case Editor contains Study Type, Fault Type, Fault/Study location, Protective 
Device Selection and a variety of options. ETAP allows you to create and save unlimited number of study 
cases. StarZ Sequence-of-Operation calculations are conducted and reported using the settings of the 
study case selected in the toolbar. This allows you to switch between Study Cases without having to reset 
the study case options each time. This feature is designed to organize your study efforts and save you 
time. 


With respect to the multi-dimensional database concept of ETAP, study cases can be used for any 
combination of the three major system components. The system components are configuration status, 
one-line diagram presentation, and Base and Revision Data. You can access the StarZ Mode Study Case 
Editor by clicking the Edit Study Case button on the Study Case toolbar. You can also access this editor 
from the System Manager by double-clicking the Study Case name in the StarZ folder. 


i QD ~ EB complete (without ~ 


To create a new study case, go to the System Manager, right-click the StarZ Study Case folder, and select 
Create New. The program will then create a new study case, which is a copy of the default study case, and 
add it to the StarZ Study Case folder. 
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System Manager x 
to} One-Line Components 


=)-Sq Study Cases 

)-( Arc Flash - 1 

(5g Battery Sizing - 1 

(5g Cable Derating - 1 

(5 Contingency Analysis - 1 
(5g DC Arc Flash - 1 

(5g DC CSD Analysis - 1 

(5g DC Load Flow - 1 

(5g DC Short Circuit - 1 

~-(g Distribution Load Flow 

(5 Distribution Short Circuit 
(59 Failure Mode Analysis - 1 
-(y Fault Management and Service Restoration 
(5g Harmonic Analysis - 1 

(59 Intelligent Load Shedding - 1 
~-(g Load Alloc - 1 

~-(g Load Flow - 1 

(9 Motor Starting - 1 

(yj Optimal Capacitor Placement - 1 
(gj Optimal Power Flow - 1 

(5 Railway Traction - 1 

(5 Reliability Analysis - 1 

(5g Short Circuit - 1 


oo Reo FE] EE EE] 


ooo EE] =] FE) FE] 


fF 


: (59 Supervisory Control - 1 
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55.2.1 Info Page 


StarZ Study Case 


Info Prefault Loading Protective Device Comment 


Study Case ID Solution Parameters 


| —- Max. Iteration 100 Precision | 0.000001 


[_] Include Line Compensation Protection 


Study Type 
O Single Fault 
O Load Flow (No Fault) Total Simulation Time [5 | Sec. 
@ Siiding Fault 
Fault / Study Location 
Select LO 


Step 10 


Fault Type Fault Zf 
@ 3 Phase Indude Fault Impedance Zf 
R 


x 
O.Line - to - Ground 


O.Line - to - Line 
O.Line - to - Line - to - Ground 


I LO-3P v Bl Copy New | Delete OK | Cancel 


Study Case ID 


The Study Case ID is displayed in this text box. Rename the study case by deleting the old ID and 
entering a new one. The Study Case ID can be up to 12 alphanumeric characters. Use the Navigator 
buttons at the bottom of the editor to display any of the exiting Study Cases in the editor. 


Solution Parameters 
You can set the following parameters for protection simulation in StarZ fault analysis. 


Max. Iteration 


Enter the maximum number of iterations. If the solution has not converged before the specified number of 
iterations, the module will stop and inform you. The recommended and default values are 100. 


ETAP 55-10 ETAP 19.0 User Guide 


StarZ Protection & Coordination Analysis Study Case Editor 


Precision 

Enter the value for the solution precision (used to check for convergence). This value determines how 
precise you want the final solution to be. The precision is applied to check the difference between the last 
two consecutive Currents. If the difference is less than or equal to the value entered for precision, the 
desired accuracy is achieved. 


Include Line Compensation Protection 
If this option is selected, transmission line series compensation MOV protection will be simulated in the 
short circuit calculation. 


Study Type 


The Study Type and Total Simulation Time is selected in this section. Select one of the three possible 

Study Type: 

1. Single Fault: If this Study type is selected, only one fault location on the OLV can be selected and 
analyzed for the StarZ Study. This Study is similar to ETAP Star Mode SQOP with extra capabilities 
to handle fault on a branch. 

2. Load Flow (No Fault): If this Study type is selected, no fault is applied. Instead Load Flow study is 
performed. Still you need to select a reference location for this study to generate a list of protective 
devices around the reference location to be studied. 

3. Sliding Fault: If this Study type is selected, you can run a sliding fault on a branch element such as 
line or cable. In this study, fault analysis is performed for multiple fault locations on selected branch. 
Also you can analyze for multiple fault impedances along with multiple fault locations. The output of 
this study is a 2-D array of results based on multiple locations and fault impedances. 


Total Simulation Time 
Specify the duration of simulation time for the StarZ study. The unit is in second. The maximum value for 
this field is 60 s. 


Fault / Study Location Type 

This selection is used to define fault location (fault analysis) or reference study location (for Load Flow 
analysis). Upon clicking on the “Select” button, the study case editor closes automatically and the cursor 
will change to a “Select” icon (based on Fault / Study type) to allow user to select a location from the 
active OLV. 

e For the sliding fault, cursor icon changes to a fault symbol which can be dropped only on 
transmission line, cable, impedance or reactor. 

e For the single fault, cursor icon changes to a fault symbol which can be dropped on any valid AC 
one-line diagram elements (e.g., branches, buses, connectors). There are few limitations as listed 
in the following. 

e For the load flow study, cursor icon changes to a location symbol which can also be dropped on 
any valid AC one-line diagram elements (e.g., branches, buses, connectors). 


As you move the Fault Insertion cursor over the one-line diagram, the cursor color changes to red (or 
custom color) indicating an allowable (valid) fault insertion location. To cancel the fault insertion, press 
the Esc key on the keyboard. 


Fault Insertion is not allowed for the following: 
e De-energized elements 
e DC elements 
e Grounding elements 
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e Single Phase Connectors 
e Secondary connectors such as connectors between CTs, PTs and Relays or Meter 


In case of the sliding fault, for a selected branch, step size for the multiple fault locations on that branch 
can be selected from the dropdown menu. Based on the selected step, StarZ Study runs evaluation for all 
of the selected locations. StarZ by default runs Study from the “From” end of branch to “To” end of 
branch although Sequence Viewer and State Plot Manager provides an option to change the reference 
starting location to other side of the branch for reviewing study results. 


Fault / Study Location 
Select LO 
Step 


In case of a single fault if fault is inserted on a connector or a bus, no other option is provided for Fault 
Location. 


Fault / Study Location 
Select Connection between L13 & CB28. Adjacent Bus: Tony 


Fault / Study Location 
Select Tony 


But, if the fault is inserted on a branch i.e. transmission line, cable, impedance or reactor, an option is 
provided to specify the location of the fault as a percentage of branch length from the Reference Bus. By 
default, Reference Bus is set to “From” end of the selected branch. 


Fault / Study Location 
Select L6 @ 70% from Tony 
Reference Bus Tony v Location (%) | 70 v 


Location field by default provides five options 0%, 50%, 70%, 90% and 100%. However, any whole 
number within 0 to 100 can be entered in this field. 
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Fault Type 

For Study Types including Sliding or Single Fault, select from 3 Phase, Line-to-Ground (Fault between 
Phase A to Ground), Line-to-Line (Fault between Phases B and C), or Line-to-Line-to-Ground (Fault 
between Phases B and C to Ground) fault type. This will change the Fault Insertion icon and Run StarZ 
button accordingly. This Section is not available if Load Flow is selected as study type. 


Fault Zf 


In this section, you specify the fault impedance to be applied to all of the faulted locations. Depending on 
the type of faults applied, the specified fault impedance is assumed to be between locations as given 
below: 


e For a line-to-ground fault, the fault impedance is assumed to be between phase A and the ground. 

e For a line-to-line fault, the fault impedance is assumed to be between phases B and C. 

e For a line-to-line-to-ground fault, the fault impedance is assumed to be between the ground and the 
short-circuit point between phases B and C. 

e For a 3 Phase fault, the fault impedance is assumed to be between each phase and the short-circuit 
point. The fault point is not grounded. 


Include Fault Impedance Zf 
Select this option to include fault impedance in the calculation. You can enter fault impedance in the R 
and X text boxes. 


R 

Enter the resistance value of fault impedance in either Ohms or percent, depending on the fault impedance 
unit selected. For Single Fault, only one resistance value can be entered. But, for Sliding Fault, a range of 
resistance value can be specified along with a step size. 


Fault Zf Fault 2f 
Indude Fault Impedance Zf Indude en zf 
: @ Ohm @ Ohm 
[2 ) Ls O% = BE O% 
To | 10 
Step | 2 
Single Fault Sliding Fault 


These values apply to all the faulted locations. 


xX 
Enter the reactance value of fault impedance in either Ohms or percent depending on the fault impedance 
unit selected. This value applies to all the faulted locations. 


Ohm or % 

You can enter the fault impedance in either Ohms or percent. If the Ohm option is selected, the values in 
the R and X fields are in Ohms. If you select the percent option, the values in the R and X fields are in 
percent based on 100 MVA and the nominal kV of the faulted bus. 


This Section is not available if Study Type is selected as Load Flow. 
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Study Remarks 


You can enter up to 120 alphanumeric characters in this field. Information entered here will be printed on 
the second line of every output report page header line. These remarks can be used to provide specific 
information about each Study Case. 

Note: The first line of the header information must be the same for all Study Cases. To change the first 
line, select the Project menu, select Information, and change the Remarks text box. 


Copy 


Opens an editor to Copy the selected study case to a new study case with the user-defined ID. 


Duplicate Study Case 


Copy: = SZM1 


To |SZM2 


New 
Opens an editor to Copy the default study case to a new study case with the user-defined ID. 


Duplicate Study Case 


Copy: SZM 


Cancel 


Delete 
Delete the active Study Case. ETAP asks for confirmation before purging the Study Case. 


@ Are you sure want to delete study case 'SZM1' 
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55.2.2 Prefault Loading 


This section is used to simulate ETAP Unbalanced Load Flow Analysis to calculate prefault bus voltage, 
and currents for individual phases of the system. 


StarZ Study Case 


Info  PrefaultLoading Protective Device Comment 


Current Injection Method Initial Voltage Condition 


@ Bus Initial Voltages 


Max. Iteration 


Precision 0.0001 
v 


OvUser - Defined 


Loading Category Generation Category 


= Desi 


(_] Operating P,Q [_] Operating P,Q,V 


Load Diversity Factor 
@None 
© Bus Minimum 
© Bus Maximum 


O Global 


New | Delete Help [oc]| Cancel 


Current Injection Method 
The currently available method is the Newton-Raphson Current Injection Method. 


Max. Iteration 
Enter the maximum number of iterations. If the solution has not converged before the specified number of 
iterations, the module will stop and inform you. The recommended and default values are 99. 
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Precision 

Enter the value for the solution precision (used to check for convergence). This value determines how 
precise you want the final solution to be. The precision is applied to check the difference between the bus 
voltages after each iteration. If the difference between the iterations is less than or equal to the value 
entered for precision, the desired accuracy is achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the module again. 


Note: You may need to increase the number of iterations. A smaller precision value will result in a lower 
mismatch (higher accuracy), as well as a longer run time. The default value of 0.0001 pu volts is 
recommended. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this group for unbalanced load flow 
calculation purposes. 


Bus Initial Voltages 
Select this option to use bus voltages and angles as entered in the Info page of the bus editors. You can 
simulate unbalanced load flow studies with different initial conditions for bus voltage using this option. 


User-Defined Fixed Value 

Select this option to simulate unbalanced load flow studies using a fixed bus voltage and angle for all 
buses. When you select the fixed initial condition option, you must enter the initial voltage value as the 
percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude and zero 
degree for bus voltage angle. 


Loading Category 


Select one of the ten loading categories in the Loading Category group for the current 
unbalanced load flow study. ETAP uses the percent loading of individual motors and other loads 
as specified in the category you select. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the 
Induction Machine editor, Synchronous Motor editor, and the Loading or Rating page of other 
load component editors. 


Operating P,Q 

This option is available if your ETAP installation has the online feature. When you select this box, the 
operating loads updated from online data or a previous unbalanced load flow study will be utilized in the 
unbalanced load flow study. 


Generation Categor 

Select one of the ten generation categories in the Generation Category group for the current unbalanced 
load flow study. When you select a category, ETAP uses the generator controls for that category, as 
specified on the Rating page of the Generator editor. The generator controls will be different depending 
on the mode in which the generator is operating. The mode of generation is selected on the Info page of 
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the Generator editor. The table below shows the generation controls with respect to the mode of 
generation. 


Mode Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Operating P, Q, V 

This option is available if your ETAP installation has the online feature. When you select this box, the 
generator operating values updated from online data or a previous load flow study will be utilized in the 
unbalanced load flow study. 


Load Diversity Factor 


The options in this group allow you to specify load diversity factors to be applied on the loading 
category’s load. When you select the Operating Load option, no diversity factor is considered. 


None 
Select None to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When you select the Minimum Bus Loading option, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate load flow 
studies with each bus having a different minimum diversity factor. 


The minimum bus loading study option may be used to see the effect of transformer taps and capacitors 
(if any) on the system voltages under a minimum (light) loading condition. 


Bus Maximum 

When you select the Maximum Loading option, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate load flow 
studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global 

Enter the global diversity factors for all constant kVA, constant Z, generic, and constant I loads. When 
you select this option, ETAP will globally multiply all motors and static loads of the selected Loading 
Category with the entered values for the motor and static load diversity factors. For information about 
load-modeling concepts used in the module, see section Calculation Method. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 
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Const. kVA 
Constant kVA loads include induction motors, synchronous motors, and conventional lumped loads with 
% motor load, UPS, and chargers. 


Const. Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional 


lumped loads with % static load. 


Const. I 
Constant current loads include lumped loads operating in unbalanced mode. 


Generic 
Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive mode. 
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55.2.3 Protective Device 


StarZ Study Case 


Info  PrefaultLoading Protective Device Comment 
Protective Device Selection 


Based on | 2 = Bus Levels Away from Fault / Study Location 


BenN2 
BenN1 


Tom230 

WeberN1 
.. |LO, L8, TS, T4 ‘Ben1, B... 
= ‘LO, L8, T3, T4 |Ben2, B... 


Protective Devices Operated 


Devices to Flash | 3 = 
IE] LO-3P Me Bl Copy New 


Protective Device Selection 


In StarZ study, you need to select which protective device(s) to be analyzed. Since StarZ handles distance 
relays with many elements and outputs as well as sliding faults, simulating the entire or many protective 
devices within the system requires considerable storage space and may take long. In addition, finding, 
plotting and analyzing data within massive amount of results will not be easy. To address aforementioned 
challenges, protective device page in the study case lists all protective devices in the vicinity of the fault 
or study location selected in the Info page. You can adjust the list and select protective devices of interest. 


Bus Levels Away from Fault / Study Location 
Choose the bus level away from the fault / study location to filter the list of candidate protective devices. 
The default is set to 1 with a maximum of 10 bus level away. 


ETAP 55-19 ETAP 19.0 User Guide 


StarZ Protection & Coordination Analysis Study Case Editor 


Selection Table 
The table lists candidate protective devices including (Multifunction Relays, Fuses, Reclosers, LVCBs, 
Overload heater, Inline OLR, and Voltage Relay) within the bus level defined above. 


e The Protective Device Selection table also includes Out of Service/De-energized protective 
devices. 

e The protective device table is updated if either fault / study reference location is updated or Bus 
Level Away is changed. 

e All the previously selected protective devices, i.e. Active cell is checked, are kept in the table 
even if they are not valid based on reference location and Bus Level. Uncheck the invalid 
protective device to remove it from the list. 


Note: MVSSTs, protective devices within Panel and distribution view are not supported for StarZ Study 
presently. 


Active 

Check the protective devices you want to evaluate. Only the selected protective devices will be evaluated 
and results will be provided. Unchecked protective devices will be skipped in evaluation. If an active 
protective device is filtered through the filter option available on the table columns, still it will be 
evaluated. 


Device ID 
Displays the Device ID of the protective device. 


Type 
Displays the Type of the protective device 


Associated Element ID 

Displays the Associated Elements for the protective device. For Relays based on the connected and 
assigned PTs and CTs location, possible Associated Element(s) is shown. For inline devices (LVCB, 
Fuses, Overload heater etc.) based on the location of the protective device, Associated Element is shown. 
A protective device can have single or multiple Associated Element. In this table, the associated element 
is an informative data to help the user to select the right protective device(s). If ETAP could not 
determine any specific associated element, it will list all the branches within immediate vicinity of the 
protective device. 


Ref. Bus ID 

Displays the Ref Buses for the protective device. This data allows you to determine the location 
protective device with respect to a substation or bus. For Relays based on the connected and assigned PTs 
and CTs location, possible Ref. Bus is shown. For inline devices (LVCB, Fuses, Overload heater etc.) 
based on the location of the protective device, Ref Bus is shown. A protective device can have single or 
multiple Ref Buses. 


Manufacturer 
Displays the Manufacturer ID of the protective device based on connected library. 


Model 
Displays the Model ID of the protective device based on connected library. 
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Device filter on Selection Table 
In the Protective Device Selection list, when clicked the header, the filter option will appear, and indicate 


the column header by a little icon = when a filter has applied. 
Each column is allowed to filter the list. Here are the options: 
> Sort A to Z (Sort Smallest to Largest) 
> Sort Z to A (Sort Largest to Smallest) 
> Select all /Select Individual 


Check All 
Check to select or unselect all the displayed protective devices. If you manually check some protective 
devices, checkbox is shown in intermediate state. 


Clear Filter 
Press to clear all the applied filter and show all available protective devices. 


Protective Devices Operated 
Choose the number of devices to flash on the one-line diagram in chronological order upon performing a 
Sequence-of-Operation Analysis. The default is set to 3 with a maximum of 9 devices to flash. 


55.2.4 Comments 
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StarZ Study Case 


Info = PrefaultLoading Protective Device Comment 


Rl lox) Bil [enor] [new | BB) [ve | Coc [coe] 


Specify your comments for the study case in this section. 
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59.3 StarZ View 


StarZ View 


This section describes how to create a new StarZ View and append branches and distance relays to an 
existing StarZ View. This chapter details the various tools and features available while working with 


StarZ, Views. 


A StarZ, View is a presentation based on R-X plane containing three types of components: 
1- Power system elements including buses and branches 


2- Relay Impedance-based characteristics such as distance, directional and load encroachment 


3- Seen impedances for each protection element 


StarZ View provides a graphical user interface for viewing, coordinating, and customizing relay 
characteristics and protection impedance path. In addition, it shows the status and operating time of the 


elements with characteristics. 
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59.3.1 StarZ Systems 


StarZ Systems provides all the necessary tools for accessing, navigating, and coordinating relay 
protection elements specific to distance and transmission protection. Clicking the StarZ Systems button 
on the Systems toolbar opens the last accessed StarZ View and makes it the active window. 


StarZ Systems Create / Open StarZ View StarZ View Navigator Star Z View Toolbar 


from System Manager Create / Copy StarZ 
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StarZ Views are saved as presentations in System Manager under the StarZ folder. You can create a new 
StarZ View presentation by right-clicking the StarZ folder and selecting Create New or by clicking the 
StarZ New Presentation button. You can create either a new StarZ View or copy an existing StarZ View. 
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Create New 


“ow Py LO-Ber 
- By LO-Ben-B-P 


- By LO-Ben-G Create Presentation 
- By LO-Ben-P 
- By L1-Tom230-G 
- y L1-Tom230-P @ Copy From: | L1-Tom230-G x | 
By L1-Weber-G 
- By L1-Weber-P 
- By L1L2Coordination O New To: 
L4-Weber-G 
- By L4-Weber-P 
. By L8-Ben-G 
. By L8-Ben-P 
i Underground Raceway Systems 
Study Cases 


Double-click the StarZ View name in the System Manager to open an existing StarZ View. You can also 
right-click the StarZ View name to view, save, purge, rename (using Properties command). 
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-( Ground Grid Systems 

-(@ One-Line Diagrams - 2 

-@@ Star 

(=)-2q StarZ View - 13 

LO-Ben 
LO-Ben 
LO-Ben 
L1-Tor 
L1-Tor 
L1-Wel 
L1-Wel Print... 
LIL2Ce Print Preview... 
L4-Weber-o 
L4-Weber-P 
L8-Ben-G 
L8-Ben-P 

Underground Raceway Systems 


Purge... 


You can access an existing StarZ View by selecting it from the Presentation toolbar while in StarZ Mode. 
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55.3.2 StarZ R-X Plot 


StarZ View 


The StarZ View, displays the relay characteristic on the R (ohms) versus X (ohms) plane. The entire 


StarZ View frame comprises of three parts 


1. Relay Selection and Protection Element Selection Table 


2. R-X Plot 
3. Fault Location and Fault Impedance Sliders (only available when connected to a report of Sliding 
Fault study) 
<< — — 
$B) Lo-Ben-P (StarZ R-X Plot) | 
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55.3.3 Relay Selection and Protection Element Selection 


Relay Selection 


Based on the plotted branch or branches, table of distance relays is updated by collecting relays within 
one bus level away in all possible directions from each plotted branch. The Relay Selection table also 
includes Out of Service/De-energized Relays and list is updated when adding or removing branches to the 


StarZ View. 


Note: This table lists only relays with distance library model selected in the relay editor. 


Active 


Check the Relays you want to plot on the R-X Plot. Only the selected relays will be plotted. 


ETAP 


55-27 


ETAP 19.0 User Guide 


StarZ View StarZ View 


Device ID 
Displays the Device ID of the relay. 


Manufacturer 
Displays the Manufacturer ID of the distance relay based on connected library. 


Model 
Displays the Model ID of the distance relay based on connected library. 


Associated Branch ID 

Displays the Associated Branch ID(s) for the relay based on the connected and assigned PTs and CTs 
location. If the default selection is not correct, select the correct associated branch from the drop down 
list. Relay cannot be plotted without its associated branch plotted first. 


Ref. Bus ID 
Displays the Ref. Bus ID for the relay based on the connected and assigned PTs and CTs locations. 


Note: When active is checked, relay characteristics only plots if the Associated Branch along with Ref 
Bus (or tied bus to Ref Bus) is already plotted on the R-X Plot. If the Associated Branch is not plotted 
with Ref Bus (or tied bus to Ref Bus), relay characteristics will not be shown. 


Uncheck All 
Unchecks all selected Relays. 


Protection Element Selection 


The protection element selection table is based on the selected or highlighted relay in the Relay Selection 
list. Protection Element Selection table lists only the elements of the relay model which has possible 
characteristics to plot. 


Type 

Shows the Element type of a protection element. It can be either Phase, Ground or Both. In case of both, 
a dropdown menu with Phase and ground options are available to select. The plotted characteristic may 
change depending on which option is selected. 


Function 
Displays the Zone or Function Type of the Protection Element. For example, Zonel, Zone2, Load 
Encroach, etc. 


Element ID 
Displays the Element ID of the relay protection element. 


State 

If the report is connected to StarZ View, this field displays the first change of State i.e. either from Off to 
On or On to Off. If the state of protection element does not change for the entire evaluation, it displays the 
initial state of the element. The Off state (logic value 0) is displayed with Orange background color, and 
On state (logic value 1) is displayed as Green background. 
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Time (ms) 

If the report is connected to StarZ View, this field displays the Time in milliseconds of the first State 
change for the Protection Element. If the state of protection element does not change for the entire 
evaluation, it shows Oms. 


Plot. Charac. 
Check to plot the protection element characteristic on the R-X plot. Some of the elements are checked by 
default based on the library, element type and selected report. 


Note: Checking this checkbox will not plot the characteristic, if the Relay active is not checked or Relays 
Associated Branch with Ref Bus is not plotted. 


Plot Imp. 

Check to plot calculated seen impedance by the protection element retrieved from the connected report. 
There is no default selection. All the checkboxes are unchecked when StarZ View is created. If no report 
is connected, this field is grayed out. 


Unselect All 
Unchecks all selected Protection Elements for the highlighted relay. 


Select Default 
Checks default Protection Elements based on model library, element type and selected report. 


55.3.4 StarZ View Top Toolbar 


The tools from left to right are described below. 


Pointer 
Click the Pointer button to select any plotted item in StarZ View. 


Pan 


Use the Pan tool to pan around a StarZ View grid if it is zoomed in. Hold the left mouse button to grab 
the StarZ View and move the hand pointer to pan the view. 
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Zoom In, Zoom Out 
To zoom in on the StarZ View, click the Zoom In button. Use the Zoom Out tool to zoom out of a StarZ, 


View. 
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Best Fit StarZ View 
To fit entire StarZ View layout in the StarZ View window, click the Best Fit button. 


Show or Hide Grid Lines 
Click to display the grid. 
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Click to show legend on the bottom of the StarZ View. 


ETAP 


55-32 


StarZ View 


(Wd-O) X 


ETAP 19.0 User Guide 


StarZ View 


StarZ View 


b§QQm He)aaao 


R (Q-Prim) 


u1 
21 = 30.0842 85.711° 2 


(WH4-0) X 


X (Q-Prim) 


PH DIST Z4 OP 


R (0-Prim) 


Project: Date: 02-16-2017 
Location: SN: ETAP-OTI 
Contract: Rev: Base 


Engineer 
Filename: C:\Pecan2Rel\Example StarZ\Example-StarZ.OT1 


Print Preview 
Click the Print Preview button to view or modify the print layout of the selected StarZ View. 
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Print StarZ View 
Click this button to bring up the Print dialog box and start a print job. 
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Adobe PDF 


Ready 
Adobe PDF Converter 


Documents” pdf 
[_] Print to file 


Copies 
Number of copies: 


Collate 


aU 221) 3/3 


Lo] | cance 


Selection 


Printer 
Select the printer you wish to use. You can choose the default printer or select one of the currently 


installed printers from the Name list. To install printers and configure printer ports, use the Windows 
Control Panel. You can also print to a PDF file. 


Print/Page Setup 
Click this button to display the Print Setup dialog box, which contains options for selecting the 


destination printer and its connection. 
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Page Setup 
Paper 
Size: Letter 
Source: Printer auto select 
Orientation Margins (inches) 
@ Portrait Left: 
© Landscape Top: 


Paper 
Select the paper size and source on which you want to print the StarZ View. 


Orientation 
Choose orientation of printing Portrait or Landscape. By default based on axis length ETAP automatically 
chooses between Portrait and Landscape to best fit. 


Margins (inches) 
Enter the minimum margins needed for all four sides in inches. Based on margin values, StarZ View will 
fit the plot into the paper size. 


Close 
Click this button to save the settings and layout, close the preview, and return to the Star TCC View. 


Capture StarZ View 


Capture StarZ View button allows you to capture StarZ View and paste it to third party applications such 
as Paint, Word, Excel, etc. Click this button to activate capture mode, then left click anywhere on StarZ, 
View and drag to select the area for capture. 
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Study Type: Single Fault 
Fault Type: 3 Phase 
Location: L9 @ 70% from AA1 
Zf:5+j0 Ohm 

Output Report: Print 

Data Rev: Base 

Config: Normal 

Date: 08-10-2017 


ETAP Capture 


A The selected area has been copied 
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A confirmation dialog and message will show up after each capture. Click “OK” button to close this 
window. If “Do not show this message again” is checked, this message dialog will not show up until 


reopening of project. 


The Capture mode will end after selection of area or you can press ‘Esc’ to quit ETAP capture mode. 


Export StarZ View 
Export StarZ View button is the shortcut for existing Export Metafile feature. Click this button to export 
the StarZ View to EMF file in the project folder. 


(Me ankia adap 
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Purge 


Delete the active StarZ View. ETAP asks for confirmation before purging the StarZ View. 


A Do you want to delete LO-Ben-P? 
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55.3.5 StarZ View Right Toolbar 


The StarZ View toolbar provides all necessary tools for viewing, coordinating, and plotting applicable 
characteristics and branches. StarZ View toolbar is displayed and applicable for the active StarZ View. 
This section includes details on the various tools available on the StarZ View toolbar. 


Add new Branch 
View Mode 


Crosshair 


Plot Options 
Alert View 


Hide/Show Selection Table 


Add New Branch 


Use this editor to add a new branch(s) to an existing branch on the StarZ View. The Starting Branch 
Section shows the branch to which a new branch(s) will be connected. The Connected Branches section 
shows all possible branches which are either directly connected to Starting Branch or connected through a 
tie protective device. 


Add New Branch 
Starting Branch 
Branch Type | Transmission Line vv Reference Bus Tom230 


Branch ID | L1 ‘| Plotting Direction Forward 


Location Info | Tom230 - WeberN1 
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Starting Branch 
Set the starting branch for the created StarZ View: 
e Ifnothing is selected on the StarZ View, starting branch by default is the branch plotted at origin. 
e If there is more than one branch plotted on the StarZ View, select a branch before clicking the 
Add New branch editor to set it as the starting branch. 
e If no branch plotted on StarZ View, select any branch in the project as the starting branch from 
the drop down menu. 


Branch Type 
Display the branch type of the starting branch. Switch between branch types to update the Branch ID list. 


Branch ID 


Displays the ID of the starting branch, based on the branch type and plotted branch. If no branch is plotted 
on the StarZ View, it displays all branch IDs in the project based on the branch type 


Reference Bus 

Displays the From Bus and To Bus of the selected Branch. In case of three winding transformer displays 
Primary, Secondary and Tertiary buses. If more than one branch is plotted, the references bus for the 
original branch by which StarZ View was created with, lists both From Bus and To Bus, all the other 
branches show only the connecting bus to its starting Branch. 


Plotting Direction 
Displays the direction of the starting branch. 
e Set to forward to plot the branch from the reference bus along the branch impedance vector 
direction (positive direction). 
e Set to reverse to plot the branch from the reference bus opposite to the branch impedance vector 
direction (negative direction). 


Location Info 


Displays the From Bus ID and To Bus ID of the Starting branch. For 3W transformer Location Info can 
be a dropdown list if more than one impedance is plotted. For example if Ref Bus is set to Primary Side 
Bus, and PS and PT impedances are plotted, the Location Info is a selection between “Primary Bus- 
Secondary Bus” and “Primary Bus-Tertiary Bus” 


Connected Branch 


Branch ID 


Displays the ID of the connected branch to the starting branch with a checkbox. Check the checkbox to 
plot the connected branch. 


1. Ifthe connected branch is the parent branch of Starting branch, then Branch ID is grayed out with 
checkbox disabled. 
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Add New Branch 


2. Unchecking the checkbox will remove the branch from the plot. If a branch is removed all 
subsequent child branches are also removed from the StarZ View. 


Plotted Direction 
Displays the direction of the connected branch. 
e Set to forward to plot the connected branch from the connected bus between connected and 
starting branch, along the branch impedance vector direction (positive direction). 
e Set to reverse to plot the connected branch from the connected bus between connected and 
starting branch, opposite to the branch impedance vector direction (negative direction). 
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Add New Branch 


Starting Branch 
Branch Type Transmission Line Reference Bus BenN2 v 


Branch ID |L8 ¥ | | Plotting Direction Reverse v 


Location Info |BenN2 - Tony 


Plotting Direction From Bus _— To Bus 
Y | BenN1 | Tom230 


X (Q-Prim) 
a 
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From Bus 
Displays the From Bus ID of the connected branch 


To Bus 
Displays the To Bus ID of the connected branch 


Update 
Press to update the StarZ for the changes in the Add New Branch editor with closing the editor 


Cancel 
Press to close Add New Branch editor without updating. 


Right Click Menu 


Add Branch From/To 


Add New Branch also works with the right click menu on the R-X plot. As shown in the image below, 
you can right click on any branch on the StarZ View, which will provide options to add a new branch 
from either side Bus of the selected branch. 
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Add Branch to E2 > 


p Brancl 
Remove Branch 
Plot Options... 
Bring Curve to Front 
Send Curve to Back 


oO v4 
R (Q-Prim) 
Show Label in Front 


Also you can right click on any bus directly and it will show you a list of all possible branches which can 
be added to that particular bus. 
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Flip Branch 

Once the branch is added, you can change the direction of the branch using the right click menu on the 
branch and select ‘Flip Branch’. Flip Branch changes the direction from Forward to Reverse or Reverse to 
Forward, based on the initial state of branch. 


Remove Branch 
Click Remove Branch to delete the selected branch from the StarZ View. You can also delete a branch by 
selecting it and pressing delete on the keyboard. 


Note removing a branch will remove all the subsequent connected/child branches from the StarZ View. 
As can be seen below, when removing a branch StarZ View, it displays a message for confirmation, 
highlighting all possible elements which will be removed. For example, by removing L7 in the following 
image, StarZ View displays a confirmation message and highlights L7, L8, SEL 421-A3 and ABB REL — 
D3. If press Ok, all of the highlighted elements will be removed. 
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Remove 


Do you want to remove all highlighted elements? 
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View Mode 


Switch between view modes to quickly hide relay characteristics or seen impedances R-X plot without 
removing them from the selection tables. Instead of deleting or unchecking Characteristic and seen 
impedance from the Relay and Protection Element List, you can quickly switch View Mode to visualize 


the StarZ View. It has three modes as shown below. 
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ETAP 


Show all selected branches, characteristic and seen impedance 


Show all selected 
branches, 

characteristic and 
seen impedances 


Show all selected 
branches and 

characteristic. Hide 
seen impedances 


Show all selected 


branches only. 
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2. Show all selected branches and characteristic. Hide seen impedances. 


Fault Location: % 


2 
21 = 40.112 2 85.711" O 


(Wid-O) X 


Seen 
Impedance is 
not shown. 


X (Q-Prim) 
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3. Show all selected branches only. 
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Crosshair 
The Crosshair tool displays Resistance (R) and Reactance (X) in ohms at any location on the StarZ, View. 


Clicking on the Crosshair button changes the mouse pointer to a crosshair cursor (+). The Crosshair can 
be dropped at any location on the StarZ View to indicate R and X values. As shown below, the crosshair 
is displayed with a label indicating the R and X values and an arrow pointing to the cursor point. The R 


and X values change with adjustment of the crosshair cursor. 
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] crosshair button 
changes the mouse 
to a crosshair 


8 
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To move an existing crosshair, select the crosshair and move the mouse over the crosshair cursor. The 
mouse pointer changes to a four-way arrow through which the crosshair can be moved. The crosshair can 
be deleted by simply selecting it and pressing the Delete key on the keyboard. 


The crosshair can also be assigned to a characteristic. This provides a tracking tool for R and X values 
which can be moved along the characteristic. To track a characteristic boundary using the Crosshair, first 
select a characteristic and then click on the crosshair button. As shown in the figure above, the crosshair 
moves only along the characteristic boundary when selected. A tracking crosshair dynamically moves 
with any characteristic adjustment such as change in settings, plot options, etc. 


ETAP 
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Plot Options 
Refer to Section Plot Options 


Alert View 


The Alert View tool logs possible alerts or messages for devices in the selected StarZ View. When active, 
clicking the Alert View button on the StarZ View toolbar displays a summary of alerts that provides hints 
as to why a particular relay characteristic is not displayed. It also informs you of any missing or disabled 
parameters for the relay or branches. The Alert View button is enabled only if an alert is detected; 
otherwise, the button is disabled. The information in the Alert Summary is displayed in two categories: 


a. Alerts: Alerts are issued when relay characteristic or branch is skipped from plotting in StarZ 
View. Alerts are designated as “StarZ View Alert”. When the Alert View summary includes 
alerts, the Alert View button is shown as red in color. 


b. Messages: Messages are lowest priority alerts that are issued as a notification means to track the 
state of the disabled devices, missing CT/PT connection etc. Messages are provided for 
information purposes. Messages are designated as “StarZ View Message”. When the summary 
includes messages, the Alert View button is shown as yellow in color. 
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Hide/Show Selection Table 


This Option Hide/Show Relay Selection and Protection Element Selection Table. If the tables are shown 
click on this Option to Hide them or vice versa. 
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Note that the R-X Plot can be horizontally and vertically Stretched to have larger plot area with the 
hidden selection tables. 
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55.3.6 Plot Options 


The Plot Options tool provides all the necessary options to customize the display of the StarZ View R-X 
Plot. You can customize the display of R and X axes, legend, grid, and characteristic plotting properties. 
Plot Options apply to the active StarZ View and are saved with the StarZ View once the options are set. 
In the figure below, the name of the StarZ View (StarZ1) is displayed on the header, indicating that the 
options selected apply to StarZ1 View only. This section describes the different options available for your 
plots. The Plot Options Editor consists of the following pages: 


Axis 
Grid 
Legend 
Devices 
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Axis Grid Legend Devices 


Line/Label 
Outbox Color =z v Font 
Tick Mark 
Style | Inside v Font 
Label |All v 
Primary/Secondary. 
@ Primary 


O Secondary with respect to 


Help Default Apply Cancel 


These pages can be accessed by using one of the following methods: 


e Click the Plot Options button and select a page. 

e Double-click an area of the StarZ View to bring up the relevant page. For example, double-click the 
grid space to bring up the Grid page. 

e Right-click a specific area of the StarZ View and select the Plot Options command. For example, 
right-click the X-axis and select Plot Options to bring up the Axis page. For more information, see the 
Axis page section below. 

e Plot Options for a specific characteristic or label can be accessed by right-clicking the characteristic or 
label. 
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StarZ View 
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Properties... 
Hide Zone 1 mho phase element 


Hide SEL 421-A1 


Bring Curve to Front 


SEL 421-A4 ————> Send Curve to Back 


Zone 4 mho phase element 


Agel), Show Label in Front 


The Axis page allows you to set different options for the R and X axes. The Axis page can be accessed by 
clicking the Plot Options button or you can double-click an axis to display the Plot Options Editor on the 


Axis page. 


ETAP 
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Outbox Color i Font 


Tick Mark 
Style |Inside v Font 
Label |All v 
Primary/Secondary. 
© Primary 


O Secondary with respect to 


Help Default Apply Cancel 


Line/Label 


Color 
Set the color for outbox lines by selecting a color from the drop-down list. 


Line/Label 


Font 
Choose the font, font style, font size, and other font effects for the axes label by clicking the Font button. 
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Font: Font style: 

Regular 

: : 
Minion Pro Oblique 

Mistral Bold 

Modern No. 20 Bold Oblique 
Monotype Corstva 


vr 


Effects Sample 
Strikeout 
Undertine AaBbYyZz 


Tick Mark 


Style 

Choose the style for tick marks on the axes from the drop-down list. The options available are Cross, 
Inside, Outside, and None. 

Font 


Choose the font, font style, font size, and other font effects for axes tick marks and tick numbers by 
clicking the Font button. 


Tick Mark 
sve 
Minor Tick#s 35 ¥ 


Primary/Secondary 
Select to plot relays and branches in primary or secondary settings. 


Primary/Secondary. 


Primary/Secondary. 
© Primary O Primary 
O Secondary with respect to @ Secondary with respect to 
Relay |SEL 421-A1 v 
Element |Zone 1 mho phase element v 
Impedance ratio 0.2 
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Primary 
Select primary to plot all relay characteristics and branch impedances in primary. 


Secondary 


Select secondary to plot all relay characteristics and branch impedances in secondary with respect to the 
selected relay. 


Relay 
Select a relay as reference for secondary plotting. 


Element 
Select a protection element within a reference relay for secondary plotting. 


Impedance Ratio 


Impedance ratio (current transformer ratio/voltage transformer ratio) calculated based on the selected 
protection element of selected reference relay. 


Default 

Click the Default button to set default options for the Axis page. The default options can be changed 
globally from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options 
and select StarZ View.) 


Apply 
Click the Apply button to implement the axis settings to the selected StarZ View. You can reset to 
defaults by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


Grid Page 

Grid page provides all options for customizing the display of the StarZ View grid. The Grid page can be 
accessed by clicking the Plot Options button and selecting the Grid page on the Plot Options Editor. 
Alternatively, you can double-click the grid to display the Plot Options Editor with the Grid page already 
selected. 
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Display 

Select this option to enable the grid options and to display the grid on the StarZ View. By default, the 
Display option on the Grid page is unchecked. The current setting can be changed either from the Grid 
page (select the Display option) or by clicking the Grid button on the StarZ View menu toolbar. 
Alternatively, the default setting for Display Grid can be changed from the Defaults menu by pointing to 
Plot Options, and then selecting StarZ View. 


Draw Grid on Top 
Select this option to display the grid on top of the relay characteristic. 


Line Color 
Set the color for major grid lines by selecting a color from the drop-down list. 


Line Style 
Set the style for major grid lines by selecting a line style from the drop-down list. 


Ticks Gap 
Set gap between each tick on R-X plot for the R and X axis. As grip is always square, same gap is applied 
between each tick on R and X axis. 

e =Select “Auto” for StarZ View to automatically define tick gap based on size of the plot. 

e Select “Fixed” to set user defined value for gaps between two consecutive ticks. 
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Background 
Set the color for grid background. 


Legend Page 


The Legend page allows you to customize the legend contents for the StarZ View. This page can be 
accessed by clicking the Plot Options button on the StarZ View toolbar and then selecting the Legend 
page. You can also double-click the legend box to display the Plot Options Editor with the Legend page 
active. 


§) Legend (StarZ R-X Plot) 
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Project StarZ Example Date: 08-08-2016 B 
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Engineer OTI Circuit ABC 
Filename: D:\StarZ 


This is an example to show the feautres of StarZ program 
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Display 

Select this option to display the legend on the StarZ View. By default, the legend is disabled for StarZ, 
View. You can enable the legend view either on the Legend page or by clicking the Show Legend button 
on StarZ View menu bar. You can also change the default setting for the Display option for the legend 
from the ETAP Defaults menu by pointing to Plot Options and then selecting StarZ View. 
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Title 
Title 
Name |Legend 
Font 
Right Etap_Logo_color_2005 jpg | 
Left Text | |Operation Technology Inc. | 
Name 


Enter a unique name for the StarZ View with up to 25 alphanumeric characters. If the name option is 
selected, the name you enter here is displayed in the StarZ View legend. 


ETAP automatically assigns a unique ID to each StarZ View. The assigned ID consists of the default 
StarZ View ID plus an integer, starting with the number one and increasing as the number of StarZ Views 
increase. The default StarZ View ID (StarZ View) can be changed from the Defaults Menu in the ETAP 
menu bar. (From the Defaults menu, point to Plot Options and select StarZ View.) 


Font (Name) 
Choose the font, font style, font size, and other font effects for StarZ View name by clicking the Font 
button. 


Right (Logo or Text) 
Click on the checkbox to display logo or text information on the upper right corner of the legend. 


Toggle the button to Logo or Text to select a picture logo or enter a text label of up to 25 alphanumeric 
characters, respectively. The file containing the logo is not embedded in the legend. The path defined for 
accessing the logo picture is relative, so you should use a copy of the logo picture file that is placed in the 
project folder. 


Left (Logo or Text) 
Click on the checkbox to display logo or text information on the upper left corner of the legend. 


Toggle the button to Logo or Text to select a picture logo or enter a text label of up to 25 alphanumeric 
characters, respectively. The file containing the logo is not embedded in the legend. The path defined for 
accessing the logo picture is relative, so you should use a copy of the logo picture file that is placed in the 
project folder. 


Info 


Project Title 
Click on the checkbox to display the project title in StarZ View legend. Project Title must be changed 
from Project Information menu and is non-editable in the Legend page. 


Location 

Click on the checkbox to display the location in the StarZ View legend. Location can be changed using 
the Information command from the Project menu on the ETAP menu bar but cannot be edited on the 
Legend page. 
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Contract # 

Click on the checkbox to display the contract number in the StarZ View legend. Contract # can be 
changed using the Information command from the Project menu on the ETAP menu bar but cannot be 
edited on the Legend page. 


Info 

Project Title | StarZ Example 

Location Irvine, Califomia 

Contract # OTI-12345678 

Engineer OTl 

Filename D:\StarZ\ 

Date / Rev. 08-08-2016 R1 
Serial # ETAP-OTI 

Rev. Data Base 

Circuit ABC 

| Project Remarks | This is an example to show the feautres of 


StarZ program 


[V] Study Remarks [XYZ 


Font 


Engineer 

Click on the checkbox to display the engineer name in the StarZ View legend. Engineer name can be 
changed using the Information command from the Project menu on the ETAP menu bar but cannot be 
edited on the Legend page. 


Filename 
Click on the checkbox to display the project file name and path in the StarZ View legend. This is a non- 
editable field. 


Date / Rev. 
Click on the checkbox to display the project date and revision in the StarZ View legend. These fields are 
editable. 


Serial # 


Click on the checkbox to display the ETAP license serial number in the StarZ View legend. This is a non- 
editable field. 
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Rev. Data 
Click on the checkbox to display the revision name in the StarZ View legend. This field displays the 
revision in which the StarZ View is created and is non-editable. 


Circuit 
Click on the checkbox to display the circuit information in the StarZ View legend. This field is editable 
and accepts up to 25 alphanumeric characters. 


Project Remarks 
Click on the checkbox to display the project remarks in the StarZ View legend. Project Remarks can be 
changed from Projects Information menu and is non-editable in the Legend page. 


Study Remarks 
Click on the checkbox to display the study remarks in the StarZ View legend. This field is editable and 
accepts up to 100 alphanumeric characters. 


Font 
Choose the font, font style, font size and other effects for the fields in the Info section by clicking Font 
button. 


Default 

Click the Default button to set default options for the Legend page. The default options can be changed 
globally from the Defaults menu in the ETAP menu bar. (From the Defaults menu, point to Plot Options 
and select StarZ View.) 


Apply 
Click the Apply button to implement the legend parameters to the selected StarZ View. You can reset to 
defaults by clicking the Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


Devices Page 


The Devices page in Plot Options for StarZ View provides comprehensive and necessary options to 
customize devices plotted in StarZ View. This page can be accessed by clicking the Plot Options button 
and selecting the Devices page. You can also access the Devices page for the selected device by right- 
clicking on the device, device characteristics/seen impedance, or label and selecting Plot Options. 


The Devices page includes a graphical tree representation that lists the IDs of all elements plotted in 
selected StarZ View. The Devices page includes three sub tabs; Appearance, Preferences (only for 
transmission line with series compensation), and Label which can be customized for the selected device 
characteristic. 


Device List 


The Device list provides a graphical tree representation that lists the IDs of all elements plotted in the 
selected StarZ View as well as crosshairs. The name of the StarZ View is displayed at the top level under 
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which all plotted devices are listed. For relays with sub layers (several protection element characteristic), 
the tree structure is configured to be expanded (by clicking on the ‘+’ sign) to view the individual sub 
elements or collapsed (by clicking on the ‘-’ sign). When a specific device is selected, the ID of the 
device is displayed as the header along with the name of the StarZ View. In the example, shown, 
transformer L1 is selected in StarZ View StarZ1; so, the header displays StarZ1.L1. 


Device: StarZ1.L1 


>): StarZ1 
RxGraphReport Element 1 
Al-1 
B1-1 
+) ABB REL-B1 
+) SEL 421-A1 
Crosshair1 


The settings in Appearance, and Label tabs can be applied to the any level in the tree structure. 


If the StarZ View name (top most level of the device list) is selected, the settings in the Appearance tab 
are disabled. For the Label tab, all options with the exception of Label ID color Label setting 
color/properties are available. Thus, you can set uniform label display options/fonts for all devices 
belonging to the selected StarZ View. 
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Plot Options (StarZ1) 


Axis Grid Legend Devices 
Device: StarZ1.L1 
)- StarZ1 

~~ RxGraphReport Element 1 


=) ABB REL-B1 
(4) Element Characteristics 
(4) Seen Impedances 


Display O in Front of the curve 
Arrow © Behind the curve 
(Border 


©] Label ID 
Cal Fo 
[1] Label Setting 


Cal Font | (Et 


Z1 = {Z1Mag} z {Z1Ang}*Q 
KO = {KOMag} « {KOAng}* 


Help Default Apply | OK | Cancel 


Relays have sub layers for Element Characteristics and Seen Impedance. Any setting changes at a top 
level propagate to all the sub levels. 


Appearance Tab 


The Appearance tab allows you to select the device characteristic appearance from a color sequence list or 
use custom settings. 
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Plot Options (StarZ1) 


Axis Grid Legend Devices 
Device: Star21.4BB REL-B1.Element Characteristics. ZQDPDIS STZ1 
@- StarZ1 A 


Gi) Seen Impedances 
- SEL 421-A1 


Appearance Label 


[_] Use custom color/style 


: 
LALIT 


Preview 
The preview window allows you to preview the selected color sequence or custom settings before 
applying them to the characteristic. 


Color Sequence 

The color sequence displays a list of 10 preset color settings and, the sequence number used for the 
selected device characteristic is highlighted. As shown in the figure below, color sequence #2 is used for 
ABB REL-B1 ZQDPDIS STZ1 characteristic. The Color sequence feature uses preset color settings in the 
sequence (1, 2, 3... 10) for devices plotted in a StarZ View. 
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) Starz1 (StarZ R-X Plot) (= ae) 


kSQQHHe qeaeo 
R (O-Prim) 


“15 10 5 C) 5 10 15 


X (Q-Prim) 
(wud-) x 


R (O-Prim) 


This automated color sequence functionality facilitates better viewing and also saves time. The color 
sequence for each device characteristic can be set in Default Plot Options. It is important to note that 
color sequence functions at a global level and only one sequence (1, 2, 3... 10) can be set per device. For 
example, relay device has one color sequence set that applies to all sub-functions, elements, and settings. 
If the StarZ View has more than 10 characteristics of the same element type, the sequence is repeated. 


You can customize the settings of a selected color sequence by simply checking Use custom color/style 
which brings up the custom color/style options. As shown in the following figure, note that checking Use 
custom color/style for color sequence #2, transfers the color settings used in color sequence #2 to Line 
width, style, fill color, etc. which can be customized. 
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Plot Options (StarZ1) Plot Options (StarZ1) = O x 


Axis Grid = Legend Devices Axis Grid = Legend Devices 
Device: StarZ1.ABB REL-B1.Element Characteristics ZQDPDIS STZ1 Device: StarZ1.ABB REL-B1.Element Characteristics. ZQDPDIS STZ1 
& StarZ1 ©) StarZ1 
ul u 
Al-1 Al-1 
B1-1 BI 
&- ABB REL-B1 ©) ABB REL-B1 
=) Bement Characteristics ©) Bement Characteristics 
ZQDPDIS STZ1 
&): SEL 421-A1 & SEL 421-A1 
©) Bement Characteristics ©) Bement Characteristics 
Zone 1 mho phase element Zone 1 mho phase element 


Appearance Label Appearance Label 


Use custom color/style (J Use custom color/style 


Line Width 2 


=" 


Line Style 


Line Color 


Fill Style 


Fill Color 


oon Do & w& 


¢ 
WUUTTITULT 


wah 
So 


Foreground Color 


ses | [OR] | Cnel 


Py 
D 


Pp Default Apply || OK || Cancel 


Use Custom color/style 

Check this box to enter custom settings for line width, style, and line color for the selected characteristic. 
Note that checking this box hides the color sequence list box and displays the custom color/style options. 
If a color sequence is selected, the color/style used for the color sequence is transferred to the 
corresponding custom options as shown in figure above. The options available are explained below. 


Line Width 
Select or enter a value for the line width (thickness) of the characteristic. 


Line Style 
Select the style for the characteristic lines by selecting a line style from the drop-down list. 


Line Color 
Set the color of the characteristic lines by selecting a color from the drop-down list. 


Preferences Tab 


Preference Tab is shown only for Transmission Line with Series Capacitor. If transmission line does not 
have fixed series capacitor on Compensation page, this tab will not be available. 
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Transmission Line Editor - L1 Plot Options (StarZ1) 


Axis Grid Legend Devices 
Device: StarZ1.L1 


( SEL 421-A1 
mold 


Amps Xc (ohms) microfarad 
so |[ 5 5305 | [- 


Fixed Capacitor Location 


From End ww 


Degree of Compensation: 7 % of Line Reactance LJ Include Xc (Series Capacitor) 


i is) x) 


Include Xc (Series Capacitor) 
Check to include Series capacitor impedance in total branch impedance for plotting. 


Label Tab 


The Label tab allows you to customize the label for each device/element plotted in the StarZ View. 
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Plot Options (StarZ1) _ O x 


Axis Grid Legend Devices 
Device: StarZ1.L1 
©) StarZ1 


Al-1 
B1-1 
& ABB REL-B1 
©): Bement Characteristics 
ZQDPDIS STZ1 
=) SEL 421-A1 
=): Bement Characteristics 
Zone 1 mho phase element 


Appearance Label 
Display O in Front of the curve 
Arrow © Behind the curve 
[1] Border 
Label ID 


Color | - Font 


[J Label Setting 
Color | - Font Edit 


Z1 = {Z1Mag} « {Z1Ang}*Q 
KO = {KOMag} < {KOAng}° 


Help Default Apply Cancel 


Display 

Check this box to display the label for the selected device characteristic. This box is checked by default. 
The label display setting can also be changed by right clicking on the device label and checking/un- 
checking the ‘Label’ option. Refer to the figure below. 


Arrow 

Check this box to show the label arrow from the device label to the selected device characteristic. This 
box is checked by default. The label arrow setting can also be changed by right clicking on the device 
label and checking/un-checking the ‘Arrow’ option. Refer to the figure below. 


Border 

Checking this box draws a border around the label with a white background. The color of the label border 
is automatically set to the line color of the device characteristic. Refer to the figure below. This feature 
makes identifying labels for the different device characteristics easy, especially when a plot has many 
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characteristics. This box is unchecked by default. The border setting can also be changed by right clicking 
on the device label and checking/un-checking the ‘Border’ option. 


In Front of the Characteristic / Behind the Characteristic 

Click on the ‘In Front of the Characteristic’ or ‘Behind the Characteristic’ radio button to bring the label 
in front/behind its corresponding characteristic. Note that this feature applies to the selected label and its 
corresponding characteristic only and it does not apply to other characteristics/labels in StarZ View. The 
default option is set to ‘Behind the Characteristic’. This setting can also be changed by right clicking on 
the device label and checking/un-checking the ‘Show Label in Front’ option. 


Label ID 


Color 
Select the color for the selected device/element label ID from the drop-down list. 


Font 
Choose the font, font style, font size and other font effects for the selected device/element label ID. 


BD starZ1 (starZ R-X Plot) 
k 8 QQH HT qeaao 


R (Q-Prim) 


“15 10 +s o 5 10 15 


Label ID font 
and color 


‘li 
iZ1 = 30.067 Z 86.186" 0} 
KO = 2.083 Z 12.8856" 4 


X (O-Prim) 
(Wig-0) 


Label setting 


Properties... 
font and color 


Add Branch From B1-1 
Add Branch to Al-1 
Flip Branch 


Remove Branch 


Plot Options... 


Bring Curve to Front 

Send Curve to Back 

. = / Label z 
Arrow 


_ Border 


s ID 
Setting 


Show Label in Front 
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Label Setting 

Check this box to display the Label setting for the selected device characteristic. Label setting displays an 
expanded label with all parameters relevant to the selected device characteristic. This box is unchecked by 
default. The Label Setting can also be turned on/off by right clicking on the device label and checking/un- 
checking the ‘Setting’ option. 


Color 
Select the color for the selected device/element label from the drop-down list. 


Font 


Choose the font, font style, font size and other font effects for the selected device/element label by 
clicking the Font button. 


Edit 

Click on Edit to edit the label properties. Clicking the Edit button opens a Label setting window which is 
divided into two sections — Properties and Label Setting. The Properties lists all applicable parameters 
that define the device/element selected. Select a property and click the Insert button to add it to the Label 
Setting list. You can add/insert any text before or after a label parameter. Click on OK to save the changes 
to label or Cancel to not save the changes. 


Label Setting 


Label Setting 


Z1 = {Z1Mag} « {Z1Ang}°Q 
KO = {KOMag} < {KOAng}* 
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Label Preview Window 


The Label preview window displays the label parameters as it will be displayed on the StarZ View. Here 
again, you can add/insert any text before or after a label parameter. For example, you can type in a 
manufacturer name before the label {Manufacturer}, and the text is included in the label. You can also 
delete any label by selecting it and clicking the Delete button on the keyboard. 


Default 

Click the Default button to set default Plot Options. The Default button only applies to the selected 
device/element selected in the device list after confirmation. If the StarZ View name (top level) is 
selected, then clicking the Default button applies default settings to all the devices in the StarZ View. 


The default options can be changed globally from the Defaults menu in the ETAP menu bar. (From the 
Defaults menu, point to Plot Options and select StarZ View.) 


Apply 

Click the Apply button to implement the settings to the selected StarZ View. Once you have applied your 
changes, you cannot undo them. You must change them manually or reset to defaults by clicking the 
Default button. 


OK 
Click the OK button to close the Plot Options Editor and save all the changes. 


Cancel 
Click the Cancel button to close the Plot Options Editor and discard all the changes. 


It is important to note that the Default, Apply, OK and Cancel buttons on the Devices page apply to all 
three tabs — Appearance, Preferences and Label. 
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55.3.7 Study Report 


Once a StarZ Study is ran, one of the method to visualize results is by associating the report with the 
StarZ View. Upon performing a StarZ Study on the One Line, create a new or open existing StarZ View. 
The new StarZ view will automatically associate itself with the present study report. Alternatively, an 
existing StarZ View can be associated with an output report by selecting in report list box. 
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Once an output report is associated, the followings will be shown on the StarZ View: 


Fault Location Slider (Sliding Fault Study only) 

Fault Impedance Slider (Sliding Fault Study only and based on study case) 
Study Info Legend 

State and Time of Protection Elements 

Seen Impedances of the Relay and corresponding elements analyzed. 


Fault Location and Fault Impedance (Zf) Slider 


For Sliding Fault report, fault location and fault impedance sliders are shown on top of the StarZ View. 

e The fault location slider selects the percentage of faulted line from the reference bus, as plotted 
on the StarZ View. If a faulted line reference bus is changed from Add New branch editor, sliders 
automatically flip to show percentage based on the new reference bus. 

e Fault impedance (Zf) slider is only shown if the study case of selected report includes fault 
resistance variation. The fault impedance slider varies the fault resistance while fault reactance is 
kept constant. 


OPRWNP 
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Fault Location: 30 % | y > 


Protection Element State and Time 


Based on the connected report, the Protection Element Selection Table shows the State of an element just 
after the first state change, and the time corresponding to the state change in (ms). For example, if the 
initial state of an element is Off and it changes to On at 16.67ms followed by another state change to Off 
at 200ms, Protection Element table will show state of that element as On at 16.67ms. 


e For Single Fault and Load Flow Study Report, State and Time values are fixed for selected report. 


e For Sliding Fault, the State and Time values vary with the Fault Location and Fault Impedance 
Sliders. First State change for the element is reported based on selected Fault location and Fault 


Relay Selection 
A Fault Location:| 40 | % 
Active Relay ID Manufacturer Model a Branch Ref. Bus ID i) |S g > | 
LO-Ben GE Multilin D60 Lo BenNi — 
: a 12 | +3i[ 0 | ohms | | | » 
L1Tom230 GE Maltin 60 uu Tom230 . fh Ao : 
8 QQhwe qeaao 
L1-Weber GE Maltin 60 ut Weber 
—— ——— — = —— R (Q-Prim) 
L8-Ben GE Maltin 60 L8 BenN2 
L10-Tom Schweitzer 31L L10 Tom’132 a0 
L6-Tony Schweitzer 421 Ls Tony 
L6-Tony 8 Schneider Electric | P443 us Tony 
lie steher rhauitver 471 16 WeherNi? Me a 
«< > 


Config: Normal 
Date: 07-19-2017 


Protection Element Selection 


60 
Type | Function | Bement ID 
Phase || Zone 1 ZQDPDIS STND1 2 
Phase | |Zone 2 ZQDPDIS STND2 
Phase | Zone 3 ZQDPDIS STND3 
Phase | Zone 4 ZQDPDIS STND4 fa 
Phase | Zone 5 ZQDPDIS STNDS 
Phase | Zone 1 ZQDPDIS STZ1 = ae = 
Phase | Zone 2 ZQDPDIS STZ2 z 30 ZQDPDIS TRZ2 30D 
Phase | Zone 3 ZQDPDIS STZ3 se =) 
Phase | Zone 4 ZQDPDIS STZ4 
Phase | Zone 5 ZQDPDIS STZ5 20} SDPO TRE 20 

ZQDPDIS TRZ1 

Phase | Zone 1 ZQDPDIS TRZ1 
JPhase | Zone 2 ZQDPDIS TRZ2 
|Phase | Zone 3 ZQDPDIS TRZ3 | Lg 
Phase | Zone 4 ZQDPDIS TRZ4 
Phase | Zone 5 ZaDPDIS TRZ5 all ee 5 
Phase |v |Zone 1 ZMOPDIS STND1 poe 
Phase | Zone 2 ZMOPDIS STND2 
Phase | Zone 3 ZMOPDIS STND3 so} 10 
Phase | Zone 4 ZMOPDIS STND4 
Phase | Zone 5 ZMOPDIS STNDS 


bo — Suanouic crs 


R (Q-Prim) 


Study Info Legend 


If a report is selected with StarZ View, by default a label is shown on the top left corner of the StarZ, 
View known as Study Info Label. The label consists of Study Type, Fault Type, Location, Zf, Output 
Report Name, Data Rev, Configuration and Date of the report. The Location and Zf for sliding fault 
depends on the fault location and Zf sliders. 
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Study Type: Sliding Fautt 

Fault Type: Line-to-Ground 
Location: LO from BenN1@ 40% 
Zf. 12 +j0 Ohm 


Output Report: LO-LG 
Data Rev: Base 
Config: Normal 

Date: 07-19-2017 


The label can be user defined, shown/hidden using the plot options label settings. 


Seen Impedance 

StarZ View plots the Seen impedance of an element based on the checkbox on the Protection Element 
Selection table. If the relay is checked and part of the study report associated with StarZ View, seen 
impedance of each element of selected relay can be plotted separately. (Note: many of these impedances 
might be equal and exactly of top of each other). Based on the State of the element as On or Off, the seen 
impedance is shown as cross (x) or dot (*) respectively. 
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For sliding fault, adjusting the slider location moves the location of all seen impedance plotted, based on 
the calculated results in the report. 
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59.4 StarZ Sequence-of-Operation 


With StarZ Mode, not only can you work with the R-X Plots, you can also determine the operating time 
of relays and other protective devices simply by setting up a study case and running the analysis. The 
Sequence-of-Operations are automatically calculated and listed in Sequence Viewer, which is 
dynamically linked with the one-line diagram. This one-step concept utilizes the intelligent one-line 
diagram and performs a complete set of actions to determine the operation of all selected protective 
devices in the study case. This also includes evaluation of Scheme Logics of Relays. 


Sequence-of-Operation provides a system wide solution for an accurate and realistic operating time and 
state of protective devices, such as relay, fuse, circuit breaker, trip devices, contactor, etc. The operation 
time is calculated for each protective device based on its settings, scheme logic, and interlocks for a 
specified fault location, fault resistance and type. 


Features & Capabilities 

e Graphically place a fault anywhere on the one-line diagram. (Exceptions) 

e Automatically calculate and display the fault current contributions and voltages on the one-line 
diagram 

e Evaluate Scheme Logic of the Relay to determine state of Inputs and Outputs 

e Determine the operating time and state of all protective devices based on the actual fault current 

contribution flowing through each individual device, or corresponding CTs as well as voltages 

measured by PTs. 

Globally view post fault actions and associated operating time via a tabulated event viewer 

Adjust the Fault Location and Fault Resistance for a fault on a line, cable, impedance, or reactor. 

Graphically examine the operation of protective devices via the one-line diagram 

Display / flash the tripped devices in chronological order on the one-line diagram 


55.4.1 Calculation Methods 


The Sequence-of-Operation Study is essentially a time-domain simulation of protective devices based on 
a user-specified fault location, impedance and type. Protective device actions are determined at different 
time instants (events). 


When a fault is placed on a valid bus, branch or connector on the selected one-line diagram configuration, 
an unbalanced short-circuit study is performed in accordance with the selected StarZ Mode Study Case 
parameters. The calculated measured fault currents, and voltages of each valid protective device is used to 
evaluate the settings, logics and applicable interlocks to determine the operating time. 


Protective device tripping actions can be categorized in two main groups: 
e Integral Trip 
e Non-Integral Trip 


Integral Trip 


The action of the integral trip components, such as low voltage circuit breaker (trip device), fuse, and 
overload heater, is based on the internal tripping mechanisms or melting elements of the device which in 
turn can cause the device to operate by melting or tripping, respectively. 


Non-Integral Trip 


Non-integral trip action of devices in power system is typically initiated by remote operation via a relay 
or shunt tripping by a sensing device. The operation of circuit breakers in power systems are often 
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controlled via a relay or through a lock-out device. In the case of current sensing overcurrent relays, the 
current transformer will sense the fault current based on its relative location to the fault and the magnitude 
as well as the type of the fault current. When the operating current exceeds that of the overcurrent relay 
curve setting, the relay will signal its pre-programmed trip contacts to operate accordingly. For instance, a 
current relay will trip off circuit breakers once the measured current by relay exceeds a pre-set value. To 
use relay-controlled actions, you can add a relay and connect it to the one-line diagram via a PT or CT, 
depending on the type of relay. Next in the Relay Editor, user specifies the relay-controlled device ID, 
action, time delay, and other data related to the selected relay operation. During the SQOP simulation, if 
a relay setting is met, its controlled device (i.e, HVCB) will take an action as specified in the Relay 
Editor. This method avoids requesting to give a pre-defined action time and is a true resemblance to 
power system real operating conditions. 


The following table shows the list of relay-interlocked devices as well as their inherent operating time 
delay. 


Device Type Operating Time 

ANSI HVCB Operating cycles as specified in the HVCB Editor 

IEC HVCB Min delay as specified in the HVCB Editor 

ANSI LVCB (PCB) Based on Tools/Options (Preferences)/ETAP Project. Default is 3 cycles 
ANSI LVCB (MCCB) Based on Tools/Options (Preferences)/ETAP Project. Default is 3 cycles 
ANSI LVCB (ICCB) Based on Tools/Options (Preferences)/ETAP Project. Default is 3 cycles 
IEC LVCB Based on Tools/Options (Preferences)/ETAP Project. 

SPST No time delay 

Contactor Drop out time delay as specified in the Contactor Editor 


Note that the operating time for Close and Open actions are assumed to be the same if the state of device 
is changed by Relay Action. If the device was already Closed or Opened, and sate of device is not 
changed by Relay Action, then Operating Time is considered as Oms. 


Distance Relay Model 


ETAP utilizes detailed modeling for distance protection simulation. This means that in ETAP, user 
encounters with the same settings and protection element outputs of the actual relay. Also, the modeled 
distance relay in ETAP performs the same as the actual one for steady state analyses supported in this 
module. User can also set and simulate scheme logic, interlocks and relay communication on top of the 
existing protection elements. In addition to specific distance relay models, ETAP provides a generic 
model which can be utilized to simulate general distance protection function for system analyses where 
specific model is not required. 


Differential Relay Model 

In ETAP StarZ Module, Differential Relays operate by comparing the difference of currents. The program 
utilizes the negative sequence currents (Iz), positive sequence currents (I;) and pre-fault positive sequence 
currents (I:pre) to determine if the fault is placed inside the zone of protection of the differential relay. The 
program collects the necessary currents from the connected current transformers; however, it neglects the 
current transformer turn ratio. 


If maximum of all measured I currents is less than 1000mA or 5% of maximum of all measured I, 


currents, I; currents are used as the selected currents to make differential decision; otherwise, Iz currents 
are used as the selected currents. If the difference in the selected currents is zero, this indicates that the 
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fault is external and the relay does not trip. If the difference in the selected currents is not equal to zero, 
this indicates that the fault is internal and the differential relay will trip. 


In order to support line current differential protection, where there is always a differential current due to 
the line shunt capacitive current, the following logic is applied to ensure reliability of operation. 

e First, if positive sequence differential pre-fault current is very small, differential element is not 
blocked to operate. 

e Otherwise, Tratio is calculated as the complex ratio of positive sequence differential current to 
positive sequence pre-fault differential current i.e. Diff(,)/Diff(I1pre). If angle of Ivaio is within 
+20° and magnitude is less than or equal to 1.5, differential element is blocked to operate. 

oO For all the elements without shunt impedance, if CTs are connected to relay correctly, the 
positive sequence differential pre-fault current would be zero. Hence, there is no impact. 

o For branch elements with shunt, i.e. transmission line, cable and impedance, above 
blocking logic determines if the fault is not internal by checking, if the post fault 
differential current has similar angle as pre-fault differential current, and the post fault 
differential current magnitude is above or less that the pre-fault differential current. 


Directional Relay Model 


If the relay model does not include a common directional element between distance and overcurrent 
protection functions, and Direction is checked in the relay editor, StarZ Analysis considers the direction 
similar to Sequence-of-Operation for overcurrent element evaluation. Otherwise, common directional 
element settings defined in Distance Page are utilized to define directional element behavior. 

As shown below, SEL relays such as SEL 311L is an example where the common directional element is 
utilized for both distance and overcurrent protection function. In this case, if the relay output operates 
based on logic using the overcurrent protection element in the Scheme Logic, StarZ analysis utilize the 
settings in distance page to determine the directional element functionality while ignoring the directional 
settings in OCR page. This feature is exclusive to StarZ Scheme Logic Analysis. Star and StarZ 
Sequence-of-Operation without scheme logic and Arc Flash Analysis still use the directional settings in 
OCR page. 
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55.4.2 Sequence Viewer 


Sequence Viewer is a traditional ETAP tool to show and evaluate the performance of protective devices 
and system as a whole. As the name indicates, sequence-of-operation of the protective devices are shown 
in a tabular format. The main objective of is to show the ultimate protection actions including trip 
commands, interlocks and inter-relay communication/interlocking signals. Hence, in this viewer, the 
status of relay internal protection elements and control variable of scheme logic is not shown. This helps 
to quickly evaluate the protection coordination based on the resulted corrective action. 


Sequence Viewer is also available for Sliding fault. In this case, sliders are provided in Viewer to select 
the evaluation results of a certain fault location and resistance within a user selected range without the 
need of running multiple studies. You can also filter the results based on any available parameter to focus 
on a specific performance index. 


Location: L1 @ 0% from Tom230 74 
ai i@a § > Pm — 
Zf: 0 +j0 ohms alt 
a <« § > PI Q ZA 
Data Rev: Base Config: Normal Date: 03-28-2017 
Study Type: Sliding Fault Fault Type: Line-to-Ground Reference Bus: Tom230 v Ee 
= 
10 T1 23= | T2 2 cv, 
~| Type +|(ms) ~| (ms) Condition 9 
Relay Output On - Logic 23 
Interlock | Tripped by L1-Tom230 -DO1 5, 
Li-Weber |DO1 Relay Output On - Logic “@ 


LO-Ben DOo1 Relay Output On - Logic 
Interlock Tripped by L1-Weber -DO1 


| Interlock | tripped by LO-Ben -DO1 
Interlock | Tripped by LO-Ben -DO1 


Help Close 


Sliding Fault Analysis Sequence Viewer 
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Data Rev: Base Config: Normal Date: 03-24-2017 
Study Type: Single Fault Fault Type: 3 Phase 
Location: Sub 3 


Relay Output On - Phase - OC1 - 50 


Relay Output 
Status ‘leo 
Status 
Status 
Relay Output 
Relay Output 
Relay Output 
Relay Output 
Relay Output 
Relay Output 
Relay Output 


Help Close 


Single Fault Analysis Sequence Viewer 


Header 
The header for Sequence Viewer changes based on Study Type. 


e For Single Fault, the header includes information on data revision, system configuration, Fault 
type, location, fault impedance Zf (if included in Study Case) and date on which the study was 
performed. 

e For Load Flow, the header includes information on data revision, system configuration, and date 
on which the study was performed. 

e For Sliding Fault, Header consists of two parts. The first part includes dynamic sliders for Fault 
Location and Fault Resistance (if Zf is included in Study Case). The Second part includes 
information on data revision, system configuration, Fault type, date on which the study was 
performed and Reference Bus for the Fault Location Slider. 
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Fault Location Slider 
Move the Fault Location Slider indicator horizontally in forward or reverse direction manually by 


dragging the indicator or by using the side arrows. It will update the location of the fault on the branch. 
The updated location is shown on the top of the slider 


Location: L1 @ 0% from Tom230 


a «a § > Pp 

) Drop Climb 
Move to Location Location Move to 
0% by one by one 100% 
Location rs A Size Step Size Location 


Change the Reference Bus to update the Reference for Fault Location and Results. Every branch has two 
possible reference buses. You can switch between them to observe study results based on fault location 
from either side of branch. 


Sequence-of-Operation Events - Output Report: L1-LG x 
Location: L1 @ 20% fro 
i g > Pp 
Zf: 0 +j0 ohms 
a « § > Pp 
Data Rev: Base Config: Normal Date: 04-26-2017 


Study Type: Sliding Fault Fault Type: Line-to-Ground Reference Bu 


Any change in Slider location and Reference Bus performs multiple functions. It updates the results in the 
Sequence Viewer events table below, updates the fault marker, result annotation and flashing of 
protective devices on the OLV. 
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—141 (Cc) 


q¥U-55 -1Z1 (Cc) 


$0.38 -39 (a) 
0.33 -146 (b) 
0.35 93 (c) 


#0.16 149 (a) 
0.17 35 (b) 
0.18 -92 (c) 


40.4 -56 (a) 
0.56 -171 (b) 
0.56 73 (c) 


$2.1 -63 
0.39 -154 (b) 
0.41 87 (c) 


L1i-Tom230 


Location: L1 @ 30% from WeberN1 


Zf: 12 +j0 ohms 


Li Data Rev: Base Config: Normal Date: 04-26-2017 


Study Type: Sliding Fault Fault Type: Line-to-Ground Reference Bus: | WeberN1 y 


Device Io 10 T1 12 Conditi 
(ms) ' DD *| ID ¥| Type v\(ms) +|(ms) ¥ —e sd 


L1-Weber Relay Output 
16.7 L1-Tom230 |DO1 Relay Output | 16.7 On - Logic 

100 CBs Interlock 83.3 Tripped by L1-Weber -DO1 
100 CB17 Interlock 83.3 Tripped by L1-Tom230 -DO1 


On - Logic 


3.1 -72 (a) 
0.4 25 (b) 
40.42 -94 (c) 


Help Close 


Fault Impedance Zf Slider 

Move the Fault Resistor Slider indicator horizontally in forward or reverse direction by dragging the 
indicator or by using the arrows. This will update the Fault Zf. The fault Impedance Slider is shown only 
if “Include Fault Impedance Zf” was checked in the Study Case. Similar to Fault Location Slider, any 
change in Zf Slider updates the results in the Sequence Viewer events table below, updates fault marker, 
result annotation and flashing of devices on the OLV 


Time 

This is the total event time (in milliseconds) from the initiation of the fault in sequential order. By default 
Sequence Viewer unchecks 0 ms from the events table filter. Click on time column and check 0 ms in 
case you want to review initial conditions. In StarZ analysis, fault always occurs at time 0. 


Device ID 
Displays the Protective Device Identifier 


IO ID 
Displays the ID of the Digital Input or Digital Output of the relay. 


IO Type 
Displays the type of relay signal i.e. either Input or Output. 


T1 (ms) 

Operating time event 1 in milliseconds for the protective device. This is the initial tripping or minimum 
time of the device where applicable. For example, T1 represents the minimum melting time of the fuse or 
the minimum trip time of a thermal-magnetic circuit breaker. 
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T2 (ms) 

Operating time event 2 in milliseconds. This is the final tripping or maximum time of the device where 
applicable. For example, T1 represents the total clearing time of the fuse or the maximum trip time of a 
thermal-magnetic circuit breaker. Note that T2 will be zero for device with a single band or definite 
operating time (i.e., HVCB operating time). 


Condition 


This column includes pertinent information regarding the device action. For relays this will include the 
particular trip function, digital input, digital output and level for which the relay has operated on. 
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55.5 State Plot 


State plot is a powerful and unique tool to graphically evaluate the performance of each protective device 
and the entire protection system as a whole. User can connect to any StarZ study report and create three 
types of plots: 1- time-state, 2-time-distance, or 3- time-distance-resistance. 


Time-state plot can be generated to show the status of any internal or external signal within the studied 
protection system versus time. This type of graph is very well known in protection studies and recorded 
events of relay collected from field. Using this type of graph, user can verify relay settings and scheme 
logic specially timers and delays. Further, time-state plot can be generated to visualize sequence of 
operation for relay digital inputs/outputs to verify relay communication and interlocks with other relays 
and protective devices. 


State PlotO Study Type : SingleFault 


Study Type : SingleFault Untitled2 
Fault Type : Line-to-Ground Rev: Base 
Location : LIP! @ 50% from Bus B Config : Normal 
Xf = Oohm Date : 03-25-2016 


Multiple Protective Devices 


In case of a sliding fault analysis, user can generate a time-distance characteristic, known as TDC in 
protection industry. User can verify relay settings specially reach and time delays, scheme logic and 
protection coordination for different fault locations in a single glance. 


State Plot4 Study Type : SlidingFault 


Study Type : SlidingFault Untitled 
Fault Type : Line-to-Ground Rev: Base 
Location : LIP1 Config : Normal 
2 = 40+] 0 ohms Date : 03-25-2016 
Relay! 
mpo1 


Fault Location (%) from Bus B 
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Time-Distance-Resistance (TDR) plot/characteristic is a unique graph generated by StarZ State Plot by 
which user can evaluate the performance of any protection element or relay signal versus time, fault 
location and fault resistance in one shot. With a single graph, user can verify the region, status and time of 
operation. User can easily determine if the reach setting and delays of different zones are set correctly. 


As mentioned earlier, ETAP incorporates realistic distance relay models in the StarZ Analysis. Therefore, 
dynamic change of relay characteristic due to the choice of polarization may impact the resistive and 
reactance coverage of a protection element. TDR plot nicely shows this dynamic expansion/compression. 
User can easily use this graph to measure the fault resistance coverage for any fault location and system 
condition. User can then accordingly adjust relay settings to reach a desired resistive reach. 


Study Type : SlidingFault Untitled? 
Fault Type : Line-to-Ground Rev: Base 
Location : LIP1 Config : Normal 
Xf = Oohm Date : 03-25-2016 
Relayl 
a 2 a a ad 16.67 
316.67 
19 OOOH HHHHF 316.67 
HIT THHH HH HH HH HHH 
a |OoOOHOCHHHHH HH HHH HH HHS 
FOTO OHHHSHHSHHH HHH HH HOH OS 
: [POOH HPHHHHHHHHHHHH HHO 
SO OOOOH HSH SHO OH OHH OHS 
J [POH HHHHHHHHHHHHHHHHS 
Di HP STHHHHHHHHHHHH HH HHH FM 
| PSOOPOHHHHHHHHHHH HH HH HF 
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55.6 Display Options 

The Display Options - StarZ Editor consists of a “Results” page and pages for AC, AC-DC, DC 
annotations and color theme information. The colors and displayed annotations selected for each study are 
specific to that study. 


55.6.1 Results Page 


The “Results” page of the Display Options is where you select different result annotations to be displayed 
in the one-line diagram. It is important to note that StarZ Mode results are shown for a limited area which 
is defined based on the “Bus Level Away from Fault / Study” option in the Study Case. 

Display Options - StarZ 


Results AC AC-DC Colors 


[_] Show Units 


Currents 


@ Phase Values (A, B, C) 
© Phase Difference Values (AB, BC, CA) 
© Sequence Values (1, 2, 0) 


Voltages 
@ Phase Values (A, B, C) 
© Phase Difference Values (AB, BC, CA) 
© Sequence Values (1, 2, 0) 
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Currents 


For any study type you have the options of displaying phase, sequence or phase difference current flow 
values. 


e Select Phase Values to display the current value for each phase (A, B, C) in kA. 

e Select Phase Difference to display the current values between phases (AB, BC, CA) in kA. 

e Select Sequence values for current to display positive sequence (I1), negative sequence current (I2) 
and zero sequence current (10) in kA. 


Voltage 


For any study type you have the options of displaying phase, sequence or phase difference voltages of 

buses. 

e Select Phase Values to display the voltage value for each phase (A, B, C) in kV. 

e Select Phase Difference to display the Voltages values between phases (AB, BC, CA) in kV. 

e Select Sequence values for voltage to display positive sequence voltage (11), negative sequence 
voltage (I2) and zero sequence voltage (10) in kV. 


55.6.2 AC Page 


This page includes options for displaying info annotations for AC elements. 
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Display Options - Star (PD Coordination) =i) 
AC | ACDC | Colors 


ID Rating kV A DY Z 


Vv 


Composite Mtr 


Composite 
Net 


|] Use Default Options I] Show Eg. Cable 


ID 


Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 
Select the checkboxes under this heading to display the ratings of the selected AC elements on the one- 
line diagram. 


Device Type Rating 
Generator kW/MW 
Power Grid (Utility) MVAsc 
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Motor (Synchronous and Induction) HP/kW 

Load/Panel kVA/MVA and HP/kW and kvar/Mvar and Panel Phase 

Bus kA Bracing (Asymm. RMS) 

Node Bus Bracing (Asymm. RMS kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (kA) 

PT &CT Transformer Rated Turn Ratio 

Branch (Impedance and Reactor) Base MVA and Continuous Amps 

Transformer Rated kVA/MVA 

Cable (Size) # of Cables - # of Conductor/Cable - Size 

Line (Size) Line Phase Conductor Code 

Relay Display Tag for OC, Multi-Function, and MTR Relays 
kV 


Select the checkboxes under this heading to display the rated or nominal voltages of the selected elements 
on the one-line diagram. 


For transformers, the kV checkbox is replaced by %Tap checkbox which displays both transformer rated 
kV as well as total % Tap (Fixed Tap + LTC setting) for both two-winding and three-winding 
transformers. 


For cables/lines, the kV checkbox is replaced by type checkbox. This checkbox displays the cable/line 
conductor type (CU/AL) on the one-line diagram. 


A 
Select the checkboxes under this heading to display the ampere ratings (continuous or full-load ampere) 
of the selected elements on the one-line diagram. 


For cables/lines, the Amp checkbox is replaced by the length checkbox. Select this checkbox to display 
the cable/line length on the one-line diagram. 


D-Y 
Select the checkboxes under this heading to display the winding connection types of the selected elements 
on the one-line diagram. 


For circuit breakers, fuses and switches, the D-Y checkbox is replaced with N.O. checkbox. When 
checked, switching devices that are normally open have a N.O. designation on the one-line diagram. 


For relays, the D-Y checkbox is replaced with Tag checkbox. When checked, it displays user-defined tag 
for OC, Multi-Function, and Motor Relays. 


Info 


ID |Retayt | 


Display Tag 50/51/67/51V | 
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Z 
Select the checkboxes under this heading to display the rated impedance of the selected AC elements on 
the one-line diagram. 


Device Type Impedance 

Generator Subtransient reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % on 100 MVA base (R + j X) 
Motor % LRC 


Branch (Impedance Impedance in % (R+jX) or Ohms 
and Reactor) 


Transformer Positive Sequence Impedance PS (%Z) for two-winding 
transformer and PS/PT/ST (%Z) for three-winding transformer 


Cable Positive Sequence Impedance (R + j X in Ohms or per unit length) 
Line Positive Sequence Impedance (R + j X in Ohms or per unit length) 
Use Default Options 


Click on this checkbox to use ETAP’s default display options. 


Show Eq. Cable 
This checkbox displays or hides equipment cables from the one-line diagram. Equipment cables are 
specified as part of the loads. Double-clicking on the equipment cable will bring up the Equipment Cable 
Editor. 

Sub2A Sub2A 


CB21 CB21 


: 
ran \ 
= ) 
os 
{fv 
a 
Q 
= 


MR1 | MRI 
Mtr2 
2500 HP MEr2 
2500 HP 
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55.6.3 AC — DC Page 


This page includes options for displaying info annotations for AC-DC and DC elements. 


Display Options - Star (PD Coordination) (=i 


Composite CSD 
Converter 


Bus 


Size Type 
eo 


ID 
Select the checkboxes under this heading to display the IDs of the selected AC-DC and DC elements on 
the one-line diagram. 


Rating 


Select the checkboxes under this heading to display the ratings of the selected AC-DC and DC elements 
on the one-line diagram. 
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Device Type Rating 

Charger AC kVA & DC kW (or MVA/Mw) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS kVA 

VFD HP/kW 

Battery Ampere Hour 

Motor HP/kW 

Load kW/MW 

Composite CSD kW/MW 

Converter kW/MW 

Cable (Size) # of Cables - # of Conductor/Cable - Size 


kV 
Click on the checkboxes under this heading to display the rated or nominal voltages of the selected 
elements on the one-line diagram. 


For DC elements, voltage units are changed from kV to V. For cables, the voltage checkbox is replaced 
with Type checkbox. When this checkbox is selected, cable conductor type (CU/AL) is displayed on the 
one-line diagram. 


A 


Click on the checkboxes under this heading to display the ampere ratings of the selected elements on the 
one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 

Inverter DC FLA & AC FLA 

UPS Input, output, & DC FLA 

Motor FLA 

Load FLA 

Composite CSD FLA 

Converter DC-DC Converter Input/Output FLA 


For cables, the Amp checkbox is replaced by the Length checkbox. Select this checkbox to display the 
DC cable length (one way) on the one-line diagram. 


Z 
Select the checkboxes under this heading to display the impedance values of the cables and impedance 
branches on the one-line diagram. 


For CB, Fuse and Switch, the Z checkbox is replaced by the N.O. checkbox which displays N.O. 
annotation on the one-line when the switching devices are in normally open state. 


Use Default Options 
Click on this checkbox to use ETAP’s default display options. 
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55.6.4 Colors Page 


This page allows you to setup the colors used for displaying annotations on the one-line diagram. 


Display Options - Star (PD Coordination) (=i) 


Color Theme 
Select the annotation colors specified in the Theme Editor by selecting the appropriate theme name. 


Theme 
Click this button to access the Theme Editor in order to quickly change the theme colors for annotations. 
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Annotations 

Select the source of colors to be used for displaying annotations. Annotation colors can be used from the 
Display Options Editor or from the Theme Editor. By default, ETAP will use user-defined (Display 
Option Editor) colors to display annotation colors. Select the color for information annotations for AC, 
DC, AC-DC, Composites and Star Mode results to be displayed on the one-line diagram. Switch to 
Theme to use the selected theme annotation colors. 
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55.7 Required Data 


Bus Data 
Required bus data for StarZ calculations includes: 


e Nominal kV 
e Initial bus %V / kV (when the prefault voltage option is set to use bus initial voltages) 


Branch Data 


Branch data is entered into the Branch Editors (i.e., 3-Winding Transformer, 2-Winding Transformer, 
Transmission Line, Open Delta Transformer, Voltage Regulator, Zigzag grounding transformer, Cable, 
Reactor, Bus Duct and Impedance). Required data for StarZ calculations for branches include: 


Branch Z, R, X, Y, or X/R values and units, tolerance, and temperatures, if applicable 
Cable and transmission line length and unit 

Transmission Line Compensation Series Capacitor Xc, kV and Location 

MOV and Spark gap Protection Level Current. 

Transformer and Voltage Regulator rated kV, MVA and Tap stings. 

Base kV and MVA of impedance branches 


For unbalanced fault types such as LG, LLG, LL, you will also need: 


e Zero sequence impedances 
e Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for StarZ calculations for utilities include: 


e Nominal kV 
e %V and Angle 
e 3-Phase MVAsc and X/R 


For unbalanced fault types, you will also need: 


e Grounding types and parameters 
e Single-Phase MVAsc and X/R 


Synchronous Generator Data 


Required data for StarZ calculations for synchronous generators include: 


Rated MW, kV, and power factor 
Xa”, Xa’, and X/R 

Generator type 

IEC exciter type 
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For unbalanced fault types, you will also need: 


e Grounding types and parameters 
e Xo(Zero Sequence Impedance) 
e X2(Negative Sequence Impedance) 


Inverter Data 
Required data for short-circuit calculations for inverters include: 


e Rated kW, kV, and power factor 
eK factor in the Rating page 


Additional data for unbalanced fault types include: 
e AC grounding status 


UPS Data 


Required data for StarZ calculations for UPS include: 


e Rated kW, kV, and power factor 
e  Kac factor in the SC Impedance page 


Additional data for unbalanced fault types include: 
e AC secondary grounding status 


VED Data 


Required data for StarZ calculations for VFDs connected to a bus on output side include: 


e Rated HP, kV, and power factor 
eK factor in the Rating page 


Additional data for unbalanced fault types include: 
e Output grounding status 


Synchronous Motor Data 


Required data for StarZ calculations for synchronous motor includes: 


e Rated kW/hp and kV and the number of poles 
e Xa” and X/R 
e %LRC, Xa, and Ta’ for IEC Standard 


For unbalanced fault types, you will also need: 
e Grounding types and parameters 


e Xo(Zero Sequence Impedance) 
e X2(Negative Sequence Impedance) 
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Induction Motor Data 
Required data for StarZ calculations for induction motors include: 


e Rated kW/hp and kV 

e X/R plus one of the following: 
Xsc at % cycle and 1.5-4 cycle if ANSI Short-Circuit Z option is set to Xsc, or 
%LRC if ANSI Short-Circuit Z option is set to Std MF 
% LRC, Xq, and Ty’ for IEC Standard 


For unbalanced fault types, you will also need: 


e Grounding types and parameters 
Xo 
e X2(Negative Sequence Impedance) 


Lumped Load Data 


Required data for StarZ calculations for lumped load includes: 


Rated MVA and kV 

% motor load 

% LRG, X/R, and Xsc for % cycle and 1.5-4 cycle 
X’, X, and T,’ for IEC Standard 


Additional data for unbalanced fault types include: 


e Grounding types and parameters 


High Voltage Circuit Breaker / Recloser Data 


Required data for StarZ calculations for high voltage circuit breakers include: 


ANSI Standard Circuit Breaker: 
e Cycle 


IEC Standard Circuit Breaker: 
e Min. Delay (minimum delay time in second) 


Controller / Trip Device 
e Controller / Trip device type library parameters 
e Device settings / TCC characteristics 


Low Voltage Circuit Breaker Data 


Required data for StarZ calculations for low voltage circuit breakers include: 


ANSI Standard Circuit Breaker: 
e Type (power, molded case, or insulated case) 
e Model selection from library 
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IEC Standard Circuit Breaker: 
e Type (power, molded case, or insulated case) 
e Min. Delay (minimum delay time in second) 


Trip Device 
e Trip device type library parameters 
e Device settings / TCC characteristics 


Fuse Data 
Required data for StarZ calculations for fuses include: 


e Fuse library data including Size and TCC characteristics 


ANSI Standard Fuse: 

e Fuse rated kV 

e Interrupting (interrupting capability) 
e =6Test PF 


IEC Standard Fuse: 

e Fuse rated kV 

e Breaking (rms AC breaking capability) 
e Test PF 


Overload Heater/49 Data 
Required data for StarZ calculations for OLH/49 includes: 


e Resistance / Tolerance 
e OLH library parameters 


CT/PT Data 
Required data for StarZ calculations for CT and PT includes: 


e Bus or Branch or Source or Load Connections 
e =Rating (Ratio) 


Relay Data 


Required data for StarZ calculations for Relay includes: 
e CT/PT Connections / Assignments 


e Interlocked Devices, Device ID, Action, Delay, Setting, Unit 
e Relay Library parameters including settings, TCC characteristics and internal logic. 
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59.8 Output Reports 


ETAP StarZ provides following output reports: 


Load flow 

Short-circuit 

Protection Element Output 

Protective Device Terminal and Source 
Relay Scheme Logic Output 
Sequence-of-Operation 


Cr OR Oo Ne 


55.8.1 View Output Reports from Study Case Toolbar 


This is a shortcut for the Report Manager. When you click on the View Output Report button, ETAP 
automatically opens the output report that is listed in the Study Case toolbar with the selected format. In 
the picture shown below, the output report name is L1-LG and the selected format is Protection Element 
Output. 


Complete (with Load Flow) 
Complete (without Load Flow) 
Cover 
Equipment Cable 
Generators 
Impedance and Line 
Induction Motors 
Line Compensation 
Load Flow Report 
Lumped Load 
Power Grid 
Protection Element Output 

Protective Device Terminal and Source Report 
Reactor 

Relay Scheme Logic Output 
Sequence of Operation 
Short Circuit 
Switched Capacitor 
Synchronous Motors 


55.8.2 StarZ Report Manager 


To open the StarZ Report Manager, simply click on the Report Manager button on the Mode Study 
toolbar. The editor includes three pages (Complete, Input, and Result) representing different sections of 
the Output Report. The Report Manager allows you to select formats available for different portions of 
the report and view it via Crystal Reports. There are several fields and buttons common to every page, as 
described below. 
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Output Report Name 
This field displays the name of the output report you want to view. 


Project File Name 
This field displays the name of the project file based on which report was generated, along with the 
directory where the project file is located. 


Help 
Click on this button to access Help. 


OK/Cancel 

Click on the OK button to close the editor and open the Crystal Reports view to show the selected portion 
of the output report. If no selection is made, it will simply close the editor. Click on the Cancel button to 
close the editor without viewing the report. 


Select Report Viewer Application 
Choose the appropriate application to open the selected report in Crystal Report Viewer, Adobe PDF, 
Word, Rich Text Format, or Excel. 


59.8.3 Input Data Page 


This page allows you to select different formats for viewing input data, grouped according to type, 
including Bus, Cable, Cover, Generator, Loads, Reactor, Transformer, UPS, Utility, etc. 


StarZ Report Manager 


Complete Input Result 


@ Viewer 


O PDF 
OMS Word 
O Rich Text Format 
Impedance and Line 
Induction Motors OMS Excel 


Line Compensation [_] Set As Default 
Lumned | nad 


Output Report Name 
L1-LG 


Path 
C:\Pecan2Rel\Example-StarZ 
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55.8.4 Result Page 


This page allows you to select formats to view result portion of the Output Report. 


StarZ Report Manager 


Complete Input Result 


Load Flow Report @ Viewer 
Protection Hement Output O por 
Protective Device Terminal and Source Report 

Relay Scheme Logic Output OMS Word 
Sequence of Operation 
Short Circuit © Rich Text Format 


OMS Excel 
[_] Set As Default 


Path 


C:\Pecan2Rel\Example-StarZ 


55.8.5 Complete Page 


In this page you can select the Complete Report in Crystal Reports format, which brings up the complete 
report for the Study. The Complete Report includes Input Data, and Results. 
1. Complete (without Load Flow): Select this option to generate complete report combination of 
all Inputs, and Results (except Load Flow). 
2. Complete (with Load Flow): Select this option to generate complete report combination of all 
Inputs, and Results (including Load Flow). 
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Chapter 56 


ArcFault™ 
MV and HV Arc Fault Analysis 


ETAP ArcFault™ is an analysis module designed for the calculation of incident energy and arc-flash 
boundaries for open-air line-to-ground (LG) faults. The module can be extended to line-to-line and 3- 
phase faults as well in both open-air and enclosed configurations. However, the main application of the 
ArcFault module is to determine the energy flux and incident energy at the working distance for 
transmission and distribution systems under line to ground arc faults. 


The program was designed to comply with the requirements of the following standards: 


e OSHA 1910.269 Appendix E Tables 2, 3 
e = NESC C2 2012 
e = NESC C2 2017 


Such requirements have been introduced on utilities for performing arc-flash hazard analysis on their 
electrical systems operating at voltages equal and higher than 1000 Volts. The same requirement for arc- 
flash analysis exists in renewable energy systems and 15 to 38 kV enclosed substation switchgear 
applications. In previous versions of ETAP, the theoretically derived Lee method was the only calculation 
method available for incident energy calculations for system voltages > 15 kV. ETAP ArcFault also 
covers requirements for calculations in this voltage range. 


ETAP Arc Fault is a fully integrated modules which takes advantage of all the simulation capabilities of 
its predecessor modules (AC and DC Arc-Flash modules). What makes ETAP ArcFault special is that it 
calculates the actual magnitude of the arc fault current to determine the operating time of protective 
devices which operate based on phase and sequence currents. The program simulates the operation of 
unbalanced fault protective devices including transmission line differential protection, overcurrent relays 
(except Directional relays 67), power and current-limiting fuses, etc. etc. At the same time, the program 
has power analysis tools like the arc flash analyzer and the sequence of operation viewer. 


This chapter provides information on the interface, application and method background use by the ETAP 


ArcFault module. It also provides information on how the methods are extended beyond their intended 
application range. 
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56.1 Bus Editor 


The bus editor contains information about the ArcFault module. This section describes which fields apply 
to the ArcFault calculations and what equations or relations apply. 


56.1.1 Rating Page 


The rating page of the bus editor is displayed in the image below. The bus editor rating page contains 
several fields used by the ArcFault module. 


Harmonic Reliability Remarks Comment 


| 34.5kV 1200 Amps Asymmetrical 20 kA 


Standard Type Enclosure Isolation 
@ ans! OC zman Po 
Conti Braci 
600| + Amp Asymm. ms v kA Peak 33.75 kA 
Arc Flash Parameters 
Gap Between Conductors / Buses 305 mm Distance X Factor 0.973 
Gap Between Conductors L-G 152 mm 


Oreo Temnaton —(Gpeniibe as 
Canditr Tipe 


Width 1143, mm Height 762 2 =mm Depth 762 2 «mm 
Reflectivity Coefficients a 1050 mm k 0.395 
Shock Protection (NFPA 70E) 


© Limited Approach Boundary 10'0"  ftin Exp. Movable Conductor 
Print on Label 
@ Limited Approach Boundary 6'0" ftin Fixed Circuit Part 
Restricted Approach Boundary 2°9"  § ftin 
Typical Data 


Insulating Glove Class 4 V-Rating 36000 VAC 


Shock Hazard when conductors energized ¥ 


(¥] Automatically Update Arc Flash and Shock Protection Data 


a li [S| (2 (2) (0% [cone 
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Type 
This section contains only one field which holds information on how the equipment type is used for the 
ArcFault module. The available equipment types are as follows: 


Other 

MCC 
Switchgear 
Switchboard 
Switchrack 
Panelboard 
Cable Bus 
Open Air 


For application of the equipment types within the IEEE 1584 and NFPA 70E context, please go to chapter 
18. 


Arc-Flash Parameters 


This section contains information on physical properties of the selected equipment type used for the 
ArcFault module. The program considers both open air and enclosed configurations using Wilkin’s 
reflectivity factors. Table 56.1 provides information on the parameters used for each equipment type. 


Table 56.1: Typical Width, Height, Depth, a and k Parameters Based on Equipment Type 


Equipment Type Width (mm) | Height (mm) | Depth(mm) |_a k 
Other 305 356 191 100 | 0.127 
MCC 508 508 508 600 | 0.295 
Switchgear (<12.0kV) 508 508 508 600 | 0.295 
Switchgear (=12.0kV) 1143 762 762 1050 | 0.395 
Switchboard (<12.0kV) 508 508 508 600 | 0.295 
Switchboard (=12.0kV) 1143 762 762 1050 | 0.395 
Switchrack (<12.0kV) 508 508 508 600 | 0.295 
Switchrack (2=12.0kV) 1143 762 762 1050 | 0.395 
Panelboard 305 356 191 100 | 0.127 
Cable Bus 305 356 191 100 | 0.127 


The coefficients and equipment enclosure size selected for equipment with voltage value > 12 kV were 
aligned with the biggest test enclosure size used in the development of the IEEE 1584-2002 arc-flash 
incident energy method. The reflectivity factors were selected to yield conservative, yet far more realistic 
results for enclosed arc faults (especially when comparing the results against the Lee method) for systems 
>15kvV. 


The reflectivity values used here obviously do not apply to open air configurations. The type selection 
also applies default gap between conductor values. The default gaps applied for different equipment types 


are discussed under the Gap section. 


Note that the reflectivity coefficients and the enclosure dimensions are hidden if the bus nominal voltage 
is greater than 69 kV. 
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Width 
Width of the enclosure in mm. This field is only used for information purposes only to tie together the 
dimensions with the “a” and “k” coefficients selection. 


Height 
The height of the enclosure in mm”. This field is only used for information purposes only to tie together 
the dimensions with the “a” and “k” coefficients selection. 


Depth 
The depth of the enclosure in mm”. This field is only used for information purposes only to tie together 
the dimensions with the “a” and “k” coefficients selection. 


a&k 

The reflectivity constants are used when determining the incident energy. They are properties of the 
enclosure and are determined based on the dimensions of the box/enclosure. These constants are used 
when determining the incident energy based on enclosed configurations when using the ArcFault 
calculation methods. 


Gap between Conductors L-G 
This gap represents the distance between the phase conductor and the ground conductive element as 
defined by NESC C2-2012/2017. The range of the gap field is 1 to 99999 mm. 


The following logic applies to the L-G gap: 


e For bus nominal voltage between 0 kV and 46 kV, the L-G gap is determined according to the 
values provided in table 56.2. 


Table 56.2: Typical LG gap between conductors for kV between 0.1 to 46 kV 

Bus Nominal kV (L-L) | Gap (mm) 
0>BuskV <15kV 50.8 
15 > Bus kV <25 kV 101.6 
25 kV > Bus kV < 36 kV 152.4 

36 kV > Bus kV < 46 kV 228.6 


e For Bus nominal voltage greater than 46 kV, the L-G gap is calculated by the following formula: 


Vin 
Gap (LG) = ¥3 xX254] (mm) 
Where: 
VLL Nominal bus voltage (kV L-L) 
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Gap L-G gap between conductors (mm) 


For example, If bus nominal kV = 100 kV, the Gap (LG) = 147 mm. 


Gap between Conductors L-L 

This gap represents the existing (ETAP version 16.2.0 and before) gap between conductors. This is the 
gap between phase to phase conductors. The same gap value is also used for the ArcFault program when 
the simulation involves a L-L or 3-phase arc fault. 


The following logic applies to this gap field: 
If the Bus Nominal kV < 15.0, then for the most part the gap behaves as described in chapter 18. 


e For bus nominal kV > 15 kV, the gap between conductors is determined based on the values give 
in table 56.3. 


Table 56.2: Typical Gap between Phase Conductors for Voltage between 15 to 46 kV 
Bus Nominal kV (L-L) | Gap (mm) 
15 > Bus kV < 25 kV 228.6 
25 kV > Bus kV < 120 kV 304.8 


e For bus voltages greater than 120 kV, the L-L gap between conductors/buses field is calculated 
by the formula below 


Gap (LL) = (= x 254) (mm) 


10 
Where: 
VLL Nominal bus voltage (kV L-L) 
Gap L-G gap between conductors (mm) 


For example, If bus nominal kV = 146 kV, the Gap (LL) = 371 mm. 


X-factor 
This field is used by the ArcFault module to obtain incident energy results using the IEEE 1584-2002 
method for nominal bus voltage between 15 and 35 kV. 


Table 56-3 shows the typical values for the line-to-line gap and x-factor for equipment with voltage levels 
between 15 and 36 kV. 


Table 56.3: Typical Gaps and X-factor for voltages between 15 and 36 kV 
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Bus Nominal Equipment Gap X-Factor 
kV Range Type* Default Value 
Value 
(mm) 
Open Air 228.6 2.000 
Cable Bus 228.6 2.000 
MCC 228.6 0.973 
15 kV < Bus | Other 228.6 2.000 
Nominal kV 
2295107 Panelboard 228.6 0.973 
Switchgear 228.6 0.973 
Switchboard 228.6 0.973 
Switchrack 228.6 0.973 
Open Air 304.8 2.000 
Cable Bus 304.8 2.000 
MCC 304.8 0.973 
25 kV < Bus | Other 304.8 2.000 
Nominal kV 
<=36kV Panelboard 304.8 0.973 
Switchgear 304.8 0.973 
Switchboard 304.8 0.973 
Switchrack 304.8 0.973 


Shock Protection (NFPA 70E) 


This section contains some information related to ArcFault. The boundaries for shock protection are still 
based on NFPA 70E, but the Data Options section does contain some information on data for ArcFaullt. 


Data Options 


Bus Editor 


The data options editor allows the selection of NESC C2-2017 as a data source for the arc-flash analysis 


data. The information which is automatically populated is the gaps and working distances. 


ETAP 


56-6 
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Bus Shock & Arc Flash Typical Data 
Arc Flash Analysis Data 
>) IEEE 1584 2002 Typical Values 
+) User-Defined Values 
® NESC C2-2017 Typical Values 
Shock Risk Assessment 
Approach Boundaries 
+) NFPA 70E 2009 to 2012 
~) NFPA 7OE 2015 
~) NFPA 7O0E 2018 
®@) User-Defined 


Voltage-Rated Gloves 
@ ASTM D120-14a 


~) User-Defined 


a 


The information in this section related to insulating glove classes and approach boundaries could be used 
for labels and other reports in the ArcFault program if so desired, but this information is typically used 


mostly for NFPA 70E shock hazard labeling. 
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56.1.2 Arc-Flash Page 


This section provides information on the parameters which are related to the ArcFault module and are 
located in the arc-flash page of the bus editor. 


Harmonic Reliability Remarks Comment 
Info Phase V Load Motor/Gen Rating Arc Flash Protection 
34.5kV 1200 Amps Asymmetrical 20 kA 
Calculated User-Defined 
Disable 


Update Method  ArcFault-Method2-LG 
Bus Fault Current 25.58 kA 
Bus Arcing Current (la) -«-25.57 kA 


Source PD CB4 7| 
Source PD Arcing Current 1485 kA 
Fixed FCT 
Fault Clearing Time (FCT) 0.284 Sec 0.1 Sec 


Grounding Grounded 
Incident Eneray 22.472 cal/om? 
Arc Flash Boundary 0.694 ft 


2017/User-Defined LevelD PPE Level 


Working Distance 0 inch 36 y inch 
Working Distance LG 15 inch 15 ~ inch 
Alerts 
Allowable Energy 10 cal/cm ? Energy Level Level D 
TCC Plot Energy TCC Plot Arcing Current 
(@ Calculated kV 
© User-Defined 
\¥| Calculated/UD Source PD 
User-Defined 0 kA 


BOS Wena J) BB) a|[ces) 


Calculated 


The calculated results section shows the output of the global ArcFault calculation. The results are updated 
after the calculation completes (depending on the update calculation option selection in the study case). 
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Method 
This display only field shows the method used to obtain the ArcFault solution. The possible values shown 
in the method display field related to the ArcFault calculation are: 


ArcFault-Method2-LG 
ArcFault-Method1-LG 
ArcFault-Method2-LL 
ArcFault-Method1-LL 
ArcFault-Method2-3P 
ArcFault-Method1-3P 


This field also provides information about other methods. Please see chapter 18 for more details. 


Bus Fault Current 
This field shows the calculated LG, LL or 3-phase bolted fault current at the fault location in kA. This 
value represents the total fault current including all contributions towards the fault location. 


Bus Arcing Current (Ia) 

This field shows the calculated arc fault current for a LG, LL or 3-phase arc fault at the fault location in 
kA. For the most part in the ArcFault module (and depending on the gap), the magnitude of the arc fault 
current will be slightly smaller than that of the equivalent bolted fault current. 


Source PD (protective device) 
This field shows the alphanumeric ID or name of the last protective device to operate to de-energize an 
arc fault at the fault location. 


Source PD Arcing Current 
This field shows the magnitude of the arc fault current in kA passing through the source PD. 


Fault Clearing Time 

This field shows the operating time (total fault clearing time) or the time it takes for the arc fault to be de- 
energized in seconds. This time is calculated based on the simulation of the operation of both phase and 
ground protective devices. This value is updated from the global ArcFault calculation. 


Grounding 

This field shows if the bus is considered grounded or ungrounded based on how IEEE 1584-2002 defined 
this parameter. If the system is found to be solidly grounded, then the field will indicate “Grounded” if 
the program founds no solid path to ground (i.e. resistor, reactor, delta connection, etc. etc.), then the field 
will display “Ungrounded”. Note that unlike the IEEE 1584-2002 incident energy calculation, the 
grounding configuration will not have an effect in the ArcFault incident energy calculations. This field 
becomes more of an information only result. 
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Of course, grounding configuration has an effect in the line-to-ground fault current, but this is already 
accounted for by the iterative arc fault calculation. 


Incident Energy 

This field shows the incident energy in cal/cm2. The incident energy displayed in this read-only field is 
the total incident energy at the fault location. It will be the L-G, L-L and 3-phase incident energy 
depending on the simulation selection for arc fault type. This value is updated from the global ArcFault 
calculation. 


Arc-Flash Boundary 

This field provides the distance at which the incident energy equals the second-degree burn incident 
energy value (typically 1.2 cal/cm2). This value can change depending on the threshold value selected 
from in the study case. This value is updated from the global ArcFault calculation. 


PPE Level 

This field is used to provide information about the relative amount of incident energy. It is not intended to 
be used as a PPE Level system. The program intends this field to be a category level used for incident 
energy filtering purposes. There is a user-definable set of energy ranges created specifically for the 
ArcFault NESC based calculation method. This value is updated from the global ArcFault calculation. 


Working Distance 

This is the working distance for an L-L or 3-phase arc fault. It is the distance from the person’s chest area 
towards the potential L-L or 3-phase arc fault. This value is updated from the global ArcFault 
calculation. 


Working Distance LG 

This is the working distance for an L-L or 3-phase arc fault. It is the distance from the person’s chest area 
towards the potential L-L or 3-phase arc fault. This value is updated from the global ArcFault 
calculation. 


User-Defined 


This section shows some input parameters to the ArcFault calculation like the working distance and the 
fault clearing time. 


User-Defined Fault Clearing Time (FCT) 
This field is a user-definable (definite) arc fault duration in seconds. When the “Fixed FCT” option is 
checked, this value is used to calculate the incident energy and arc-flash boundary. 


User-Defined Working Distance 
This input field is the working distance to an L-L or 3-phase arc fault. It contains the following values 
ready for selection in the dropdown list: 18, 24, 36, 48 and 72 inch, but any value can be entered. 
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User-Defined Working Distance LG 
This input field is the working distance to an L-G arc fault. It contains the following values ready for 
selection in the dropdown list: 15, 30, 36, 60, 75 and 86 inch, but any value can be entered. 


Logic for Determining Typical Working Distance Values 


This section describes the logic used by the ArcFault program to establish initial working distance values 
for L-G, L-L and 3-phase faults. 
The following rules apply for selection of the initial value of the “Working Distance LG” field: 


1. For bus nominal voltage between 0.1 and 46 kV (LL), the working distance LG is set to 15 inch 
(38.1 cm) depending on the selection on the minimum approach distance editor. 


@ NESC C2-2017 
© User-Defined 
ite 15 | incvasmwamen |G working daience for Husk¥ < 46 
(WlUse 15  —_ inch as minimum LL working distance for Bus kV < 46 


—— ar 


1 
2 
3 
4 
g 
6 
a 
8 
9 


2. For bus nominal voltage greater than 46 kV (LL), the working distance LG field is calculated 
using the following formula: 
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Where: 


Where: 


4. 


GaDr¢ ; 
WD,g = ((MinAppDistLG x 0.3048) — 2 x 7 =) x 39.3 (inch) 
WDtc Working Distance LG in inch 
MinAppDist Is the “minimum approach distance” phase to ground without tools. 
Gapic Is the LG gap between conductors 


For example, if the bus nominal kV = 100 kV, then the working distance LG is 30.37 inch. 


For bus nominal voltage greater than 46 kV (LL), the working distance (LL) field is calculated 
using the following formula: 


Gap,; : 
WD,, = ((MinAppDistLL x 0.3048) — 2 x 1000 x 39.3 (inch) 
WDiL Working Distance LL in inch 
MinAppDist Is the “minimum approach distance” phase to phase without tools. 
Gapit Is the LL gap between conductors 


For example, if the bus nominal kV = 100 kV, then the working distance LL is 31.97 inch. 


Working distance (existing) has a minimum of 12 inches (30.48 cm) 


5. Working distance LG shall be set to the HVAF minimum of 12 inches (30.48 cm) 


ETAP 


56-12 ETAP 19.0 User Guide 


ArcFault™ Study Case Editor 


56.2 Study Case Editor 


This section provides information on the options related to ArcFault in the arc-flash study case editor. The 
ArcFault options are part of the existing pages of the study case and appear once the applicable ArcFault 
calculation methods are selected. 


56.2.1 Info Page 


The options located on this page, which affect short-circuit current calculations, are used in the same 
manner as the existing arc-flash calculation (please refer to chapter 15). The only difference is that the 
ArcFault program does not perform any calculation on 1-Phase, Panel and 1-Phase UPS connected 
elements. 


Arc Flash Study Case x 


Info | Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert | 


Study Case ID Transformer Tap 1-Ph/Panel/1-Ph UPS Subsystem 
AF Decay © Adjust Base kV (Y] 1-Phase 
| Panel 
Load Terminal Fault tia Neate % a 
Cale. Load Tem. SC se Nominal Tap -Phase 
Equip. Cable & OL Heater Report Contribution Motor Contribution Based on 
Include Impedance for: _— ® Motor Status 
[=] MV Motors 3 = Loading Category 
[ELLY Motors . ») Both 
Bus Selection 
Fault Dont Fault 
Bus1 »| (JAI Buses [Bus4 
Bus2 ] Bus5 
Bus23A EY MV Buses | 5156 
LVBus 5 |LV Buses | Bus7 
Main Bus , |Bus9 
Moc! (eat) 
Sub2A 
Sub2B ba ~Fault >> 
Study Remarks 


Second line of remarks for "AF Decay" study case. 


| (eed =) &) [comr] {New ] [Baste] [He] [OK] conc 


1-Ph/Panel/1-Ph UPS System 
These options enable arc-flash calculations for these types of systems. Options not handled for the 
ArcFault module. 
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56.2.2 Method Page 


Calculation method selection is accomplished by selecting options on this page. The calculation method 
options located on this page of the arc-flash study case editor enable options on the remaining tabs of the 
editor. The image below shows the “Method” tab with the options related to ArcFault selected. 


Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Alet | 


Arc Flash Method 
© NFPA 70E Annex D.2,D.3 © IEEE 1584 
@ ArcFault 
Fault Current 
@ Line+o-Ground @ Symm. 1/2 Cycle 
@ Calculate © Line+to-Line 
() 3-Phase 
Solution Method 


© Method 1 - Terzija/Konalin Max. Iteration 100000 
@ Method 2 - EPRI HVAC AF Precision 0.001 


Update AF Results to Buses 
@ Update 
© No Update 
») Update if Result is More Conservative 


6] (eedecer =) | 


Arc-Flash Method 


This sub-section of the method page contains a radio box which enables the ArcFault calculation method 
selections. 


ArcFault 
When this radio box is enabled, the solution method, fault current and update AF results to buses sections 
are enabled. 
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Fault Current 


This sub-group of options tells the ArcFault program what kind of arc fault should be simulated. For all 
arc fault types, the program uses the symmetrical half-cycle bolted short-circuit current as base for the 
calculation of the arc current, voltage and resistance. 


Line-to-Ground 

This is the default type of arc fault and the most common type of arc fault simulation in open-air 
transmission and distribution system equipment. When this option is selected, the program introduces an 
arc fault between the phase and ground and calculates the arc current, arc voltage and arc resistance 
iteratively using the equations of the method selected. 


Line-to-Line 

When this option is selected, the ArcFault program uses the same iterative equations (method 1 or 2) used 
for a line-to-ground (LG) fault to calculate the line-to-line (LL) arc current, voltage and resistance. 
However, the program uses the LL gap between conductors and LL working distance as input parameters. 
It should be noted that for a LL fault the assumption is that the arc column has similar behavior as that of 
a LG fault. Typically the gaps and working distances are different (longer) for LL faults and thus the arc 
current, voltage and incident energy vary accordingly. 


3-Phase 

This mode of arc fault failure is the least common in transmission and distribution systems. The ArcFault 
program applies a 3-phase arc fault by introducing an arc between each phase, and then iteratively solving 
for the arc current, arc voltage and resistance. The phase to phase to phase arc columns may not be of the 
same length because of the magnetic field distribution and thus the actual arc power and incident energy 
can only be conservatively estimated by assuming a symmetrical arc current, voltage and resistance across 
each phase. As a result of this assumption, in a balanced 3-phase system with equal sequence impedance 
values (i.e. Zero Sequence Impedance = Negative Sequence Impedance = Positive Sequence Impedance) 
a three-phase arc fault generates roughly three times the incident energy as an equivalent phase to ground 
arc fault. 


A multiplier factor can be applied to reduce the amount of incident energy produced. Please refer to 
calculation methodology section for an explanation and application of this correction factor. 


Solution Method 


This sub-group of options allows the user to select an ArcFault calculation method. It contains two 
options, each with an advanced parameters editor which allows the user to make configuration parameter 
changes and extend the application range of each ArcFault method. 


Method 1 — Terzija / Konglin 

This option tells the ArcFault program to use equations derived based on this research paper: “Long Arc 
in Free Air: Laboratory Testing, Modeling, Simulation and Model-Parameters Estimation” by V.V. 
Terzija and H.J. Koglin. This method aimed at describing the physical behavior of long arcs that were 
initiated under laboratory conditions at the FGH-Mannheim high power test laboratory in Germany. In 
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this model, the arc is reduced to a current-dependent voltage source with the characteristics of a distorted 
rectangular waveform. This is explained in more detail in the calculation methodology section of this 
chapter. 


Method 2 —- EPRI HVAC AF 

This option is the default (preferred) calculation method for arc fault incident energy. When this option is 
selected, the ArcFault program uses equations derived based on the Arc Flash Issues in Transmission 
and Substation Environments — 2011 Technical Report. This empirical method was formulated as a 
result of this research project. The model applied by ETAP uses all the equations provided in this 
document. The model also provides for a statistical correction factor which allows the user to define a 
desired worst-case scenario. This is explained in more detail in the calculation methodology section of 
this chapter. 


Update AF Results to Buses 


This sub-group of options tells the program to update the global ArcFault calculated results to the faulted 
bus using different criteria as described under each option. 


Update 
The ArcFault program updates the arc fault calculated values to the faulted bus all the time. 


No Update 
The ArcFault program never updates the arc fault calculated values to the faulted buses. 


Update if Result is More Conservative 
The ArcFault program updates the results to the faulted bus only if the incident energy of the current 
global arc fault calculation is higher than the one previously updated. 
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56.2.3 Clearing Time Page 


This page of the study case provides options for configuring how the ArcFault program determines the 
arc fault duration (fault clearing time). 


@ 


Arc Flash Study Case 


vee 


Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert | 
Fault Clearing Time (FCT) 
(@) Auto Select Source Protective Device (PD) 
[] Except if PD is Selected in Bus Editor 
[] Limit Maximum FCT 
») User-Defined from Bus Editor 
(-] Update FCT to Bus AF Page 


Main Protective Device Isolation 


Current Limiting Devices 


(¥] Determine CLF operation based on Peak Let-Through Curves 


(¥] Use bottom of CLF TCC (if peak letthrough not available) 


LG] (arto =) [em] {iNew } [Dee [Hop } [0] canes 


Fault Clearing Time (FCT) 


This section works the same as described in chapter 18. 


Main Protective Device Isolation 


This sub-group of options are not available for the ArcFault module (i.e. the options under this sub-group 
have not been enabled). 


ETAP 56-17 ETAP 19.0 User Guide 


ArcFault™ Study Case Editor 


Current Limiting Devices 


This sub-group of options for current limiting fuse fault clearing time determination applies partially to 
the ArcFault module. 


Determine CLF Operation based on Peak Let-through Curves 
This option allows the ArcFault module to handle the current limiting effect of fuses which have peak let- 
thru curves. Please refer to chapter 18 for an explanation on how this effect is considered. 


Use bottom of CLF TCC (if peak let-through not available) 
This option is also applicable to the ArcFault module. Please refer to chapter 18 for an explanation on 
how this option is applied to determine the fault clearing time. 
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56.2.4 Parameters Page 


This page of the arc-flash study case contains several sub-groups of options which are applicable to the 
ArcFault module. This section provides an explanation on how these options are used by the ArcFault 


module. 


| Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert _| 


Bus Gap & Working Distance Arc Flash Boundary 
Ge © User-Defined (Bus Editor) © 1.2 cal/cm? 
PS @ Calculated 
Working © Individual a 
Distance @) Global 
@ Typical NESC-C2-2017 Shock Risk Assessment 
(©) User-Defined 
' = ae @ Without Tools 
Min. Approach Distance © With Tools 


Incident Energy Levels 
(@® NESC C2-2017 \ User-Defined 


Edit/Approve PPE 


System Grounding 


(| (aeHarGyce =) 5] (.conr [ New ] [Delete } [Het] [0K] [cance 


Bus Gap & Working Distance 


This sub-group provides all the options for data entry for gaps and working distance input parameters 


used by the ArcFault module. 


Gaps — User-Defined (Bus Editor) 


When this option is selected, all gaps (for line-to-ground, line-to-line and 3-phase arc faults) are taken 


from the values directly specified in the bus editor. 
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Gaps — Calculated 
When this option is selected, all gaps are globally calculated as described in section 56.1.1 based on the 
nominal voltage of the equipment and the type of arc fault being simulated. 


Working Distance — Individual 
When this option is selected, all working distances (for line-to-ground, line-to-line and 3-phase arc faults) 
are taken from the values directly specified in the bus editor. 


Working Distance — Global 

When this option is selected, all gaps are globally calculated as described in section 56.1.2 based on the 
nominal voltage of the equipment, the type of arc fault being simulated and the value of minimum 
approach distance selected (with or without tools). 


Typical NESC C2-2017 

This option uses the set of typical values for the minimum approach distance as provided in NESC C2- 
2017. All LG and LL gaps are derived using the typical values shown in the minimum approach distance 
data editor when the option “NESC C2-2017” is selected in such. 


User-Defined 

This option uses the set of user-defined values for the minimum approach distance which can be entered 
into the minimum approach distance data editor. All LG and LL gaps are derived using the user-defined 
values shown in the minimum approach distance data editor. This option can be used to override the 
typical minimum approach distance values. 


Min. Approach Distance without Tools 
When this option is selected, the working distance is determined using the minimum approach distance 
without tools for a LG or LL condition. 


Min. Approach Distance with Tools 
When this option is selected, the working distance is determined using the minimum approach distance 
with tools for a LG condition only. 


Edit 

This button opens up the “Minimum Approach Distances Data” editor where the typical and user- 
definable sets of minimum approach distances can be viewed or defined. The editor which opens up is 
shown below with a state where the user-defined min. approach distances have been selected. 
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Minimum Approach Distances 
(© NESC C2-2017 


© User-Defined 
[W]Use 15 inch as minimum LG working distance for Bus kV < 46 
(V]Use 15 inch as minimum LL working distance for Bus kV < 46 


Minimum Approach Distance 
Without Tools LG (ft) | With Tools LG (ft) | Without Tools LL (ft) 
3.75 
433 


onan nn bf Wn 


Incident Energy Levels 


This sub-group of options only provides a single choice for energy level criteria for sorting the incident 
energy results. 


NESC C2-2017 \ User-Defined 
This option allows the user to use a definable set of energy range values which can be used to sort the 
incident energy results. 


Edit/Approve PPE 

This button opens the incident energy levels editor where descriptions for personal protective equipment 
can be added as specified by the safety program being followed. Please refer to chapter 18 for information 
on how these PPE levels can be approved. The editor shown below opens up when this button is pressed. 
The editor is shown below with a state where the PPE has not been approved. 
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Incident Energy Levels x 
Standard Personal Protective Equipment 
NFPA 70E 2000 iene 
>) NFPA 7O0E 2004 
NFPA, 70E 2003 £ ; 
Level A = 
NFPA, 70E 2012 to 2018/User-Defined 
©@ NESC C2-2017/User-Detined ‘aa 
Level 
ID cal/cnt 
Level A 2 
Level B 4 
Disclaimer 
Level C 8 : : ; 
Changes in equipment settings or system 
configuration will invalidate the calculated values and 
Level D 25 PPE requirements which may result in a hazardous 
condition. 
LevelE 40 
Level F 100 User-Defined Text 
Level G 120 
Level H i 
Level i 
bower : Approve PPE 
Help | Cancel 


System Groundin 

This sub-group of options is not intended to have any effect on the ArcFault program results. The actual 
grounding configuration of the system(s) is always considered by the ArcFault program when 
determining the line-to-ground arc fault current. This group of options is not applied in the same sense as 
the existing IEEE 1584-2002 method definition, in which the grounding has an effect on the incident 
energy. 


Arc-Flash Boundary 


This sub-group of options allows the selection of the Eg (threshold incident energy). 


1.2 cal/cm? 
The default value is 1.2 cal/cm2 (typically considered the incident energy for the onset of a second-degree 
burn). 
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User-Defined 


This input field allows the ArcFault program to provide arc-flash boundary values at different incident 
energy thresholds (e.g. 2.0 cal/cm2, etc.). 


Shock Risk Assessment 


This sub-group of options is not available for this release of ArcFault. 
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56.2.5 Adjustments Page 


Please see chapter 18 for an explanation on how the adjustments are applied to establish the short-circuit 
current for an arc fault calculation. 


Apply Pos. Tolerance and Max. Temp. for Arc Flash 
Impedance Tolerance Length Tolerance 
[¥] Transformer Cable / Busway 
@ Individual © Individual 
© Global © Global 


Reactor Transmission Line Length 
© Individual © Individual 
© Global © Global 

Overload Heater 


@ Individual 
© Global 


Resistance Temperature Correction 
[¥] Cable / Busway 
© Individual Min. Temp. 

Fault ZF © Global 

Include Fault Impedance Z 
[¥] Transmission Line 

@ Individual Min. Temp. 

© Global 


[Cony | [New | [Det] [Heo] (0%) cance 
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56.2.6 SC Standard Page 


This page is used for ArcFault calculations in similar manner as it is used for the IEEE 1584/NFPA 70E 
calculations. The only exception is that the options applicable to device short-circuit duty evaluation are 
not applicable. 


Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Alert 


Standard Prefault Voltage HV CB Interrupting Capability 
c @© Nominal kV q 
IEC @Fued 102 . eens Adjust Based on Bus 
© ANSI aii © Nominal kV 
© Vmag X Nominal kV from Bus Editor) © Nominal kV & VF 
Zero Sequence Z Machine X/R LV CB Interrupting Capability 
© Evaluate Based on Rated Max. kV Limit 
[Include Branch Y “_ 
© Variable @ C37.13/ UL 489 
©) User-Defined 
Prefault Loading Conditions [] WTG/Inverter Control Adjustment Angle 
Generation Category 
[Design x] 
©) Operating P.Q.V 
Protective Device Duty MF for HV CB & Bus Momentary Duty 
@ Based on Total Bus Fault Current @ Based on Calculated X/R 
; —s = © Set to 1.6 & 2.6 (RMS & Peak) as Min. 
aa aan © Set to 1.6 & 2.6 (RMS & Peak) 
MF for LV CB (Molded & Insulated) Duty 
: © Based on Peak Current 
© C37.010 - 1998 © Based on Asymmetrical Current 
© C37.010 - 1979 and Older © Higher MF (Peak or Asymmetrical) 
| terrae =) (coer) [inom] [Bette] (Hee, ] Cox] [cone 


Standard 


The only applicable standard for determining the bolted short-circuit current is ANSI. In future versions 
of the ArcFault program, the IEC standards will become available. 


Prefault Voltage 


The prefault options are handled in similar fashion as for the IEEE 1584 / NFPA 70E Arc-Flash 
calculations. Please refer to chapter 15 and 18 for more information. 
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56.2.7 Alert Page 


This page allows the configuration of incident energy alerts. Please refer to chapter 18 for more 
information on how the alerts are generated by comparing the calculated LG, LL or 3-phase incident 
energy against the allowable incident energy value specified on the Arc-Flash page of the bus editor. 


Arc Flash Study Case 


ci 


[nfo | Method | Clearing Time | Parameters | Adjustment | SC Standard | Aet | 


Critical 
Arc Flash 


Allowable Incident Energy 100 * 


|___ Ato Display 


(¥) Marginal 


5 |% 


[6] (arto =) 3] [coer] [ew] [Bete] [Heb] [OKI cann 
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56.3 Display Options 


This section describes the ArcFault result annotations on the one-line diagram. The display options which 
appear when an ArcFault simulation is performed are shown below: 


Jisy! Iptions - Flask Lax] 
Resuts | AC | AC-DC_| Colors | 

The type of arc fault Voltage Unit 
that you selected from ae (¥] Show Units 
the arc-flash study 
case editor Fault Type 

@ la" (1/2 Cycle) 

@LG 


@ Va, 3lo 
© Sequence Values (1, 2, 0) 
() Phase Values (A, B, C) 
@ la - Arcing Current 
© Ibf - Bolted-Fault Current 
Display Load Contributions 
(| Medium Voltage Motors 
Large Low Voltage Motors 
Small Low Voltage Motors 


(v) 
[v) 


[] Static Load Types of Loads Arc-Flash results 
displayed on the one-line 


Arc-Flash Arc Fault Location diagram 
¥]| Energy Level (¥] Bus & Load PD 


¥| Arc Flash Boundary 
Incident Energy 

Fer 
Arc-Flash Sequence of Op. 
Fash 3 = Times 


¥ 


< 


cS) 
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Fault Type 


This section allows to display the bolted/arcing fault currents for different types of faults on the one-line 
diagram. The fault type supported are L-G, L-L and 3-Phase. 


Logic for Fault Type Section 


The display options shown in this section are determined based on the options selected under the Fault 
Current section of the Method page of the AF study case editor. The following images illustrate this logic: 


[Arcrshsudycse8=8=0tC—<“‘s=<‘i‘<‘<‘<CO 


@ Symm. 1/2 Cycle 


‘Info| Method [Clearing Time | Parameters | Adjustment | SC Standard | Alet_| 
Arc Flash Method 
© NFPA 70E Annex D.2,D.3 © IEEE 1584 
@ ArcFault 
Fault Current 
@ Lineto-Ground 
@ Calculate © Lineto-Line 
») 3-Phase 


Say 


Results | AC | AC-DC 


Colors 


Voltage Unit 


a J] Show Units 


Fault Type 


@ la" (1/2 Cycle) 
@LG 
@ Va, 3lo 
© Sequence Values (1, 2, 0) 
© Phase Values (A, B,C) 
@ Ia - Arcing Current 
© Ibf - Bolted-Fault Current 
Display Load Contributions 
| Medium Voltage Motors 
|| Large Low Voltage Motors 
V7] Small Low Voltage Motors 
Static Load Types of Loads 


Arc Fault Location 


Energy Level (W7] Bus & Load PD 


Arc Flash Boundary 


Incident Energy 


ect 
Arc-Flash Sequence of Op. 
Flash 3 |= Times 


SC Standard 


Info__| Method | Clearing Time | Parameters | Adjustment 
Arc Flash Method 
© NFPA 70E Annex D.2,D.3 © IEEE 1584 
@ ArcFauk 
Fault Current 
© Lineto-Ground 
@ Calculate @ Lineto-Line 
© 3 Phase 


ETAP 


@ Symm. 1/2 Cycle 


————s«”|‘*i 
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AC [_AC-DC_| Colors | 


Voltage Unit 


Fault Type 


{¥)] Show Units 


@ la" (1/2 Cycle) 
@LL 
© Va, 3lo 
@ Sequence Values (1, 2, 0) 
© Phase Values (A, B,C) 
@ Ia - Arcing Current 
© bbf - Bolted-Fault Curent 
Display Load Contributions 
[W] Medium Voltage Motors 
Large Low Voltage Motors 
Small Low Voltage Motors 
[| Static Load Types of Loads 


Flash Arc Fault Location 
Energy Level [¥] Bus & Load PD 


Arc Flash Boundary 


Incident Energy 


Wrcr 


Arc-Flash Sequence of Op. 


Fash 3 = 


Times 
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[Info| Method | Clearing Time | Parameters | Adjustment | SC Standard | Aet_| 
Arc Flash Method 


NFPA 70E Annex D.2, D.3 ) IEEE 1584 Voltage Unit = 
© ArcFault 7] Show Units 
Fault Type 
er . @ la" (1/2 Cycle’ 
> Line+o-Ground @ Symm. 1/2 Cycle @ 3 Phase 
© Calculate 


> Line+to-Line 


@ 3-Phase 


@ Ia - Arcing Current 

© Ibf - Bolted-Fault Current 
Display Load Contributions 
Medium Voltage Motors 
Large Low Voltage Motors 
Small Low Voltage Motors 


HSS8s8 


Static Load Types of Loads 
Arc-Flash 

[¥) Energy Level 

| Arc Flash Boundary 


Arc Fault Location 
{W) Bus & Load PD 


[W] Incident Eneray 


wer 
Arc-Flash Sequence of Op. 
Flash 3 1S 


(ae) 


Times 


[x] ( conee | 


As can be seen by the images above the display options reconfigure themselves depending on the type of 


arc fault being simulated. The following set of images show the sequence and phase values of the arc fault 
current for a line-to-ground arc fault at Main Bus. 


Sequence Current Values for a LG fault at the Main Bus: 


utility 
Level D 
AFB = 0.694 ft 
Beg IE = 22.472 cal/cm2 @15 in 
FCT = 0.284 Seconds 0 eS 
% 9.0 aes 
) cBL 2.38 19-92, ged 
6 1% Lt 9 93 
7.957 kA -88.73 deg 39-0) 4 -11 
; Kd 7-933 KA -88.76 deg 22.8! 
ara 47-718 kA -88.65 deg 
34.5 kV 
4.45 kA -87.62 deg 8 
cB2 Gant isa cpio G) 472 kA -87.17 deg ae Mx, 
- ace 38PM40 -809 kA -88.46 deg 8 rtd ka age 64 é 
40 kA - 38 kV 7 ka 88.64 S89 
10 kA kA- 38 kV kV i x 108 kA Peak SL ~88 deg 
Size: 200E 1200 A GE : deg 
bot AM-4.16-350 
41 kA - 48 kv 
BD MIC 1272 kA Peak 
Phase Current Values for a LG fault at the Main Bus: 
utility 
Level D 
AFB = 0.694 ft 
IE = 22.472 cal/cm2 @15 in 
FCT = 0.284 Seconds aed 
e' 
cB1 9 %° 908332? 40 
23.608 kA -88.72 deg gale 5 aye 
eee KG -224 kA 93.24 deg 94-62 
aan }-233 kA 83.16 deg 
34.5 kv 
41.73 kA -87.89 deg 2 
cB2 awk ies cpio 345 ka -86.74 deg 0 428 ka 
S&C 38PM40 .353 kA -92.93 deg 0 4 88 
SMU-20 ace 40 kA - 38 kV ° ka 0 deg - deg 
10 kA kA- 38 kV kV ee 108 kA Peak SL deg 
Size: 200E 1200 A GE 
T1 AM-4.16-350 
Li 4 41 kA - 48 kV 
on =D MIC 137.2 kA Peak 
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Note that unlike the IEEE 1584-2002 / NFPA 70E methods, the ArcFault program calculates the actual 
arc-flash current, voltage and resistance along with the voltage at every bus away from the fault location. 
This is a feature which makes the annotation of the ArcFault program be more powerful than before. 


Arc Flash 


This group provides display options for calculated results from the ArcFault program. The results are 
provided for every faulted bus in the system. 


Incident Energy 

If this box is checked, the ArcFault will display the calculated incident energy on the one-line diagram for 
each faulted bus. The results are placed next to the faulted bus. The units for the incident energy are 
cal/cm?. 


Arc-Flash Boundary 
If the AFB (Arc-Flash Boundary) option is selected, the ArcFault program displays the AFB on the one- 
line diagram. The units for this value are feet (English) and meters (metric). 


Energy Level 
This box shows the selected incident energy levels selected from the arc-flash study case parameters page. 
An incident energy level is assigned based on the incident energy value. 


FCT 
This option can be used to display the final fault clearing time (FCT) for every faulted bus (FCT of the 
bus only). The FCT can be displayed in seconds or cycles. 


Arc-Flash Warnings Displayed on the OLD 

The ArcFault Program provides certain warnings on the one-line diagram. The most common message 
indicates that the fault clearing time is not determined or “FCT not determined.” This message indicates 
one of the following conditions: 


a. The user-defined FCT is set to zero 

b. The program failed to determine the FCT because there is no TCC selected for the source 
protective device(s). 

c. There is no protection on at least one of the source branches. 

d. The source protective device is outside the regular search area of the program (one way to 
correct this issue is to go to Options (Preferences) and increase the default value across from 
Bus Levels Away To Find Source PD). 


Arc Fault Location 


This group provides display options for calculated results. The results are provided for every faulted bus 
in the system. Unlike the IEEE 1584-2002 and NFPA 70E method, the ArcFault program only displays 
the incident energy at the faulted buses. 


Bus & Load PD 
This check box allows the display of incident energy results at the faulted buses. Typically, the incident 
energy results for a fault at the load protective device are set the same as those as the bus. 
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Arc-Flash Sequence of Op. 


This section holds one setting to control the number of flashes when an ArcFault sequence of operation 
fault is introduced in the one-line diagram. 


Flash 

This option controls the number of flashes used to represent the operation of protective devices in AF 
SQOP. The value can be changed from 0 to 3. Setting this option to zero means that there is no flashing 
and the entire set of flashing “X” symbols are displayed without flashing. 


Display Options - Arc Flash 


utility 


Resuts | AC | ACDC | Color | 
Voltage Unit = ETAP Tutorials 
1 Show Units cpiFct = 0.636 Sec. ———— 
Ia @ FCT + 2.84 kA Hyperlink for etap.com 
Fault Type 
@ la" (1/2C 
@ 3-Phase ¢ — 
) la’ (4 Cycle) 
D la (steady-state) cpio FCT = 0.260 Sec. 


Ia @ FCT = 2.82 kA 
@ la - Arcing Current 
» Ibf - Bolted-Fault Current 


Display Load Contributions T1 


[¥] Medium Voltage Motors 


[¥] Large Low Voltage Motors FCT = 0.231 Sec 


[¥] Small Low Voltage Motors Ia @ FCT = 24.15 kA 


Level Cc 


Arc-Flash Arc Fault Location AFB = 18.293 
[| Energy Level [¥) Bus & Load PD IE = 6.97 @36 
[¥] Arc Flash Boundary = [/ | Source PDs 
[¥] Incident Eneray Load PD (Load Side) 
FCT Load Teminal 
Arc-Flash Sequence of Op 
Flash 0 = Times = 
Mtr2 Sub3 Net CAP? 
Bus1 : 


0.48 kv | cRa3 


Note that ArcFault program displays the operation of overcurrent protective devices which are triggered 
by the sequence currents (zero and negative sequence). This is different from the IEEE 1584 method 
which only responds to 3-phase balanced faults. 
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56.4 ArcFault Alerts 


The Arc-Flash Alerts are generated whenever the global ArcFault calculation is performed. The alert view 
window enables the display of the alerts by means of the “Alert” view window. 


Alert View 


The Alert View window displays according to the same rules that apply in the IEEE 1584 arc-flash 
calculation. 


The format of the alert displayed is as follows: 


Data Revision: Base 


Study Case: AF Decay 
Configuration: = Normal Date: 05-27-2015 


Zone Filter Area Filter |_| Region Filter 
1 


Critical 


Device ID Type Condition Rating/Limit Operating % Operating 
Main Bus Open Air Available Protecti.... 10 Cal/Cm*2 107.404 1074 
Sub22 Switchgear Available Protecti... 5 Cal/Cm*2 5.587 111.7 


Marginal 


Device ID Type Condition Rating/Limit Operating % Operating 


Device ID 
The ID of the faulted bus for which the ArcFault calculation has found a critical violation. 


Type 
The bus type according to its setting on the Rating page of the bus (for example, Panelboard, Switchgear, 
Cable Bus, or MCC). 


Rating / Limit 


This is the available protection incident energy level from the Arc-Flash page of the bus. The units are 
cal/cm*. The range is the same as the bus field. 
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Operating 
This is the calculated incident energy level at the faulted bus. This value is compared against the rating on 
the Arc-Flash page of the bus. Its units are Cal/cm?. 


% Operating 

The percent value for the violation is 100%. This means that you only have “critical alerts” and those 
appear whenever the calculated incident energy is higher or equal to the available protection rating value 
in the Arc-Flash page of the bus. 


Condition 

The condition reported for this alert is that the available PPE rating has been exceeded at the faulted 
buses. The alert view window condition also contains device duty alerts if the option to run device duty 
before arc-flash calculation has been configured from the method page of the short-circuit study case 
editor. 


Marginal / Critical 

There are two windows. Any result which exceeds the critical alert value of 100% will be displayed 
within the “Critical” alert section. Any violation less than the critical value will be displayed as 
“Marginal.” 
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56.5 ArcFault Sequence of Operation 


The ArcFault SQOP feature is a powerful tool which displays graphically the protective device operations 
during an arc fault simulation. It is designed to display the sequence of operation of protective devices 
during LG, LL and 3-phase arc faults. This tool also lists the events in a tabulated format by using the arc- 
flash sequence of operation viewer. 


56.5.1 Graphical Fault Insertion 


The ArcFault SQOP can be started by placing a fault on an element in the one-line diagram. This is 
similar to the method used in regular IEEE 1584 arc flash. 


AN... 


x 


—ZF 4 FCT = 1.035 Sec. 
d 34.5 kV Ny, Ia @ FCT =2.05kA 
Main Bus 
2 FCT = 0.238 Sec. 
Ia @ FCT =2.17kA 


{oce 


t . 
_y FCT =0.282 $ec. 
3K Ia @ FCT = 217 KA 


FCT = 0.219 Sec. 
1K Ia @ FCT = 5.43 kA 


NF Levell 


IE may a m* @36 
Oo = 2.22 cal/cm* @36" 
‘i © RCT =0.219 sec 


DD Sub2A 


13.8 kV 


An 


Ja 
x \ 


WN 
Syn1 


| | 


The sequence of operation is displayed graphically on the one-line diagram. In the ArcFault program, the 
SQOP can only be placed at buses. 


The rules of display of for the sequence of operation results are similar to those of the IEEE 1584 method. 
Please refer to chapter 18 for more details. 
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56.5.2 ArcFault SQOP Played from the Analyzer 


The ArcFault Sequence of Operation can also be accessed for each faulted location from the Arc Flash 
Result Analyzer. The power of this feature is greatly enhanced by the fact that the AFRA is non-modal. 
This means that the AFRA window remains open while the ArcFault SQOP is displayed on the one-line 
diagram. This allows playing the sequence for problem areas discovered using the global simulation 
without having to exit the analyzer and relaunch the particular simulation. 


After running the ArcFault simulations, the AF SQOP can be accessed by opening the AFRA and 
selecting the specific result for which you would like to see the sequence. The image below shows the 
process: 


#7 Arc Flash Report Analyzer Lx] 


& Oulpu Report 


Uncheck Al 
Piet [Select Flegeets | 
Oo ESI 72) 
ie f 
ad (a Project Repent 
Al Phopret #1 ctrve Decctory 
®@ Actrve Proect 
| “Taare ANSI 
FCT = 0.175 Sec. ZB 
Ke" @ FCT = 14.29 kA || ginmsedees 
Load Tesanatt 
0.48 kV 
—_amms 
Bus1 
) 
Y Fitter Repeats by Energy Levels a 
| User Detned V aha View 
| 53} 
ee ’ 
Baw FCT Not Detatinined iy 
DC System *laVenston —— Wat Pumt DalaShest OfeLineDiagam 


FCT by Secondary PO 

Exceeds Max FCT 

IS) Enevgp Level Effect of Man PD lectatien on FCT . 
eigy Lewe aT are 

() Final FCT - Device Duty Ale Eel bel 4 | 

revice Day Ades Show Coles rea nd = [ Ce }} 


The image above shows that selecting a single record from the AFRA window enables the “Display AF 
SQOP on One-Line Diagram” icon in the sequence of operation section of the AFRA window (lower 
right hand side corner). 


The rules for playing the ArcFault sequence of events from the AFRA are the same as those of the IEEE 
1584 method. For more information please refer to chapter 18. 
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56.5.3 ArcFault SQOP Viewer 


This section describes the ArcFault SQOP Viewer. The viewer is a display window which lists the 
protective device operation is sequential order. This window is similar to the STAR SQOP window, 
except that it is designed to handle multiple fault locations. 


The ArcFault SQOP Viewer can be launched from Arc Flash toolbar or from the arc flash result analyzer. 
The operation of this window is determined based on its method of launching. If the viewer is launched 
from the AF toolbar after placing a graphical fault insertion, then it will contain only the sequence results 
for the selected fault location. 


Launching the viewer from the arc flash result analyzer allows the viewer to contain the sequence results 
for all the elements selected at the time the sequence viewer is launched. The viewer can then be used to 
browse through different sequence groups for different fault locations without having to do a fault 
insertion. 


1. Select results for which you 
want the sequence of 

Jf operation to be listed in the 
viewer. 


CB3 7 Click on this icon to 


q (oc) launch the viewer 
(oc2) while the AF 
sequence of 
XFMR 3 operation is 
displayed in the 
OLD. 


FCT = 0.050 Sec. 
Fuse3 | Ia@FCT=8.03 kA 


; Mcc1 


Level 1 
AFB = 1.72 ft 
TE = 1.50 cal/cm? @18" 


2. Click on this icon to 
launch the viewer to show 
the selected sequence for 
each selected element. 


Display Options Reporting 


Standard Custom 
Label Label 


Work Permit DataSheet Qne-Line-Diagram 


The images above illustrate the different methods to 
launch the viewer window. The viewer contains two 
separate windows which allow the selection of the 
sequence to be displayed and the display of the 
actual sequence. The image below shows the (wisn 
structure of the arc flash SQOP viewer: 


FCT Unit 


Ga || (I Le 


Expot.. | Find | Help 


Close 
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56.6 Running ArcFault Simulations 


The global ArcFault simulation is started by clicking on the arc-flash calculation button on the Arc Flash 
toolbar (ANSI standard only for this release). This button runs an ArcFault calculation for all the faulted 
buses depending on the arc fault type selected on the method page of the study case editor. 


Setting Up the ArcFault Study Case 


To open the ArcFault Study Case, switch to AF Mode and click the first suitcase icon on the toolbar 
shown below. 


Study Case 


QBs AF HalfCycle > By AF-Decay . Cable 


Info Page 

To begin, select which buses are to be faulted. You do this by right-clicking the buses and selecting the 
Fault option while in arc flash mode. Or, you can open the arc-flash study case, click the Info page, and 
select the buses to be faulted. 


Method Page 
Next select the arc fault type on the method page of the study case editor. The ArcFault module allows for 
LG, LL and 3-phase arc faults. 


SC Standards Page 
The arc-flash calculation can be performed using the ANSI short-circuit standard only for this release. If 
this option is not selected, the ArcFault options will not be available. 


Clearing Time / Parameters / Adjustments / Alert Pages 
All of these pages can be configured according to the instructions given in section 56.2 
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Starting the Global ArcFault Calculation 


To start the calculation, click the Arc-Flash button on one of the Arc Flash toolbars. 


ANSI Arc Flash Toolbar Calculation 

Click the Arc Flash button on the ANSI Arc Flash toolbar to run an ANSI Short-Circuit-based arc-flash 
calculation. The icon of the global calculation button indicates the type of fault (with a LG, LL or 3-P 
indicator). 
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56.7 Calculation Methodology 


This section provides a description on the model development and validation results for the ArcFault 
program. The ArcFault module provides results in the following areas: 


Line-to-ground (LG) open air arc faults 

Line-to-line (LL) open air arc faults 

3-phase open air arc faults 

LG, LL and 3-phase enclosed arc faults up to 36 kV 

3-phase arc faults using extended IEEE 1584 method up to 36 kV 


For open air conditions the results were mainly designed for LG arc faults between 1 and 800 kV. The 
ArcFault program extends the results to LL and 3-phase results. The enclosed incident energy methods 
(typically for three-phase systems) were designed mainly for systems with nominal voltages greater than 
15 kV and less than 36 kV. 


This chapter provides all the assumptions made for each arc fault type in order to provide guidance on the 
appropriate method selection. The user is responsible to determine if the assumptions made for each arc 
fault type are appropriate or conservative or to use the module only within its intended method range as 
described in this section. 


56.7.1 Guidelines / Standards 


The following standards and IEEE references were consulted for developing the ArcFault program 


[1] OSHA 1910.269 Appendix E Tables 2, 3 

[2] NESC C2 2012 

[3] NESC C2 2017 

[4] “Long Arc in Free Air: Laboratory Testing, Modeling, Simulation and Model-Parameters 

Estimation” by V.V. Terzija and H.J. Koglin. 

e [5] “New Approach to Arc Resistance Calculation” V.V. Terzija, H-J. Konglin, 2001 IEEE 

e [6] Arc Flash Issues in Transmission and Substation Environments — 2011 Technical 
Report. 

e = =[7] IEEE 1584-2002 — IEEE Guide for Performing Arc-Flash Hazard Calculations 

e [8] “A Comparative Study of Arc Modeling and Arc Flash Incident Energy Exposures by 
Ammerman, Gammon, P.K. Sen, John P. Nelson 

e [9] “Medium-Voltage Arc Flash in Switchgear and Live-Front Transformers” by Marcia L. 
Eblen, Tom Short and Wei-Jen Lee, IEEE Transactions on Industry Applications, Vol. 52, NO. 6, 
November/December 2016 

e [10] “Arc Flash Analysis Approaches for Medium-Voltage Distribution”, Tom Short, Rural 
Electric Power Conference, May 2009 REPC ’09 IEEE 

e [11] “A New Elongation Function for Modelling Long Arcs in Open Air” by G. Preston, M. 
Popov, Z.M. Radojevic, V. Terzija. 

e = [12] “DC-Arc Models and Incident-Energy Calculations” by R. Ammerman, Tammy Gammon, 
P.K. Sen, John Nelson, IEEE Transactions on Industry Applications, VOL. 46, NO. 5, 
September/October 2010 

e [13] EPRI report 1018693, 2009 Technical Report 
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56.7.2 ArcFault Method 1 — Terzija / Konglin 


This section provides information on the calculation method number one which is available for the 
calculation of arc fault incident energy. 


The first step in the use of this method is to determine the arc resistance. The arc resistance is derived 
from the THD measured for the arc voltage and current. Equations (1), (2), (3) and (4) are used to 
determine the arc resistance. 


2xv2xU, 
rs ) 
U,=E,xL (2) 


Ris 2xJ2xE,xL 


: mx (3) 
5000 
Where: 
Ea is arc voltage gradient (Volts/meter) 
B is a voltage gradient parameter dependent on gap and fault current (Volts/meter) 
Ra arc resistance (ohms) 
Ug arc voltage magnitude (Volts) 
I arc current (Amps) 
L gap length in (meters) 


Equations (3) and (4) are solved iteratively as an introduced arc fault resistance in the electrical network 
to find the current and voltage which satisfy both equations. 


The arc power and energy are found using equation (5) and (6): 


Pore = Vare are (5) 
Fare = Vare ¥ Lare * Tare (6) 
Where: 

Vare arc voltage (Volts) 

Tore arc current magnitude (Amps) 

Tare arc fault duration (fault clearing time) (seconds) 

Pare arc voltage (Watts) 

Fare arc energy (Joules) 
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The incident energy is determined using equations (7) for open air and (8) for enclosed configurations. 
4Axaxad* (7) 


me be (8) 


Earc arc energy (Joules) 

d working distance (mm) 

a Wilkins “a” reflectivity coefficient 
k Wilkins “k” reflectivity coefficient 
x distance exponent coefficient 


The “a” and “k” coefficients were developed based the reference publications listed under the Standards / 
Guidelines section of this section. Comparisons of the method 1 enclosed results against those obtained 
using the extended IEEE 1584-2002 arc in a box results were also made (for 3-phase systems). The 
coefficients are listed in table 56-1. 


The “B” and “x” coefficients are selected based on the gap and arc fault current using an iterative 
process. Their values are defined across the board between gaps of 2 inch to 60 inch and between fault 
currents of 5 to 65 kA. The program uses a multi-dimensional linear interpolation process to determine 
the B and x values for gaps and currents which fall in between the values shown in the image below. 


In the image below, the top row values represent the fault current in kA (5 to 65 kA). The left most 
column is the gap between conductors. Note that the voltage gradient (described in the method 1 
coefficient editor as Eave) has units of kV/meter. The value of Eave is considered B for equation (4). 


5 8 10 15 20 40 65 
Grek) | evn | 79240 | em) | F2Ct0r | evn) | F0Ctor | Gavi | >FECtor | Gav | >F2CtOr | Gavi | FCO" | Germ 
1.5 1.99 1.45 1.98 1.47 1.94 1.51 1.91 1.47 1.89 1.65 1.85 1.65 
6 1.25 2 13 1.98 13 1.99 1.35 1.97 1.4 1.99 15 1.98 1.5 
12 0.9 2 11 2 Li 2 11 2 1.25 2 i3 1.98 3 
24 0.85 1.98 0.85 1.98 0.93 1.96 0.93 1.96 0.93 1.96 1 1.95 1 
48 0.65 1.98 0.65 1.98 0.65 1.95 0.65 1.95 0.65 1.95 0.65 1.93 0.65 
60 0.65 1.98 0.65 1.98 0.65 1.95 0.65 1.95 0.65 1.95 0.65 1.95 0.65 
>60 0.65 1.98 0.65 1.98 0.65 1.95 0.65 1.95 0.65 1.95 0.65 1.95 0.65 


The values of B and x were established by using extensive analytical comparisons to several published 
results such as NESC and third-party applications such as ARCPRO, SPARC and Duke’s heat flux 
calculator. The results of method 1 were also compared against those of method 2 to ensure their accuracy 
and conservatism. 
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56.7.3 ArcFault Method 2 - EPRI 


This section provides information on the second incident energy calculation method. This method is 
considered the more accurate and is configured as the default method. 


The first step is to determine the average arc voltage gradient which is determined from equation (9). 


Eqve = @+ Blare = 0-0000112 x G* + 1.19 + (0.0069 x G*'?? — 0.0126 ) x Tare (9) 
Where: 
Eave is the average voltage gradient (kV / meter) 
G is the length of the gap between conductors (meter) 
Tore arc current (kA rms) 


The arc voltage can be determined using equation (10). 


Eqve XG 
= ——— = 0.8885 x Eqye XG 
arc 1.1255 ave (10) 
Where: 
Vare is the arc voltage (kV rms) 
Fave is the average voltage gradient (kV / meter) 
G is the length of the gap between conductors (meter) 


The arc resistance can be determined using equation (11). 


Z = Vare 
arc 11 
Lane ( ) 
Where: 
ZLare is the arc impedance (resistance) (ohms) 
Vare is the arc voltage (kV rms) 
Tore arc current (kA rms) 


The arc power can be determine by using equation (12). 
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_ (0.0000112 x G* + 1.19 + (0.0069 x G7? — 0.0126 are JG 


= I 
are 1.1255 me “ 
Where: 
Pare is the arc power (MW) 
G is the length of the gap between conductors (meter) 
Tore arc current (kA rms) 


The thermal energy flux is obtained using equation (13). 


—0.152 
D =6.7 Eqye X Larc X Gg pe (13) 


Where: 


2) is the thermal energy flux (cal/(sec*cm?) 
G is the length of the gap between conductors (meter) 
D is the working distance (ft.) 

Tore arc current (kA rms) 

Fave is the average voltage gradient (kV / meter) 


The thermal energy flux is obtained using equation (14) when the working distance is in meters. 


—0.152 


D =6.7 X Ege X Lae X G28 x (3.281 x D 18° (14) 
Where: 
@ is the thermal energy flux (cal/(sec*cm?) 
G is the length of the gap between conductors (meter) 
D is the working distance (meter) 
Tore arc current (kA rms) 
Eave is the average voltage gradient (kV / meter) 
The thermal incident energy is obtained using equation (15). 
W=@0xT (15) 


Where: 
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W is the incident thermal energy (incident energy) 
@ is the incident thermal energy flux (cal/(sec*cm”) 
T is the duration of the arc current or fault clearing time (sec) 


The statistical adjustment is determined using equation (16). This is a multiplying factor which is used to 
correct the incident energy result from equation (15). 


k=(1+nxo) (16) 
Where: 
k is the incident thermal energy multiplying factor 
n is the number of standard deviations 
o is the standard deviation 


The EPRI equations were developed for a specified range of short-circuit current and gap between 
conductors. The range of application can be conservatively be extended by enabling certain check boxes 
in the method 2 coefficient editor. The check boxes can extend the method range down to 2, 6 and >60 
inch. The method can be extended to short-circuit currents beyond 40 kA as well. 


Method 2 - Coefficient Editor Ee 


o K1 K2 K3 K4 exp1 exp2 

Average Standard Deviation 0.196 Voltage Gradient Coefficients  0.0000112 1.19 0.0069 0.0126 38 -1.239 
K7 exp3 KS exp4 K6 
Varc, rms 1.1255 Thermal Flux Coefficents 0.58 -1.58 -0.152 6.7 


Cree] Goo) cence} [EG reset 


The method 2 coefficient editor can be used to modify any of the coefficients and exponents for equations 
(9) to (16). This is an advanced feature reserved only for cases where a modification of the parameters 
and its effect has been analyzed. The Eave and n coefficients for the method extension were selected 
based on extensive analysis of the incident energy results in third-party publications and programs to 
ensure that the results are accurate and conservative. Please refer to the method validation section for 
more details on result comparisons. 
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56.7.4 Line to Line and 3-Phase Arc Fault Simulations 


The ArcFault program provides the capability to simulate line-to-line (LL) and 3-Phase (LLL) arc faults. 
This is accomplished using the assumptions described in this section. The arc faults are assummed to have 
similar physical behavior for the arc current, arc voltage and arc resistance. The varying factors are 
assummed to be mainly the physical gaps and LL and 3-Phase fault current. The electromagnetic forces 
and resultant direction of the arc columns and energy flux are different for each type of fault, but are 


considered similar to the LG arc fault. 


The following figures illustrate where the arc resistance is placed for three fault types. Method 1 and 2 
were developed for the fault in figure B (LG). The red color box illustrates where the arc resistance is 
placed in the phase impedance diagram. The figure shows the arc impedance is in series with the ground 
path fault impedance under a phase A to ground fault. Figure C shows where the arc resistance lies for a 
line-to-line arc fault. Figure A shows three arc columns with their arc resistance introduced to a phase to 


phase connection. 


A 


Sa ae 


(A) THREE PRASE FAULT 


(0) LINE TO LINE FAULT 


The 3-Phase arc fault in open air power is considered to be the least common, unlike the LG which is 
considered the most common (likely) form of an arc fault. To summarize, the following assumptions are 


made for LL and 3-Phase arc faults: 


e Same equations for a LG arc faults are used. 


e The line to line gap between conductors is used 


e Uses the line to line working distance and approach boundaries 


ETAP 


56-45 
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e The arc column, plasma and energy flux are assummed to have similar physical behavior to that of 
LG arc fault. It is possible that the magnetic forces exerted on a LL arc fault may cause a traveling 
effect or arc motion which may either force the arc to move away or closer to the receiving 
incident energy surface. It is assummed that the distance between receiving surface and arc 


columns is a constant. 


The ArcFault program also provides an option to adjust the incident energy flux for a three phase fault. 
The option called “1-Phase to 3-Phase ArcFault Conversion Factor” has a default value of 1.0. This 


option can be configured from the Options (Preferences) editor as shown below. 


Options (Preferences) la | 
|S a aa 
4 Arc Flask a 

Bus Levels away to find Source PD 20 

Calculate Load PD Load Side Arc Flash False 

Calculate Load Terminal Arc Flash False 

Export Results to Excel True E 
Extend IEEE-1584 for Equipment up to 36 kV False 7 
Force ‘FCT Not Determined’ to use Max Limit FCT True 

Load Terminal Arc Fault Equipment Type 0 

Look-Up Report Time Duration 2 

Multiple Source Contribution Levels 20 

No. of Upstream Contributing Branches 99 

Report Bus and Source PD Incident Eneray only False 

SQOP-Report PD that de-energize each source path True 

Subtraction of Incident Energy for Multiple Source Systems True 


The range of the correction or adjustment factor is 0 to 10. The recommended default value of 1.0 is 


expected to yield conservative results. 


It is important to understand the assumptions and analyze the results before applying the model to LL and 
3-Phase arc faults. The assumptions are clearly described above and it is up to the application engineer to 


determine the validity of such assumptions. 


56.7.5 Arc Faults in Enclosures using ArcFault (15 kV to 36 kV) 


The ArcFault module includes three different methods to determine the arc-flash incident energy for 3- 


phase enclosed equipment (open door condition) for voltage between 15 and 36 kV. The methods are: 


1. Method 1 open air results corrected using Wilkin’s reflectivity factor equation (9) 


2. Method 2 open air results corrected using Wilkin’s reflectivity factor equation (9) 
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3. Using an extension of the IEEE 1584-2002 equations which was derived based on [10]. To enable 
this option you must have a valid license of ArcFault and also enable an option called “Extend 


IEEE-1584 for Equipment up to 36 kV” (i.e. set to “True”, see below). 


ff 


Options (Preferences) xa) 
Ei |Se at oo 
4 ArcFlash a 
1-Phase to 3-Phase ArcFault Conversion Factor 1 
Bus Levels away to find Source PD 20 
Calculate Load PD Load Side Arc Flash False 
Calculate Load Terminal Arc Flash False 
Export Results to Excel True E 
i Extend IEEE-1584 for Equipment up to 36 kV ‘Tue | 
‘orce Not Determined to use Max Limit Tue 
Load Terminal Arc Fault Equipment Type 0 
Look-Up Report Time Duration 2 
Multiple Source Contribution Levels 20 


Options 1 and 2 use an optimized set of Wilkin’s reflectivity factors “a” and “k” to determine the resultant 
incident energy with the enclosure reflectivity effect. Similar to DC arc flash, the ArcFault method 
applies equation (9) to determine the influence of the enclosure. The reflectivity values used are provided 
in table 56.1. These factors were aligned to provide incident energy results for enclosures up to 

A height of 45 inch, width of 30 inch and depth of 30 inch. The reflectivity values were developed based 
on comparisons to JEEE-1584-2002 extended equations and also based on comparisons based on [13]. 


For further details please refer to the referenced information. 


Note on Arc-Flash Boundary Determined using ArcFault for Enclosed Equipment: The arc-flash 
boundary (AFB) obtained for enclosed equipment configurations depends on the Wilkin’s equations. It is 
a known fact that the arc-flash boundary calculated with this method may not be realistic for very small 
incident energy values. The result of this issue with the Wilkin’s equation is that the AFB could be 
negative. For such cases, ArcFault returns “0” for the AFB. This may occur when the calculated incident 
energy is very small (smaller than 1.0 cal/cm2). In this case, the AFB is less than the working distance 


and the arc-flash boundary is not applicable. 


56.7.6 Additional Comments on ArcFault Calculation Methodology 


This section provides important information on the implementation of the ArcFault calculation methods 
including details on simplifications and implementation differences between it and the IEEE 1584 
method. This section also includes method limit flags produced to notify the user of special conditions. 
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Calculation Method Limits and Warning Messages 

This section provides a list of the warning conditions which may be encountered during simulation using 
ArcFault methods 1 or 2. The conditions report situations when the system input parameters are outside 
the application range of the models. Note that in some cases the calculation is not performed and in some 
other it proceeds with a warning condition flag reported in the arc flash result analyzer under the “Calc. 
Method limits” field. Table 56.4 provides a summary of the warnings: 


Table 56.4: Calculation Warnings for ArcFault Methods 


Condition Warning Condition Description 


Gap < 2.0 inches Methods 1 and 2: Gap between conductors is less than 2 inch 


Method 1 and 2: Gap between conductors is higher than 60 inch. 


Gap > 60 inches . ; 
P Review the results for accuracy and conservatism 


Method 1 and 2: The fault current magnitude is greater than 


e wes 
ie Mactamntt maximum range value in the method 


Method 1 and 2: The fault current magnitude is less than minimum 
Ibf < Min Limit range value in the method. Review the results for accuracy and 
conservatism. 


Method 1 and 2 , The fault current magnitude and gap is less than 


Bape est minimum range in the method 


The nominal voltage is less than 1000V ac and method 1 and 2 may 


Voltage < 1.0 kV not be applicable. 


W Distance < Min The working distance is too small (Less than 12 inches or 30.48 cm) 


When the input parameters are too outside the range of the default range values provided in the the 
Method 1 and 2 coefficient editors, it is up to the user to verify the applicability of the results or to select 
alternative application methods to obtain a solution. Note that the ArcFault program is very flexible and 
adjustments can be made for situations where the input parameters are outside the range. 


Incident Energy Subtraction 


The incident energy subtraction method is not applicable to the ArcFault calculations as of ETAP 18.0.0. 
This method requires further research for its implementation and once this is done the methodology will 
be enhanced in a future release of ETAP. 


Note: This limitation does not apply to the IEEE 1584-2002 method extension to 36 kV since that module 
methodology can support the subtraction of incident energy. 


Differential Relay Modeling 

When applying bs, line and two-winding transformer differential protection, it is recommended to make 
sure that the Bus Levels Away To Find Source PD setting is high enough to include all the current 
transformers feeding current to the differential relays. A differential relay may not trip if any of its 
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connected CTs lies outside the bus levels away collection zone. This is easily corrected, simply increase 
the bus levels away from the faulted location to make sure that all differential relay CTs are within reach 
of the bus levels away zone. Please refer to chapter 18 for details on the bus levels away source PD 
collection zone. Last special consideration may need to be taken when handling differential relays with 
CTs directly connected to three-winding transformers. They may not operate for this version of ArcFault. 
It is recommended to place a branch impedance in each leg (primary, secondary and tertiary) to make the 
differential relay operate. 


Labels and Deliverables 

ArcFault was designed mainly for Open-Air Arc Faults. There are no labels specifically created for open- 
air conditions such as overhead lines and open-air substations. However, the existing IEEE 1584-2002 
and NFPA 70E-2018 labels are all available and their templates can be easily customized for use with the 
ArcFault module bu means of the arc flash result analyzer. In other words, there are no label templates 
included but new templates required for ArcFault range of application can be created or customized from 
existing labels. 


There are no report such are crystal reports or text reports for the ArcFault module, yet the arc flash result 
analyzer (AFRA) can be used to create any report as needed. The AFRA contains all input and output 
fields related to ArcFault calculations and with a few clicks all the information is available. The majority 
of system studies require custom report tables and thus there is very little need for off-the-shelf custom 
reports from ETAP. The AFRA tool provides the capability of data export to MS Excel® for creating 
tabulated reports. The ArcFault reporting approach is similar to that of the DC ArcFlash module, which 
has been in user for several years now. 
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56.8 ArcFault Result Analyzer 


The ArcFault program does not have specific reports. The main medium to access the results of the 
simulations is by means of the Arc-Flash Result Analyzer (AFRA). This section provides a quick 
overview of the fields and options applicable to ArcFault which are accessed through this tool. 


Viewing Output Reports 

The view the results of the ArcFault program, simply open the AFRA (please see chapter 18 for details). 
The ArcFault results are filtered by the Energy Levels filter. The option called “NESC C2 2017/UD” 
should be selected. IF the Energy Levels filter is not enabled, then the ArcFault reports will not be 
displayed along with all other arc-flash calculation results (i.e. IEEE 1584, 3-phase, 1-phase, etc.). The 
following image shows the location of the Energy Levels filter with the “NESC C2 2017/UD” option 
selected. 


| Arc Flash Result Analyzer 

@ Output Report Scenarios ID Type | Method1LG +| Methodi-LL +| Method2LG | Method2-LL 
m1 345 Open Air 
Ref. | Select | Reports 2 Sub2A 138 Switchgear 
@ | @ | Method1-1G 3 Sub2B 138 Switchgear 
© | © | Method1-LL 4 Sub 3 4.16 Switchgear 
© | © | Method2-1G 5 Sub3 Swor 4.16 Switchgear 
O | WH | Method2-LL 6 | sb | 345 Switchgear 
7 | Sw23 3.45 Switchgear 


Project Report 

~) All Project in Active Directory 

@ Active Project 
Example-ANSI 


|[¥] Bus a 

||¥] Source Protective Device =| 
| |Load PD (Bus Side] 

|_| Load Terminal + 


Info 


Check All 
¥\ Type ] 
|| |Connected Bus = ‘Opy a3) Sort | 4] Al 


|| | Conductor Gap LL 
|_| Conductor Gap LG Incident Energy 
Working Distance LL 


Working Distance LG Ms [NESC C2 2017 /UD 


[ 
o 


{¥) Filter Reports by Energy Levels 


Display Options Reporting Seq. of Operation 


@) Actual Value Standard Custom 5 
seppaieg Labell| Label View 


Sane ) h Re 
Tes) e] Q 
Level A |2 | {=} Ea 


Level B 4 
| Level C |8 i 

| Level D | 25 =| 
‘Level E |40 
Level F | 100 


{-) Device Duty Alerts {¥) Show Colors 


Results Filter Results By 


Check All 


|| FCT Not Determined 


® | Total Eneray (cal/om3 
|X Factor (IEEE 1584) 
> |X Factor (Arcfault) |_| FCT by Secondary PD 
) | Eave "| Exceeds Max. FCT 


{-) % la Variation 


S/S) S|S8|/S/8 


© | Arc Energy ("| Effect of Main PD Isolation on FCT 
> | Thermal Energy Flux 


Fault Locations 
The ArcFault module only calculates the results at buses for this version of ETAP. Other locations will be 


handled in future releases. To see the results of faulted buses, make sure the option “Bus” is selected from 
the Fault location section as shown below. Selecting other options such as “Source PD” will not have any 
effect in the AFRA. 
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Project Heport 
All Project in Active Directory 


® Active Project 


Example-4NSI| 


J 
ource Protective Device 


Load PD [Bus Side] 
Load Terminal ~ 


W 


= 


ArcFault AFRA Info Fields 


The following fields are available through this section as reported in table 56.5. Some fields are reported 
in similar fashion as how they are reported for the IEEE 1584 calculation, but are not applicable to 
ArcFault calculations. The description of each field indicates if applicable to ArcFault. 


Table 56.5: List of ArcFault Input Parameter Fields displayed in AFRA 


Field Name Description 
kV Bus nominal voltage 
Type Equipment type such as switchgear, open-air, etc. 


Connected Bus 


Same 


Conductor Gap LL 


distance between phase-to-phase conductors (not actual arc length) 


Conductor Gap LG 


distance between line-to-ground conductors (not actual arc length) 


Working Distance LL 


distance between LL arc fault and individual as defined by NESC C2 2017 


Working Distance 
LG 


distance between LG arc fault and individual as defined by NESC C2 2017 


Width (mm) enclosure width used as relative reference to the a and k values 

Height (mm) enclosure height used as relative reference to the a and k values 

Depth (mm) enclosure depth used as relative reference to the a and k values 

a (mm) a reflectivity factor for method 1 and 2 with enclosed equip. up to 36 kV. 

k k reflectivity factor for method 1 and 2 with enclosed equip. up to 36 kV. 

Grounding N/A to ArcFaut (see chapter 18). Reported similarly as IEEE 1584, but not 
used for incident energy calculation by the ArcFault method 

Conductor vertical or horizontal conductor arrangement relative to the individual 

Orientation 

Conductor open-tips or terminating in a barrier 

Termination 

Conductor Type Copper or Aluminum. Note that the conductor material may be different for 


ArcFault applications (such as ACSR, stainless steel, etc.), but this parameter 
is not considered as a variable in the ArcFault calculations. It is for info only. 


Equipment Name 


name of the equipment entered into the bus info page 


LAB to Exp. Mov. 
Con. 


N/A to ArcFaut (see chapter 18) 


LAB to Fixed Part 


N/A to ArcFaut (see chapter 18) 


ETAP 


56-51 ETAP 19.0 User Guide 


ArcFault™ ArcFault Result Analyzer 


Field Name Description 
RAB N/A to ArcFaut (see chapter 18) 
PAB N/A to ArcFaut (see chapter 18) 


Allowable IE 


Allowable incident energy value at the faulted bus (Arc Flash page of the bus) 


Glove V-rating 


N/A to ArcFaut (see chapter 18) 


Glove Class 


N/A to ArcFaut (see chapter 18) 


Location equipment location field from the bus info page 
Equipment Tag # equipment tag # field from the bus info page 
Description equipment description field from the bus info page 


Just like for the IEEE 1584 and DC arc-flash calculation input fields, the input fields reported in this 
section all come from the report named as reference when multiple reports are selected. The input fields 
come from individual reports only when there is only one report selected. 


ArcFault AFRA Results Fields 


The following fields are available through this section as reported in table 56.6. Some fields are reported 
in similar fashion as how they are reported for the IEEE 1584 calculation, but are not applicable to 
ArcFault calculations. The description of each field indicates if applicable to ArcFault. 


Table 56.6: List of ArcFault Results Fields displayed in AFRA 


Field Name Description 

Total Energy (cal/cm’) total incident energy at the fault location 

X Factor (IEEE 1584) N/A to ArcFault (see chapter 18) 

X Factor (ArcFault) Distance exponent for method 1 ArcFault calculations 
Eave (kV/m) voltage gradient in kV/m for methods 1 and 2 

Arc Energy arc energy in MJ (not to be confused with incident energy) 


Thermal energy flux 


energy flux in cal/s.cm* 


Arc Fault Energy Correction | correction factor mainly used for 3-phase faults with a default value of 1 


Factor 
Varc (Volts) arc voltage mainly a function of the gap and arc fault current 
Rarc (Ohm) arc resistance related to arc current and voltage 


Energy 1 (cal/cm’) 


incident energy for subtransient arc faults 


Energy 2 (cal/cm*) 


N/A to ArcFault (see chapter 18). Decaying current arc faults will be 
handled in a future release 


Energy 3 (cal/cm*) 


N/A to ArcFault (see chapter 18). Decaying current arc faults will be 
handled in a future release 


PPE Description 


If entered, it is the text which describes the personal protective equipment 
which is applicable based on the calculated incident energy level. PPE 
selection system engineered based on arc-flash analysis and electrical 
safety program 


AFB (ft/m) arc-flash boundary for methods 1 and 2 

Energy Levels Same as IEEE 1584 (see chapter 18) 

Final FCT Same as IEEE 1584 (see chapter 18) 

Ia at FCT Same as IEEE 1584 (see chapter 18) 
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Field Name 


Description 


Source PD ID 


Same as IEEE 1584 (see chapter 18) 


% Ia Variation 


N/A to ArcFault (see chapter 18). No arcing current variation is 
considered on the ArcFault calculation models. The minimum fault 
current values should still be considered to determine worst-case 
condition. 


FCT1 fault clearing time on the subtransient arc fault current stage (only one 
considered for ArcFault methods) 

FCT2 N/A to ArcFault (see chapter 18) 

FCT3 N/A to ArcFault (see chapter 18) 


Exceeds Max FCT 


flag which indicates if the final FCT exceeds a pre-determined maximum 
value (i.e. 2 seconds or as defined in study case) 


Not All PDs Have FCT 


Same as IEEE 1584 (see chapter 18) 


Total Ibf at FCT (kA) 


Same as IEEE 1584 (see chapter 18) 


Total Ibf”(kA) 


Total available bolted fault current (similar to IEEE 1584) 


Total Ibf’(kA) 


N/A to ArcFault (see chapter 18) 


Total Ibf (kA) 


N/A to ArcFault (see chapter 18) 


Total Ia” (kA) 


Total available arcing current (similar to IEEE 1584) 


Total Ia’ (kA) 


N/A to ArcFault (see chapter 18) 


Total Ia (kA) 


N/A to ArcFault (see chapter 18) 


Source PD Ibf at FCT (kA) 


Same as IEEE 1584 (see chapter 18) 


Source PD Ibf" (kA) 


Same as IEEE 1584 (see chapter 18) 


Source PD Ibf' (kA) 


N/A to ArcFault (see chapter 18) 


Source PD Ibf (kA) 


N/A to ArcFault (see chapter 18) 


Source PD Ia at FCT (kA) 


Same as IEEE 1584 (see chapter 18) 


Source PD Ia" (kA) 


Same as IEEE 1584 (see chapter 18) 


Source PD Ia' (kA) 


N/A to ArcFault (see chapter 18) 


Source PD Ia (kA) 


N/A to ArcFault (see chapter 18) 


Source Trip Relay ID 


Same as IEEE 1584 (see chapter 18) 


Source Trip Relay Type 


Same as IEEE 1584 (see chapter 18) 


Trip Time (cycles) 


Same as IEEE 1584 (see chapter 18) 


Open Time (cycles) 


Same as IEEE 1584 (see chapter 18) 


PD Ibf at FCT (kA) 


N/A to ArcFault (see chapter 18) 


PD Ibf" (kA) N/A to ArcFault (see chapter 18) 
PD Ibf' (kA) N/A to ArcFault (see chapter 18) 
PD Ibf (kA) N/A to ArcFault (see chapter 18) 
PD Ia at FCT (kA) N/A to ArcFault (see chapter 18) 
PD Ia" (kA) N/A to ArcFault (see chapter 18) 
PD Ia' (kA) N/A to ArcFault (see chapter 18) 
PD Ia (kA) N/A to ArcFault (see chapter 18) 


Total PD FCT (cycles) 


N/A to ArcFault (see chapter 18) 


PD FCT 1 (cycles) 


N/A to ArcFault (see chapter 18) 


PD FCT 2 (cycles) 


N/A to ArcFault (see chapter 18) 


PD FCT 3 (cycles) N/A to ArcFault (see chapter 18) 

Define Energy for LV N/A to ArcFault (see chapter 18) 

Equipment 

CLF Method Similar to IEEE 1584. Only differences is that ArcFault does not handle 


TEEE 1584-2002 Fuse Equations fr CLF 


Effect of Main PD Isolation 


N/A to ArcFault (see chapter 18) 


ETAP 
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Field Name Description 

on FCT 

Calc. Method limits Calculation method limits (see 56.7.6) 

Device Duty Alert N/A to ArcFault (see chapter 18) 

Tie-PD Bus Types Similar to IEEE 1584-2002 

Energy(Cf) Applies to ArcFault 

Arc Current(Cf) N/A to ArcFault (see chapter 18) 

Method Provides information on the arc-flash method used for this location: 
ArcFault Method 1 and 2, IEEE 1584 and Lee Methods 

FaultType 3-Phase, LL, LG and 1-phase 

Standard Deviation Statistical correction factor standard deviation applicable for method 2 

Multiplier 

Standard Deviation standard deviation used for method 2 (incident energy) 
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56.9 ArcFault Calculator 


This section provides information on the incident energy calculations that can be performed with the 
ArcFault calculator. The images below show the basic layout of the ArcFault calculator when the plots 
tab is displayed, and when the results tab is displayed. 


Power and AF Calculator ~ x 
Power Flow AC Arc Flash DC Arc Flash ArcFault 


Inputs Method Batch Process Plots — Results 
Method and Fault Type a ; 
Mett eae Faut Type @ NESC Min. App. Distance ©) NFPA 70E Shock Boundary Contour 
|Method 2 v| (3Phase v| ‘LG v| == ArcFlash Boundary === Working Distance ——= Min. App-LL 
=m Arc Flash Plasma — Min. App-LG 
Input Parameters 
Nom. Voltage (k VLL) Bolted Fault Current (kA) 
| 15.0 | [20000 | 
Conductor Gap (mm) Working Distance (inch) 
a a 0 10 20 30 40 50 60 70 8 
Distance (inch) 
Equipment Type 
Open-Air v] Typical Data O Heat Flux vs. Dist. OLE.vs.WD © LE.vs. FCT 
Mas |.E. @ FCT 
80 
60 
Fault Clearing Time 40 
User-Defined FCT (sec) 
‘ 
0 
a 0 05 1 15 2 


ETAP 


Fault Clearing Time - sec 
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Power and AF Calculator 
Power Flow AC Arc Flash DC ArcAlash 9 ArcFault 


Inputs Method Batch Process 


Method and Fault Type 
Method Phases Fault Type 
Method 2 v| |3Phase v LG v| 

Input Parameters 

Nom. Voltage (kVLL) Bolted Fault Current (kA) 

15.0 20.000 
Conductor Gap (mm) Working Distance (inch) 
[| 305 [| mo | 


ETAP 


- x 
Plots Results 
Arc Power 
larc (kA mms) Vare (kV rms) Rare (Ohm) 
19.848 457 [ 023 
V Gradient (kV/m) Parc (MW) 
Arc Energy 
Earc (MJ) Flux (cal/cm2-sec) Statistical Adj. 
Ss 30.32 139 | 
I.E. (cal/em2) AFB ft) Reflectivity Ratio 
[8.44 [5.61 | 


M Show Sample Image 
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56.9.1 Inputs Tab 


This tab of the calculator allows the user to enter the system parameters to be considered in the 
calculations. The Inputs Tab is displayed in the image below: 


[inputs ] Method Batch Process 
Method and Fault Type 
Method Phases Fault Type 
Method 2 v| (3Phase v) LG v 
Input Parameters 
Nom. Voltage (kVLL) Bolted Fault Current (kA) 


r a 


Conductor Gap (mm) Working Distance {inch) 


‘Open-Air v| Typical Data 


Method and Fault Type 


This section allows the user to specify the method to be used for the ArcFault incident energy 
calculations. 


Method 
The ArcFault calculator supports the following calculation methods: 


e Method 1 — Terzija / Konglin (For future) 
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e Method 2— EPRI HVAC AF 


For detailed information on each one of the methods supported, please refer to the Section Calculation 
Methodology. 


Phases 
Enter the number of phases for the power system under study. The ArcFault calculator supports 3-phase 
and 1-phase system calculations. This is done to complement the program with alternative results. 


Fault Type 
The ArcFault calculator supports LG (Line-to-Ground), LL (Line-to-Line), and LLL (Three-phase) arc 
faults in 3-phase systems and LG (Line-to-Ground) faults in 1-phase systems. 


Input Parameters 


This group of input fields allows the user to specify the input parameters for the ArcFault incident energy 
calculation. The range of the input parameters is adjusted based on the selected calculation method. 


Nom Voltage (kV LL) 

The system nominal voltage in kV (line-to-line for 3-phase system and line-to-line or line-to-neutral for 
1-phase systems). For open air conditions the results were mainly designed for LG arc faults between 1 
and 800 kV. The ArcFault program extends the results to LL and 3-phase results. The enclosed incident 
energy methods (typically for three-phase systems) were designed mainly for systems with nominal 
voltages greater than 15 kV and less than 36 kV. Warning messages may appear in the calculation 
warnings display window to notify the user about conditions when the voltage is outside the method 
range limits. 


Bolted Fault Current (kA) 

The bolted fault current range for the ArcFault methods is 5 kA to 65 kA. Warning messages may appear 
in the calculation warnings window to notify the user when the bolted fault current is outside the method 
limits. 


Conductor Gap (mm) 

The gap between conductors range for the ArcFault methods is 51 mm to 1524 mm (2 inches to 60 
inches). However, the user can enter values outside of this range. When the input parameters are far 
outside the range (see Method 1 and 2 coefficient editor for limits), it is up to the user to verify the 
applicability of the results or to select alternative application methods to obtain a solution. 


Note that the gap is also used to plot the size of the arc plasma in the plots. For shorter gaps, the plasma 
shape may be spherical. Longer gaps may cause the plasma shape to be more cylindrical. This is an 
assumption only; however, it is logical to expect that the plasma cloud takes on different shapes and sizes 
with varying gaps. 


Example of arc plasma plot for a 100 mm gap between conductors (see red arc in the image below): 
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meme ArcFlashBoundary === WorkingDistance == Min. App-Ll 
meen Arc Flash Plasma —— Min. App-LG 


So 
oO 


10 15 20 25 30 35 
Distance (inch) 


Example of the arc plasma plot for a 500 mm gap between conductors: 


meme ArcFlash Boundary = WorkingDistaence == Min. App-LL 
meen Arc Flash Plasma —— Min. App-LG 


i=] 


10 20 30 40 50 
Distance (inch) 


Working Distance (inch) 

This is the working distance with a range of 1 to 300 inch. However, it is recommended to apply the 
calculations at a working distance no less than 12 inch (the incident energy models may not be valid for 
lower working distances since there may be contact with the plasma cloud). The working distance is 
plotted in the arc-flash plots as shown in the image below with a perpendicular surface plane: 


=== Arc Flash Boundary —— LAB —— RAB == Working Distance 
=—— Arc Flash Plasma 


i=) 
on 
Py 
o 


15 20 25 30 35 40 
Distance (inch) 
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meme ArcFlashBoundary === WorkingDistance == Min. App-LL 
meee Arc Flash Plasma —— Min. App-LG 


0 5 10 15 20 25 30 35 
Distance (inch) 


The color coding of the surface plane indicates the amount of incident energy per unit area at the 
receiving surface. In the image above, the incident energy at the working distance of 25 inch is less than 
1.0 cal/em2. At 12 inch the incident energy and the color of the working distance surface plane are 4.60 
and yellow respectively as shown below: 


ames ArcFlashBoundary == WorkingDistance == Min. App-LL 
wees Arc Flash Plasma —— Min. App-LG 


i=) 
or 


10 15 20 25 30 35 
Distance (inch) 


Equipment Type 

The main effect of the equipment type is to determine if the arc flash is open-air or enclosed (arc-in-a- 
box). Reflectivity coefficients and other internal constants are determined based on the equipment type 
selection. 


The equipment types are shown in the image below: 
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Typical Data 

This button activates an internal lookup table in the ArcFault calculator which contains typical working 
distance, size parameters, and gap between conductor values. Make sure to press the typical data button to 
refresh typical parameters. Typical parameters are only selected when this button is pressed (unlike the 
bus arc flash and rating page). 


Height (mm), Width (mm), Depth (mm) 

These input fields will be shown below the Equipment Type selection area for all equipment types, except 
for Open-Air. These fields are only used for information purposes to tie together the dimensions with the 
“a” and “k” coefficients selection. 


“a” and “k” reflectivity coefficients 

The reflectivity constants are used when determining the incident energy. They are properties of the 
enclosure and are determined based on the dimensions of the box/enclosure. These fields can be entered 
manually or selected as typical. 


Fault Clearing Time 


User-Defined FCT (sec) 

Enter the arc duration or fault clearing time in seconds. The range of the field is from 0.010 to 2.0 seconds 
however smaller and higher values can be entered. The incident energy as a function of time is 
automatically updated to show a color coded result based on the I.E. determined at the FCT. The image 
below shows the plot: 


Height (mm) Width (mm) — Depth (mm) Mmm |.E @FCT 


[762] [72 | 5 
a k 
1050 0.395 : 


3 
Fault Clearing Time 
User-Defined FCT (sec) . 
es : ; 
a 0 o5 1 #15 2 


ae Fault Clearing Time - sec 


The image below shows how the incident energy would be displayed at 3.0 seconds: 
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Height (mm) Width (mm) — Depth (mm) LE. @ FCT 


1143 762 762 


8 
a k 
. 
Fault Clearing Time 4 
User-Defined FCT (sec) 
‘ 
0 


a 0 o5 1 Ss 2 25 2: 35 


Fault Clearing Time - sec 


56.9.2 Method Tab 


This section allows the user to specify some coefficient factors to be considered in the calculations 
depending on the parameters entered in the Inputs Tab. The Method Tab is shown below: 


inputs [Method ] Batch Process 


Parameters 


Lower lbf [ 5s | kA Lower Gap mm 
Upper Ibf [ 35 | kA Upper Gap 1778 mm 


Std. Dev. Max Iteration Precision 


K1 K2 K3 K4 


exp1 exp2 K7 
(3) (a 


exp3 K5 exp4 K6 


Method 2 Coefficients 
1-P to 3-P Conversion Arc Flash Boundary (Eb) 
Correction Factor cal/cm2 
Hectrode Material 
Correction Factor 
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Parameters 


This section allows the user to modify some specific parameters or coefficients related directly to the 
equations employed in the calculation method selected in Inputs Tab. Please refer to Calculation 
Methodology section for further details. 


1-Phase to 3-Phase Conversion 


This is the correction factor used on the ArcFault incident energy calculations in case of a three-phase 
system is being analyzed. The range for the 1-P to 3-P coefficient factor is from 0.001 to 10. 


Arc Flash Boundary (Eb) 


This field allows the user to select the incident energy value at which the arc flash boundary (AFB, in the 
Results Tab) is calculated. The Arc Flash Boundary is the distance from the arc source at which the onset 
of a second-degree burn could occur. The default and recommended value is 1.2 cal/cm*. However, if 
your safety program requires everyone at all times to wear PPE, then based on engineering supervision, 
the value of Ep can be set to a value higher than 1.2 cal/cm*. The program only allows you to set this 
value to a maximum of 40.00 cal/cm’. 


Electrode Material 


This field provides the correction factor used in the ArcFault incident energy calculations in case of 
different electrode materials. Stainless Steel is the default material, its default correction factor is equal to 
1. Likewise, the default correction factor for Copper is 1. Ultimately, for Aluminum, the default value of 
the correction factor is 1.25. For the different electrode material options, the correction factor can be 
entered manually between 0.001 and 10. 
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56.9.3 Batch Process Tab 


This section allows the user to generate multiple results based on input data listed in a .csv file. The batch 
process calculation performs the ArcFault analysis with method 2 (EPRI) only. The batch tab is displayed 
in the image below: 


Export Database 
“View 
| Select Calculate 
Po 
f stance 
D1 2 C 
Arc Fault Boundarie 
AFB 1 AFB 2 AFE 
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Import Database 

In this area, the import file is selected. This file lists all the data input required by the calculator for the 
ArcFault analysis. The batch process allows the user to calculate a set of three different incident energy in 
case of different working distances for each fault location. The import .csv file needs to be organized as 
follows: 


4 A | B | ¢ | D |e eT Cee he | ss J | K | L | M | bd |} fe} | I eS S| s | it ju | 
It 
Location Ibf (kA) fault on rns gap WD1 = WD2 WD3 FCT AFB1 AFB2 AFB3 equipment height width depth a 1Pto3P Electrode pace 
: type rms) (mm) (inch) (inch) (inch) (sec) (cal/cm2) (cal/cm2) (cal/cm2) type (mm) (mm) (mm) (mm) CF Material 
2 | Bus15 4 0 6 51 Bh} 24 32 0.2 1.2 4 8 0 1143 1143 500 600 0.296 1 0 1 
3 |Bus30 5 i} Bey 102 6b 24 32 0.2 1.2 4 8 oO 1143 1143 500 600 0.296 1 it) a 
4 |Bus45 6.5 1 15 152 15 24 32 0.2 1.2 4 8 0 1143 1143 500 600 0.296 1 0 1 
5 |Bus60 8 1 6b 203 Bh) 24 32 0.2 12 4 8 1 1143 1143 500 600 0.296 1 0 1 
6 |Bus75 8.999999 2 69 305 16 24 32 0.2 1.2 4 8 1 1143 1143 500 600 0.296 1 0 1 
7 _|Bus90 10 4 69 457 17 24 32 0.2 1.2 4 8 1 1143 1143 500 600 0.296 1 0 al 
° 
Location 


This field specifies the fault location (Bus/Equipment name) where the arc flash is to be performed. 


Ibf (kA) 
This is the bolted fault current. This field represents the fault current in kA when no fault impedance is 
considered. 


Fault Type 
The ArcFault calculator batch process supports LG, LL, and LLL faults. Select the number associated to 
the fault type from the following table and enter it in the import file. 


haul tune Parameter to be entered 
¥P in the Import File 
LG 0 
LL 1 
LLL D 


Voltage LL (kV rms) 
This field represents the system nominal voltage in kV (line-to-line for 3-phase system and line-to-line or 
line-to-neutral for 1-phase systems). 


Gap (mm) 
This is the distance between conductors or buses for the bus/equipment at the fault location. This value is 
to be entered in millimeters (mm). 


WD1 (inch) 
This is the distance from the possible arc point to the person in inches. This field is defined as the distance 
between the arc point and the worker’s face and torso. 


WD2 (inch) 


This parameter represent a second working distance at which incident energy and arc flash boundaries are 
calculated in order to be compared with the first set of results (WD1). 
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WD3 (inch) 

As well as with WD2, this field represents an extra working distance at which the calculations are done. 
An extra set of results is obtained in the export file on the same raw of the corresponding fault location 
data. 


FCT (sec) 
This is the calculated time in seconds, which is needed by the protective device to completely open and 
clear the arcing fault current. 


AFB1 (cal/cm2) 
This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD1”. 


AFB2 (cal/cm2) 
This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD2”. 


AFB3 (cal/cm2) 
This field represents the incident energy value at which the arc flash boundary (Results Tab) is calculated 
for the working distance “WD3”. 


Equipment Type 

This option allows you to select the different types of equipment that are supported for the AcFault 
Calculator. Enter “0” is the faulted bus/equipment is categorized as Open-Air, and enter “1” if the faulted 
bus/equipment is enclosed. 


Height (mm), Width (mm), Depth (mm) 

These fields are associated to the dimensions of the enclosure of the faulted bus/equipment where the 
incident energy is calculated. These parameters allow the calculation of the enclosure correction factor 
and other internal constants. 


“a” and “k” reflectivity coefficients 
The reflectivity constants are used when determining the incident energy. They are properties of the 
enclosure and are determined based on the dimensions of the box/enclosure. 


1P to 3P CF 

This is the correction factor used on the ArcFault incident energy calculations in case of the system under 
study is three-phase. The calculator only considers it if the “Fault Type” field is set to “2” in the Import 
file (LLL fault). 


Electrode Material 
This field determines the electrode material considered for the ArcFault incident energy calculations. 
Enter “O” if the electrode material is Stainless Steel, “1” if it is Copper, and “2” is it is Aluminum. 


EM CF 
This field provides the correction factor used on the ArcFault incident energy calculations in case of 
different electrode materials. 
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ArcFault Calculator 


First, the user needs to create an empty .csv file. Then, such export file is selected through the calculator 
Export Database section. After “Calculate” button is pressed, all the arc flash results obtained by the 
calculator for the different fault locations established in the import file are saved in the export file. After 
calculation is performed, the export .csv file is organized as follows: 


Cc ea | E | F | G 


H | | | K | L | M N 


| 


P | Q 


Flux - 
Parc - 
cal/cm2- Earc- MJ 
MW 
sec 
3.996 0.016992 0.06797 0.271607 4.1066038 0.054321 
4.995 0.027188 0.13594 0.679018 8.1107246 0.135804 
6.49 0.033825 0.21952 1.424714 14.821378 0.284943 
7.992 0.037437 0.29949 2.393563 22.5011 0.478713 


Rarc- 
ohm 


Vare- 


Location ID] larc- kA 
kv 


8.990999 0.043064 1.16273 10.45408 75.309485 2.090817 


9.977 0.049984 1.49608 14.92634 84.138721 2.985268 


Location 


IE @WD1- IE @WD2- IE @WD3- 
cal/em2 —cal/em2__—cal/cm2 


AFB@ AFB@ AFB@ Vgradien 
Eb1-ft Eb2-ft Eb3-ft t-kV/m 


0.9822996 0.30567694 0.14960535 1.153208 0.71021 0.537263 15 
1,9400853 0.67847942 0.3566581 1.549692 0.904345 0.663235 15 
3.5452737 1.31889394 0.72003938 2.091855 1.180317 0.849012 1.625492 
7.2130774 4.16219243 2.97208921 3.437293 2.809796 2.537706 


kappa 


1.196 
1.196 
1.196 


1.6605 1.261076 


20.968098 9.73420464 5.64741577 6.045074 3.199753 2.218475 1.430219 1.392129 


25.071175 13.5719054 8.13365611 7.815502 3.973354 2.691609 1.228178 1.489871 


Reflectivity 


i Method Warnings 
Ratio 


0 Warning: Ibf < minimum Ibf value 
0 Warning: Ibf < minimum Ibf value 
oO 
1.271 
Warning1: Equip. is modeled as 
0 Open-Air since V > 36 kV 
Warning1: Equip. is modeled as 
0 Open-Air since V > 36 kV 


This field specifies the fault location (Bus/Equipment name) where the arc flash is to be performed. 


Tarc (kA) 


This is the arcing current in kA obtained through the selected method. 


Rarc (ohm) 


This field represents the equivalent electric arc resistance obtained from the voltage drop at the fault 


location. 


Varc (kV) 


This field represents the voltage drop in the electric arc in kV. 


Parc (MW) 


This is the active power dissipated by the electric arc during the fault. 


Flux (cal/cm2-sec) 


This is the thermal energy flux obtained from the equations specified in Section 56.7 (Calculation 


Methodology). 


Earc (MJ) 


This field represents the electric arc energy in MJ. 


IE @ WD1 - cal/cm? 


This is the incident energy result at the working distance specified in the import file as “WD1”. 


IE @ WD2 - cal/cm? 


This is the incident energy result at the working distance specified in the import file as “WD2”. 


IE @ WD3 - cal/cm? 


This is the incident energy result at the working distance specified in the import file as “WD3”. 


AFB @ Eb1 - ft 


This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB1”. This distance is calculated based on the arcing current “Jarc 


— kA”. 
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AFB @ Eb2 - ft 

This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB2”. This distance is calculated based on the arcing current “Jarc 
—kA”. 


AFB @ Eb3 - ft 

This is the arc flash boundary at which the energy exposure is less than or equal to the incident energy 
level specified in the import file as “AFB3”. This distance is calculated based on the arcing current “Jarc 
= kA”. 


Vgradient —kV/m 
This is the average voltage gradient employed to calculate the voltage drop of the electric arc. 


Kappa 
This is the statistical adjustment factor, a multiplying factor which is used to correct the incident energy 
result. 


Reflectivity Ratio 

This is a correction factor aimed to adjust the incident energy calculations according to the reflectivity 
characteristics of the faulted equipment. This is only considered for enclosed equipment with a voltage 
level lower than 36 kV. 


Method Warnings 


This field displays messages about calculation warnings or conditions where input parameters may be out 
of method range. 
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56.9.4 Results Tab 


This section shows to the user the ArcFault analysis results based on the specific method selected in the 
Inputs Tab. The Results Tab is shown in the figure below: 


Plots | Results 
Arc Power 
larc (kA ms) Vare (kV ms) Rare (Ohm) 
V Gradient (kV/m) Parc (MW) 
Arc Energy 
Earc (MJ) Flux (cal/cm2-sec) Statistical Adj. 
1.E. (cal/cm2) AFB ft) Reflectivity Ratio 


[  ) 


| Show Sample Image 


Calculation Wamings 


Arc Power 


This group of display fields provides the output results of the arc characteristics. 
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Iarc (kA rms) 
This display only field shows the arc current in kA. 


Varc (kV rms) 
This display only field shows the arc voltage in kV. 


Rarc (Ohm) 
This display only field shows the arc resistance in Ohms. 


V Gradient (kV/m) 
This display only field shows the arc voltage gradient in kV/m. 


Parc (MW) 
This display only field shows the arc power in MW. 


Arc Energy 


This group of display fields provides the output results of the ArcFault incident energy calculations. 


Earc (MJ) 
This display only field shows the arc energy in MJ. 


Flux (cal/cm2-sec) 
This display only field shows the thermal energy flux in cal/sec*cm?. 


Statistical Adj. 
This display only field shows the statistical adjustment factor. This is a multiplying factor which is used 
to correct the incident energy result. 


LE. (cal/cm2) 
This display only field shows the incident energy in cal/cm?. 


AFB (ft) 
This display only field shows the arc-flash boundary results in ft for the ArcFault calculation methods. 
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56.9.5 Arc Flash Plots Tab 


This section shows to the user the ArcFault analysis results in an interactive and didactic way through 
several kinds of plots. Such plots reflect the information stated in the Results tab. The Plots Tab is shown 
in the figure below: 


[Pits_] pens 


@ NESC Min. App. Distance ©) NFPA 70E Shock Boundary Contour 


=e ArcFlashBoundary == WorkingDistance == Min. App-LL 
=== Arc Flash Plasma —— Min. App-LG 
0 10 20 30 40 50 60 


Distance (inch) 


@ Heat Flux vs. Dist. © 1.E. vs. WD O LE. vs. FCT 


=== Heat Flux 


0 5 10 15 20 2 30 35 40 


Distance - inch 
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Arc-Flash Boundary, LAB, RAB, Working Distance and Arc Flash Plasma 
This plot panel shows the limited approach boundary (LAB), restricted approach boundary (RAB), the 
working distance plane and the arc-flash boundary (AFB) plot as per NFPA 70E 2018 if the toggle radio 
button “NFPA 70E Shock Boundary” is selected. On the other hand, the minimum approach distances as 
per NESC are plotted if the radio button “NESC Min. App. Distance” is selected. The arc plasma (red) is 
plotted as a function of the gap length for both selections (i.e. its diameter is twice the gap length). 


The plot panel charts are shown below: 


O NESC Min. App. Distance @) NFPA 70E Shock Boundary @ NESC Min. App. Distance ©) NFPA 70E Shock Boundary 
=== Arc Flash Boundary —— LAB == Working Distance === Arc Flash Boundary === WorkingDistance == Min. App-LL 
=e Arc Flash Plasma — RAB =e Arc Flash Plasma — Min. App-LG 


0 10 20 30 40 50 60 70 8 % 


0 20 40 60 80 100 120 Distance (inch) 


Distance (inch) 


Contour Plot 


This plot is a graphical technique for representing a 3-dimensional surface around the arc fault, and 
relating a color to a specific incident energy level depending on the distance from the fault event. The 
closer the distance, the darker the color, therefore the higher the incident energy at this specific working 
distance. Contour plot is displayed when “Contour” button in the Plots Tab is pressed. 


Contour plot is cleared once any parameter in the Input or Method Tab is modified, unlike the other plots, 
which update automatically. 


10 20 30 40 50 60 
Distance (inch) 
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Incident Energy vs FCT and Incident Energy vs Working Distance Plots 


This plot panel shows the plots for incident energy (cal/cm’) against the fault clearing time (sec) if the 
radio box position is set to “I.E vs. FCT”. The ArcFault calculator provides a plot of the incident energy 
vs the working distance when the radio box “I.E. vs. Working Dist.” is selected. Ultimately, the calculator 
will plot the Heat Flux against the distance in inches if the radio button “Heat Flux vs. Dist.” is selected. 


The image below shows all the possible plots: 


O Heat Flux vs. Dist. OOLE.vs. WD @1E.vs. FCT 
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eTraX Analysis 


This chapter gives definitions and explains how to use the various tools you will need to run eTraX Studies. 
It also provides theoretical background for the eTraX calculation method. The chapter consists of the 
following sections: 


Section Description 

eTraX Toolbar This section explains how you can launch an eTraX calculation, 
open and view an Output Report, or select display options. 

eTraX Edit Toolbar This section shows all the AC and DC eTraX element editors. 

eTraX Study Case Editor This section explains how you can create a new Study Case, what 


parameters are required to specify a Study Case, and how to set 
them. 


This section explains how to create track routes, set train schedules, 
eTraX Editor create train configurations, and assign train configurations to routes 
using the eTraX Editor. 


This section explains how to import a project in 


Import OSM File .OSM format. 


This section explains what options are available for displaying some 
Display Options key system parameters, the output results on the one-line diagram, 
and how to set them. 


This section explains how to observe the system sequence of 


eTraX Time Slider operation by moving the Time-Slider. 


This section shows formulations of train modeling and the current 


eta CalculauonMetnod injection load flow calculation methods. 


This section describes what data is necessary to perform eTraX 


Required Data for Calculations : 
ve : analysis and where to enter them. 


eTraX Plots This section explains how to view eTraX result plots. 


This section describes how to enter in the catenary line impedance 


arehouse i 
w x and the track impedance. 


Train Rolling Stock Library This section describes how to enter in train rolling stock information. 
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57.1 eTraX Toolbar 


The eTraX Toolbar will appear on the screen when you are in the Rail Traction Power mode. 


P*l Run eTraX Analysis 
sow 

ra Train Schedule Editor 
ee Train Configuration 
os 

oP Trai Assign 

ta Route Editor 

=, Track Group Editor 
vi \y Alerts 


Transformer Sizing 


eTraX Analysis Plots 
ro] Display Options 
UNIT Unit Show 
A 

Amp Show Amp->MW MVar>MVA 
¢ 

kV Jolt, %V, kV Unit 
o 

Av Show Average/Phases 
¢ 


Vv 4 Show Voltage Drop 


4 J Halt Current Calculation 
9) 2 Get On-Line Data 


ig Get Archived Data 
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Run eTraX Studies 


Running an eTraX Analysis is a simple, two-step process: 

1. Select a Study Case from the Traction Study Case Editor. 

2. Click the eTraX Analysis button to perform Traction Power simulation. 

A dialog box appears. Specify the Output Report name if the output file name is set to Prompt. The study 
results appear on the one-line, geospatial diagram and in the Output Report. 


Train Schedule Fditor 


Clicking on the Train Schedule Editor Button opens the Train Schedule Page of the eTraX Editor. Here you 
can create a new timetable or edit existing timetables of trains, add timetables for different routes, add single 
or multiple trains to each timetable and assign the days on which each timetable is to be used. The editor 
shows the count of trains (# of Trains) in each timetable at the bottom and has several tools, which we will 
cover in detail later on in this chapter. 


} eTraX Editor - Oo x 


Routes BBX ee |DESXGGERs. 


4 Bl TreckRoutet 
Mon Station 


HowrahExp TrainTrip TrainTrip1 ] | | 

Arrival Dwell Departure Trip Arrival Dwell Departure Trip Arrival Dwell Departure Trip Ar 

pre Rivermouth | 10:00:00 5 10:05:00 10 | 11:00:00 5 11:05:00 10 12:00:00 2 12:02:00 10 15: 

| $1, TrackRoute2 Cesterfield | 10:15:00 12 10:27:00 9 | 11:15:00 15 11:30:00 9 12:12:00 6 12:18:00 9 15:1 

1G Tue-Thur Newsham | 10:36:00 10 —-:10:46:00 13 | 11:39:00 10 _—-:1149:00 13 12:27:00 10 _-:12:37:00 13 15:3) 
| 


(GWed-Fri Gilramore | 10:59:00 12 11:11:00 10 12:02:00 15 12:17:00 10 12:50:00 6 12:56:00 10 15:5 


'@ Mon-Thur Leeside [ 11:21:00 9 11:30:00 12:27:00 9 12:36:00 13:06:00 9 13:15:00 16: 
© National Holidays 


Day 
Monday 
Tuesday 
L_] |Wednesday 
(]__| Thursday 
Friday 


Saturday 


v) 
[¥]_|Sunday 


] _|Holiday-National 


Holiday-Local 
User-Defined Quick Prev || Pre #ofTrains 1004 Next | [Quick Next 


Track | Route | Train Schedule | Train Config | Train Assign 
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Train Configuration 


Clicking on the Train Configuration button opens the Train Configuration Page of the eTraX Editor. This 
editor is used for creating a list of train configurations with various combinations of rolling stocks. Through 
the Train Configuration Editor you are able to pick rolling stocks from the rolling stock library and decide 
quantities of each rolling stock model. The Active checkbox selection allows you to enable or disable any 
train configuration and the Type drop-down gives you a selection of Passenger or Freight types for each 
configuration. The setting of Acceleration and Deceleration Limits of each train configuration are also 
included in this editor. 


2 eTraX Editor ~ Qo x 
Train Configurations DX*K & -|0 * cf ie & Oe 
on Type Configuration Il eeset eee Order Quantity Type Manufacturer Model Weight %Loaded Length Library | 
rit (reds) op Lat (re 1 [4 Locomotive Siemens Borad Gauge EMU | 62 100 | 62.178 
feetoeto! 2] 8 Coach Test Coach 55 100 2177 


Track | Route | Train Schedule | Train Config | Train Assign 


Train Assign 


Clicking on the Train Assign button opens the Train Assign Page of the eTraX Editor. The Train Assign 
Editor is used for assigning various train configurations created in the Train Configuration Editor to each 
train. You can also assign trains of a schedule to use different train configurations. All trains are grouped 
per the route and train schedule to which they belong. 


2 eTraX Editor = x 

Train Assignment @. f ® . 

} Train ID Config ID of Consists 

© TrackRoutet 

Mon 10 
Train1 TrainConfig1 12 
Train11 TrainConfig2 i 
Train12 TrainConfig2 1 
Train13 TrainConfig2 1 
Train14 TrainConfig2 1 
Train15 TrainConfig2 i 
Train16 TrainConfig1 12 
Train17 TrainConfig1 12 
Train18 TrainConfig1 12 
Train19 TrainConfig1 12 
Sat-Sun 1004 

HowrahExp TrainConfig1 12 
TrainTrip TrainConfig1 12 
TrainTrip1 TrainConfig1 12 
TrainTrip2 TrainConfig1 12 

Track | Route | Train Schedule | Train Config Train Assign 
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Route Editor 


Clicking on the Route Editor button opens the Route Page of the eTraX Editor. The Route Editor is a tool 
to create and edit routes based on track groups created in Track Group Editor. You are able to create routes 
using the Add Elements Tool to select track groups from the Geospatial Diagram (GIS). You can also select 
the starting and ending stations of the track group you want to add from the drop-down list. The Route 
Editor shows a view of each track group distance and that of the whole route. Each route is color-coded for 
easy identification on the One Line View and GIS view. 


Z 
@ eTraX Editor bo] a 
Route List aAxtGplAas xDD 
Route | Color | Distance (m) Track . Station Distance (m) 
40466.51 rom To 
TrackRoute2 [4046538 | |TrackGroup1 ’ \|M5 (Platform) | <-> | M6 (Piatform7) z | 13090.64 | 
| TrackRoute3 311852 | (GreckGroun ~ |[M6 (Piatform7) +] <-> [M4 (Platforms) +] 1301833 | 
TrackRoute4 
| TrackGroup3 > || M4 (Platform4) >| <-> | M3 (Piatform3) ~|| 3924.06 | 
|TrackGroup4 > || M3 (Platform3) >| <-> | M2 (Piatform2) >| 4078.69 | 
|TrackGroupS > || M2 (Platform2) >| <-> |M1 (Piatformi) >| 1354.79 | 


Track | Route | Train Schedule | Train Config | Train Assign | 


Track Group Editor 


Clicking on the Track Group Editor button opens the Track Page of the eTraX Editor. You are able to create 
and edit track groups within this editor. It shows the details of each element belonging to a track group, 
such as distance from the starting station, GIS coordinates, Grade, etc. This gives you a clear and detailed 
view of the whole track group. If you click on any of the elements, it will be highlighted in Distribution 
Diagram. The arrows in front of each Track Group name show the condition of the group. Redindicates 
that the track group has an issue and Green indicates the track group is complete. 


Alert View 


After performing an eTraX Analysis, you can click this button to open the Alert View, which lists all 
equipment with critical and marginal violations, based on the settings in the Study Case. 


eTrax Alert Viewer 


Element ID Device Type Condition Rating / Limit Operating A Operating B Operating C % Op A % OpB % Op C Tbegin Duration Alert Type 
2WTrans Average Load O.., | 150000.0 kVA 208951.7 kVA 0.0 kVA 0.0 kVA 139.3 0.0 0.0 08:00:00 3600 Critical 
T21 2WTrans Average Load O.., | 150000.0 kVA 208951.7kVA 0.0 kVA 0.0 kVA 139.3 0.0 0.0 08:00:00 3600 Critical 
Line7 Line Over Load 400.0 Amps 576.6 Amps 566.0 Amps 567.1 Amps 144.2 1415 141.8 08:00:00 4585 Critical 
Cable1 Cable Over Load 185.4 Amps 205.3 Amps 205.3 Amps 0.0 Amps 110.7 110.7 0.0 08:05:20 10 Critical 
Cable1 Cable Over Load 185.4 Amps 281.9 Amps 281.9 Amps 0.0 Amps 152.1 152.1 0.0 08:10:10 20 Critical 
Cable1 Cable Over Load 185.4 Amps 229.8 Amps 229.8 Amps 0.0 Amps 123.9 123.9 0.0 08:12:50 10 Critical 
Cable1 Cable Over Load 185.4 Amps 503.5 Amps 503.5 Amps 0.0 Amps 271.6 271.6 0.0 08:15:10 2450 Critical 
Cable1 Cable Over Load 185.4 Amps 330.4 Amps 330.4 Amps 0.0 Amps 178.2 178.2 0.0 08:57:40 200 Critical 
Cable1 Cable Over Load 185.4 Amps 263.4 Amps 263.4 Amps 0.0 Amps 142.1 142.1 0.0 09:03:40 30 Critical 


Loading Voltage 
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Report Manager 


After performing an eTraX Analysis, you can click this button to open the Traction Power Report Manager. 


eTraX Analysis Plots 


Click on the eTraX Analysis Plots button to launch the Plot Manager. In this Plot Manager, you can select 
and plot the curves of voltages, power, energy, rolling resistance, speed and other parameters for buses, 
branches, rectifiers, track segments, nodes, train trip and much more. You can also export the plots to Excel. 


wi! TP - Plot Manager - ao xX 


BE ome Export 
LsOe2 OH bh k & OS mA / TF \& | fag) | ow 


Add Remove Vertical Horizontal Tabs Close Close Plot Plot Refresh Auto Overwrite Copy Hairline Horizontal Auto-Scale Save Default a) = 
Plot = All Explorer Properties Refresh Line Pagination Other 
Plot Files Layout Windows Data Plot Tools Plot Type Style 


Plot Explorer Train#9517 - Speed * 


Created Train#9517 - Speed 


eTraXSimulation1#0,ETXP 3/29/2018 11:56:19 AM 100 =5 
Untitled#0.ETXP 3/28/2018 1:27:51 PM 80 
Untitled#1.ETXP 3/28/2018 1:27:51 PM € 
& 60 
- * al 
Device Type Devices 3 40 BE Train#9517 
Branch : o Ee: 
ranct 20 
DC Bus ¥ | Train#9517 3 
0 
DC Branch 
i Aram9519 3 8:50:00 AM 8:55:00 AM 9:00:00AM 9:05:00AM 9:10:00AM 9:15:00AM 9:20:00AM 9:25:00AM 9:30:00 AM 
Rectifier Train#9521 3 
Time (minutes) 
DC Track Node Train#9523 3 : 
*Train#9517 - Location/Distance x 
DC Track Segment + Train#9525 3 5 * : 
i =e Traan#9504 3 Train#9517 - Location/Distance 
15 
Description a Train#9526 3 
Train#9528 3 
kvar € 10 
WA Train#9530 3 2 
Ane Train#9532 3 g 
8 : 
$ @ Train#9517 
| Net Acceleration Train 3963 3 ane 
. Train#9927 3 
| Acceleration Resistance ~ ¥ 
| Tan2-#nn70 > 
0 T T T T T T T 1 
Combine Pist Plot 8:50:00 AM 8:55:00 AM 9:00:00 AM 9:05:00 AM 9:10:00AM 9:15:00AM 9:20:00 AM 9:25:00 AM 9:30:00 AM 
Time (minutes) 
D:\Pecan2-FG1-ADMS-Rel\ETraX-DC\eTraXSimulation1#0.ETXP PROJECT: STUDY: Traction Power PLOTS: 2 BUILD: POINTS: 241 


Display Options 


The results from eTraX Analysis are displayed on the one-line diagram. To edit how these results look, 
click the Display Options button. 


Unit Show 
Click to turn on/off the units in OLV display. 


V->k->M Unit 


TL MIVA 
MW Mvar qv, MVA Amp Amp 


(i) 

rials aety a KVA 
kW kvar had KVA AMP Ann DY 
(mM) 


ea VA 
Woovar var VA AMP Amp 
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Click and hold to select the result units shown on the OLV. 


Volt, %V, kV Unit 
Click and hold to select the voltage display options for the results shown on the OLV. 


2 KV Volt 


Show Average/Phases 


Click and hold to select the average/phases values to be shown for the results on the OLV. 


Ay P 


Line and Cable Voltage Drop 
Click to display Line or Cable Voltage drop. 


Halt Current Calculation 


The Halt Current Calculation button is normally grayed-out. When an eTraX Analysis has been initiated, 
this button becomes enabled and shows a red stop sign. Clicking on this button will terminate the 
calculation. 


Get On-line Data 


When Real-Time is installed and the Sys Monitor presentation is on-line, you can bring real-time data into 
your offline presentation and run an eTraX Analysis by clicking the eTraX Analysis button. The Operating 
Loads, Bus Voltages, and Study Case Editor will be updated with the On-line data. Please note that this 
feature is not available in this release of ETAP and is for use in future versions. 


Get Archived Data 


When ETAPS Playback is installed and any presentation is in Playback mode, you can bring this data into 
your presentation and run an eTraX Analysis calculation by clicking the eTraX Analysis button. The 
Operating Loads, Bus Voltages, and Study Case Editor will be updated with the playback data. Please note 
that this feature is not available in this release of ETAP and will be for use in future versions. 
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57.2 eTraX Edit toolbar 


Both AC and DC eTraX elements can be found on the eTraX Edit toolbar. This toolbar is available only on 
the Distribution View in the Edit mode. All the AC elements in the eTraX Edit toolbar are shown in Black 
font, whereas the DC elements are shown in Blue font. 


AC elements -—~> <— DC elements 


ee 10,}R D 
St 
I \Ra ‘| 
Pointer Substation Train Station 
fe] e tH ® 
AC Track AC Track DC Track DC Track 
Segment Node Segment Node 
ea ea 


Platform AC Insulator DC Insulator 
with Isolator with Isolator 


ss * 8 


AC Section AC Insulated DC Section DC Insulated 
Insulator Overlap Insulator Overlap 


== @ ss @ 
AC Neutral AC Isolator DC Neutral DC Isolator 
Section Section 

4 em eee 10 
Auto Booster Signal Speed Limit 
Transformer Transformer 

R D S = 
Level Distance Elevation Bend 


Crossing Marker Marker = Radius 


Pointer 
Use this to select or move items on the Distribution view. 


Substation 
Create a Substation on the Distribution view. 


Platform 
Click on a track segment to enable the Platform button in the eTraX edit toolbar. 
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57.2.1 Train Station 


Select this icon and place on the distribution view to create a Train Station. The editor has two pages: Info 
and Train Station. 


Info Page 
Train Station - M1 x 
Info Train Station 
Info 
aff 
in [Mi @® 
oe Revision Data 
Base 
Route List. -— a Condition 
@ln 
Service 
Oout 
State | As-Built v 
GIS Coordinates 
Lng 28:8:10 E Nearest Station [ MI 
Lat 25:59:42 S Distance to Nearest Station 0.00 = 
zZ 0 m 
Seo mm Daa Ges 
ID 


This is an alphanumeric field which can have 25 characters. By default the station name is M1. Each station 
ID must be unique. 


Service 
Toggle between the radio buttons to set the Service to In or Out. 


State 
Use the drop-down to select the state. By default, it is set to As-Built. 


GIS Coordinates 


This section of Info tab shows the Latitude, Longitude, Elevation (Z), Nearest Station name and Distance 
to Nearest Station. 
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Train Station Page 


This page shows the ID of the current Train Station and the Platform List. 


Train Station - M16 x 
Info Train Station 
Train Station M16 
Platform List TrackJunction54 
TrackJunction55 
(@ 5) [<) ms » [D) (ea) 1) Cancel 
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57.2.2 Track Segment 


Create a track segment on the distribution view. To drop an AC track segment, use the Black track segment 
icon. To drop a DC track segment, use the Blue track segment icon. 


Info 
Catenary - Track! x 
Info —- Catenary ~Remarks Comment 
Info 
AS aff | 
ID |Track1 —_ 
From | Node369 55kV Revision Data 
To |Node413 55kV Base 
Route List | TrackRoute2 Condition 
In 
Out 
State  As-Built i 
Length Connection 
3 Phase 
120.58 m mile 
1 Phase 
(23) (G2) [) [| rock » (>) eal?) | 
Info 


This section shows you the Track Segment ID, From Node ID and To Node ID. The Route List shows the 
track routes to which this Track Segment belongs. 


Length 
This shows the length of the track segment. The unit of length is based on the project unit setting. 


Condition 


Service 
Toggle between the two Radio buttons to set it In or Out of Service. 


State 
Use the drop-down to select the state. By default, it is set to As-Built. 
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Connection 


Toggle between the two Radio buttons to set it as 3-Phase or 1-Phase segment. The box to the right of the 
1-Phase button will show the phase type annotation such as AT2W, ABT3W, BCT2WN, CT3WB and so 


on. 


Catenary Page 


This page shows the Line Z Warehouse and Track Warehouse assigned to the Track Segment. By default, 
the Line Z and Track Warehouse sections are blank. 


Catenary - Track] 


Info Catenary Remarks Comment 


Line Z Track 
Track Warehouse... 
|Catenary-AC | |Track-AC 
Name Value Name Value 


(23) (6B) (x9) [€) Trece » (>) (eal) OK || Cance 
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The user can assign a warehouse to the Track Segment by clicking on the Line Z Warehouse button to 
assign a catenary warehouse and clicking on the Track Warehouse button to assign a Track warehouse. 
Clicking on each of these buttons will bring up the corresponding Warehouse Quick Pick window, where 
you can select a pre-defined warehouse option and click on Select. 


Warehouse Quick Pick - Line Z x 


Warehouse Quick Pick - Train 
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Once the warehouse has been selected, all the parameters of the warehouse will be shown on the Catenary 
Page under the Line Z and Track headers. Also, the select Line Z Warehouse and Track Warehouse IDs 
will be shown in a box below the Line Z Warehouse and Track Warehouse buttons, respectively. 


Catenary - Track1 


Info Catenary ~Remarks Comment 


ETAP 57-14 ETAP 19.0 User Guide 


eTraX Analysis eTraX Edit toolbar 


Remarks Page 


The Remarks Page is common to all element editors. 


Info Catenary Remarks Comment 


—_—_ 


User Defined Info Drawing / Diagram 
Num. Field |0 (numeric) 
One-Line 
Install Dat 
Last Maint. Reference 
Next Maint. 
Manufacturer 
UD Field 5 
Name 
UD Field 6 
Purchasing 
UD Field 7 Date 


(23) (Gy [| Tracks » |D>) (al?) OK || | Cancel 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 alphanumeric 
characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Catenary - Track1 x 


Info Catenary Remarks Comment 


eC  a— 


Enter any text here. 


(2) (EB (9) [J Treckt » >) all) Ss) aes 


Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.3 Track Node 


Drop a Track Node on a track segment by using this icon. AC Track Node can be dropped by selecting the 
Black Node icon. DC Track Node can be dropped by selecting the Blue Node icon from the eTraX edit 
toolbar. 
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2 Track Node Editor - Node407 x 


3 Phase 
Connection 1 Phase 2W 
1 Phase 3W 


Bonding [] Bonded 


Status [Y] Grounded 


Fo[_o | 


wv 


Voltage Limit 
ve 50] ma [05] 
Dwain [0] GSD 


BOS Wlkew |) (G8) (2) LOT] cance | 
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2 Track Node Editor - Node407 x 
Info = Remarks Comment 
55kV 
: 
14d Revision Data 
NominalkV{ 55 | Base 
Track Node Voltage Condition 
“Vv kV Angle _ @ln 
intial [ 100 | [ 55 | [ o | O 0ut 
State |As-Built 
Operating [0 [| 0 ff O0- zi = 
Equipment Connection 
Tag # | 3 Phase 
ie Connection 1 Phase 2W 
Name | 1 Phase 3W 
| Bonding [_] Bonded 
Priority | Critical v Status ] Grounded 
Rg 
Classification | # | 
Zone | 1 15 Vokage Limt 
ea [TE Min [30], Max [705] 
Region [1 [3 Duration | 0 | | Cycle 


The Info Page is used to specify the Node ID, Service and State, Nominal kV, Initial/Operating Voltage 
(Magnitude and Angle), FDR Tag, and Equipment Name and Description. 


Info 


ID 

This is a unique ID name having up to 25 alphanumeric characters. 

ETAP automatically assigns a unique ID to each node. The assigned IDs consist of the default ID plus an 
integer, starting with the number one and increasing as the number of nodes increase. The default Node ID 
can be changed from the Defaults menu or from the System Manager. 
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Nominal kV 

Enter the nominal voltage of the node in kilovolts (kV). This input is a required entry, which is used by 
ETAP to convert the final node voltages to the actual values for graphical display and output reports, i.e., 
node nominal kV is used as the base kV for the reported percent voltages. 


Condition 


Service 

The operating condition of a node can be set by clicking on the radio buttons for either In Service or Out of 
Service. The engineering properties within the editor of an Out of Service element can be edited like an In 
Service element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color-coded with the de-energized 
color (theme manager). The default color for a de-energized element is gray. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the Service status of an element. Certain states such as: As-Built, New, Future, 
Moved and Modified have flexible Service status and can be both In or Out of Service. Certain states such 
as: Removed, Warehouse, Abandoned, Repair Shop and Other have fixed Service status and as such, are 
Out of Service states. 


Node Voltage 


Initial% V 

Enter the magnitude of the node voltage as a percentage of the nominal kV. If you select the Update Initial 
Bus Voltage option from the Traction Study Case Editor, this value will reflect the operating voltage of the 
node after you run eTraX study. 


Initial kV 
Enter the magnitude of the node voltage in kV. The %V is calculated if the Nominal kV has already been 
entered. This value is used the same as %V, as explained above. 


Angle 
Enter the phase angle of the node voltage in degrees. Angle default is 0.0. 


Operating Voltage %V/kV/ Angle 
After you run eTraX study, the operating voltage magnitude in %, kV and phase angle of the node are 
displayed here. 


Connection 


The phase connection for the node can be defined by selecting 3-Phase, 1-Phase 2W, or 1 Phase 3W. The 
default connection is 3-Phase. You can change the default connection from the Defaults menu or from the 
System Manager. 

Once the node is connected to a device, the phase connection selections will be grayed-out. To change the 
connection type, you need to disconnect the node from all devices. 
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3 Phase 
Select to define the node as a 3-phase bus. . 


1 Phase 2W 
Select this to define the node as single-phase two-wire bus; 2W indicates Hot-Hot or Hot-Neutral wires, as 
per the North American definitions. Only single-phase devices can be connected to this node. 


1 Phase 3W 
Select this to define the node as single-phase three-wire node; 3W indicates Hot-Neutral-Hot for center 
tapped connections. Only single-phase devices can be connected to this node. 


Grounding & Bonding 


Grounded 
Select checkbox to apply grounding. 


Rg 
Enter Ground Resistance value to calculate Track to earth potential. 


Bonded 
Select checkbox to apply bonding. 


Grounding & Bonding 


Grounded 
Select checkbox to apply grounding. 


Rg 


Enter Ground Resistance value to calculate Track to earth potential. 


Bonded 
Select checkbox to apply bonding. 


Voltage Limit 


Minimum & Maximum 
The Minimum and Maximum Voltage limits of each individual node can be specified as a percentage here. 


Duration 


This is the time limit for which the Track Node Voltage is outside the Voltage limit range. The units can 
be toggled between Cycles and Seconds. 


Equipment 


Tag # 
This allows the user to enter the feeder tag in this field, using up to 25 alphanumeric characters. 
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Name 
This allows the user to enter the equipment name, using up to 50 alphanumeric characters. 


Description 
This allows the user to enter the equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 
Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 


all engineering data is displayed as read-only. The user can change Service and state, even though the 
element properties are locked. 


Classification 


Zone 
Enter the Zone where the node is located or click the counter arrows to change the values. 


Area 
Enter the Area where the node is located or click the counter arrows to change the values. 


Region 
Enter the Region where the node is located, or click the counter arrows to change the values. 


Remarks 
The Remarks Page is common to all element editors. 
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Info Remarks Comment 


| OkV 
User Defined Info Drawing / Diagram 
Num. Field |0 | (numeric) 

: One-Line | 

Install Dat 
Last Maint. Reference | 

Next Maint. 

Manufacturer 

UD Field 5 I 
Name | 
UD Field 6 
es Purchasing | 
UD Field 7 Date | 


(3) (G3) (5) [X) | Node ~\[D>) (Bl (2) | OK || Cances 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 


This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 alphanumeric 
characters. An example is the Manufacturer Diagram or Specifications for this element. 


Reference 


Enter the name or ID of a Reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the Manufacturer’s Name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the Date of Purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Track Node Editor - Nodel x 


Info Remarks Comment 


OkV 


Enter any text here | 
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Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.4 Insulator with Isolator 


This combination switch has the insulator and isolator switches in parallel. Both AC and DC insulator with 
isolator switches can be dropped on the Distribution view by selecting the Black or Blue icons respectively, 


from the eTraX edit toolbar. 


The Insulator and Isolator switch each have their own unique ID. The default ID is SPST1 and SPST2. 


ETAP 


Info Reliability Interlock Remarks Comment 


Single-Throw Switch Editor - SPST1 x 


Info 
ID |SPsT1 a if '| 
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To | Node377 55kV Base 
Rating 
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Single-Throw Switch Editor - SPST2 
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The Info Page specifies the Node ID, Service and State, Rated kV, Configuration status, FDR Tag, and 
Equipment Name and Description. 


Info 


ID 

This is a unique ID name having up to 25 alphanumeric characters. 

ETAP automatically assigns a unique ID to each traction switch. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of switches increase. 


Rating 

This section can be used to select the rated kV, Continuous Amps, Basic Impulse Levels (BIL) and 
Momentary Peak current for the traction switch by selecting a suitable value from the respective drop-down 
menu. 


Condition 


Service 

The operating condition of a switch can be set by clicking on the radio buttons for either In Service or Out 
of Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element. However, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color-coded with the de- 
energized color (theme manager). The default color for a de-energized element is gray. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 
State is used to describe the Service status of an element. Certain states like: As-Built, New, Future, Moved 
and Modified have flexible Service status and can be both In or Out of Service. Certain states such as: 
Removed, Warehouse, Abandoned, Repair Shop and Other have fixed Service status are out of Service 
states. 


Real-Time Data and Application/Association 
The Real-time data and Application/Association sections will be used in the future versions of ETAP. 
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Reliability Page 


Single- Throw Switch Editor - SPST2 x 
Info —- Reliability interlock Remarks Comment 
Reliability Parameters Library 
dx [DT] Fate 
Library . 
dp | 0.003 | Failure/yr 
—_ Source 
AL 43.8 Repair/yr ———— 
FOR | 1.3697E-4 MTTF | 166.7 
4 Type 
mR[ 80) MTTR [200 br 
Class 
Replacement Available Altemative Supply [© 
. Switching Time 
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Reliability Parameters 


AA 

This is the Active Failure Rate in the number of failures per-year, per-unit length. The Active Failure Rate 
is associated with the component failure mode that causes the operation of the primary protection zone 
around the failed component and therefore, can cause the removal of the other healthy components and 
branches from service. After the actively failed component is isolated and the protection breakers are 
reclosed the service being restored to some or all of the load points. It should be noted, however, that the 
failed component itself (and those components that are directly connected to this failed component) may be 
restored to service only after repair or replacement. 


AP 

This is the Passive Failure Rate in number of failures per-year. The Passive Failure Rate is associated with 
the component failure mode that does not cause the operation of protection breakers and therefore, does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component will 
restore service. Examples of passive failures include opening circuits and inadvertent opening of breakers. 
Enter the total forced failure rate in f/yr per-unit length. The Passive Failure Rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component restores 
service. Examples are open circuits and inadvertent opening of breakers. 
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MTTR 
This is the “Mean Time to Repair” in hours. It is the expected time for a crew to repair a component outage 
and/or restore the system to its normal operating state. 


p 


This is the Mean Repair Rate in number of repairs per-year, calculated automatically based on MTTR (p = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on A, and A» (MTTF = 1.0/(A,+A,)). 


FOR 
This is the Forced Outage Rate (1.e., unavailability) calculated based on MTTR, A, and A» (FOR = 
MTTR/(MTTR+8760/(As-tA»)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
associated only to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable r). 


rP 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 


Type 
This displays the Type Name of the library data selected. 


Class 
This displays the class of the library data selected. 
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Interlock Page 


Single-Throw Switch Editor - SPST2 


Info —- Reliability Interlock Remarks Comment 


Post Switching Logic 


PT Pst Switching logic 
[Active | Action Delay] | Type] WD/Tag_ | |] Status | 
| 9) Open 


Pre Switching logic Open: 
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The Interlock Page is common to all switches including the Traction switches. This page is primarily used 
in the Switching Sequence Management mode. 


Add 
When a row is selected in either the “Pre Switching Logic” or “Post Switching Logic” sections, click this 
button to add a row beneath the selected row. 


Delete 


Click the Delete button to remove the selected row in the “Pre Switching Logic” or “Post Switching Logic” 
sections. 
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Pre Switching Logic 


Active 

Clicking on this function will enable the Precondition Logic that you have entered. The Active function 
will always be grayed-out unless the logic syntax requirements have been met. Further help with the logic 
syntax is provided in the tutorial sections. 


Action 

This is a display-only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row with the 
‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. The same 
procedure is applied with the ‘Close’ action. 


Logic Operator (Blank Header) 
This field gives you a choice of { AND }, { (}, { ) }, or { OR } to enter as part of the logic syntax. 


Type 
This drop-down menu gives you the choice of the type of device you would like to utilize in your logic. 
Note: The Interlock function is not utilized in this release of ETAP and will be utilized in a future release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field will drop 
down to give you the available devices to choose from that type. 


Logic Operator 
This field gives you a choice of { = }, or { != }to enter as a part of the logic syntax. 


Status 

This field gives you the option to set either ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole switch, 
‘Ground’ or ‘Open’ for the Ground Switch, a numerical value for the Multi-Meters, or ‘Open’ or ‘Close’ 
for the rest of the devices. 


Logic Operator (Blank Header) 
This field gives you a choice of {AND}, { (} ,{ ) }, or { OR } to enter as part of the logic syntax. 


Post Switching Logic 


Active 

Clicking on this function will enable the Post Switching Logic that you have entered. The Active function 
will remain grayed-out unless the logic syntax requirements have been met. Further help with the logic 
syntax is provided in the tutorial sections. 


Action 

This is a display-only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row with the 
‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. The same 
procedure is applied with the ‘Close’ action. 


Delay 
This field is entered in Milli-Seconds. ETAP will apply this delay before this Post Action logic is entered. 
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Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {(}, {) }, { OR} to enter as part 
of the logic syntax. 


Type 
This drop-down menu gives you the choice of the type of device you would like to utilize in your logic. 
Note: The Interlock function is not utilized in this release of ETAP and will be utilized in a future release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field will drop 
down to give you the available devices to choose for that type. 


Logic Operator (Blank Header) 
This field gives you a choice of { = }, { != }, or { — } to enter as part of the logic syntax Status. 


Status 
If the “Logic Operator” field before this field is set to {=}, { =! }, or { — }, then this field will give you 
the option to set either ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole switch, ‘Ground’ or ‘Open’ 
for the Ground Switch, a numerical value for the Multi-Meters, or ‘Open’ or ‘Close’ for the rest of the 
devices. 


Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {(}, {) }, { OR} to enter as part 


of the logic syntax. 


Logic Description 
This is a text field that allows you to describe the logics entered above, up to 255 characters. 
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Remarks 
The Remarks Page is common to all element editors. 


Info Remarks Comment 


| OkV 
User Defined Info Drawing / Diagram 
Num. Field |0 (numeric) [ 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 alphanumeric 
characters. Examples are the Manufacturer Diagram or Specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the Manufacturer’s Name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the Date of Purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Track Node Editor - Node1 x 


Info Remarks Comment 
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Enter any text here | 
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Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.5 Insulated Overlap 


This is a combination switch having the Insulator and Isolator switches in parallel. Both AC and DC 
insulator with isolator switches can be dropped on the Distribution View by selecting the Black or Blue 
icons respectively, from the eTraX Edit toolbar. 


The Insulator and Isolator switches each have their own unique ID. The default ID is SPST1 and SPST2. 
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Single-Throw Switch Editor - SPST2 x 
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The Information Page specifies the Node ID, Service and State, Rated kV, Configuration status, FDR Tag, 
and Equipment Name and Description. 


Info 


ID 

This unique ID name has up to 25 alphanumeric characters. 

ETAP automatically assigns a unique ID to each traction switch. The assigned IDs consist of the default ID 
plus an integer, starting with the number one (1), increasing as the number of switches increase. 


Rating 

This section can be used to select the rated kV, Continuous Amps, Basic Impulse Levels (BIL) and 
Momentary Peak current for the traction switch by selecting a suitable value from the respective drop-down 
menu. 


Condition 


Service 

The operating condition of a switch can be set by clicking on the radio buttons for either In Service or Out 
of Service. The engineering properties within the editor of an Out of Service element can be edited like an 
In Service element. However, an Out of Service element will not be included in any system studies. When 
the continuity check is activated, an Out of Service element is automatically color-coded with the de- 
energized color (theme manager). The default color for a de-energized element is gray. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 
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State 

State is used to describe the Service status of an element. Certain states like: As-Built, New, Future, Moved 
and Modified have flexible Service status and can be both In or Out of Service. Certain states such as: 
Removed, Warehouse, Abandoned, Repair Shop and Other have fixed Service status and are Out of Service 


states. 


Real-Time Data and Application/Association 
The Real-time data and Application/Association sections will be used in the future versions of ETAP. 
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Reliability Page 


Single- Throw Switch Editor - SPST2 x 


Info —— Reliability Interlock Remarks Comment 


——_— 


Reliability Parameters Library 
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Reliability Parameters 


AA 

This is the active failure rate in the number of failures per-year, per-unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone around 
the failed component and therefore, can cause the removal of the other healthy components and branches 
from service. After the actively failed component is isolated and the protection breakers are reclosed, the 
service is restored to some or all of the load points. It should be noted, however, that the failed component 
itself (and those components that are directly connected to this failed component) could be restored to 
service only after repair or replacement. 


AP 

This is the passive failure rate in number of failures per-year. The passive failure rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore. does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component will 
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restore service. Examples of passive failures include; opening circuits and inadvertent opening of breakers. 
Enter the total forced failure rate in f/yr per-unit length. The passive failure rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore, does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component restores 
service. Examples are open circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component outage 
and/or restore the system to its normal operating state. 


This is the Mean Repair Rate in number of repairs per-year, calculated automatically based on MTTR (pt = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on A, and A> (MTTF = 1.0/(A,+A,)). 


FOR 
This is the Forced Outage Rate (1.e., unavailability) calculated based on MTTR, A, and A» (FOR = 
MTTR/(MTTR+8760/(AutA»)). 


MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is 
associated only to the momentary index calculation. When active failure occurs on the element, the MR 
percent of the element’s active failure will be considered as momentary, and the failed element will be 
restored in a short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable r,. 


rP 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 


Switching Time 
This is the time in hours for switching to an alternative supply after the device failure. 


Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 
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Type 
This displays the Type Name of the library data selected. 


Class 
This displays the class of the library data selected. 


Interlock Page 


Single- Throw Switch Editor - SPST2 


The Interlock Page is common to all switches, including the Traction Switches. This page is used primarily 
in the Switching Sequence Management mode. 


Add 


When a row is selected in the “Pre Switching Logic” or “Post Switching Logic” sections, click this button 
to add a row beneath the selected row. 
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Delete 
Click the Delete button to remove the selected row in the “Pre Switching Logic” or the “Post Switching 
Logic” sections. 


Pre Switching Logic 


Active 

Clicking on this function will enable the Precondition Logic that you have entered. The Active function 
will always be grayed-out unless the logic syntax requirements have been met. Further help with the logic 
syntax is provided in the tutorial sections. 


Action 

This is a display-only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row with the 
‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. The same 
procedure is applied with the ‘Close’ action. 


Logic Operator (Blank Header) 
This field gives you a choice of { AND }, { (}, { ) }, or { OR } to enter as part of the logic syntax. 


Type 
This drop-down menu gives you the choice of the type of device you would like to utilize in your logic. 
Note: The Interlock function is not utilized in this release of ETAP and will be utilized in a future release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field will drop 
down to give you the available devices to choose from that type. 


Logic Operator 
This field gives you a choice of { = }, or { != }to enter as a part of the logic syntax. 


Status 

This field gives you the option to set either ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole switch, 
‘Ground’ or ‘Open’ for the Ground Switch, a numerical value for the Multi-Meters, or ‘Open’ or ‘Close’ 
for the rest of the devices. 


Logic Operator (Blank Header) 
This field gives you a choice of {AND}, { (} ,{ ) }, or { OR } to enter as part of the logic syntax. 


Post Switching Logic 


Active 

Clicking on this function will enable the Post Switching Logic that you have entered. The Active function 
will always be grayed-out out unless the logic syntax requirements have been met. Further help with the 
logic syntax is provided in the tutorial sections. 


Action 

This is a display-only field and the ‘Open’ and ‘Close’ actions are given. If you choose the row with the 
‘Open’ action, then ETAP will apply the syntax entered in that row to the ‘Open’ action. The same 
procedure is applied with the ‘Close’ action. 
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Delay 
This field is entered in Milli-Seconds. ETAP will apply this delay before this Post Action logic is entered. 


Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {(}, {) }, { OR} to enter as part 
of the logic syntax. 


Type 
This drop-down menu gives you the choice of the type of device you would like to utilize in your logic. 
Note: The Interlock function is not utilized in this release of ETAP and will be utilized in a future release. 


ID/Tag 
When you have chosen the type of device to use in the Pre-Condition Logic, the “ID/Tag” field will drop 
down to give you the available devices to choose for that type. 


Logic Operator (Blank Header) 
This field gives you a choice of { = }, { != }, or { — } to enter as part of the logic syntax Status. 


Status 

If the “Logic Operator” field before this field is set to {=}, { =! }, or { — }, then this field gives you the 
option to set to either ‘Pos.A’ or ‘Pos.B’ for the Double Throw Single Pole switch, ‘Ground’ or ‘Open’ for 
the Ground Switch, a numerical value for the Multi-Meters, or ‘Open’ or ‘Close’ for the rest of the devices. 


Logic Operator (Blank Header) 
This field gives you a choice of { IF }, { THEN }, { END }, { AND}, {(}, {) }, { OR} to enter as part 


of the logic syntax. 


Logic Description 
This is a text field that allows you to describe the logics entered above and enter up to 255 characters. 
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Remarks 
The Remarks Page is common to all element editors. 


Info Remarks Comment 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 


UD Field 2 (Last Maint.) 


This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a One-Line Drawing or Diagram associated with this element, up to 50 
alphanumeric characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a Reference Drawing or Document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the Manufacturer’s Name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the Date of Purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Track Node Editor - Nodel x 


Info Remarks Comment 
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Enter any text here | 
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Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.6 Auto Transformer 


Drop an Auto Transformer on the distribution view using this icon. Move the cursor over a track node until 
the track node is highlighted in dark Green, then drop the element on the node. 


Auto Transformer - AT1 x 


Info Rating Impedance Reliability Remarks Comment 


[ 55kVI 
Info 
7 exfft 
ID |AT1 Z SS 
Node385 OkV Revision Data 
[ Base 
Equipment Condition 
© 
“ae Service rd ' 
Oout 
Name State | As-Built v 
Description 
Connection 
3-Phase 
App Type | Traction 1-Phase 1Ph 3W 


Beis) Jan “> a Cancel 


Within the Info page, specify the Auto transformer ID, in or out of service, connected node, connection, 
equipment tag, name, and App Type. 


Info Page 


ID 

Enter a unique ID having up to 25 alphanumeric characters. 

ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of transformers increase. 


Connected Node and kV 
Displays the Node ID to which the Auto Transformer is connected to and its nominal kV. 
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Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color-coded with the de-energized 
color (theme manager). The default color for a de-energized element is gray. . 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the Service status of an element. Certain states have flexible Service status like As- 
Built, New, Future, Moved and Modified and can be both in or Out of Service. Certain states have fixed 
Service status like; Removed, Warehouse, Abandoned, Repair Shop and Other and are Out of Service states. 


Connection 
The phase connections for an auto transformer can be defined by selecting 3-Phase or 1—Phase, The default 
connection is 1-Phase. 


3 Phase 
Select this to define the transformer as 3-phase. This transformer can only be connected to three-phase 
buses. 


1 Phase 
Select this to define the transformer as single-phase. This transformer can only be connected to single-phase 
buses and phase adapter. In the adjacent field, it will display the input connection type. 


Equipment 


FDR Tag 
Enter the Feeder Tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter Equipment Name, using up to 50 alphanumeric characters. 


Description 
Enter Equipment Description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change condition 
information (Service & State) even though the element properties are locked. 


App Type 
By default this is set to Traction and is grayed-out. 
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Rating Page 


On the Rating Page, specify the auto transformer Voltage rating, power rating, and alert/sizing and 
Type/Class. 


Auto Transformer - AT1 


Info Rating Impedance Reliability Remarks Comment 
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Voltage Rating 
Enter the nominal kV of the auto transformer and enter the Voltage ratio. The FLA and Bus kV nom will 
automatically be calculated. 


Power Rating 
Enter the Rated MVA of the auto transformer and the Max. MVA. Any changes made to the Rated MVA 
will change the rated FLA under the Voltage Rating header. 


Type/Class 
Select the Type and Duty Class for the Auto Transformer by using the drop-down list. 


Alert/Sizing 
Based on the duty class selection MVAb, duration and interval values will be updated from the Excel file. 
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Class a, b and c are not dependent on each other. All the values are read-only and will be picked from the 
Excel file “Transformer Duty classes for ANSI and IEC” saved under Tables folder in the ETAP 18 installed 
location. Based on the duty class selection, the cumulative and non-cumulative selection will be 
automatically updated. The radio buttons are read-only and will be grayed-out. Based on the “Duration” it 
calculates the Average/Rolling RMS MVA value for a, b and c alerts. 


MVAb 


This field is defined as critical limit in percent (%) of Rated MVA. The values for MVAb (a, b and c) will 
be updated from “ANSI and IEC Transformer duty class” Excel table, based on selection of duty class 
from drop-down. 


MVAb values will be same regardless of the Rating of Transformer. The MVAb values cannot be changed 
manually. User needs to go to Excel sheet and update the MVAb values in order to change it. All the values 
for MVAb column needs to be non-zero. 


Duration 

The time period for which RMS MVA needs to be calculated. 

If the duration is Non-Cont., then Rolling RMS MVA will be calculated. The values for all the classes a, b 
and c are read-only and will be read from Excel sheet “ANSI and IEC Transformer duty class”. But, if the 
duration is Cont. then Average RMS MVA will be calculated. 


Alert and Sizing will be based on Rolling / Average RMS Values based on duration criteria. 


Interval 

The maximum allowed time between 2 alerts. The values for all the classes a, b and c are read-only and 
will be read from Excel sheet “ANSI and IEC Transformer duty class”. If the duration is Cont. then 
“Interval” will be blank. 

Therefore, if the interval between two alerts is less than the value defined in the interval column, then the 
auto transformer will be alerted for Interval violation between 2 alerts. 


Sizing 
Transformer Sizing is calculated based on Rolling/Average RMS MVA calculation for duration related to 


fa” “b” and “Cc” fields in this section. 


Impedance Page 
Enter the %Z, X/R and Z base for the auto transformer in this page. You can also specify the individual Z 
tolerance for the autotransformer under the header Z Tolerance. 
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Reliability Page 
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Reliability Parameters 


AA 

This is the active failure rate in number of failures per-year, per-unit length. The active failure rate is 
associated with the component failure mode that causes the operation of the primary protection zone around 
the failed component and can therefore can cause the removal of the other healthy components and branches 
from service. After the actively failed component is isolated and the protection breakers are reclosed, the 
service is restored to some or all of the load points. It should be noted, however, that the failed component 
itself (and those components that are directly connected to this failed component) could be restored to 
service only after repair or replacement. 


AP 

This is the passive failure rate in number of failures per-year. The passive failure rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component will 
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restore service. Examples of passive failures include opening circuits and inadvertent opening of breakers. 
Enter the total forced failure rate in f/yr per-unit length. The passive failure rate is associated with the 
component failure mode that does not cause the operation of protection breakers and therefore does not 
have an impact on the remaining healthy components. Repairing or replacing the failed component restores 
service. Examples are open circuits and inadvertent opening of breakers. 


MTTR 
This is the Mean Time To Repair in hours. It is the expected time for a crew to repair a component outage 
and/or restore the system to its normal operating state. 


This is the Mean Repair Rate in number of repairs per-year, calculated automatically based on MTTR (p = 
8760/MTTR). 


MTTF 
This is the Mean Time To Failure in years calculated automatically based on A, and A» (MTTF = 1.0/(A,+A.)). 


FOR 

This is the Forced Outage Rate (1.e., unavailability) calculated based on MTTR, A, and A» (FOR = 
MTTR/((MTTR+8760/(A,+A»)). 

MR 

This is the Momentary Failure Rate in percent of Active Failure. The default value is 80%. This rate is only 
associated to the momentary index calculation. When active failure occurs on the element, the MR percent 


of the element’s active failure will be considered as momentary and the failed element will be restored in a 
short time. The Momentary Rate is not applicable to passive failure. 


Replacement 


Available 
Check this box to enable r,. 


rP 
This is the replacement time in hours for replacing a failed element by a spare one. 


Alternative Supply 

Switching Time 

This is the time in hours for switching to an alternative supply after the device failure. 
Library 


Library Button 
Click the Library button to bring up the Library Quick Pick Editor for reliability data. 


Source 
This displays the Source Name of the library data selected. 
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Type 
This displays the Type Name of the library data selected. 


Class 
This displays the Class of the library data selected. 


Remarks 
The Remarks Page is common to all element editors. 


Info Remarks Comment 
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User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 


This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 
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UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 alphanumeric 
characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Track Node Editor - Nodel x 


Info Remarks Comment 
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Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.7 Booster Transformer 


Drop an auto transformer on the distribution view using this icon. Move the cursor over a track node until 
the track node is highlighted in dark Green, then drop the element on the node. 


Booster Transformer - BT1 x 
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Within the Info page, specify the Booster Transformer ID, In or Out of Service, Connected Nodes, 
Connection, Equipment Tag, Name, and App Type. 


Info 


ID 

Enter a unique ID having up to 25 alphanumeric characters. 

ETAP automatically assigns a unique ID to each transformer. The assigned IDs consist of the default ID 
plus an integer, starting with the number one and increasing as the number of transformers increase. 
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Connected Nodes 
Displays the node IDs to which the Booster transformer is connected. 


Condition 


Service 

The operating condition can be set by clicking on the radio buttons for either In Service or Out of Service. 
The engineering properties within the editor of an Out of Service element can be edited like an In Service 
element; however, an Out of Service element will not be included in any system studies. When the 
continuity check is activated, an Out of Service element is automatically color-coded with the de-energized 
color (theme manager). The default color for a de-energized element is gray. 


Note: The In/Out of Service option is independent of the configuration status. Therefore, you can set a 
branch to be In Service for the Base Data and Out of Service in Revision Data. 


State 

State is used to describe the Service status of an element. Certain states have flexible Service status like As- 
Built, New, Future, Moved and Modified and can be both In or Out of Service. Certain states have fixed 
service status like Removed, Warehouse, Abandoned, Repair Shop and Other and are Out of Service states. 


Standard 
Toggle between the two radio buttons to select the standard as ANSI or IEC. 


Connection 


The phase connections for a Booster transformer can be defined by selecting 3-Phase or 1—Phase, The 
default connection is 1-Phase. 


3 Phase 
Select this to define the transformer as 3-phase. This transformer can only be connected to 3-phase buses. 


1 Phase 
Select this to define the transformer as single-phase. This transformer can only be connected to single-phase 
buses and phase adapter. In the adjacent field, it will display the input connection type. 


Equipment 


FDR Tag 
Enter the feeder tag in this field, using up to 25 alphanumeric characters. 


Name 
Enter equipment name, using up to 50 alphanumeric characters. 


Description 
Enter equipment description, using up to 100 alphanumeric characters. 


Lock / Unlock 

Click to lock / unlock the editor properties of the current element. When the editor properties are locked, 
all engineering data is displayed as read-only except condition information. The user can change condition 
information (Service & State) even though the element properties are locked. 
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App Type 
This is by default set to Traction and is grayed-out. 


Rating Page 


On the Rating page, specify the Booster Transformer Voltage rating, Power rating, and Alert/Sizing and Z 
Base values. 


Info = Rating Impedance Remarks Comment 
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Voltage Rating 


Enter the rated primary Voltage of the booster transformer. Secondary Voltage is grayed-out by default and 
will be auto filled. The FLA and Bus kV nom will automatically be calculated. 


Power Rating 


Enter the Rated MVA of the booster transformer and the Rated MVA. Any changes made to the Rated 
MVA will change the rated FLA under the Voltage Rating header. 
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Z Base 
The Z base is auto-filled using the rated MVA. 


Impedance Page 
Enter the %Z, X/R and Z base for the booster transformer in this page. You can use the Typical data for 
these fields by selecting either the Typical Z & X/R or by selecting the Typical X/R buttons. 


Booster Transformer - BT1 


Info = Rating Impedance Remarks Comment 
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Impedance 


X/R R/X UX %R 


Typical Z & X/R Typical X/R 
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Remarks 
The Remarks Page is common to all element editors. 


Info Remarks Comment 


| OkV 
User Defined Info Drawing / Diagram 
Num. Field {0 (numeric) r 
One-Line | 
Install Dat 
Last Maint. Reference 
Next Maint. 
et Manufacturer 
UD Field 5 
Name 
UD Field 6 
ee Purchasing 
UD Field 7 Datel SCS 


(23) (6B) (x9) [J Node »|(2t amd Lat | 0 | core 


User-Defined Info 


These fields allow you to keep track of extra data associated with this component. The names of the User- 
Defined (UD) fields can be changed from the Settings option in the Project menu in the Menu bar. 


UD Field 1 (Eq. Ref.) 
This is a number field with the default name Eq. Ref. You can change the name of this field and enter the 
equipment reference number or any other number here, using up to 5 digits. 


UD Field 2 (Last Maint.) 
This is an alphanumeric field with the default name Last Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 
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UD Field 3 (Next Maint.) 
This is an alphanumeric field with the default name Next Maint. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field 4 (Tests Req.) 
This is an alphanumeric field with the default name Tests Req. You can change the name of this field and 
enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A5 
This is an alphanumeric field with the default name UD Field A5. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A6 
This is an alphanumeric field with the default name UD Field A6. You can change the name of this field 
and enter any additional data for this element here, using up to 12 alphanumeric characters. 


UD Field A7 
This is an alphanumeric field with the default name UD Field A7. You can change the name of this field 
and enter any additional data for this element here, using up to 18 alphanumeric characters. 


Drawing/Diagram 


One-Line 
Enter the name or ID of a one-line drawing or diagram associated with this element, up to 50 alphanumeric 
characters. An example is the manufacturer diagram or specifications for this element. 


Reference 


Enter the name or ID of a reference drawing or document for this element, using up to 50 alphanumeric 
characters. 


Manufacturer 


Name 
Enter the manufacturer’s name for this element here, using up to 25 alphanumeric characters. 


Purchase Date 
Enter the date of purchase for this element here, using up to 8 alphanumeric characters. 
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Comment Page 


The Comments Page is common to all element editors. 


Track Node Editor - Nodel x 


Info Remarks Comment 


OkV 


Enter any text here | 
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Enter any additional data or comments regarding the condition, maintenance, tests, or studies associated 
with this element. This field can be up to 64kb and the default size is 4kb. To increase the size of this field, 
you need to change the entries in the ETAPS.INI file. 


When entering information in this page, use Ctrl+Enter to start anew paragraph. Standard key combinations 
such as Ctrl+X, Ctrl+C, and Ctrl+V can be used to cut, copy, and paste information. 
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57.2.8 Traction Transformer 


Any 2-Winding Transformer can be used as a Traction Transformer by selecting the Traction Transformer 
checkbox on Info page. The checkbox is active only when the Transformer is set to be of 1 Phase type. 
When the Grounded checkbox is selected, the Secondary connection dropdown will have T2W, T3WN and 
T3WB options. And when Grounded checkbox is unselected, it will have T2W, T2WN, T3WN and T3WB 
selections. 


For additional information please refer to the 2 Winding Transformer section of the AC Elements chapter 
and refer to the calculation method section for sizing page. 
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57.2.9 Signal 


The Signal marker is as shown in the figure below. Its editor has 2 pages- Info and Signal. 


Info Signal 
Info 
cxffl 
iD {M37 | (ess) 
| 
Track List | Trackgroup8 Revision Data 
Base 
Route List (TrackRoute2 | ee 
_ Olin 
Service — 
Oout 
State | As-Built ¥) 
GIS Coordinates 
Lng 28:11:13 E Nearest Station | Newsham 
Lat 25:50:54 5 Distance to Nearest Station 477.13 m 
SEa Km (3) [0 ces 
Info Page 
ID 


This is an alphanumeric field where you can define the signal ID. 


Track List 
This lists all the track groups to which this signal belongs. 


Route List 
This lists all the track routes to which this signal belongs. 


GIS Coordinates 
This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 
group to which the signal belongs. 
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Condition 


Service 
Toggle the radio buttons to set the signal In or Out of Service. 


State 
Use the drop-down list to set the state of the Signal. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out except Service and State. 


Signal Page 
Note: The tools available on this page are not for use in this version of ETAP and are reserved for use in 
the future versions of ETAP. 
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57.2.10 Speed Limit 


The Speed Limit marker can be used to set the speed limits for both Passenger and Freight trains. 


Info Page 


ID 


Speed Limit - M40 


Info == Speed Limit 


Revision Data 


GIS Coordinates 


Lng | 28:11:14 E Nearest Station Newsham 


Lat 25:50:55 S Distance to Nearest Station 474.11 m 


(2a) i) (5) [<) m0 “> aie Ok || Cancel 


This is an alphanumeric field where you can define the speed limit marker ID. 


Track List 


This lists all the track groups to which this marker belongs. 


Route List 


This lists all the track routes to which this marker belongs. 


GIS Coordinates 


This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 


group to which the marker belongs. 


ETAP 
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Condition 


Service 
Toggle the radio buttons to set the marker In or Out of Service. 


State 
Use the drop-down list to set the state of the marker. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out except Service and State. 


Speed Limit Page 


Speed Limit - M40 x 
Info — Speed Limit 
Speed Limit 
Freight Train 80 v| km/h 
Passenger Train 60 v| km/h 
Seu mm (5) OB) [|e 


The speed limit for Freight and Passenger trains can be set on this page. The checkbox in front of Freight 
and Passenger train can be checked to activate the speed limit or left unchecked to disable the speed limit 
for the eTraX study. By default, the checkbox is checked. 
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57.2.11 Level Crossing 


The level crossing marker can be placed on AC or DC track segments. 


Level Crossing - M41 x 
Info 


Info 


=  @ & 


Track List | Trackgroup8 


Revision Data 


Base 


Condition 


Route ist [TackRoute2 
Olin 


Service 


© Out 
State  As-Built v 
GIS Coordinates 
Lng 28:11:14 E Nearest Station Newsham 
Lat 25:50:55 S Distance to Nearest Station 47013. om 
Bes wm 0) Ue) [ae 


ID 
This is an alphanumeric field where you can define the marker ID. 


Track List 
This lists all the track groups to which this marker belongs. 


Route List 
This lists all the track routes to which this marker belongs. 


GIS Coordinates 


This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 
group to which the marker belongs. 


Condition 


Service 
Toggle the radio buttons to set the marker In or Out of Service. 


State 
Use the drop-down list to set the state of the marker. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out out except Service and State. 
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57.2.12 Distance Marker 


Distance Marker - M42 x 
Info 
Info 
aff 
ID |M42 ®@ 
- 
rack List | Trackgroup8 Revision Data 
Base 
——_—___——_—— — Conditi 
Route List Track Route2 sre 
_ Olin 
Service 
Oo 
State | As-Built 
GIS Coordinates 
Lng 28:11:14 E Nearest Station Newsham 
Lat 25:50:55 S Distance to Nearest Station 458.19 m 
23 ey (Se) ime - (>) (2) ond 


ID 
This is an alphanumeric field where you can define the marker ID. 


Track List 
This lists all the track groups to which this marker belongs. 


Route List 
This lists all the track routes to which this marker belongs. 


GIS Coordinates 
This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 
group to which the marker belongs. 


Condition 


Service 
Toggle the radio buttons to set the marker In or Out of Service. 


State 
Use the drop-down list to set the state of the marker. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out out except Service and State. 
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57.2.13 Elevation Marker 


Elevation - M43 x 


Info 
Info 
ip {m43 @ S 


Track List {Trackgroup8 


Revision Data 


Base 


Condition 
Route List [rsckRoute2 ; 


Service © " 
©Oout 
State — As-Built v 
GIS Coordinates 
Lng 28:11:14 E Nearest Station Newsham 
Lat 25:50:55 S Distance to Nearest Station 1836.65 om 
Zz 0 }m 
es | 
(2a) ie) (5) [<) mas » (>) (eal (2) enn 


ID 
This is an alphanumeric field where you can define the marker ID. 


Track List 
This lists all the track groups to which this marker belongs. 


Route List 
This lists all the track routes to which this marker belongs. 


GIS Coordinates 
This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 
group to which the marker belongs. 


Z 
This shows the elevation of the track in m. 


Condition 


Service 
Toggle the radio buttons to set the marker In or Out of Service. 


State 
Use the drop-down list to set the state of the marker. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out out except Service and State. 
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57.2.14 Bend Radius 
This marker is always dropped as a pair. 
Bend Radius - M45 x 
Info Bend Radius 
Info 
ID [M45 @ RY 
Track List | Trackgroup8 Revision Data 
Base 
Route List [TrackRoute2 ae 
@Oln 
Service 
Oou 
State | As-Built A 
GIS Coordinates 
Lng 28:11:15E Nearest Station Newsham 
lt [ 2550565 Distance to Nearest Station [7875.38 m 
G 3) (3) (5) (Kj mas - (> Al) [OK] | cancer 


ID 
This is an alphanumeric field where you can define the marker ID. 


Track List 
This lists all the track groups to which this marker belongs. 


Route List 
This lists all the track routes to which this marker belongs. 


GIS Coordinates 
This section shows the Latitude, Longitude, Nearest Station and Distance to Nearest station along the track 
group to which the marker belongs. 


Condition 


Service 
Toggle the radio buttons to set the marker In or Out of Service. 


State 
Use the drop-down list to set the state of the marker. By default, it is set to As-Built. 


Lock/Unlock 
When in Locked position, all the fields on the marker editor are grayed-out out except Service and State. 
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Bend Radius Page 


When placing the bend radius marker along a curve, it automatically calculates the bend radius between the 
two markers and displays in on the Bend Radius Page. 


Info Bend Radius 


Bend Radius 


63.701 m 


(2a) (ee) (iS) [X)|ms Da Ok | Cancel 


When placing the bend radius marker on a straight line, the bend radius will be shown as 0 m. 


Bend Radius - M46 x 


Info Bend Radius 


Bend Radius 


—_ 


O (3) (3) (5) [K) | mas - >) #2) [OR]| | cancer 
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57.3 Study Case Editor 


The eTraX Study Case Editor contains solution control variables, loading conditions, and a variety of 
options for Output Plots. ETAP allows you to create and save an unlimited number of Study Cases. eTraX 
analysis is conducted and reported using the settings of the Study Case selected in the toolbar. You can 
switch between Study Cases without resetting the Study Case options each time. This feature is designed 
to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any combination 
of the three major system toolbar components (that is, for any configuration status, one-line diagram 
presentation, or base/revision data). 


When you are in eTraX mode, you can access the eTraX Study Case Editor by clicking on the Edit Study 
Case button from the Study Case toolbar. You can also access this editor from the Project View by clicking 
on the project in the Study Case folder. 


2 MB tin | Bee. 
en 


Prompt 


To create a new Study Case, go to the Project View, right-click the project in the Study Case folder, and 
select Create New. The module will then create a new Study Case, which is a copy of the default Study 
Case, and adds it to the Railway Traction’s Study Case folder. 


System Manager vax 
& One-Line Components 
ae Distribution Components 


B Multi-Dimensional Database 


=)-y TrainSimple - E:\Pecan Files\TrainSim 
®@ Configurations 
(Gj Presentations 
=)-Sy Study Cases 
(gj AC CSD Analysis 
J~-(@ Arc Flash 
4) Battery Sizing -1 
#)-(@ Cable Derating - 1 
(Gq Contingency Analysis - 1 
#)~-(@@ DC Arc Flash 
(Gq DC CSD Analysis - 1 
(Gj OC Load Flow -1 
#)~(@ OC Short Circuit - 1 
(Gj Distribution Load Flow 
#)~(j Distribution Short Circuit 
(@ Failure Mode Analysis - 1 
#)~(j Fault Management and Service 
+) Harmonic Analysis - 1 
+) Intelligent Load Shedding - 1 
(Gj Load Flow -1 
(GQ Motor Starting - 1 
(Gj Optimal Capacitor Placement 
(Gj Optimal Power Flow -1 
#)~-(G@ Railway Traction - 1 


- Re Create New 

(Gy Shr 

#)~(G@ Star Analysis - 1 

(Gy StarZ-1 

(GQ Supervisory Control - 1 

+) Switching Optimization - 1 
4G Switching Sequence Managem| 
(Gj Time Domain 3-Phase Load Flq 
4)(@ Transient Stability - 1 

#)~-(@j Unbalanced 3-Phase Load Flo 
(Gj Unbalanced 3-Phase Short Circ) 
#4) Voltage Stability - 1 


“ 7 r 


w Rules & Libraries 
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57.3.1 Info Page 


Info —- Events Schedules Loading Adjustment Alert Plot 


Study Case ID Calculation Options 
Max. Iteration 9999 


Pectin [000 


Update 
[_] Initial Bus Voltages 


Method 
Calculate AC & DC System 


Initial Voltage Condition 
@ Bus Initial Voltages 


© User-Defined 


Study Remarks 


el) tein v) | Copy | | New | {Delete || Help [0K || cancet 


Study Case ID 


In the Study Case ID group, you can rename a Study Case by deleting the old ID and entering the new ID. 
The Study Case ID can be up to 12 alphanumeric characters. Use the arrow buttons at the bottom of the 
editor to go from one Study Case to another. 


Calculation Options 


Max. Iteration 
Enter the maximum number of iterations. If the solution has not converged before the specified number of 
iterations, the module will stop and inform you. The recommended and default values are 9999. 
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Precision 

Enter the value for the solution precision (used to check for convergence). This value determines how 
precise you want the final solution to be. The precision is applied to check the difference between the bus 
voltages after each iteration. If the difference between the iterations is less than or equal to the value entered 
for precision, the desired accuracy is achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the module again. 


Note: You may need to increase the number of iterations. A smaller precision value will result in a lower 
mismatch (higher accuracy), as well as a longer run time. The default value of 0.1 pu volts is recommended. 


Update 


In the Update group, you can decide to update the initial conditions of the buses. The selected options will 
be updated after the subsequent eTraX analysis run. 


Initial Bus Voltages 

Select this option to update the values of the bus voltage magnitudes with the result of the eTraX analysis 
run. Bus voltage update will result in a faster convergence of the subsequent eTraX analysis solutions, since 
the initial bus voltages will be closer to the final values. 


Method 


Calculate AC & DC System 

Unified load flow calculation will be enabled when ‘Calculate AC & DC System’ checkbox is checked in 
study case editor. This mode allow you to calculate AC and DC system simultaneously in one unbalanced 
load flow run. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this group for eTraX analysis calculation 
purposes. 

Bus Initial Voltages 

Select this option to use bus voltages and angles as entered in the Info page of the Bus Editors. You can 
simulate eTraX Analysis Studies with different initial conditions for bus voltage using this option. 


User-Defined Fixed Value 

Select this option to simulate eTraX Analysis Studies using a fixed bus voltage and angle for all buses. 
When you select the fixed initial condition option, you must enter the initial voltage value as the percent of 
the bus nominal voltage. The default values are 100% for bus voltage magnitude and zero degree for bus 
voltage angle. 
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Determination of Initial Bus Voltage Angle 

The ETAP eTraX Analysis Module calculates the bus voltage angle. Based on transformer phase-shift and 
compares the calculated value against the initial bus voltage angle from the user-selected option. If the 
difference between the two values is larger than the specified MaxIniAngDiff, ETAP uses the calculated 
values as the initial bus voltage angle, where MaxIniAngDiff isETAPETAP.INI file entry that is defaulted 
at 10. 


When the operating load is specified as the system load, the operating voltage angles are used as the initial 
value. In this case, the operating voltage angle is compared against the calculated bus voltage angle. If the 
difference is less than MaxIniAngDiff, the operating voltage angle is used; otherwise, the calculated value 
is used in the eTraX analysis calculation. 


Adhesive Coefficient 

Enter the value for Adhesive Coefficient. This value, also known as Factor of Adhesion or Adhesion 
Coefficient, is depending on the track condition. The recommended and default value is 0.33, coming from 
the mean adhesive coefficient of dry rails with sanding. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this field. Information entered here will be printed on 
the second line of every output page header line. These remarks can provide specific information for each 
Study Case. 


Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Information Editor. 
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57.3.2 Event Page 
This page is provided for you to design and store eTraX analysis study scenarios and events. 


Traction Study Case 


Info Events Schedules Loading Adjustment Alert Plot 


Events Actions 


For Event SwitchEvent Active 


Event ID Time Device Ty... Device ID Action Setti... Setti... 
* SwitchEvent 09 DCSPST 


DCSPST dcSW10-3. Open 
DCSPST dcSW11-3. Open 
DCSPST dcSW12-3. Open 
DCSPST dcSW6 Close 
DCSPST dcSW8 Close 


Add... Edit... Delete Add... Edit... Delete 


< | Train v Bl Copy New Delete Help OK | Cancel 


Events 


In this list, all user-defined events are displayed in their time order to give you a clear picture of the sequence 
of events in this study. The active events are marked? ma‘k’d by '*' and are listed first, followed by those 
which are inactive. 


Event ID 
The Event ID is a unique name with a maximum length of 12 alphanumeric characters. 


Route 
Available routes can be selected from the drop-down menu to perform the event. 


Time 
This is the time when the associated event occurs. The unit is in seconds. 
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Add (Event) 
A new event can be added by clicking on the Add (Event) button and opening the Event Editor. 


[te J [oc J [cancel] 


Active 

Select this option to make an event active. Clicking on the box again will make the event inactive. Only 
active events will be included in the study. Use the active option to temporarily disable certain actions 
without deleting them from the Study Case. 


Edit (Event) 
Click on the Edit (Event) button to open the Event Editor and edit an existing event. You can also double- 
click on an event in the Event list to activate the Event Editor. 


Delete (Event) 
Delete an existing event from the list. 


Actions 


Each event can encapsulate a number of actions (system changes or disturbances). When you select an 
event by highlighting that event in the Events list, the actions associated with that event will be displayed 
in the Actions List. 
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Actions 
For Event NewEventName — Active 


Device T... Device ID Action Sett... Setti... 


bait ue ete 


Each action is composed of the information of the Device Type, the Device ID, an Action, Setting 1 and 
Setting 2. 


Note: The event ID is displayed on top of the Actions List for your reference. 
Actions 
For Event SwitchEvent Active 


Device Ty... Device ID Action Setti... Seti... 


Open 


DCSPST dcSW10-3 Open 
DCSPST dcSW11-3 Open 
DCSPST dcSW12-3. Open 
DCSPST dcSW6 Close 
DCSPST dcSW8 Close 


Device Type 
This shows the type of device that is going to take an action. 
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Device ID 
This shows the ID of the device that is going to take an action. 


Action 
This option defines the action to be taken by the specified device and the device type. The following table 
shows the device types and their associated actions: 


[Device Type | DeviceiD| Action | __% | Time (sec) 
Tutlity [-oetete I - 
Pumped toad | [Delete | - 
[circuit Breaker [= [Oven | - 
circuit Breaker [- [Close | : 
rsest [=~ open——_—Y- 
rsest it~ close ———_—T - : 
[seo |__| Change Position | - : 
Fuse [= itie —i- : 
isolator Switch [= [Oven | - : 
isolator switch [- [Close | : 
[oc Gieuit preaker |= [Oven | 
[oc Gieuit Breaker |= [Close | - 
focsesr [= [open 
focsest [= [Close 
focspot |__| Change Position | - 
focruse _[- [tip 
[ocieoterswieh [= [open 
[ocisolator Switch [= [Close 


Setting 1 and Setting 2 

These Column Display Settings are for the action being performed. For example; for a utility, you can 
define and voltage increases using the voltage ramp function. Setting 1 would be the percentage by which 
the voltage needs to be ramped. 
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Add (Action) 

A new action can be added by clicking on the Add (Action) button and opening the Action Editor. Select a 
device type from the Device Type drop-down list. Select the Device ID from the Device ID drop-down list. 
Select an action from the Action drop-down list. 


Action Editor x 


Event ID SwitchEvent Active 


Edit (Action) 
Click on the Edit (Action) button to edit an existing action. You can also double-click on a listed action to 
bring up the Action Editor. 


Delete (Action) 
Delete an existing action. 
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57.3.3 Schedule Page 


This page is provided for you to select eTraX analysis study routes and schedules, as well as some solution 
parameters. 


Traction Study Case x 


Info Events Schedules Loading Adjustment Alert Plot 


Route Train Schedule 
Active Update Route ID # of Schedules Schedule ID 


i. Day 


TrackRoute2 1 St.George Isl... v 
TrackRoute3 1 Alston-Minford ~ 


TrackRoute4 1 Minford-Alston ¥ 


Calculation Time Selection 
© Complete Train Schedule ae To 
@ User-Defined Time 08:15 +{/ 09:30 = 
Simulation Time Step (dt) 10 Seconds es 
Plot Time Step 1 x dt 


Train v Bl Copy New | Delete Help [ox || Cancel 


Route & Train Schedule 


In this list, all user-defined schedules are displayed in their routes for each day to give you a clear picture 
of the schedules performed in this study. The active days/routes are marked by the checkbox on the left, 
unchecked ones are inactive. 


Day 
Check days to perform eTraX analysis. ‘Check All’ and ‘Uncheck All’ to the Day Column is available 
through the checkbox on top. 


Active 

Select this option to make a schedule in corresponding route active. Clicking on the box again will make 
the schedule inactive. Only active schedules will be included in the study. Use the active option to 
temporarily disable certain schedules without deleting them from the Study Case. 


Route ID 
This shows the ID of the route that is going to perform a schedule. 
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Update 
Select this option to apply Free Schedule calculation method. 


# of Schedules 
This shows the number of available train schedules defined in the Train Schedule Editor. 


Schedule ID 
This shows the ID of the schedule to be performed in eTraX analysis. 


Calculation Time Selection 
The calculation time has selection between Complete Train Schedule and User-Defined Time. 


Complete Train Schedule 
Select this option to perform eTraX analysis for complete train schedule checked in Route & Train Schedule 
section. 


User-Defined Time 
Select this option to perform eTraX analysis for user-defined time. ‘From Time’ and ‘To Time’ are available 
for this selection. 


Calculation Time Selection 
Complete Train Schedule —_ To: 
®@) User-Defined Time 00:00 ‘ 00:00 ‘ 
Simulation Time Step (dt) 1 Seconds v 


Plot Time Step 10 x dt 


Simulation Time Step 
This is the Integration Time Step in seconds in eTraX analysis. You should set this number smaller than 
the smallest dwell time in the train schedule so you can see all the train movements. 


Note: The smaller this number is, the more calculations are required, so the calculation time increases. The 
recommended value is 1 seconds. If you feel you need higher resolution, decrease this number. However, 
if the integration time step is too small, accumulated round-up errors may increase. 


Plot Time Step 

This value determines how often ETAP should record the results of the simulation for plotting. For instance, 
if you specify 20 steps, ETAP will plot points at every 20-simulation time step, i.e., for a simulation time 
step of one (1), the plot time step will be 20 seconds. The smaller this number is, the smoother your plots 
will look, but remember that the plot files on your hard disk may grow quite large. Keep in mind that ETAP 
records plot information at this interval throughout the simulation. For example, if you specified a 
simulation time step of 1 second, plot time step of 10, and a total time of 2000 seconds, ETAP will write 
2000/(1*10)= 200 points to disk, which may be a very large plot file, depending on the number of elements 
being plotted. The maximum value for this field is 999. 
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57.3.4 Loading Page 


Traction Study Case x 


Info Events Schedules Loading Adjustment Alert Plot 


Loading Category Generation Category 


Design v Design v 


Load Diversity Factor 
@ None 


© Bus Minimum 
© Bus Maximum 
CO Global 


Charger Loading DC Loading Category 
@ Loading Category 
© Operating Load Design a 
Constant Current v 


el] itean ~] [Il | Copy | | New | |Delete! | Help [0K || cancet 


Loading Category 


Select one of the ten Loading Categories in the Loading Category group for the current eTraX Study. ETAP 
uses the percent loading of individual motors and other loads as specified in the category you select. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the Induction 
Machine Editor, Synchronous Motor Editor, and the Loading or Rating page of other Load Component 
Editors. 


Generation Category 


Select one of the ten (or: Select 1 of the 10 Generation Categories in the Generation Category group for 
the current eTraX Study. When you select a category, ETAP uses the generator controls for that category, 
as specified on the Rating Page of the Generator Editor. The generator controls will be different depending 
on the mode in which the generator is operating. The mode of generation is selected on the Info page of the 
Generator Editor. The table below shows the generation controls with respect to the mode of generation. 
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Mode Generation Category Control 
Swing %V and Angle 

Voltage Control %V and MW 

MVAR Control MW and MVAR 

PF Control MW and PF 


DC Loading Category 


Select one of the ten Loading Categories in the Loading Category group for the current eTraX Study. ETAP 
uses the percent loading of individual motors and other loads as specified in the category you select. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the DC Lump 
load, DC Static load, DC induction motor and the Loading or Rating page of other Load Component Editors. 


Load Diversity Factor 


The options in this group allow you to specify load diversity factors to be applied on the Loading Category’s 
load. When you select the Operating Load option, no diversity factor is considered. 


None 
Select ‘None’ to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When you select the Minimum Bus Loading option, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate eTraX 
Analysis Studies with each bus having a different minimum diversity factor. 


The minimum Bus Loading Study option may be used to see the effect of transformer taps and capacitors 
(if any) on the system voltages under a minimum (light) loading condition. 


Bus Maximum 

When you select the Maximum Loading option, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate eTraX Analysis 
Studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global 

Enter the Global Diversity Factors for all constant kVA, constant Z, generic, and constant I loads. When 
you select this option, ETAP will globally multiply all motors and static loads of the selected Loading 
Category with the entered values for the motor and static load diversity factors. For information about load- 
modeling concepts used in the module, see section 20.7, Calculation Method. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Const. kVA 
Constant kVA loads include induction motors, synchronous motors, and conventional lumped loads with 
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% motor load, UPS, and chargers. 
Const. Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional 


lumped loads with % static load. 


Const. I 
Constant current loads include lumped loads operating in Unbalanced Node. 


Generic 
Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive mode. 


Charger Loading 


For chargers, you can select the Loading Category or the Operating Load. 


Note: The operating load for a charger can only be updated from a DC Load Flow Study. 
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Traction Study Case 


Info Events Schedules Loading Adjustment Alert Plot 


[_] Apply Neg. Tolerance and Min. Temp. Correction 


Impedance Tolerance Length Tolerance 
Transformer [_]Cable / Busway 
@ Individual 
© Global 
Reactor [_] Transmission Line 
@ Individual 
(©) Global 
[_] Overload Heater 
Resistance Temperature Correction 
Cable / Busway Transmission Line 
@ Individual Max. Temperature @ Individual Max. Temperature 
O Global © Global 


ell iteen ) Copy New Delete Help [2K]| cance 


The Impedance Tolerance, Length Tolerance, and Resistance Temperature Correction groups on the 
Adjustment page allow you to consider tolerance adjustments to length, equipment resistance, and 
impedance. Each tolerance adjustment can be applied based on the individual equipment percent tolerance 
setting or based on a globally specified percent value. 


Impedance Tolerance 


Transformer 

The net effect of the transformer impedance adjustment in eTraX analysis is to increase the impedance by 
the specified percent tolerance value. For example, if the transformer impedance is 12% and the tolerance 
is 10%, the adjusted impedance used in the Traction analysis will be 13.2%, resulting in higher losses. 
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The impedance adjustment can be applied to individual transformers by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Transformer Editor. To 
make a global transformer impedance adjustment, select the Global option and type a global tolerance other 
than 0% in the displayed text box. The global impedance adjustment overrides any individual transformer 
tolerance value. 


Reactor 

This adjustment is applied to the reactor impedance. The eTraX Analysis Module increases the reactor 
impedance by the specified percent tolerance, resulting in a larger impedance and consequently a larger 
voltage drop. For example, if the impedance of the reactor is 0.1 Ohm and its tolerance is 5%, then the 
adjusted reactor impedance used in the eTraX analysis is 0.105 Ohm. 


The impedance adjustment can be applied to individual reactors by selecting the Individual option. This 
option uses the tolerance percent value specified on the Rating page of the Reactor Editor. To make a global 
reactor impedance adjustment, select the Global option and type a global tolerance other than 0% in the 
displayed text box. The global impedance adjustment overrides any individual reactor tolerance value. 


Overload Heater Resistance 

This adjustment is applied to the Overload Heater (OH) Resistance. The eTraX Analysis Module increases 
the OH resistance by the specified percent tolerance resulting in a larger resistance and consequently a 
larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm and its tolerance is 5%, then the 
adjusted OH resistance used in the load flow calculation is 0.105 Ohm. 


The resistance adjustment can be applied to individual overload heaters by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Overload Heaters Editor. 
To make a global overload heater resistance adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The global resistance adjustment overrides any individual overload 
heater tolerance value. 


Note: The adjustments only apply if the Cable/OL Heater option is selected for MV and/or LV motors. 


Length Tolerance 


Cable 

This adjustment is applied to the cable length. The eTraX Analysis Module increases the cable length by 
the specified percent tolerance resulting in larger impedance and consequently a larger voltage drop. For 
example, if the length of the cable is 200 ft. and the tolerance is 5%, then the adjusted cable length used in 
the eTraX analysis is 210 ft. 


The length adjustment can be applied to individual cables by selecting the Individual option. This option 
uses the tolerance percent value specified on the Info page of the Cable Editor. To make a global cable 
length adjustment, select the Global option and type a global tolerance other than 0% in the displayed text 
box. The Global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line 

This adjustment is applied to the transmission line length. The eTraX Analysis Module increases the 
transmission line length by the specified percent tolerance resulting in larger impedance and consequently 
a larger voltage drop. For example, if the length of the transmission line is 2 miles and the tolerance is 2.5%, 
then the adjusted transmission line length used in the eTraX analysis is 2.05 miles. 
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The length adjustment can be applied to individual transmission lines by selecting the Individual option. 
This option uses the tolerance percent value specified on the Info page of the Transmission Line Editor. To 
make a global transmission line length adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The Global Length Adjustment overrides any individual 
transmission line tolerance value. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the maximum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on the 
individual cable/line maximum temperature setting or based on a globally specified value. 


Cable 

This adjustment is applied to the cable conductor resistance. The eTraX Analysis Module adjusts the 
conductor resistance based on the maximum operating temperature. If the maximum operating temperature 
is greater than the rated base temperature of the conductor, then its resistance is increased. 


The temperature correction can be applied to individual cables by selecting the Individual option. This 
option uses the maximum operating temperature value specified in the Cable Editor. To make a global 
temperature correction, select the Global option and type a global maximum temperature value in the 
displayed text box. The global temperature correction value overrides any individual Cable Impedance page 
maximum temperature. For more information, please see the Cable Editor Impedance Page section in 
Chapter 8, AC-Editors. 


Transmission Line 

This adjustment is applied to the transmission line conductor resistance. The eTraX Analysis Module 
adjusts the conductor resistance based on the maximum operating temperature. If the maximum operating 
temperature is greater than the rated base temperature of the conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by selecting the Individual option. This option 
uses the maximum operating temperature value specified on the Impedance page of the Transmission Line 
Editor. To make a global temperature correction, select the Global option and type a global maximum 
temperature value in the displayed text box. The global temperature correction value overrides any 
individual Transmission Line Impedance page maximum temperature. For more information, please see the 
Transmission Line Editor Impedance Page section in Chapter 8, AC-Editors. 


Apply Neg. Tolerance and Min. Temp. Correction 

Checking this option allows you to consider resistance correction based on the minimum operating 
temperature for cable and transmission line conductors. Each temperature resistance correction can be 
applied based on the individual cable/line minimum temperature setting or based on a globally specified 
value. 
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57.3.6 Alert Page 


The Alert Page in the eTraX Study Case Editor is used to setup primary simulation alerts that notify users 
about an abnormal loading condition based on allowable percent values, duration and system topology. The 
functional capability of the Simulation Alert System is to generate alerts when there is an overload in Cable, 
Line/Catenary, Transformer and Rectifier. The alerts are reported either graphically in the one-line diagram 
display or in the Alert View window. 


Traction Study Case x 


Info Events Schedules Loading Adjustment Alert Plot 


Loading Bus/Track Node Voltage 
Critical ~[_]Marginal Duration Critical © []Marginal Duration 
Line/Catenary | 100 % 120 OverVoltage| 105 % 120 
Cable | 100 % | 120 UnderVoltage| 95 % 120 
Pantograph 
Critical ~=[_]Marginal Duration —_ Interval 
Umax1 | 90 % |300 300 
Umax2 | 95 x |2 300 @ Cumulative 
Umin’ 0 ~ [oo 00 O Non-Cumulative 
Umin2 | 75 % |2 300 
Transformer 


Average Load | 100 |% 15 180 


Critical and Marginal Alerts 

Simulation alerts generated after an eTraX Analysis are either critical or marginal. Critical and Marginal 
Alerts use different percent value conditions to determine if an alert should be generated. If the condition 
for a critical alert is met, then an alert will be generated in the Alert View window and the overloaded 
element will turn red in the one-line diagram. The same is true for marginal alerts, except that the overloaded 
component will be magenta instead of red. In addition, you must select the Marginal Limit option if you 
want marginal alerts displayed. If a device alert qualifies as both a critical and a marginal alert, only a 
critical alert is displayed. 


Note: For ETAP to generate alerts for an element type, both the element rating and the percent value entered 


on the Alert page must be non-zero. The element ratings for alert checking are given in the following 
sections. 
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Loading 

This group of options allows you to enter the condition percent values of the monitored parameters used to 
determine if an alert should be reported based on loading conditions determined by an unbalanced load flow 
calculation. eTraX Analysis Alerts generate Overload Alerts. 


AC/DC Cable 

The eTraX Analysis Module will generate a cable alert if the critical or marginal percent limit of allowable 
ampacity in the cable is exceeded for defined duration in the study case editor. The allowable ampacity of 
the cable is specified on the Ampacity Page of the Cable Editor. 


Line/Catenary 

The eTraX Analysis Module will generate a line alert if the critical or marginal percent limit of allowable 
ampacity in the transmission line is exceeded for defined duration in the study case editor. The allowable 
ampacity of the transmission line is specified on the Ampacity page of the Transmission Line Editor. 


Bus/Track Node Voltage 
The options in this group allow you to set bus voltage simulation alerts in situations where the voltage 


magnitude percent results for specified duration from eTraX analysis exceed or are below the specified 
nominal kV rating percent values. Bus voltage alerts report over- and under-voltage. 


Pantograph Voltage 


The options in this group allow you to set Pantograph Voltage simulation alerts in situations where the 
voltage magnitude percent results for specified duration from eTraX analysis exceed or are below the 
specified nominal kV rating percent values. Pantograph Voltage Alerts report Umax1, Umax2, Umin1 and 
Umin2 based on Cumulative or Non-Cumulative calculation methods. 


Umax1 
Highest permanent voltage likely to be present indefinitely. 


Umax2 
Highest non-permanent voltage likely to be present for limited period. 


Umin1 
Lowest permanent voltage likely to be present indefinitely. 


Umin2 
Lowest non-permanent voltage likely to be present for limited period. 


Duration 
The period based on which Cumulative and Non-Cumulative alerts are calculated. 


Interval 
The period between consecutive Umax/Umin will be applicable for Rolling. 


Transformer/Rectifier 


The eTraX Analysis Module will generate a transformer/rectifier alert based on the Average, Rolling and 
Peak demand calculations. The duration to calculate demand is specified in study case editor. The 
simulation alerts work for both two-winding, three-winding transformer and rectifiers. 
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57.3.7 Plot Page 


The Plot page is used to plot/tabulate those devices whose results need to be displayed on the one-line 
diagram at the end of the simulation. 


Traction Study Case x 
Info Events Schedules Loading Adjustment Alert Plot 
Device Type Plot Options 
Device |D Plot A 
Bus1 x 
Utility - Bus2 xX 
Static Load — . 
Synchronous Motor Bus5-2 X 
Induction Motor Bus 7-4 x 
DC Buses 
DCR Bus13 x 
Rectifier Bus 14 x 
DC Track Node Bus16 x 
DC Track Segment x 
Track Nodes A : 
Track Segments = 
Bus22-2 x 
Bus23 x 
Bus23-2 X 
Bus24-2 x 
Bus25-2 x 
Bus26-2 x 
Ri097-9 ¥ ny 
< > 
Plot & Tabulate Uncheck All 
ic are v| [>|] Copy New Delete | Help Cancel 


Device Type 


Select a device type or category. 


Buses 
This device group consists of all buses. 


Branches 
The device groups, consisting of all different types of branches, with the exception of tie circuit breakers 
(protective devices). 


Syn. Generators 
This machine group consists of all synchronous generators. 
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Utility 
This device group consists of all utilities. 


Lumped Loads 
This device group consists of all lumped loads. 
Note: The lumped load plot is available even if it is not dynamically modeled. 


Static Loads 
This device group consists of all static loads. 


Syn. Motors 
This machine group consists of all dynamically modeled synchronous motors. 


Ind. Motors 
The machine group consists of all dynamically modeled induction machines. 


MG Set 
This device group consists of all MG Sets. 


Track Nodes 
This device group consists of all Track Nodes and Platforms. 


Track Segments 
This device group consists of all Track Segments. 


DC Track Nodes 
This device group consists of all DC Track Nodes and Platforms. 


DC Track Segments 
This device group consists of all DC Track Segments. 


Branches 
The device groups, consisting of all different types of DC branches, with the exception of tie circuit breakers 


(protective devices). 


Rectifiers 
This device group consists of all Rectifiers in the system. 
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57.4 eTraX Editor 


Clicking on any of the following five (5) buttons in eTraX Toolbar will open a page of eTraX Editor when 
you are in the Rail Traction Power Mode. The editor can be opened from either the One-Line Diagram or 
Distribution View. In Distribution View, you can open the Track Group Editor Page of the eTraX editor by 
right clicking on any element and selecting Track Group Editor. The five (5) pages can be switched using 
the tabs at bottom of the eTraX editor. 


ra Train Schedule Editor 


. Train Configuration 


(EES Train Assign 


a Route Editor 
) Track Group Editor 


57.4.1 Track Group 


Track Group is the first tab of the eTraX editor as can be seen below. 


@ Trax Editor Lo) 2 esa) 
Track List Dh: XK «4 a3 ae *& 
4 > TrackGroup1 , - Speed (kph) GIS Coordinate Bend Segment 
IR M5 (Platform5) on obec peat) Frgt Psgr x vi. Z(m) Grade = Radius (m) Length (m) 
8 Trackl TY | M5 (Platform5) - 0:37:17 E 0:40:22 N 15 0.00 % = 
= (ee a cs ad 
Track20 
. eines @ [Nodet 6429.06 0:40:45 E 0:40:22 N 6429.06 
% spst1 $8 | Track20 - - 
@ Nodel0 @ | Nodeii 8456.18 0:41:51 E 0:40:22 N 2027.11 
8 Trackli 4% |spsTi = : 
a a ee 
oo) M8 @ [Nodeio 8461.17 OALSIE 0:40:22 N 4.99 
@ Node2 
Trackil - - 
| 8 Track3 ——————————E—————E——E—E>—E_———— EEE 
BW M6 (Platform7) 10 |M8 9745.66 60 80 0:42:32 E 0:40:22 N 1284.49 
| @® TrackGroup2 @ |Node2 10618.80 0:43:1 E 0:40:22 N 873.14 
! » TrackGroup3 $8 [Tracks — — 
’ > TrackGroup4 I | M6 (Platform7) 13090.64 0:44:21 E 0:40:22 N 0 -0.11% 2471.84 
rackGrou! 
> TrackGroup5 
I = TrackGroup6 
I =) TrackGroup7 ‘ m 


, 
» @®> TrackGroup8 Route List | 
> TrackGroup9 
i »> TrackGroup10 
! > TrackGroupi1 
=) TrackGroupi2 


TrackRouteL 


| | Track | Route | Train Schedule | Train Config | Train Assign | 


This tab shows all the existing track groups in this project. Clicking on the small triangle ahead of each 
track group ID will expand or collapse all elements within each track group in sequence from the starting 
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platform to the ending platform. If you click on the arrow in front of the track group ID, that track group 
will be highlighted in the Distribution View. Clicking on the name of a track group allows you to edit the 
track group ID. Clicking on any element within the track list will highlight that element on the Distribution 
View. 


@ eTraX Editor = = 


Track List hex « CoG ae *& 
4 >» TrackGroupi ° . Speed (kph) GIS Coordinate Bend Segment 
IW MS (Platforms) on eased! Detece is) Frgt Psgr xX Y Z(m) Grade = Radius (m) Length (r 

Track: M5 (Piatform5) - O37:17 E 0:40:22 N 15 0.00% - b 


@ Nodei 
8 Track20 
@ Nodeil 
%& SPsT1 
@ Nodeid 
HH Trackli 
10) M8 
@ Node2 ~ 
8 Track3 

M8 9745.66 60 80 0:42:32 E 0:40:22 N 1284,.4¢ 


WW M6 (Platform7) 
B TrackGroup2 Node2 10618.80 0-43:1E 0:40:22 N 873.14 
Track3 - _ 

»> TrackGroup3 7 = = ; 

» Traciornips ; Route List 

> TrackGroup5 
> TrackGroup6 
> TrackGroup7 

DD TrackGrouna 
Track | Route | Train Schedule [ Train Config | Train Assign J 


Tracki - - 
Node1 6429.06 0:40:45 E 0:40:22 N 6429.0€ 
Track20 = z 
Node11 8456.18 0:41:51 E 0:40:22 N 2027.11\= 
SPST1 - - 
Node10 8461.17 0:41:51 E 0:40:22 N 4.99 
Trackil 


ul 
Hes |Feh eke kia 


TrackRoutel 


3 New 
e Update All Tracks 
* ~=Delete Track Group 
4 Expand Tree 
Collapse Tree 
<} Move Up Group 
{4 Move Down Group 


New 
Create a new track group. The track group must start at a platform. 


Update All Tracks 

Select this button to update all existing track groups. Elements between the starting and ending stations 
which are not included in the track groups will be added to the track group. And elements that have been 
deleted on the distribution view will be removed from the existing track group. Initially, the arrows in front 
of all Track Groups will be orange. These arrows will turn green if the track group is found to be complete 
upon using the Update All Tracks button. The arrow will turn red if there are any missing elements in the 
track group. For example, the arrow will turn red if there is no ending train station. 
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Track List N° XK « oO 
> TrackGroup1 
TrackGroup2 


TrackGroup3 
TrackGroup4 
TrackGroup5 
TrackGroup6 
TrackGroup7 
TrackGroup8 
TrackGroup9 
TrackGroup10 
TrackGroupil 
TrackGroupi2 
TrackGroup15 


» ty be bp bn b> bp bn bp br br on 


Track | Route | Train Schedule | Train Config | ~ 


Delete Track Group 
Selecting this button will delete the selected track group. 


Expand Tree 
Selecting this button will expand all track groups. 


Collapse Tree 
Selecting this button will collapse all track groups. 


Move Up Group 
Selecting this button will move up the sequence of the selected track group in the track group list. 


Collapse Tree 
Selecting this button will move down the sequence of the selected track group in the track group list. 
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Element List 

The Element List allows you to view all the elements in the track group you select. Elements are listed in 
sequence from the starting station to the ending station. Clicking on an element in the Track Group will 
highlight the element on the Distribution View. 


2 eTraX Editor 


| Track List LP ee, ee ao a 
| = TrackGroup1 
t > TrackGroup2 
t > TrackGroup3 
i = TrackGroup4 
i [9 TrackGroup5 
I > TrackGroup6 
I » TrackGroup7 


Speed (kph) GIS Coordinate Bend Segment 
Frgt Psgr x ¥. Z(m) Grade = Radius(m) Length (m) 
M5 (Platforms) | : | | 03717 0:40:22 N 15 0.00% | | 
Trackl 


Icon Object Distance (m) 


@ | Nodeti 0:41:51 E 0:40:22 N 
% |spsti : 
» BD TrackGroup8 @ | Nodeio [8461.17 0:41:51 E 0:40:22 N 
7) z 
an 


Trackii 


Aao OFA CE O.A7.279 0 DANI A 


I] => TrackGroup9 

t =) TrackGroup10 - 
t = TrackGroup11 Route List 
I 2B TrackGroup12 


m 


TrackRoutel 


Route I Train Schedule | Train Config | Train Assign J 


Icon 
Icon of the element category, such as platform, track, node, SPST, markers, etc. will be shown in this 
column. 


Object 
Element IDs will be shown in this column. 


Distance 
This column shows the distance from the track group starting station to the element. The unit is based on 
the unit system selected for this project. 


Speed 
Speed limit of the Freight Train and Passenger Train in the speed limit marker editor are shown in this 
column. The unit is based on the unit system selected for this project. 


GIS Coordinate X 
X coordinate of platforms, nodes, markers, etc. 


GIS Coordinate Y 
Y coordinate of platforms, nodes, markers, etc. 


GIS Coordinate Z 


Elevation of stations and elevation markers are shown in this column. The unit is based on the unit system 
selected for this project. 
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Grade 
Slope of the section from the previous Z coordinate to this Z coordinate along the Track Group. 


Bend Radius 
Bend Radius of the bend radius marker is shown in this column. The unit is based on the unit system selected 
for this project. 


Segment Length 
Distance from the previous element to this element. The unit is based on the unit system selected for this 
project. 


& Add Elements 
« Update Track 
*%. Remove Selected Elements 


Add Elements 
When the track group is not complete or to select elements for a newly created track group, click on the 
Add Elements Button to select elements on the Distribution diagram. 


Update Track 
When some new elements are added between the starting and ending platforms, click Update Track Button 
and select the elements on the distribution diagram one by one to include them into the track group. 


Remove Selected Elements 

Click on the elements you want to remove, then click on Remove Selected Elements Button to remove it 
from the track group. The element will still be in the project distribution diagram, but it is not associated 
with the track group. 


57.4.2 Route 
 eTraX Editor sn | 
Route List axag & *x ERGY 


Track Station Distance (m) 


40466.51 From To 


Route 


Distance (m) 


Color 
TrackRoutel | 


| TrackRoute2 40465.38 | TrackGroup1 > || M5 (Platform5) + | <-> | M6 (Platform7) >] 13090.64 
TrackRoute3 (321852 | |TrackGroup2 > || M6 (Piatform7) >| <-> [M4 (Platform4) >] 1301.33 
TrackRoute4 (ME) «3150.00 | 
|TrackGroup3 > ||M4 (Platform) 7 | <-> [M3 (Piatform3) | 892406 | | | 
| TrackGroup4 > ||| M3 (Platform3) + | <-> | M2 (Piatform2) , | 4078.69 | 
[TrackGroup5 > |[ M2 (Piatform2) >| <-> | Mi Platform’) =| 135479 | |I | 


[ Track] Route | Train Schedule | Train Config | Train Assign | 
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Route List 


The Route List displays a list of the Route IDs. Selecting the Route ID will show the track groups for each 
route. In the Route List you can find all existing routes in this project. If you click on the Track Route name 
of one route, the route will be highlighted on the Distribution View. 


 eTraX Editor 


Route List axt go > 


Route Color Distance (m) 


TrackRoute1 50068.44 
TrackRoute2 |) 50009.38 


Track} Route | Train Schedule | Train Config | Train Assign 


Route 
This column shows the Route ID. Selecting the ID enables editing the track route name. 


Color 


This column shows the Color assigned to the routes per the theme manager. The colors will be applied to 
both the One-Line Diagram and Distribution Diagram. The Route Color is applied to the distribution view 
when any of the following themes is selected: Layer, Phase, Voltage, Feeder. 


Distance 
Length of the route. The unit is based on the unit system selected for this project. 


3 New 
Delete Track Route 


x 
<> Move Up Route 
{4 Move Down Route 
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New 
Create a new route. 


Delete Track Route 
Delete the selected route. 


Move Up Route 
Move up the sequence of the selected route in the list. 


Move Down Route 
Move down the sequence of the selected route in the list. 


Track Group List 


The Element List allows you to view all the track groups belonging to the chosen Track Route. Clicking on 
a track group will highlight it in on the Distribution View. 


From Station 
Starting station of the track group. The drop down list allows you to select stations. Track group IDs will 
be updated accordingly. 


<-> Icon 
Allows switching between starting and ending stations. 


To Station 
Ending station of the track group. The drop down list allows you to select “To” stations. Track group IDs 
will be updated accordingly. 


Distance 
Length of each track group in the route. The unit is based on the unit system selected for this project. 


Add Elements 


¢ Repair track route by adding an element 
* Remove Selected Elements 


3 New Member 
<> Move Up Member 
{} Move Down Member 


. 
ie 


Add Elements 

Click Add Elements Button and then click on a track element from Distribution Diagram. The track group 
to which the element belongs to, along with all track groups in series with this track group will come into 
this route. 


Repair Track Route by Adding an Element 


Click Repair Track Route by adding an Element Button and then click on a track element from Distribution 
Diagram. The track group to which the element belongs to will come into this route. 
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Remove Selected Elements 
Select a track group then click on Remove Selected Elements Button. The selected track group will be 
removed from this route. 


New Member 
Add anew member to this route. Then you can select starting and ending stations from the drop-down list. 


Move Up member 
Move up the sequence of the selected track in the list. 


Move Down member 
Move down the sequence of the selected track in the list. 


57.4.3 Train Schedule 


Train Schedule can be opened either from the eTraX toolbar or by navigating to the Train Schedule Page 
in the eTraX editor. 


@ eTrex Editor Ste) 
Routes Bex DBxXxG@Qe=z 
| ba] * 
4 gb TrackRoutel , Station | Morning Orange 1 } | Morning Orange 2 | | Lunch time Orange | | Evening Orange 1 } | 
Ml TrackRoute2 Arrival Dwell Departure — Arrival Dwell Departure Arrival Dwell Departure Arrival Dwell Departure A 
BL. TrackRoute3 M5 6:00:00 ) 6:00:00 11:00:00 0 _11:00:00 | 16:00:00 0 _ 16:00:00 | 
7 s 15: aed 30+ 30+ 144 * x 
51, TrackRouted M6 6:15:00 ) 6:15:00 | 6:30:00 t') 6:30:00 | 16:14:00 1 16:15:00 | 16: 
31, TrackRoute7 M4 6:30:00 ) 6:30:00 | 6:44:00 2 6:46:00 [16:29:00 1 16:30:00 | 164 
51, TrackRoute8 M3 6:40:00 ) 6:40:00 | 6:55:00 (') 6:55:00 | 16:39:00 1 16:40:00 | 16: 
31. TrackRoute9 > || M2 6:50:00 1 6:51:00 | 7:05:00 tC) 7:05:00 [_ 16:50:00 1 16:51:00 | 174 
D. Mi 7:00:00 0 7:00:00 11:44:00 0 11:44:00 | 17:00:00 ) 17:00:00 | 
ay 
[¥]__|Monday 
¥| | Tuesday 
[¥]__|Wednesday 
¥) {Thursday 
¥)__| Friday 
||Saturday 
Sunday 
[) _|Holiday-National 
|__| Holiday-Local 
TH [User-Defined #ofTrains = 5 [Next _| 
[Track | Route | Train Schedule | Train Config | Train Assign 


Routes 
In the Route List you can find all existing routes in this project. When there are one or more time tables 


attached to a route, there is a small triangle in front of the route name, clicking on which will expand or 
collapse all time tables belonging to that route. 
3) New Train Schedule 
» Edit Train Schedule 
X Delete Train Schedule 


« Import from file 
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New Train Schedule 

Create a New Train Schedule for the selected route using this button. The following window pops up when 
creating a new train schedule. Enter the name and select on which days this schedule runs and select the 
direction of schedule. 


cr 


2 Create New Timetable o|@| &% 
Name 
[-) Monday [1] Tuesday Wednesday -) Thursday 
I") Friday Saturday Sunday 


_) Holiday-National 
~) Holiday-Local 
) User-Defined 


Direction @ To | From 


ok | | Cancel 


Edit Train Schedule 

After selecting any train schedule, the Edit Train Schedule Button will become active. Clicking on this 
button will open the Update Timetable window, which is the same as Create? New Timetable window. 
Here, you can update the ID, running days and the direction of the schedule. 


f T 


2 Update Timetable o|el| & 


Name March2014 


(¥) Monday [¥] Tuesday \¥) Wednesday \¥) Thursday 


IV] Friday [F) Saturday I") Sunday 


) Holiday-National 
) Holiday-Local 
~) User-Defined 


Direction @ To _) From 


ok | | Cancel 
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Delete Train Schedule 
Deletes the selected train schedule. 


Import from file 
Import a train schedule from an Excel File, which follows a particular format required by ETAP. 


Day 
In the Day list, you are able to check the days for which the selected train schedule will be followed. 


Time Table 


The Time Table shows the train schedules that the trains follow. 


Station 
Shows the Station IDs. 


Train 
Shows the Train IDs. 


Arrival 
Shows the time when the train arrives at the station. 


Dwell 
Shows the time duration in minutes for which the train stays at a train station. 


Departure 
Shows the time when the train departs from the station. 


Quick Prev 
View the schedule of the previous 10 trains from the current-viewed schedule. 


Prev 
View the schedule of the previous train. 


# of Trains 
Shows the number of trains included in the time schedule. 


Next 
View the schedule of the next train. 


Quick Next 
View the schedule of the next 10 trains from the current viewed schedule. 
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3 New Train 
» Edit Train Name 

2 Delete Train 

©), Show\Hide Dwell Columns 

©) Show\Hide Departure Columns 

«= Add new train to the left of selected train 
= Add new train to the right of selected train 


New Train 
Add a new train to the chosen schedule. The new train will be added at the end of the train schedule. 


Edit Train Name 
Select any train and click on this button to change the train name. 


Delete Train 
Delete the selected train from the train schedule. 


Show\Hide Dwell Columns 
Click to show or hide Dwell columns in all train schedules of the project. 


Show\Hide Departure Columns 
Click to show or hide Departure columns in all train schedules of the project. 


Add new train to the left of selected train 
Click to create a new train to the left of the selected train. 


Add new train to the right of selected train 
Click to create a new train to the right of the selected train. 
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57.4.4 Train Configuration Editor 


@ eTraX Editor of & 
Train Configurations DX & D * 2G 
. , F | 
Acceleration Deceleration Order Quantity Type Manufacturer Model Weight %Loaded Length Library} 
Active Configuration ID Limit (mm/s?) Limit (m/s?) - 

1 5 Locomotive ABB Switzerland WAP 5 78 100 18162 | see 
Z)\_|TrainConfigi | 2 | 1 - —<——= 

| TrainConfig2 | 2 1 2 2 Wagon Test Wagon 83 100 | 21770 [ = 

3 1 Locomotive ABB Switzerland WAP 5 78 100 | 18162 [ 


m » 


Track | Route Train Schedule | Train Config | Train Assign | 


Train Configurations 


Active 
The configuration will be active when performing eTraX power systems analyses when the check box is 
checked. 


Configuration ID 
Configuration ID can be edited by clicking on this field. 


Acceleration Limit 
Enter the Acceleration Limit of the train configuration here. It can be edited by clicking on the field. The 
unit is based on the unit system selected for this project. 


Deceleration Limit 
Enter the Deceleration Limit of the train configuration here. It can be edited by clicking the mouse on the 
field. The unit is based on the unit system selected for this project. 


‘> New 
X Delete Train Config 


33 Copy Config 
‘SS Paste Config 


New 
Create a new configuration. Default acceleration limit and deceleration limit are 0. 


Delete 
Delete the selected train configuration. 
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Copy 
Copy the selected train configuration to clipboard. 


Paste 
Create a new train configuration and paste content from clipboard. 


Train Rolling Stock List 


Order 
Sequence of the listed rolling stocks in a train configuration. 


Quantity 


Number of same type of rolling stock. 


Type 
Type of the rolling stock such as Locomotive, Slugs, Passenger, Coach, etc. 


Manufacturer 
Manufacturer of the rolling stock. 


Model 
Model of the rolling stock. 


Weight 
Weight of each rolling stock. The unit is tons. 


% Loaded 
Weight loaded in the rolling stock. This is the percentage of its loading limit. % Load can be edited by 
clicking on the field. 


Length 
Length of each rolling stock. The unit is meters. 


Library 


Clicking on the Library button will open the Library Quick Pick window for Train Rolling Stock. This 
allows you to select the train rolling stock. 
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Train Rolling Stock Library 


Manufacturer 
@ac ja 


Ooc Passenger Reference 


Simenes/EMU/2005/CA1 


Standard 


O ANSI 
@\IEC 


Filter 


l 


[J Ralling Stock HP ‘ 


Model 
Borad Gauge EMU 


Edit Info... 


Edit Parameters... 


3 New Member 

* Remove Selected Elements 
Ss Copy Member 

‘\ Paste Member 

<} Move Up Config Member 
<{} Move Down Config Member 


New Member 
Create a new rolling stock member in the train configuration. 


Remove Selected Elements 
Delete selected elements from the train configuration. 


Copy Member 
Copy the selected rolling stock member to clipboard. 


Paste Member 
Create anew member and paste content from clipboard. 


Move Up Config Member 
Move the selected configuration member up in the list. (Or, up the list.) 
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Move Down Config Member 
Move the selected configuration member down in the list. (Or, down the list) 
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e e 
57.4.5 Train Assign 
} eTraX Editor S| x 
Train Assignment 8 4 pa 
Train ID Config ID # of Consists 


TrackRoutel 

March2014 5 
Morning Orange 1 TrainConfig2 
Morning Orange 2 TrainConfig2 


Lunch time Orange TrainConfig2 


Evening Orange 1 TrainConfig2 
Evening Orange 2 TrainConfig2 


TrackRoute2 1 
down 1 
TrainTrip TrainConfigl 


| Track | Route | Train Schedule | Train Config Train Assign . 


Train Assignment 


The Train Assignment List allows you to view the assignment of train configurations of each track route 
and train. Trains are grouped-based on the route and time schedule they belong to. Clicking on the small 
arrow in front of each route name will expand or collapse all trains which belong to this route. 


Train ID 
Train IDs defined in the train schedules. 


Configuration ID 
The configuration assigned to the trains of this schedule. You can select the configuration from the drop- 
down list. 


# of Consists 
Number of rolling stocks included in each train. 


@ Group/UnGroup 
4 Expand 

| Collapse 

‘ Copy Assign 

‘S Paste Assign 


Group/Ungroup 
Switch between showing all trains with their groups or without groups. 


Expand 
Expand to show all the trains in every route and train schedule. 


Collapse 
Collapse every route to show route IDs and numbers of trains. 
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Copy Assign 
Copy the train configuration and paste to clipboard. 


Paste Assign 
Paste the configuration from clipboard. 
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57.5 Import OSM File 


This function allows the importing of map files in .OSM format to ETAP Geospatial Diagram. When in 
GIS view, go to DataX drop-down from the top toolbar and select Import OSM. The Import Open Street 
Map (.osm) Data dialog box will open which allows you to browse for the .OSM file location. It provides 
the option to set the Import Type as AC or DC and to select the projection method as EPSG:900913 or 
EPSG:3857. 


57.5.1 Import Open Street Map Data 


ad 
¥ 
OSM Data Import Options Import Type Datum 
@ Import OSM Data File @ AC © EPSG:900913 
©) Use OSM Server URL @r: @ EPSG:3857 
Data Selection 


Browse for OSM File Location Browse 


He canes 


OSM Data Import Options 


Select to import an OSM data file located on your computer or to use an OSM Server URL. 


Data Selection 


Click to browse your computer for the OSM file to be imported into ETAP. It should have an .OSM 
extension. 


Import Type 


Select the type of import as either AC or DC. When import type is set to AC, it will import all the 
components of the OSM file into ETAP as AC, and similarly for DC. By default, the import type is AC. 


Datum 


Select the projection to be used for the OSM import. There are two radio buttons, EPSG: 900913 and EPSG: 
3857. By default, it is EPSG:3857. 
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Import 


Click on this button to start the import process. 


Help 
Click on this button to launch the ETAP Help File. 


Cancel 
Click on this button to cancel the import and to exit the Import Open Street Map Data dialog. 


57.5.2 Property Editor 


The Property Editor will open when you click Import. The Property Editor allows you to define the 
mapping logic. 


2 Property Editor _- O x 
Source Database Database Mapping File 
OSM Restore to Default 
Database Mapping 
OSM Element Alias | Suppo | Subtypes |i] manag ETAP Element 
Add Ec Remove Expand 
Help Save OK Cancel 
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Source Database 
Source Database is set to OSM by default. 


Database Mapping File 


Press the Restore to Default button to restore the default mapping logic for importing elements in OSM 
format. 


Database Mapping 


User-defined mapping log can be edited by adding items in this group. 


2 OSM Element Editor = x 
Element Name : [railway v | 
Element Type: — Track v 
OK Cancel 


Add 


Clicking on this button launches the OSM Element Editor. Select the Element Name from the drop-down 
list and the Element Type. You may also enter an Alias for the element. 


Clicking on OK will add the user defined mapping to the Property Editor. You may select to skip mapping 
by selecting the Skip Mapping checkbox and map the rest to the ETAP Element shown in the drop-down. 
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2 Property Editor 
Source Database Database Mapping File 
OSM Restore to Default 
Database Mapping 
. Support ) Skip 
OSM Element | Alias | Subtype Subtypes “ Mapping ETAP Element 
railway eTraX_Train1 
crossing ¥ 
level_crossing v 
platform ¥ 
rail ¥ 
failway_crossing ¥ 
signal | 
& station Oo Btation Y 
subway ¥ 
Add Edit Remove Expand 
Help Save OK Cancel 


Edit 


Click to edit an existing user-defined mapping logic. 


Remove 
Click to remove an existing user-defined mapping logic. 


Help 
Click to launch the ETAP Help File. 


Save 
Click to save the mapping logic defined above. 
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OK 


Click on the OK button to continue the import process. Once the import process is complete, it will show 
message “Process XML is done”. Clicking on OK will prompt you to use an existing Warehouse or to 
create a new one. Select the Warehouse and click on OK. The OSM can now be viewed on the GIS view. 


Cancel 
Cancel the Mapping Logic. 
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57.6 Display Options 


57.6.1 Results Page 


The Rail Traction Power Analysis Display Options consist of a Results Page and four pages for AC, AC- 
DC, Train, and Colors information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


ETAP 


Display Options - Traction Power 
lesults = AC = AC-DC — Train Colors 
Voltage kV Show Units 
_ [_] Check-ALL 
Voltage Power Flows 
Bus Mag. kVA v 
kW +j kvar 
Bus Angle O J 
OkVA % PF 
Load Term. Mag. 
load TemMes  @ sap Ztooe 
@LN Flow Results 
OLL Branch 
Load Term. Base kV Source 
Load Rated kV Load 
Bus Nom. kV [| Composite Motor 
Composite Network 
Voltage Drop Neutral 
Line / Cable B aan 
[| Load FDR MAkW +) kvar 
Average / Phases Meters 
O Average Values [_] Ammeter 
@ All Phases _] Voltmeter 
O AI Sequences CJ Malti-Meter 
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Show Units 
Select this option to show units for eTraX results displayed on the one-line diagram. 


Check-ALL 
Select this option to show all available result annotations. 


Note: When this box is unselected, the previous settings are restored. 


Voltage 


In the Voltage list, select kV or % for voltage display on the one-line diagram. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. Bus voltages are displayed at 15 degrees. 


Bus Angle 
Select this option to display bus voltage angle in degree on the one-line diagram. Bus voltage angles are 
displayed at 
-15 degrees. 


Load Term. Mag. 


Select this option to display load (motors and static loads) terminal voltages on the one-line diagram. Load 
terminal voltages are displayed at 15 degrees. Load terminal voltages can be displayed based on loadrated 
kV or bus nominal kV, depending on the option selected in the Load Term. Base kV group. 


L-N 
Select this option to display bus phase voltages on the one-line diagram. 


L-L 
Select this option to display bus line voltages on the one-line diagram. 


Load Term. Base kV 


This group allows you to select base kV for load terminal magnitude, but only when voltage is displayed 
in percent (% is selected in the Voltage list). This group will be disabled if voltage is displayed in kV. 


Load Rated kV 
Select this option to use load rated kV as the base for percent load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for percent load terminal voltage display. 


Voltage Drop 


Line/Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


ETAP 57-118 ETAP 19.0 User Guide 


eTraX Analysis Display Options 


Load FDR 


Select this option to display the load feeder voltage drops. 


Average/Phases 


Average Values 


Select this option to display average values as shown in the following tables. 


eTraX Analysis Results Displayed in Average Values 


Voltage Current Power 
Phase Type 
3-Phase Average Value Average Value Total Power 
2-Phase Average Value Average Value Total Power 
Single Phase Phase Value Phase Value Phase Value 
Under Traction Transformer 
T2W Phase Value Phase Value Phase Value 
T2WN Phase Value Phase Value Phase Value 
T3WN Phase Value Phase Value Phase Value 
T3WB Phase Value Phase Value Phase Value 
T2W Scott-T Phase Value Phase Value Phase Value 
T2WN Scott-T Phase Value Phase Value Phase Value 
T3WN Scott-T Phase Value Phase Value Phase Value 
T3WB Scott-T Phase Value Phase Value Phase Value 
All Phases 
Select this option to display individual phase values as shown in the following tables. 
eTraX Analysis Results Displayed in All Phases 
Voltage Current Power 
Phase Type 
3-Phase Phases A, B, & C Phases A, B, & C Phases A, B, & C 
2-Phase Phases A&B, B&C, Phases A&B, B&C, Phases A&B, B&C, 
or C&A or C&A or C&A 
Single Phase Phase Value Phase Value Phase Value 
Under Traction Phase Value Phase Value Phase Value 
Transformers 
All Sequences 


Select this option to display the sequence values for 3-phase elements. 


ETAP 


57-119 


ETAP 19.0 User Guide 


eTraX Analysis Display Options 


Power Flows 


In this group, you specify how the power flows will be displayed. From the Power Flows list, select the 
units (kVA, MVA or VA) to be used to display power flow on the one-line diagram. 


kW + j kvar 
Select the kW + j kvar option to display power flow in kW+j kvar or MW+j Mvar or W+ j var, depending 
on the power flow units you are using. 


kVA 
Select the kVA option to display power flow in kVA or MVA or VA, depending on the power flow units 
you are using. 


Amp 
Select the Amp option to display current flow in amperes. 


%PF 
When the Amp or kVA option is selected, you can select this option to show power factor of power flow 
along with the current. 


Angle 
When the Amp option is selected, you can select this option to show the current angle. 


Flow Results 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at the end of the branch that has a positive kW value flowing into the branch. For three- winding 
transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 
Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select this option to display power flow into composite networks. 


Neutral 


Select this option to display the neutral current. This option is available only when Amp is selected for 
Power Flows. 
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Branch Losses 


Select this option to display branch losses on the one-line diagram. Losses are displayed inside a bracket as 
[kW+j kvar] or [MW+j Mvar]. 


Meters 


Ammeter 
Select this option to display primary current for the branch to which an ammeter is attached. 


Voltmeter 
Select this option to display primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 


Select this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 


Route 


Speed 
Select this option to display the train speed in km/hr. 


Location/Distance 
Select this option to display the train location in km. 


Grade Resistance 
Select this option to display the grade resistance in kN. 


Train 


kWh 
Select this option to display the train energy in kWh. 


Tractive Effort 
Select this option to display the train tractive effort in kN. 


Net Acceleration 
Select this option to display the train acceleration or deceleration in m/s/2. 


Resistance 


Acceleration 
Select this option to display the train acceleration resistance in kN. 


Rolling 
Select this option to display the train rolling resistance in kN. 


Curve 
Select this option to display the train curvature resistance in kN. 
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57.6.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


Display Options - Traction Power x 
Results AC AcC-DC Train Colors 
eee 
ae ID Rating kV A D-Y Z DB 
Generator [Y] OO 
Power Grid [Y] OOOUMM 
Motor [_] CL] OM 
load /Pael OO O 
ComposteCSD(] 1] CJ OJ 
Bus [J O 
Node 7 El gees 
ceoooOo UUM 
Fuse [_] OoUOd 
Switch [_] OOO | 
Ground Switch [J O Y 
PT&CcTE] CJ 
Meter [_] Tag 
Relay [[] 
Branch [J] Tap o-y LJ 
Transformer [] LJ MM 
Volt. Regulator. ] L] LJ] OO OUM 
Size Type Loth GND 
im(1] OOOOUM 
cale/ev/BWL] LI O UO OUM 
Pic Pin ID 
Composite Motor ["] [_] 
Composite Net] (7 (J 
[_] Use Default Options [_] Equipment Cable 
Hele [ox |] cancel 


ID 
Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


ETAP 57-122 ETAP 19.0 User Guide 


eTraX Analysis Display Options 


Rating 
Select the AC elements for which you want to display the ratings on the one-line diagram. The following 
table shows the ratings for each element. 


AC Elements Rating 

Generator kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# Phases - # Wires) 
Transformer kVA/MVA 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay 50/51 for Over-current Relays 

PT & CT Transformer Rated Turn Ratio 


kV 
Select the elements under this heading for which you want to display the rated or nominal voltages on the 
one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


A 
Select the elements under this heading for which you want to display the ampere ratings (continuous or 
full-load ampere) on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one-line 
diagram. 


Z 
Select the AC elements under this heading for which you want to display the rated impedance on the one- 
line diagram. 


Device Type Impedance 
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Generator Subtransient Reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % on a 100 MVA base (R + j X) 
Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per-unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per-unit length) 


D-Y 
Select the elements under this heading for which you want to display the connection types on the one-line 
diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also displayed. 
The operating tap setting consists of the fixed taps plus the tap position of the Load Tap Changer (LTC). 


Composite Motor 
Select this option to display the AC composite motor IDs on the one-line diagram. Thenselect the color in 


which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. The checkboxes on this page will be grayed-out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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57.6.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 


networks. 


ID 


Display Options - Traction Power 


x 


Resuts AC ACDC Train Colors 
™@eemeoueM 


ID Rating kV 
AC-DC 
Charger 
Inverter [[] 
PVAmay 
uPs [] 
veo 


Battery (] 


OOOOWd 


J 


Motor 

Load 
Composite CSD [] 
Converter [_] 


Bus 4] 
Node [] 


ce 


CJ 
Fue [] 1 
Switch 4M 


NONN O OOOOW 


OOO OO OOOO 


Branch 


Cale WM MM 


[_] Use Default Options 


Help OK 


A 


OOWW 


OOOO 


DB 


Hee 


J 


NH Ye Aaa 


NW 


Select the AC-DC elements under this heading to display the IDs on the one-line diagram. 


Rating 


Select the AC-DC elements under this heading to display the ratings on the one-line diagram. 


ETAP 
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Device Type Rating 

Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 

VFD HP/kW 


kV 
Select the AC-DC elements under this heading to display the rated or nominal voltages on the one-line 
diagram. 


A 
Select the AC-DC elements under this heading to display the ampere ratings on the one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 
UPS Input, Output, & DC FLA 


Open 


Select the checkboxes under this heading to show the Open status of the CB, Fuse and Switch. 


Z 
Select the checkboxes under this heading to show the impedance of the Branch and Cable. 


Size, Type and Length 
Select the checkboxes under this heading to show the size, type and length of the Cables. 


Use Default Options 
Select this option to use ETAP’s default display options. 


ETAP 57-126 ETAP 19.0 User Guide 


eTraX Analysis Display Options 


57.6.4 Train Page 


This page includes options for displaying information annotations for Train elements and composite 
networks. 


Display Options - Traction Power x 


Results AC AC-DC Train Colors 


ieee 


ID Rating kV A Phase Z DB 
Traction 


ac 
ire O 
Insul 
wal OOO 
Section Insulator BG) 
Insulated Overlap [1] 1] O O 
isl. Swtch OO OF OF O 
Track 
ID WH Lgth Phase DB 
ocs 4] 
Rail 
Node M] 
Track Layout 


ID Dist. ev Val.1 Val.2 Status DB 


Signal O Oo 
Speed Limit 
Bend Radius O O 

Distance O O 
Bevation O O 
Level Crossing O O 

Station 

Platform 
(_] Use Default Options 


Help OK Cancel 


ID 
Select the checkboxes under this heading for displaying the ID of the elements on the one-line diagram. 


Rating 
Select the train elements under this heading to display the ratings on the one-line diagram. 
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Device Type Rating 

Traction Transformer kVA/MVA 

Insulator with Isolator Momentary bracing current 
Section Insulator Momentary bracing current 
Insolated Overlap Momentary bracing current 
Isolator Switch Momentary bracing current 


kV 
Select the elements under this heading for which you want to display the rated or nominal voltages on the 
one-line diagram. 


A 
Select the elements under this heading for which you want to display the ampere ratings (continuous or 
full-load ampere) on the one-line diagram. 


Device Type Amp 

Traction Transformer Full-load ampere 
Insulator with Continuous ampere 
Isolator 

Section Insulator Continuous ampere 
Insolated Overlap Continuous ampere 
Isolator Switch Continuous ampere 


Phase 
Select the elements under this heading for which you want to display the phase on the one-line diagram. 


Z 


Select the AC elements under this heading for which you want to display the rated impedance on the one- 
line diagram. 


Device Type Impedance 
Traction Transformer = Positive Sequence Impedance (R + j X per-unit length) 


DB 
Select the elements under this heading for which you want to display the Datablock. 


WH 
Select the elements under this heading for which you want to display the overhead catenary and rail 
Warehouse ID. 


Length 
Select this checkbox to show the length of the overhead catenary. 
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Phase 
Select this checkbox to show the phase of the overhead catenary and nodes. 


Elev 
Select this checkbox to show the elevation of the marker. 


Vall and Val2 
Select the checkboxes under these headings to show the speed limits, bend radius and signal value. 


Status 
Select the checkbox under this heading to show the status of the Signal marker. 


Use Default Options 
Select this option to use ETAP’s default display options. The checkboxes on this page will be grayed-out. 


ETAP 57-129 ETAP 19.0 User Guide 


eTraX Analysis Display Options 


57.6.5 Colors Page 


This page allows you to setup the colors used for displaying annotations on the one-line diagram. 


Display Options - Traction Power x 


Results AC AC-DC Train Colors 


Theme 


ETAP (Default) v 


Annotations 


O Theme 


@ User-Defined 


AC 


1 

° 

a 
=z 
—y 


Composite 


Results 


Help OK Cancel 


Color Theme 
A previously-defined color theme can be selected from the list. The selected color theme will be used 
whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 


Theme 

This option allows the color theme selected in the Theme editor for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color theme 
is also displayed in a box. 


User-Defined 


Select this option to specify a user-defined color for element annotations. When this option is chosen, the 
AC, DC, AC-DC, Composite and Results annotation color selection list will appear. 
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Theme Button 
Click this button to launch the Theme Editor. 


f& ——" 


Theme Editor xs 
Theme {ETAP (Default) 7} Color Code [Phase : 
| Layer | 3-Phase | 1-Phase | Formats | Voltage | Feeder | Area | Grounding/Earthing | Font _| 
Standard Element Colors 
AC DC ‘Composite 
Enercized a) 
De-energized [ } 
| 
Sect a) a) 
Faulted Bus | 3 
Annotation —— 
—_ No Tag Bad Quality | 
an a Hyperlink | —_— 
Warning |) «Visited Hyperlink | 
Acknowledged | Online Meter 
Playback Meter ( ) 
Zoom Grid Faulted Bus 
Clr i” Color @ Color 
Transparency 80 2: Size 16 ) Symbol 
Style v 
Background 
Help Save As... Set Global Cancel 


Theme Editor 
The Theme Editor allows you to select existing color themes or define a new color theme. 


Note: Color themes are applied globally within a project file. Changes made on a color theme displayed on 


this page may also affect other modes and presentations if the color themes option has been previously 
selected. 
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57.7 eTraX Time Slider 


57.7.1 Traction Power Time Slider 


ETAP displays the calculation results on the one-line diagram. Once an eTraX Analysis is finished, ETAP 
will display a Traction Power Time Slider in the window, as shown below. You can access this Time Slider 
from either One-Line Diagram or Distribution View. 


z ; 
Traction Power Time Slider =a) 


Total Simulation Time 


|All Simulated Days 7 


Playback Time 


06:00:00 AM Monday - 09:40:00 AM 17:04:00 PM 
>| ‘14| >I Playback 2 sec. 
hd 


In the drop-down list there are all simulated days. You are able to select all simulated days or one day to 
play back. 


f , 
Traction Power Time Slider [Som 


Total Simulation Time 
All Simulated Days 
ee 

Playback Time 


06:00:00 AM Tuesday - 06:00:00 AM 17:04:00 PM 


lil) (i Py] Fae 
Ly] 


The Ruler ranges from starting time to ending time of the total simulation time. The Reference Pointer is at 
the starting time of playback time. You may click either end of the Ruler to move the Pointer one time step 
at a time, or hold the mouse button down to move the Pointer continuously. You may also click the Pointer, 
hold the mouse button down, and then drag the Pointer to the desired position. The time corresponding to 
the Pointer position is also displayed below the Ruler showing the day and the time. 
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In the “Playback Sec.” field, you may select the time duration desired to hold for one-time step. 


_ 
Traction Power Time Slider xs 


Total Simulation Time 


All Simulated Days ’ 


WJ 
Playback Time 


06:00:00 AM Tuesday - 17:04:00 PM 17:04:00 PM 


Wo] [ee ee 
hd) 


Play 
Pause 
Backward 10 Plot Steps 


Forward 10 Plot Steps 


Hew 


Action List 


Play 
Start playing back from the time the pointer locates. 


Pause 
Pause playing back at the time where the pointer is.. 


Backward 10 Plot Steps 
Go backward 10 Plot Steps from the pointer location. 


Forward 10 Plot Steps 
Go forward 10 Plot Steps from the pointer location. 


Action List 
List actions during the simulation. This feature is not available in the current release. 
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Train Limits Tractive Effort 
: Calculation 

Speed Limits Speed Profile 
Load Profile 


Time domain 
load flow 


Calculates for 
all umesteps 


Output Reports 
and plots 


57.8.1 Train Performance Calculations 


Train Rolling Resistance 


In addition to the negative force exerted by curves and upgrades, there are several other factors which 
influence the rate of acceleration of a train. These factors combined are termed ‘train resistance’ or ‘rolling 
resistance’. Rolling resistance is entered per-train into the Rolling Stock Library. 


Train Acceleration Resistance 


Train Acceleration Resistance is the amount of force required to accelerate a train. The amount of 
acceleration resistance is a function of the train weight. During deceleration, the resistance will be a negative 
force. 


Train Tractive Effort Curve 


The Tractive Effort Curve is the amount of tractive effort force in Tons the train can generate as a function 
of train speed in km/hr. The tractive effort curve is entered per train into the Rolling Stock Library. The 
Tractive Effort Curve determines the maximum acceleration of the train if it is below the acceleration limit. 
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Tractive Effort (Tons) Speed kph) 
19.03567987 0 
72.13859561 
78.30353812 


89.02878305 
102.3404037 
119.9653245 


if? 6120 14 
Example of a typical Tractive Effort Curve entered into the ETAP Rolling Stock Library 


Train Braking Effort Curve 

The Braking Effort Curve is the amount of braking effort force in Tons the train can generate as a function 
of train speed in km/hr. The Braking Effort Curve is entered per-train into the Rolling Stock Library. The 
Braking Effort Curve limits the maximum deceleration of the train if it is below the deceleration limit. 


Train Regenerative Curve 

Electric trains are capable of regenerating energy when braking. The Regenerative Curve is the amount of 
regenerative force in Tons the train can generate as a function of train speed in km/hr. The Regenerative 
Curve is entered per-train into the Rolling Stock Library. The Regenerative Curve determines the amount 
of electrical power that can be regenerated during braking. 


Grade Resistance 


Grade resistance is the amount of +force on a train depending on an up or down grade. Grade resistance is 
a dependent on train weight. The grade is calculated from the track node elevations. A grade of one percent 
indicates an increase in height or altitude of one foot per every 100 feet of track. 


Curvature Resistance 


Curvature Resistance is an additional rolling resistance a train must overcome when traveling on a curved 
section of track. Curve Resistance is calculated from bend radius, which can be entered into the Bend Radius 
Element. 
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Tractive Effort Calculation and Limits 


The total tractive effort of the locomotive is equal to the sum of the rolling resistance, grade resistance, 
curve resistance, and acceleration resistance. The total tractive effort is determined from the tractive effort 
curve. The maximum tractive effort curve is the limiting factor in determining the maximum acceleration 
of the train. The maximum braking effort curve is the limiting factor in determining the maximum 
deceleration. These acceleration and deceleration limits will only be applied if they are below the set-train 
limit specified in the eTraX Editor. 


Train Current Limitation 


According to EN 50388 Train Shall be equipped with an automatic device which adapts the level of 
maximum power consumption depending on contact line voltage in steady state condition. ETAP train 
current limitation module will provide an option to define maximum train current in accelerating and 
regenerative mode based on Rated voltage (Un) and Knee point factor (a), highest permanent and non- 
permanent voltage (Umax1, Umax2), lowest permanent and non-permanent voltage (Umin1, Umin2). Train 
current limitation can be applied to AC (1-phase & 3-phase) and DC rolling stock with voltage independent 
and voltage dependent modeling. 


Train Current Limitation 


According to EN 50388 Train Shall be equipped with an automatic device which adapts the level of 
maximum power consumption depending on contact line voltage in steady state condition. ETAP train 
current limitation module will provide an option to define maximum train current in accelerating and 
regenerative mode based on Rated voltage (Un) and Knee point factor (a), highest permanent and non- 
permanent voltage (Umax1, Umax2), lowest permanent and non-permanent voltage (Umin1, Umin2). Train 
current limitation can be applied to AC (1-phase & 3-phase) and DC rolling stock with voltage independent 
and voltage dependent modeling. 


Speed Profile and Speed Limits 


The Speed Profile is calculated iteratively, given the total distance between each station and the time 
schedule. Speed profiles during acceleration and deceleration are determined by the tractive effort curve 
and the braking effort curve, respectively. The constant speed section is determined by iteratively adjusting 
the section to a higher or lower speed until the train can meet the train schedule given the time and distance 
between the two stations. The train speed profile must obey all the speed limits at every location of the line. 
In the case of multiple speed limits on the same route, ETAP calculates a K constant profile in proportion 
to the speed limit. The K constant profile is then adjusted to a higher or lower speed until the train meets 
the train schedule. The train speed profiles between two stations are generated independently of other train 
speed profiles. 


Train Coastin 

Train Coasting occurs when the train no longer uses tractive effort to maintain its speed. The tractive effort 
will equal 0. The train will decelerate due to rolling, grade, and curve resistance. The below INI entries 
control if and at what speed train coasting will be applied. Train Coasting is only applied when the train is 
arriving at a train station. 


TrainApplyCoasting = 1 — If 0 (zero), the coasting is not applied. If non-zero, coasting is applied when the 
speed goes from a higher to a lower value. 
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TrainCoastingEndSpeedPercent = 60, range: (0., 150) — This is speed in percent of speed limit for a train 
to switch from coasting to decelerating at a constant rate, if coasting applies. 


TrainCoastingEndSpeedUnit = 0 —If 0 (zero), the uniform coasting end speed is used. If non-zero, the 
percent coasting end speed is used. 


TrainCoastingUniformEndSpeed = 45, range: (0., 999) — This is the uniform coasting end speed limit in 
km/hour applied globally. 


Train kW Loading 


Load profiles are developed for each train. Each train is modeled as a constant power load. The location of 
the load varies as the train moves along a track. 
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57.8.2 Unified AC & DC Load Flow 


ETAP utilizes a time domain unbalanced load flow analysis to calculate the bus voltages, branch power 
factors, currents, and power flows for individual phases throughout the electric power system on a time 
domain series. ETAP provides a novel and powerful technique of Newton-Raphson 3-phase power flow 
calculations using the current injection method. The 3-phase current injection equations are written in 
rectangular coordinates. An efficient sparse matrix technique for ordering, factorization, and 
forward/backward substitution is applied. This method has been used to compute power flows on real- 
balanced and unbalanced distribution systems and has been shown to be very robust to converge in less 
iterations than other methods, especially for heavily loaded systems. 


The Current Injection Method both formulates and solves iteratively the following load flow equation: 
abc abc abc 
[AV,,, |" ]=[ALe | 


where AVim°’ is a 3-phase bus voltage vector in an incremental form, and Alm*” is a 3-phase bus current 
injection mismatch vector between specified value and calculated value; and y“” is the corresponding 
Jacobian matrix. The off-diagonal elements of y*” are identical to the corresponding elements of the node 
admittance matrix; and the diagonal elements of y*” are dependent on both the corresponding elements of 
the node admittance matrix and the load model adopted for each phase at a given bus. 


The current injection method has relatively lower requirements of the bus initial voltage values compared 
to the Newton-Raphson Method and the fast-decoupled method. Instead of using bus real power and 
reactive power mismatch as convergence criteria, the current injection method checks bus voltage 
magnitude tolerance between two consecutive iterations to control the solution precision. The typical value 
for bus voltage magnitude precision is set to 0.0001 pu. 


Unified load flow calculation will be enabled when ‘Calculate AC & DC System’ checkbox is checked in 
Study Case Editor. This mode allows you to calculate AC and DC system simultaneously in one unbalanced 
load flow run. 


DC components can be connected to AC system through AC-DC device such as inverter, charger and UPS. 
All calculated DC power will be converted to AC system through AC-DC device. DC source can be treated 
as swing source for DC system, but when connected with AC system, an AC swing source is still needed 
to energize the AC system. 


AC-DC device 


Charger, UPS and Inverter are the only three devices in ETAP that allow connection between AC and DC 
systems. 


Charger/Rectifier 

In unified load flow, Charger is modeled similar to a 6-pulse rectifier. Thus the firing angle as well as 
operating DC voltage will affect the total AC power demand. Charger allows only power flow from AC 
system to DC system; any reverse flow will be blocked. 


UPS 

In unified load flow, UPS has the ability to block or allow AC-DC load flow by checking or unchecking 
‘Blocked by Auction Diode’ checkbox located in its editor, ‘Rating’ page. When this option is checked, the 
connected DC system will be treated as isolated, and loading category will be used if it is selected in UPS 
editor, ‘Loading’ page. 
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Inverter 

In unified load flow, even when the Inverter is set to Swing Mode, it won’t be able to provide unlimited 
power. The power provided by the Inverter will be limited by its connected DC generation. If connected 
DC generation is not able to cover the total usage, or if there are mismatches between the Inverter input and 
output terminal, the calculation will diverge. 


Calculation Method 


The unified load flow calculation is calculated simultaneously with unbalanced load flow to achieve 
accurate results. All DC sources and loads can only generate or consume active power, and as there is no 
phase type concept for DC components, all DC power will be converted to AC side by AC-DC device 
during unified load flow run. Converted power will have the same phase type as AC-DC device. 


When connected with active DC device, all AC-DC devices? will be treated as a branch type element, and 
no generation or loading category data are used. The converted AC active power is calculated by DC active 
power divided by AC-DC device efficiency, and reactive power is calculated by converted active power 
divided by AC-DC device power factor. When input and output of the AC-DC device are not following the 
previously mentioned logic, an error message will be given, and calculated (calculation?) will be halted. 


In unified load flow calculation, the DC loads involved in calculation are constant power and constant 
impedance loads. The sources include constant voltage source and constant current source. A constant 
voltage source maintains its terminal bus voltage at a fixed value, while a constant current source injects a 
fixed value of current into the system. 


The results of the calculation are reported on the one-line diagram and in Crystal Reports. 


Unbalanced Load Flow Convergence 


As in any iterative solution method, the convergence of the unbalanced load flow solution is affected by a 
number of factors specific to power systems. 


Negative Impedance 

Negative resistance and reactance should be avoided. As an example, the traditional method of modeling 
three-winding transformers by a Y equivalent model, using one impedance and two two-winding 
transformers, sometimes results in a negative impedance value for one of the impedance branches. In this 
case, the negative impedance should be combined with other series circuit elements so that the result is a 
positive impedance value. Load flow calculations may not converge if a large value of negative impedance 
is used. ETAP can now model three-winding transformers directly with no need for users to do any 
conversions. 


Zero or Very Small Impedance 

A zero or very small impedance value of any branch is not allowed, since this will result in infinity or a 
huge (suggestion: find a better word than ‘huge’) number in the system admittance matrix. You should 
represent this type of impedance by a tie circuit breaker to solve the problem. 


Widely Different Branch Impedance Values 

Widely Different Branch Impedance Values on the same per-unit base may result in a slow convergence. 
To avoid this situation, various techniques, such as combining series branches with low impedance 
values, ignoring short length transmission lines and/or cables, or modeling a small impedance branch with 
tie circuit breakers, can be employed. 
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Long Radial System Configurations 
Long Radial System Configurations usually take more time to converge than loop configurations. 


Bad Bus Voltage Initial Values 

Solution convergence speed and computing time are functions of the initial voltages for load-type buses. 
The closer the initial voltages are to their final profile, the faster the solution converges. The solution may 
not converge if the initial voltages are too far from the final profile; thus it is recommended that the Update 
Bus Voltage option be used to obtain a set of sound initial bus voltages. 


Modeling of Power Sources 


Power sources include generators and utilities with a mode of swing, voltage control, or Mvar/PF control. 
The internal sequence impedances of power sources are employed to represent the inherent source phase 
imbalance due to distribution system imbalance. The sequence models of a power source are quite simple, 
shown below, where yo, yi, and y2 are respectively the positive-, negative-, and zero-sequence admittances, 
and J; is an equivalent current source. 


. Vo 
Vi V l - 
0 ) 0 
yo : y? 
1, O y 
| 
Positive Negative 
eens Sequence Sequence 


Sequence Models of a Power Source 


Note: These internal impedances are ignored and the utility is represented in phase domain if “Unbalanced” 
is selected in the rating page. The grounding connection is always considered to be solid grounded in this 
scenario. 


Swing Mode 

The specified constraints for a swing power source are the magnitude and the phase angle of the positive 
sequence voltage at the swing source terminal. The use of positive sequence representation for voltage 
magnitude regulation makes it possible to properly represent the automatic voltage regulation (AVR) 
mechanism of a power source; where in most case, the average voltage magnitudes (magnitude?) of all 
three phases is the voltage magnitude that is regulated. Under unbalanced conditions, the negative and zero 
sequence voltages may be non-zero. 


Voltage Control Mode 
The constants for a power source of the Voltage Control Mode are the total output of 3-phase real powers 
and the magnitude of the positive sequence terminal voltage. 


Mvar/PF Control Mode 


The constants for a power source of Mvar/PF Control Mode are the total output of 3-phase real powers and 
the total output of 3-phase reactive powers. 
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Modeling of Loads 


Constant Power Load 

Constant Power Loads include induction motors, synchronous motors, conventional and unbalanced 
lumped loads with % motor load, UPS, and chargers. The power output remains constant for all changes in 
input voltage. Below are the respective I-V and P-V curves for a constant power load: 


I 


Motor Load P Running Motor 
Power output 


Current 


Vmin Vmax Vmin Vmax V 


Note: The constant power loads of synchronous motors are treated as the Mvar control mode sources with 
negative power generations. These types of loads have the same structures as the synchronous generators 
of Mvar control mode, and only the total of 3-phase power outputs / inputs for such a load remain constant 
for unbalanced situations. Because of the difficulty of multiple solutions, ETAP does not allow for the 
constant power unbalanced lumped loads (with % motor load) connected in Y with open neutral. 


The constant power loads of 3-phase induction machines, conventional and unbalanced lumped loads with 
% motor loading, are treated as combinations of the Mvar control mode sources with negative power 
generations for positive sequence and constant impedance loads for negative-sequence and zero-sequence. 


Note: When induction motors run under locked rotor conditions, they should act as static loads. Under 
different voltages, the Power Factor might be different from that under the rated voltage. 


Constant Impedance Load 

Constant Impedance Loads include static loads, capacitors, harmonic filters, MOVs, and conventional and 
unbalanced lumped loads with % static load. The input power increases proportionally to the square of the 
input voltage. Below are the respective I-V and P-V curves for a constant impedance load: 


[ 


Load Input 
Power 


ETAP 57-141 ETAP 19.0 User Guide 


eTraX Analysis Calculation Method 


Constant Current Loads 
Constant Current Loads include lumped loads operating in unbalanced mode. The current remains constant 
for all changes in voltage. Below are the respective I-V and P-V curves for a constant current load: 


I 
P Load Power 
Load Current 


V Vv 
Generic Load 
Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive modes. 


A generic load model expresses the characteristics of the load at any time as algebraic functions of the bus 
voltage magnitude and frequency at that instant. 


Exponential Model: 


P=P, VF +K,,af) 
0=0,(7) +K,af) 


For this and other generic models, 


where P and Q are active and reactive components of the load when the bus voltage magnitude is V and Af 
is the frequency deviation ( f-f, ). The subscript , identifies the values of the respective variables at the 


initial operating condition. Typically K prranges from 0 to 3.0, and K gf ranges from —2.0 to zero. 


The parameters of this model are the exponents a and b . With these exponents equal to 0, 1, or 2, the model 
represents constant power, constant current, or constant impedance characteristics, respectively. 


Polynomial Model: 


P= Pp? + pV + p, i +K,,Af) 


Q =Q,la,7" +q,V +4; h+x,a) 
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The Polynomial Model is composed of constant impedance, constant current, and constant power 
components. The parameters of the model are the coefficients p, , P), P3, 9, 2, and q,, which define the 
proportion of each component. 


Comprehensive Model: 


ee || + Poym + Pe, i] 
Where: 
Poory = pve +pV + Dp; 
Pym = p,lV) +K,,Af) 
Peyp) = pV) (1+ Kip ) 


The expression for the reactive component of the load has a similar structure. The reactive power 
compensation associated with the load is represented separately. 


Modeling of Transmission Lines 


A transmission line can be modeled as 3-phase, 3-phase, or single phase with any geometry configuration, 
and can be coupled with other transmission lines. Currently, a transmission line can belong to one coupling 
group only. The Kron Method is used to handle neutral wires, as the average grounding model is typically 
used in distribution systems. The Kron Reduction Method makes the assumption that the neutral voltage at 
a branch end is equal to zero. 


Modeling of Transformers 


ETAP uses a combined model of common transformers and regulating transformers. This model can 
accommodate any phase shift, grounding impedance, and different positive/negative and zero sequence 
impedance. 


The (3) 1-phase transformer, open delta transformer, are modeled phase by phase based on the single phase 
transformer parameters. Single phase center-tap transformer is modeled by assuming the solid connection 
to the reference point of the power grid at the center-tap point of the transformer. 


The No Load Loss is modeled as shunt impedances in T equivalent circuits for each pair of the coupling 
windings. 


n Ln Lp rh 


For two winding transformer, the positive-and negative-sequence circuits will use the same shunt 
impedances which are calculated from the positive-sequence no load loss testing data. The zero-sequence 
will use the shunt impedances which are calculated from the zero-sequence no load loss testing data when 
there is no buried delta winding. 
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For three winding transformer, the PS, PT and ST coupling windings will be modeled as T equivalent 
circuits correspondingly with the same shunt impedances. 


Buried delta winding will be modeled as an independent winding for zero-sequence circuit. The winding 
parameters will be derived from the inputs of the Buried Delta Winding page. A two winding transformer 
with a buried delta winding can be modeled equivalently as a three-winding transformer with the tertiary 
winding connected as delta and unconnected. A three-winding transformer with a buried delta winding 
can be modeled equivalently as a four-winding transformer with the fourth-winding connected as delta and 
unconnected. 


Modeling of AC-DC Converters 


In a Load Flow Study, chargers are represented as constant kVA loads connected to their AC input bus. An 
inverter is represented as an AC source without considering the internal impedances, which can have several 
operating modes as a generator. 


Modeling of HVDC 
An HVDC Link is not considered in the Unbalanced Load Flow Study. In the event any HVDC Link is 
detected, an error will be posted. 


Modeling of SVC 


The voltage support capability of the SVC deteriorates with decreasing system voltage. The 3-phase SVC 
is connected in Delta. 


Modeling of UPS 


In a Load Flow Study, the UPS is represented as a constant load at its input side and a swing source at its 
output side (where the output side is energized). 


When the UPS is selected as a load based on its loading category in its loading page, the system that is 


connected to the UPS output side will be de-energized if there are not any other swing sources in the system 
and the UPS is modeled as a pure constant load. 


UPS Output Side is De-energized 


When the UPS is selected as a load based on its connected load, the UPS output bus will be modeled as a 
swing bus with the UPS-rated output voltage as its regulating voltage for its output bus. Then, the calculated 
UPS output bus loading will be treated / shared as the UPS output side-loading. 
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If multiple UPS are selected as connected loads and share the same output bus, the calculated UPS output 
bus loading will be shared amongst all the UPS by their maximum-rated currents. The UPS output side 
loading will be reflected onto the UPS input bus by considering its efficiency and the operating input power 
factor selection in its loading page. For example, if the UPS share of its output bus loading is P + j*Q, then 
the UPS loading will be reflected onto its input bus, based on the operating input PF selection as a load: 


P/EFF + j*P/EFF*sqrt(1-PF*PF)/PF where EFF is the UPS efficiency and PF is the rated or user-defined 
power factor. 


P/EFF + j*Q when connected load power factor is selected. 


Modeling of VFD 
In a Load Flow Study, the VFD is modeled the same way as the UPS except for: 


e The VFD is modeled as a load based on its connected load. 

e The VFD output swing bus voltage is specified by the VFD loading category. 

e The VFD output side loading will be reflected onto its input side and shared equally by its input 
branches, if the VFD is connected to multiple input branches. Otherwise, the VFD output side- 
loading will be reflected onto its input bus. 


Different Factors Considered in Load Calculation 
ETAP provides you with great flexibility in modeling load variations through different load factors, such 


as demand factor, load percent, service factor, and application factor. Depending on your specifications, 
these factors are used differently in calculating loads under several circumstances: 


e Load Editor — Calculation of load for Loading Categories and voltage drop 
e Input for Studies — Calculation of load specification for load flow and initial load for motor 
starting and transient stability studies 
e Studies Results — Calculation of load displayed in one-line diagram from load flow, motor 
starting, and Transient Stability Studies 
e Bus Editor — Sum of load connected to a bus 
The following two tables describe how these factors are used in these cases: 
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Factors Used for Motor Load Calculation 


Load Editor Input to Studies Results from Studies Bus Editor 
Load | Loss | Vd Load Loss Load Loss | Vd 

Bus Nominal kV x x x x x x x x 
Bus Operating V x x x x x 

Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
Service Factor * 

App. Factor * 

Load Quantity x x x x x x x 
Bus Diversity Factor - - ‘ * * 

Global Diversity Factor o * * * * 


Factors Used for Static Load Calculation 


Load Editor Input to Studies Results from Studies Bus 
Load | Loss | Vd Load Loss Load | Loss Vd | Editor 

Bus Nominal kV x x x x x x x x x 
Bus Operating V x x x x 

Demand Factor x x x x x x x x x 
Loading % x x x x x x x x x 
App. Factor * 

Load Quantity x x x x x x x 
Bus Diversity Factor * * * * * 

Global Diversity Factor * * * - * 


* Indicates the factor is used in calculation if you have specified it in the related Load Editor or Study Case. 


Notes: 
e Motor load includes induction motor and generator, synchronous motor, MOV, and motor load 
portion of lumped load. 
e Static load includes static load, capacitor, and static load portion of lumped load. 


Transformer Sizing/Alerts 


In Railway Systems, there are many devices whose proper size is critical to the design of a Traction power 
system. The most important devices are Traction Transformer, Scott-T Transformer and Auto Transformer. 
There are several factors involved in the process of sizing above devices. EN 50329 provides a set of 
guidelines that list the duty class table and how it can be used to determine if a transformer can handle its 
required operating load. Inadequately sized transformers may shorten the equipment’s operating life or 
cause overloading failures. 
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ETAP has compiled the information contained on standards EN50329 into a program that can easily 
determine the proper size of a Traction Transformer, Scott-T Transformer and Auto Transformer and 
provide alert calculations. The method used by the program considers several factors like duty class, 
duration and interval between two consecutive overloading (dry or liquid fill). 


The ETAP Transformer Sizing/Alert Module provides required sizing and alert calculations based on class 
a, Class b or class c for various duty classes listed in Transformer duty class table based on ANSI and 
ENS0329. 


The Transformer MVA Sizing/Alert chapter describes how to start the transformer MVA sizing/Alert 
calculation, the input data and output results of the calculation. The section on calculation methods provides 
some technical background on the calculations involved with transformer MVA sizing. 


Sizing/Alert Calculations 


Transformer MVA Sizing calculations sizes the transformer based on transformer loading for specified 
duration. Transformer Alert Calculations gives overloading conditions based on Transformer MVA 
calculations for class a, class b or class c and specified % MVAb values, provided from Duty class table. 
To trigger the Transformer Sizing /Alert module, click on Transformer Sizing button from eTraX toolbar. 


2-Winding Transformer Editor - T48 x 
Reliability Remarks Comment 
Info Rating Impedance Tap Grounding Sizing Protection Harmonic 
30 MVA IEC Vill 132 55kV 
Voltage Rating Z Base 
kV FLA Nominal Bus kV 
Prim. 132 227.3 132 MVA 
: 30 
Sec. 55 545.5 55 
Power Rating Alert - Max 
MVA MVA 
Rated 30 18.85 
Alert/Sizing Da Sacral 
ration ery 
p.u of MVAb (Sec) (Min) 
a | 81 |% Cont. 
2 = z lative 
b 122 | % 7200 180 
; ative 
c 163 | % 60 30 
MFR 
Type Duty Class 
Liquid-Fill Vill v 
B wim 2) WR) (4) [coe 


Transformer Loading 
Transformer Loading based on specified duration is calculated from eTraX analysis. 
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p.u of MVAb 
% MVAb for class a, class b and class c will be displayed from “Transformer Duty Classes for ANSI and 
IEC” table based on Duty class selection 


Duration (Sec) 
Duration for calculating cumulative demand will be displayed from “Transformer Duty Classes for ANSI 
and IEC” table based on Duty class selection 


Interval (Min) 
Interval between two consecutive overloading conditions will be displayed from “Transformer Duty 


Classes for ANSI and IEC” table based on Duty class selection. 


Type 
Liquid-Fill transformer is selected and grayed-out for Traction, Scott-T and Autotransformer. 


Duty Class 
Duty class drop-down is based on selection of ANSI/IEC standard from info page of Transformer 
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57.9 Required Data 


Bus Data 
Required data for eTraX calculations for buses includes: 


e Nominal kV 
e %vV and angle (when Initial Condition is set to use bus voltages) 
e Load diversity factor (when the Loading option is set to use diversity factor) 


Branch Data 


Branch data is entered into the Branch Editors (that is, the Transformer, Transmission Line, Cable, Reactor, 
and Impedance Editors). Required data for eTraX calculations for branches includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Impedance base kV and base kVA/MVA 

Zero sequence impedances 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for eTraX calculations for power grids includes: 


Operating Mode (swing, voltage control, Mvar control, or PF control) 
Nominal kV 

%V and angle for swing mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode 

MW loading and PF for PF mode 

Grounding types and parameters 

Single-phase MV Asc and X/R 


Synchronous Generator Data 


Required data for eTraX calculations for synchronous generators includes: 


Operating Mode (Swing, voltage control, or Mvar control) 

Rated kV 

%V and angle for swing mode of operation 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode of operation 

MW loading and PF for PF mode 

Xa”, X2, Xo, and X/R 

Grounding types and parameters 
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Inverter Data 
Required data for eTraX calculations for inverters includes: 


Inverter ID 
DC and AC rating data 


AC output voltage regulating data 


Synchronous Motor Data 


Required data for eTraX calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xa’, X2, Xo,and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Induction Motor Data 
Required data for eTraX calculations for induction motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xsc, X2, Xo,and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Static Load Data 


Required data for eTraX calculations for static loads includes: 


Static load ID 

Rated kVA/MVA and kV 

Power factor 

Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 


Capacitor Data 


Required data for eTraX calculations for static loads includes: 


ETAP 


57-150 
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Capacitor ID 

Rated kV, kvar/bank, and number of banks 
Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 


Lumped Load Data 


Required data for eTraX calculations for static loads includes: 


Load ID 

Rated kV, MVA, power factor, and % motor load 
Loading Category ID and % loading 

Phase type 

Xsc and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Charger & UPS Data 


Required data for eTraX calculations for chargers and UPSs includes: 


e Element ID 
e Rated AC kV, MVA, efficiency, and power factor, as well as DC rating data 
e Loading Category ID and % loading 


Rectifier Data 
Required data for eTraX calculations for rectifiers includes: 


Element ID 

Rated AC kV, MVA, efficiency, and power factor, as well as DC rating data 
Loading Category ID and % loading 

Characteristic Curve data 


SVC Data 


Required data for eTraX calculations for SVC includes: 


Element ID 

Rated kV 

Vmax 

Vmin 

Vref 

Rated QI] and Qc 
Qlmax and Qcmin 


Panel Data 
Required data for eTraX calculations for panels includes: 
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Element ID 

Rated kV and amps 

Number of branch circuits 

Loading Category ID and % loading 

Phasing, number of poles, and state 

Connection type (such as internal, external, or spare) 


Track Data 


Required data for eTraX calculations for track includes: 


Track ID 

Track type 

Track distance 

Track speed limit and location 

Track gradient in percent and location 
Track curvature and location 

Overhead line impedance (R+jX) in ohms 
Track impedance R in ohms 


Rolling Stock Data — Locomotive and Slugs 


Required data for eTraX calculations for each rolling stock includes: 


Rolling stock type 

Auxiliary power and voltage 

Regenerative applied or not 

Number of axles 

Line voltages 

Weight 

Adhesive weight 

Width and Height 

Rated power 

Maximum speed 

Efficiency 

Power factor 

Maximum train current 

Maximum regenerative current 

Knee point factor (a) 

Umax1 

Umax2 

Umin1 

Umin2 

Bearing resistance coefficient 

Mass per axle rolling resistance coefficient to represent the journal or bearing resistance 
Mass per axle coefficient to represent resistance between wheel flange and rail 
Rolling resistance coefficient 

Rolling resistance coefficient for EMU motor coach 
Air resistance coefficient 
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Wheel diameter 

Wheel area 

Tractive effort — speed characteristics 
Braking effort — speed characteristics 


Rolling Stock Data — Other Types 


Required data for eTraX calculations for each rolling stock includes: 


Rolling stock type 

Load Limit 

Light Weight 

Number of axles 

Width and Height 

Bearing resistance coefficient 

Mass per axle rolling resistance coefficient to represent the journal or bearing resistance 
Mass per axle coefficient to represent resistance between wheel flange and rail 
Rolling resistance coefficient 

Rolling resistance coefficient for EMU motor coach 

Air resistance coefficient 

Wheel diameter 

Wheel area 


Train Timetable 


Required data for eTraX calculations for Train Timetable includes: 
e TrainID 

Start station 

Start platform # 

Arrival time 

Dwell time 

Departure time (calculated) 

Operable days of the week 


Train Configuration Data 


Required data for eTraX calculations for each rolling stock includes: 


Configuration type (passenger or freight) 
Acceleration limit 

Deceleration limit 

Formation of rolling stocks 

% Loaded for each rolling stock 

Train ID 

Configuration assignment of each train 


Other Data 


Some Study Case-related data must also be provided. These include: 
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Maximum iteration 

Precision 

Loading Category 

Initial condition 

Report (report format) 

Update (for bus voltages and transformer LTCs using load flow result) The Study Case-related data 
is entered into the eTraX Study Case Editor. 
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57.10 eTraX Plots 


eTraX Plots allows users to view system voltage, current, power, and energy. Plots for Trains, track lines, 
cables, transmission lines, generators, utilities, and loads can be generated. Train dynamics such as speed, 
acceleration, tractive effort, grade resistance, curvature resistance and energy can be plotted. Click on the 
eTraX Analysis Plots button to open the plot manager. 


TP - Plot Manager 


Home Export 


Boek nkk bk #& OS 


| Va =e 


| Default 


Add Remove Vertical Horizontal Tabs Close Close Plot _‘Plot_—Refresh — Ove Copy Hairline Horizontal Auto-Scale =e 
Plot All. Explorer Properties Refresh Line Pagination Other 
Plot Files Layout Windows Data Plot Tools Plot Type Style 
Plot Explorer sae |=*Bus26-2 x | 
Created Bus26-2 | 
4/3/2018 11:03:02 AM 74195 74.76 748 
401811188 AM 4/3/2018 8:27:20 AM, 748 
4/3/2018 8:27:20 AM, 74.6 
4/3/2018 3:13:38 PM ni 8:27:20 AM, 74.8 
Device Type Devices 74785-) 7475 
ID woth L 747 
Branch Bus22-2 132 
Empped cad Bus23-2 132 
PES EU Bus24-2 132 7478-4 7474 
“Testes Bus25-2 132 = = = | 
Trip ¥ Bus26-2 132 2 2 1 74,6 Srl Bus26-2 - Voltage A | 
Bus27-2 132 3 3 5M 8u:26-2- Voltage B 
> Mm Bus26-2 - Voltage C | 
Plot Type Bus28-2 132 747154 74.73 i 
Denice “ Bus29 132 
=| Voltage A Bus29-2 132 
3 _| Vottage 8 Bus30 132 L 74.5 
= ESTE Bus30-1 132 7477-4 74.72 
| ince as Bus31-1 132 
icisaetc Bus32-1 132 
Voltage CA oust Ie 
— = 747654 7471 t 744 
ent n ae 80:00AM 8:15:00AM — 830:00AM —845:00AM —-9.00:00AM __— 9:15:00 AM 


Time (minutes) 


Output Report 
Select the Output Report for plotting. 


Device Type & ID 
Select a Device Type and ID for plotting. 


Plot Type 
Check Plot Type(s) for plot. Different device types have different plot types. 
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57.10.1 Examples 


This section shows examples of how to view traction data using the plot manager. 


Plot kW Profile of Traction Substation 
By selecting a branch element in the plot manager you will have an option to plot kw. 


Find the ID 


T48 T47 
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Select Branches, select the Device ID, Plot kW (From Phase A). Active power profile can be found from 


this plot. 


ail TP - Plot Manager - a 
Home Export 
i A = — 
sehoOobokhk #& OS MEA YZ Ake 4 
Add Remove Vertical Horizontal Tabs Close Close Plot Plot Refresh Auto Overwrite Copy Hairline Horizontal Auto-Scale Save = 
Plot All Explorer Properties Refresh Line Pagination Other 
Plot Files Layout Windows Data Plot Tools Plot Type Style 
Plot Explorer ame =6*148 - kW (From A) 
oa T48 - kW (From A) 
A#0,ETXP 4/3/2018 11:03:02 AM 15000 
B#0.ETXP 4/3/2018 11:13:48 AM 
eTraX-AC#0.ETXP 4/3/2018 3:13:38 PM 
Device Type Devices 
be o EE w 
T28 132 
Lumped Load Taz. 432 
Static Load - 132 
Track Node 157 132 = 
Trip 66 132 5000 
rad 132 é 
Plot Type zs 132 
as Description « Z139 132 
g = = 
| KW (From B) Cable24 220 0 
| kW (From ©) Cable25 220 
| kvar (From A) Cable28 220 
| kvar (From B) Cable32 220 
| kvar (From C) 2 Cable129 220 a 
reeoah aie aos -5000 r r r r T r r 
Plot 8:00:00AM 8:10:00AM 8:20:00AM 8:30:00AM 8:40:00AM 8:50:00AM 9:00:00AM 9:10:00 AM 
Time (minutes) 


Plot Energy Profile of a Train 


By selecting a trip in the Plot Manager you will have an option to plot train energy profiles. 


wil! TP - Plot Manager 7 a 


HE tome Export 
BObOkbh bk ww OS So Va ————— | 
Save 


Add Remove Vertical Horizontal Tabs Close e Plot Plot Refresh Auto Overwrite Copy Hairline Horizontal Auto-Scale = 
Plot Explorer Properties Refresh Line Pagination Other 


Plot Files Layout Windows Data Plot Tools Plot Type Style 
haem “Train) - kWh 
Created 


Train1 - kWh 


4/3/2018 11:03:02 AM 1500 5 
4/3/2018 11:13:48 AM 
4/3/2018 3:13:38 PM 
Device Type Devices 
: Lo —_— 
Branch vy [Traint 27 
Eee Train11 7 oa 
paces Traint2 7 
Breck oe Train13 27 S 
z 
Train14 27 r< 
- 
Train15 27 £ 
o 
Plot Type Train16 27 
Description « Train17 27 Sead 
Curve Resistance ae 7 
Grade Resistance fant? caf 
Tractive Effort 
peed 
|v 
| Location/Distance + 
0 T => T T sy r 
Plot 8:00:00 AM 8:05:00 AM 8:10:00 AM 8:15:00 AM 8:20:00 AM 8:25:00 AM 8:30:00 AM 


Time (minutes) 


@ 148 


@ Train1 
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57.11 Warehouse 


The Warehouse is a collection of items that have direct reference to specific headers and sizes from the 
Library. The Warehouse can be considered as a limited selection of items that are used in Distribution View 
in an ETAP project. All warehouse data is stored in a file separate from ETAP Project and ETAP Library 
File. A warehouse data file can be selected from ETAP for a project, similar to a library file. The extension 
for warehouse is WHS and the file is placed in the WHS sub-directory under ETAP Dir. 


The ETAP Warehouse allows users to enter in the catenary line impedance and the track impedance. Go to 
Warehouse > Warehouse to open the Warehouse. 


Warehouse Editor 
The catenary line impedances can be entered in the Line warehouse. 


Line Phase | Line Ground | Line Configuration | Transformer | LVCB | Fuse | Switch | HVCB | Railway Track 


Warehouse Data Phase Ground Configuration 
ID Source Warehouse ID | Warehouse ID Warehouse ID 
LINEZ-WH3 | Calculated LINE-WH1 LINECFG-WH2 


NEZ-WH4 User-Defined 


| {Ground | [ Configuration | 


(Lidelete]  [ChangeID} [Restore | 


Help Close Expand >> 


Track impedances can be entered in the Railway Track warehouse. If a center-tap transformer is used, the 
rail impedance will be included into the calculation. Resistance to earth can be modeled as part of rail 
impedance. 
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Catenary line impedances and track impedances can be entered in the Catenary Editor. Double click the 
track line to open the Catenary Editor. Catenary line impedances and track impedances are entered per track 
segment. 


Line Z Warehouse... 


LINEZ-WH4 


Value 
LINEZ-WH4 


ESyC ES) (2M) (OK) [cone 
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57.12 Train Rolling Stock Library 


The Train Rolling Stock Library is set up in a similar manner to a file directory system. The hierarchical 
library structure stores levels or headers (i.e. Standard, AC/DC, Manufacturer, Model, etc.) each containing 
a set of attributes (i.e. Manufacturer reference, Model Link, etc.). The library structure is as shown below. 


i tt—=“‘“CistCtC SC 


Rolling Stock Library 


ANSI AC Manufacturer Moda NamePlate 
| | Manufacturer Model Motor Characteristics 
IEC pct Manufacturer Model Tractive Effort- Speed 
bs sd Characteristics 
* * 
* . = 
Manuf. Moda Braking Effort- Speed 


Characteristics 


The Train Rolling Stock Library header consists of Standard — AC/DC — Manufacturer — Model. For each 
header, you can have one record of Nameplate, Motor Characteristics, Tractive Effort-Speed Characteristics 
and Braking Effort-Speed Characteristics if it is a traction motor. A non-traction motorwill have one record 
of Nameplate. 


57.12.1 Train Rolling Stock Library Editor 


Manufacturer 
@ac { a 
Ooc eee 
[Simenes/EMU/2005/CA1 | 
Standard 
Link 
Oansi = 
@IEC 
Edit Info... Add... Delete Copy... 
Filter 
Rolling Stock 
Type 
Locomotive 
Reference 
EMU/2005/CA1 
Edit Info... Add... Delete Copy... 
Edit Parameters... Help Close 


ETAP 57-160 ETAP 19.0 User Guide 


eTraX Analysis Train Rolling Stock Library 


The Train Rolling Stock Library Editor can be accessed from the Library menu on the menu bar. Select the 
Library from the menu bar and select Train Rolling Stock. This will bring up the Train Rolling Stock Editor. 
The fields of this Library Editor are described in this section. 


57.12.2 Manufacturer Add / Edit 


Manufacturer 
Lists all manufacturers for train rolling stock filtered by the selected standard and AC/DC. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Link 
Displays a manufacturer web link or URL address. 
Add 


Select the Add button to enter the name of a train rolling stock manufacturer you wish to add to the library. 


Add Manufacturer _=— ni 


(¥| ETAP Created Library 
Manufacturer RDSO 
Reference R.D.S.O-WAM 
Link http://www.RDSO.com 


OK |{ Cancel 


Manufacturer 
Enter the manufacturer name you wish to add to the library. This field is a required library parameter. 


Reference 
Enter the reference, if available, for the manufacturer. This field is provided for reference only and may be 
left blank. 


Link 
Enter the manufacturer web link or URL address. This field is provided for reference only and may be left 
blank 


Lock 


The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 
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Edit Info 


You can edit the properties of New or Existing Manufacturer by highlighting it from the list provided and 
then clicking on Edit Info button. Locked entries cannot be edited. 


lEait Manufecturer aX ins J 


¥| ETAP Created Library 


Manufacturer [siehieye8'))) 
Reference R.D.S.0.C-WAM-004 
Link 


Delete Manufacturer 


Delete 

To delete a selected train rolling stock manufacturer and all models provided by that manufacturer, select 
the manufacturer by highlighting it from the list provided and then click on the Delete button. ETAP will 
display a frame requesting that you confirm this request before deleting the selected manufacturer. 


(?) Are you sure you want to delete this item? 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 
message is displayed. 


ETAP Library 


This item is locked. Delete is not allowed. 
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Copy 

To copy the selected train rolling stock manufacturer and all models provided by that manufacturer, select 
the manufacturer by highlighting it from the list provided and then click on Copy button. All models and 
parameters for the selected manufacturer will be copied to the user-specified manufacturer name. 


From RDSO/CLW 


To ABB 


Help OK Cancel 


Help 
Open the Help file for the Train rolling stock Library. 


OK 
Close the Copy Library Editor and save all changes. 


Close 
Close the Copy Library Editor and do not save all changes. 


Type 
The Filter allows you to view all train rolling stock models for the selected manufacturer, based on the filter 
selected. You can view all train rolling stock models or filter your selection by the train rolling stock type. 


57.12.3 Model Add / Edit 

Model 

Model lists all the Models for the selected train rolling stock manufacturer. 

Lock 

The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 


specified). 


Type 
Displays the type for the selected train rolling stock model. 


Reference 
Displays the reference, if available, for the selected train rolling stock model. 
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Add 


Click on the Add button to enter the name of the train rolling stock model you wish to add to the library. 


{ 
Manufacturer |AC Rolling Stock ja | Manufacturer |AC Rolling Stock ja | 
Model |Borad Gauge EMU | Model |Borad Gauge EMU 
Model Info Model Info 
ETAP Created Library (a | ETAP Created Library ja 
Reference |EMU/2005/CA1 | Reference [EMU/2005/CA1 
Brand Name | Simens | Brand Name | Simens 
Link Link 
Type | Locomotive v Type Locomotive v 
sction © 3Phase @ 1 Phase © 3Phase @) 1 Phase 
(_] Voltage Dependent ||  [_] Voltage Dependent 
[_] Current Limiting Mode [_] Current Limiting Mode 
| ms | | Model Descrioti 
EMU | |EMU 
Help OK Cancel | Help OK Cancel 
Manufacturer 


Displays the manufacturer name. 


Model 
Enter the model name you wish to add to the library. This field is a required library parameter. 


Lock 
The lock icon indicates whether the selected library entry is locked (ETAP issued) or unlocked (user- 
specified). 


Reference 


Enter the reference, if available, for the model. This field is provided for reference only and may be left 
blank. 


Type 
Select the type of the train rolling stock from the list box. This field is a required library parameter. 
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Traction Motor 
Check the checkbox for 3-Phase or 1-Phase traction motor; uncheck the checkbox for non-traction motor. 


Voltage Dependent 
Check the checkbox to apply user-specified voltage dependent calculation method. 


Current Limiting 
Check the checkbox to apply train current limitation based for both voltage dependent and voltage 
independent methods. 


Current Limiting 


Check the checkbox to apply train current limitation based for both voltage dependent_and_ voltage 
independent methods. 


Brand Name 
Enter the brand name, for the model, if available. This field is provided for reference only and may be left 
blank. 


Link 
Enter the model web link or URL address. This field is provided for reference only and may be left blank. 


Description 
Enter the description for the train rolling stock model. This field is provided for reference only and may be 
left blank. 


Application 
Enter the application for the train rolling stock model. This field is provided for reference only and may be 
left blank. 


Edit Info 


You can edit properties of a new or existing model by highlighting it from the list provided by clicking on 
the Edit Info button. Locked entries cannot be edited. The model link field is not displayed for locked 
models. 


ETAP 57-165 ETAP 19.0 User Guide 


eTraX Analysis Train Rolling Stock Library 


Rolling Stock Library: Edit Info 


Manufacturer [AC Rolling Stock (a 


Model |Borad Gauge EMU | 


Model Info 


ETAP Created Library ja 
Reference |EMU/2005/CA1 


Brand Name |Simens 


Lik | | 


Type Locomotive v 
Traction Motor © 3Phase @) 1 Phase 


[_] Voltage Dependent 
[_] Current Limiting Mode 


| Model Description 


EMU 


Help OK Cancel 


Delete Model 


Delete 


olling Stock Library: Edit Info 
Manufacturer [AC Rolling Stock ja 
Model |Borad Gauge EMU | 
Model Info 
[7 ETAP Created Library ja 
Reference |EMU/2005/CA1 
Brand Name |Simens 
Link | 
Type Locomotive v 
Traction Mote ©) 3 Phase @ 1 Phase 
[_] Voltage Dependent 
(_] Current Limiting Mode 
Model Description 
EMU 
Help OK Cancel 


To delete a specific train rolling stock model, select the model by highlighting it from the list provided and 
then click on the Delete button. The model will be deleted from the list after you confirm the request. 


Please Confirm 


) Are you sure you want to delete this item? 


| 


Yes No 


Locked entries cannot be deleted from the library. If you attempt to delete a locked entry the following 


message is displayed. 


ETAP 
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ETAP Library 


This item is locked, Delete is not allowed. 


Copy 
Copy a train rolling stock model by selecting the model by highlighting it from the list provided and then 
clicking on the Copy button. The selected model will be copied to the user-specified Model name. 


Help 
Open the Help file for the Train Rolling Stock Library. 


OK 
Close the Copy Library Editor and save all changes. 


Close 
Close the Copy Library Editor and do not save all changes. 


57.12.4 Edit Parameters 


Select a model and click on the Edit Parameters button to open the Parameters Editor. Depending on 
whether it is a traction motor or not, Edit Parameters will display differently. The Parameters Editor for 
traction motor will have tabs for Nameplate, Motor Characteristics, Tractive Effort-Speed Characteristics, 
Braking Effort-Speed Characteristics. The Parameters Editor for non-traction motor will have only 
Nameplate tab. Locked entries cannot be edited or deleted, but can be copied. 


Help 
Open the Help file for the Train Rolling Stock Library. 


OK 
Close the Parameters Editor and save all changes. 


Close 
Close the Parameters Editor and do not save all changes. 
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57.12.5 Nameplate 


The fields in the Parameters Editor for entering data for ANSI train rolling stock as non-traction motor are 
described below. 


Nameplate 


Load Limit (LD LMT) 
Light Weight (LT WT) 
# of Axles 


Neight/Axle 


Width 
Height 
4 Resistance Coefficients 
Cross Sectional Area (a) 
A 
Al 


Weight/Ade 
Tonnes 


Auxiliary 


Power 
Enter the Auxiliary Power for the selected model. This is an essential field; however, it can be left blank if 
information is not available. Units are in kilowatts. 


General 


Load Limit 
Enter the Load Limit for the selected model. This is an essential field; however, it cannot be left blank if 
information is not available. Units are in tons. 


Light Weight 
Enter the Light Weight for the selected model. This is an essential field; however, it can be left blank if 
information is not available. Units are in tons. 


# of Axles 


Enter the # of Axles for the selected model. This is an essential field; however, it can be left blank if 
information is not available. Units are in tons. 
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Weight/Axle 
Enter the Weight/Axle for the selected model. This is an essential field; however, it can be left blank if 
information is not available. Units are in tons. 


Length 
Enter the Length for the selected model. This is an essential field; however, it can be left blank if 
information is not available. Units are in meter or ft. 


Width 
Enter the Width for the selected model. This is an essential field; however, it can be left blank if information 
is not available. Units are in meter or ft. 


Height 
Enter the Height for the selected model. This is an essential field; however, it can be left blank if information 
is not available. Units are in meter or ft. 


Resistance Coefficients 


Cross Sectional Area 
Enter the Cross Sectional Area for the selected model. This is an essential field; however, it can be left 
blank if information is not available. Units are in Sq.meter or Sq Ft. 


A 
A is bearing resistance coefficient. Units are in KN/tonne or lbs/tonne. 


Al 
A1 is mass per axle rolling resistance coefficient to represent the journal or bearing resistance. Units are in 
KN. 


A2 
A2 is mass peraxle coefficient to represent resistance between wheel flange and rail. Unitsnits are in 
KN/tonne or Ibs/tonne. 


B 
B is rolling resistance coefficient. Units are in (KN/tonne)*(hr/km) or lbs/tonne*(hr/km). 


B1 
B1 is rolling resistance coefficient for EMU motor coach. Units are in (KN/tonne 42)*(hr/km) or (Ibs/tonne 
A2)*(hr/km). 


C 


C is air resistance coefficient. Units are in (KN/tonne)*((hr/km)‘2) or (Ibs/tonne)*((hr/km)2). 


The different fields in the Parameters Editor for entering data for ANSI train rolling stock as traction motor are 
described below: 
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Edit Parameters x 


Nameplate Tractive Effort - Speed Characteristics Braking Effort - Speed Characteristics 


Nominal DC Link Voltage 

Capacitance 

Reactance 

Resistance me 


Line Voltage 
KV 
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Auxiliary 


Make 
Enter the Make of the auxiliary. This is an essential field; however, it can be left blank if information is not 
available. 


Type 
Enter the Type of the auxiliary. This is an essential field; however, it can be left blank if information is not 
available. 


Phase 
Enter the Phase of the auxiliary. This is an essential field; however, it can be left blank if information is not 
available. 


Voltage 
Enter the Voltage of the auxiliary. This is an essential field; however, it can be left blank if information is 
not available. The units are in volts. 


Power 
Enter the Power of the auxiliary. This is an essential field; however, it can be left blank if information is 
not available. The units are in kilowatts. 


Bogie 


Drive Arrangement 
Enter the Drive Arrangement of the bogie. This is an essential field; however, it can be left blank if 
information is not available. 


Design 
Enter the Design of the bogie. This is an essential field; however, it can be left blank if information is not 
available. 


Number of Axles 
Enter the Number of Axles is numerical field and should indicate the same data as provided by OEM. This 
is an essential field; however, it can be left blank if information is not available. 


Brakes 


Loco 
Enter the Loco of the brakes provided by OEM. This is an essential field; however, it can be left blank if 
information is not available. 


Train 
Enter the Train of the brakes provided by OEM. This is an essential field; however, it can be left blank if 
information is not available. 


Regenerative 


Select Yes/No for the brakes depending on if it is regenerative or not. This is an essential field; however, it 
can be left blank if information is not available. 
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Drive Converter (AC only) 


Motor Voltage (L-L) 
Enter the Motor Voltage (L-L) for the Drive Converter. This is an essential field; however, it can be left 
blank if information is not available. The units are in volts. 


Max Output Current / Phase 
Enter the Max Output Current/Phase for the Drive Converter. This is an essential field; however, it can be 
left blank if information is not available. The units are in amperes. 


Motor Frequency — Min 
Enter the Motor Frequency-Min for the Drive Converter. This is an essential field; however, it can be left 
blank if information is not available. The units are in Hertz. 


Motor Frequency — Max 
Enter the Motor Frequency-Maz for the Drive Converter. This is an essential field; however, it can be left 
blank if information is not available. The units are in Hertz. 


General 


Line Voltage 
Enter the Line Voltage for the model. This is an essential field; however, it can be left blank if information 
is not available. The units are in kV. 


Weight 
Enter the Weight is for the model. This is an essential field; however, it can be left blank if information is 
not available. The units are in tons. 


Adhesive Weight 
Enter the Adhesive Weight for the model. This is an essential field; however, it can be left blank if 
information is not available. The units are in tons. 


Max Axle Load 
Enter the Max Axle Load for the model. This is an essential field; however, it can be left blank if information 
is not available. The units are in tons. 


Min Axle Load 
Enter the Min Axle Load for the model. This is an essential field; however, it can be left blank if information 
is not available. The units are in tons. 


Length 
Enter the Length for the model. This is an essential field; however, it can be left blank if information is not 
available. The units are in meter or ft. 


Width 


Enter the Width is for the model. This is an essential field; however, it can be left blank if information is 
not available. The units are in meter or ft. 


ETAP 57-172 ETAP 19.0 User Guide 


eTraX Analysis Train Rolling Stock Library 


Height 
Enter the Height is for the model. This is an essential field; however, it can be left blank if information is 
not available. The units are in meter or ft. 


Continuous Rating 


Power 
The Power is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in kilowatts. 


P.S. 
The P.S. is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in horsepower. 


Tractive Effort 
The Tractive Effort is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in KN. 


Speed 
The Speed is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are inkmph. 


Max Tractive Effort 
The Max Tractive Effort is a numerical field and should indicate the same data as provided by OEM. This 
is an essential field; however, it can be left blank if information is not available. The units are in KN. 


Max Speed 
The Max Speed is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in kmph. 


Train Current Limitation 


Maximum Train Current 

Enter maximum allowable train current per train. The Maximum train current is a numerical field and 
should indicate the same data as provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. The value is in% of rated train current. 


Maximum Regenerative Current 

Enter maximum allowable regenerative train current per train. The Maximum regenerative current is a 
numerical field and should indicate the same data as provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. The units are in% 


Knee Point Factor (a) 


The Knee point factor is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. 
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Umax1 

Enter highest permanent voltage Umax1. The Umax1 is a numerical field and should indicate the same data 
as provided by OEM. This is an essential field; however, it can be left blank if information is not available. 
The value is in% of rated train voltage. 


Umax2 

Enter highest non-permanent voltage Umax2. The Umax2 is a numerical field and should indicate the same 
data as provided by OEM. This is an essential field; however, it can be left blank if information is not 
available. The value is in% of rated train voltage. 


Umin1 

Enter lowest permanent voltage Umin1. The Umin1 is a numerical field and should indicate the same data 
as provided by OEM. This is an essential field; however, it can be left blank if information is not available. 
The value is in% of rated train voltage. 


Umin2 

Enter lowest non-permanent voltage Umin2. The Umin2 is a numerical field and should indicate the same 
data as provided by OEM. This is an essential field; however, it can be left blank if information is not 
available. The value is in% of rated train voltage. 


Train Current Limitation 


Maximum Train Current 

Enter maximum allowable train current per train. The Maximum train current is a numerical field and 
should indicate the same data as provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. The value is in% of rated train current. 


Maximum Regenerative Current 

Enter maximum allowable regenerative train current per train. The Maximum regenerative current is a 
numerical field and should indicate the same data as provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. The units are in% 


Knee Point Factor (a) 


The Knee point factor is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field: however, it can be left blank if information is not available. 


Umax1 

Enter highest permanent voltage Umax1. The Umax] is a numerical field and should indicate the same data 
as provided by OEM. This is an essential field; however, it can be left blank if information is not available. 
The value is in% of rated train voltage. 


Umax2 

Enter highest non-permanent voltage Umax2. The Umax2 is a numerical field and should indicate the same 
data_as provided by OEM. This is an essential field; however, it can be left blank if information is not 
available. The value is in% of rated train voltage. 


Umin1 

Enter lowest permanent voltage Uminl. The Umin1 is a numerical field and should indicate the same data 
as provided by OEM. This is an essential field; however, it can be left blank if information is not available. 
The value is in% of rated train voltage. 


ETAP 57-174 ETAP 19.0 User Guide 


eTraX Analysis Train Rolling Stock Library 


Umin2 

Enter lowest non-permanent voltage Umin2. The Umin2 is a numerical field and should indicate the same 
data as provided by OEM. This is an essential field; however, it can be left blank if information is not 
available. The value is in% of rated train voltage. 


Rating- 1 hour (DC only) 


P.S. 
The P.S. is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in horsepower. 


Tractive Effort 
The Tractive Effort is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in KN. 


Speed 
The Speed is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are inkmph. 


Resistance Coefficients 


Cross Sectional Area 
Enter the Cross Sectional Area for the selected model. This is an essential field; however, it can be left 
blank if information is not available. The units are in Sq meter or Sq ft. 


A 
A is bearing resistance coefficient. The units are in KN/tonne or lbs/tonne. 


Al 
A1 is mass per axle rolling resistance coefficient to represent the journal or bearing resistance. The units 
are in KN. 


A2 
A2 is mass per axle coefficient to represent resistance between wheel flange and rail. The units are in 
KN/tonne or Ibs/tonne. 


B 
B is rolling resistance coefficient. The units are in (KN/tonne)*(hr/km) or lbs/tonne*(hr/km). 


Bl 
B1 is rolling resistance coefficient for EMU motor coach. The units are in (KN/tonne 42)*(hr/km) or 
(Ibs/tonne 42)*(hr/km). 


C 
C is air-resistance coefficient. The units are in (KN/tonne)*((hr/km)‘2) or (lbs/tonne)*((hr/km)42). 
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Wheel Diameter 


New 
The New is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in meter or ft. 


Half Worn 
The Half Worn is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in meter or ft. 


Full Worn 
The Full Worn is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in meter or ft. 


Line Converter (AC only) 


Continuous Voltage Rating 
The Continuous Voltage Rating is a numerical field and should indicate the same data as provided by OEM. 
This is an essential field; however, it can be left blank if information is not available. The units are in volts. 


Frequency 
The Frequency is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are in hertz. 


Nominal DC Link Voltage 
The Nominal DC link Voltage is a numerical field and should indicate the same data as provided by OEM. 
This is an essential field; however, it can be left blank if information is not available. The units are in volts. 


Pantograph 


Quantity 
The Quantity is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


Make 
Enter the Make of the Pantograph provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. 


Type 
Enter the Type of the Pantograph provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. 


Power Converter (AC only) 


Make 
Enter the Make of the power converter provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 
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Type 
Enter the Type of the Power Converter provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Quantity 
The Quantity is a numerical fieldand should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


Cooling 
The Cooling is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


GTO Thyrister Type 
Enter the GTO Thyrister Type of the Power Converter provided by OEM. This is an essential field; 
however, it can be left blank if information is not available. 


Diode Type 
Enter the Diode Type of the Power Converter provided by OEM. This is an essential field; however, it can 
be left blank if information is not available. 


Diode Connection 
Enter the Diode Connection of the Power Converter provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. 


Number of Thyrister/Connection 
The Number of Thyrister/Connection is a numerical field and should indicate the same data as provided by 
OEM. This is an essential field; however, it can be left blank if information is not available. 


Number of Diodes/Connection 
The Number of Diodes/Connection is a numerical field and should indicate the same data as provided by 
OEM. This is an essential field; however, it can be left blank if information is not available. 


Protective Devices 


Vigilance Control 
Select Yes or No for Vigilance Control provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Slip/Slide Control 
Select yes or no for Slip/Slide Control provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Main Overload Relay 
Select Yes or No for Main Overload Relay provided by OEM. This is an essential field; however, it can be 
left blank if information is not available. 


No Voltage Relay 


Select yes or no for No Voltage Relay provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 
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Over voltage protection 
Select yes or no for Over voltage protection provided by OEM. This is an essential field; however, it can 
be left blank if information is not available. 


Earth fault relay 
Select Yes or No for Earth fault relay provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Rectifier (DC only) 


Make 
Enter the Make of the rectifiers provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. 


Type 
Enter the Type of the rectifiers provided by OEM. This is an essential field; however, it can be left blank if 
information is not available. 


Quantity 
The Quantity is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


Continuous Rating 


Voltage 
The Voltage is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in volts. 


Current 
The Current is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in amperes. 


Intermittent Rating 


Voltage 
The Voltage is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in volts. 


Current 


The Current is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in amperes 


Sanding 


Number of boxes 
The Number of boxes is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. 
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Capacity (each) 
The Capacity (each) is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are inkilowatts. 


Traction Motors 


Make 
Enter the Make of the Traction Motors provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Type 
Enter the Type of the Traction Motors provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Quantity 
The Quantity is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


Insulation 
Enter the Insulation of the Traction Motors provided by OEM. This is an essential field; however, it can be 
left blank if information is not available. 


Suspension 
Enter the Suspension of the Traction Motors provided by OEM. This is an essential field; however, it can 
be left blank if information is not available. 


Ventilation 
Enter the Ventilation of the Traction Motors provided by OEM. This is an essential field; however, it can 
be left blank if information is not available. 


Rating - 1 Hour 


Power 
The Power is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are inkilowatts. 


Voltage 
The Voltage is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in volts. 


Current 
The Current is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in amperes. 


Speed 


The Speed is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in kilometer per hour. 
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Rating- Continuous 


Power 
The Power is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are inkilowatts. 


Voltage 
The Voltage is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in volts. 


Current 
The Current is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in amperes. 


Speed 
The Speed is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. The units are in kilometer per hour. 


Gear Ratio 
The Gear Ratio is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. 


DC only 


Temp Rise — Armature 
Enter the Temp Rise — Armature of the Traction Motors provided by OEM. This is an essential field; 
however, it can be left blank if information is not available. 


Temp Rise — Field 
Enter the Temp Rise — Field of the Traction Motors provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. 


Resistance — Armature 
Enter the Resistance — Armature of the Traction Motors provided by OEM. This is an essential field; 
however, it can be left blank if information is not available. 


Resistance — Main Pole 
Enter the Resistance — Main Pole of the Traction Motors provided by OEM. This is an essential field; 
however, it can be left blank if information is not available. 


Resistance — Inter Pole 
Enter the Resistance — Inter Pole of the Traction Motors provided by OEM. This is an essential field; 
however, it can be left blank if information is not available. 


Air Gap — Main Pole 


Enter the Air Gap — Main Pole of the Traction Motors provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. 
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Air Gap — Inter Pole 
Enter the Air Gap — Inter Pole of the Traction Motors provided by OEM. This is an essential field; however, 
it can be left blank if information is not available. 


Transformer 


Make 
Enter the Make of the Transformer provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Type 
Enter the Type of the Transformer provided by OEM. This is an essential field; however, it can be left blank 
if information is not available. 


Quantity 
The Quantity is a numerical field and should indicate the same data as provided by OEM. This is an essential 
field; however, it can be left blank if information is not available. 


Cooling 
Enter the Cooling of the Transformer provided by OEM. This is an essential field; however, it can be left 
blank if information is not available. 


Primary Rating 
The Primary Rating is a numerical field and should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units arekVA. 


Secondary Rating 
The Secondary Rating is anumerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. The units are kVA. 


Number of Taps 
The Number of Tags is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. 


Location of Taps 
Enter the Location of Tags of the Transformer provided by OEM. This is an essential field; however, it can 
be left blank if information is not available. 


Primary Voltage 

The Primary Voltage is a numerical fieldand should indicate the same data as provided by OEM. This is an 
essential field; however, it can be left blank if information is not available. The units are Volts. 
Secondary Voltage 

The Secondary Voltage is a numerical field and should indicate the same data as provided by OEM. This 


is an essential field; however, it can be left blank if information is not available. The units are Volts. 


Primary Current 
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The Primary Current is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. The units are Amperes. 


Secondary Current 


The Secondary Current is a numerical field and should indicate the same data as provided by OEM. This is 
an essential field; however, it can be left blank if information is not available. The units are Amperes. 
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57.12.6 Tractive Effort-Speed Characteristics 


Voltage Independent Modeling 


Edit Parameters 


x 


Nameplate Tractive Effort - Speed Characteristics Braking Effort - Speed Characteristics 


Curve Type % Voltage 
Points |v 0 


Maximum 
Enter the Maximum tractive effort-speed characteristics curve as points or equation type with data provided 
by OEM. This is an essential field; however, it can be left blank if information is not available. 


Curve Type 
Choose the Curve Type for the characteristics. 


Notes 
Enter the specific Notes that apply to each characteristic. 


Lock 
This field indicates that the selected characteristic has been added by OTI. 


Copy 
Copy the highlighted row by clicking on the Copy button. 
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Paste 
Paste to a selected row by clicking on the Paste button. 


Add 
Click on Add to add a new row to the selected Tractive Effort-Speed Characteristic. 


Delete 
Click on Delete to delete a row to the selected Tractive Effort-Speed Characteristic. 


Sort 
Sort the Tractive Effort-Speed curve based on Speed column 


Voltage Dependent Modeling (User-Specified) 


Edit Parameters x 


Nameplate Tractive Effort - Speed Characteristics Braking Effort - Speed Characteristics 


Name Curve Type % Voltage Add 
> Points — 
TE-Speed_2 Points 
TE-Speed_3 Points | Copy 
TE- 4 Point: 
: =— = Paste 
Tractive Effort-Speed 
Tractive Effort (kN) 
Add 
Delete 
Sort 


Help OK Cancel 


Name 
Enter the Name of the Tractive effort-speed characteristics curve as points or equation type with data 


provided by OEM based on % Voltage. This is an essential field; this is a required field and cannot be left 
blank. 
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Curve Type 
Choose the Curve Type for the characteristics. 


% Voltage 
Enter the % Voltage for defined Tractive Effort —- Speed characteristic curve provided by OEM. 


Notes 
Enter the specific Notes that apply to each characteristic. 


Lock 
This field indicates that the selected characteristic has been added by OTI. 


Add 
Click on Add to add a new Tractive Effort-Speed Characteristic curve based on % Voltage. 


Delete 
Click on Delete to delete a Tractive Effort-Speed Characteristic curve based on % Voltage. 


Copy 
Copy the highlighted row by clicking on the Copy button. 


Paste 
Paste to a selected row by clicking on the Paste button. 


Tractive Effort — Speed Characteristic 


Add 


Click on Add to add a new row to the selected Tractive Effort-Speed Characteristic. 


Delete 
Click on Delete to delete a row to the selected Tractive Effort-Speed Characteristic. 


Sort 
Sort the Tractive Effort-Speed curve based on Speed column. 
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57.12.7 Braking Effort-Speed Characteristics 


Edit Parameters x 


Nameplate Tractive Effort - Speed Characteristics Braking Effort - Speed Characteristics 


Name Curve Type Notes Lock 
Maximum Points 


v a 
Regenerative Ponts | A Ts 


100 
90 
so} Add 
704 
me Delete 
50 Sort 
40 


Help OK Cancel 


Maximum 
Enter the Maximum braking effort-speed characteristics curve as points or equation type with data provided 
by OEM. This is an essential field; however, it can be left blank if information is not available. 


Regenerative 
Enter the Regenerative braking effort-speed characteristics curve as points or equation type with data 
provided by OEM. This is an essential field; however, it can be left blank if information is not available. 


Curve Type 
Choose the Curve Type for the characteristics. 


Notes 
Enter the specific Notes that apply to each characteristic. 
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Lock 
This field indicates that the selected characteristic has been added by OTI. 


Add 
Click on Add to add a new row to the selected Braking Effort-Speed Characteristic. 


Delete 
Click on Delete to delete a row in the selected Braking Effort-Speed Characteristics. 


Sort 
Sort the Braking Effort-Speed curve based on Speed column. 


OK 
Click OK to close the editor and save all change. 


Cancel 
Click Cancel to close the editor without saving the change. 


Copy 
Copy the highlighted row by clicking on the Copy button. 


Paste 
Paste to a selected row by clicking on the Paste button. 
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57.13 Output Reports 


The eTraX calculation results are reported on the one-line diagram, plot manager and in Excel Reports 
format. The graphical one-line diagram displays the calculated bus voltages, branch flows, and voltage 
drops, load power consumption, Train Performance Calculations etc. You can use the Display Options 
Editor to specify the content to be displayed. It also flags abnormal operating conditions, such as overloaded 
cables and over- or under-voltage buses, in different colors. 


The Excel Reports format provides you with detailed information for an eTraX Analysis. You can utilize 
the Traction Power Report Manager to help you view the Output Report. 


Report Manager 

To open Report Manager, click the Report Manager button on the eTraX toolbar. The editor includes four 
pages (Complete, Input(AC), Input(Train), Message, Railway(AC DC), Result and Summary) representing 
different portions of the Output Report. The Report Manager allows you to select file types available for 
different portions of the report and view it via Excel Reports. There are several fields and buttons common 
to every page, as described below. 


Viewer and File Options 
You can view the report in the Excel format. If you wish this selection to be the default for reports, click 
the Set As Default checkbox. 


Output Report Name 
This field displays the name of the Output Report you want to view. 


Path 
This field displays the name of the project file based on which report was generated, along with the directory 
where the project file is located. 


Help 
Click this button to access Help. 


OK/Cancel 

Click OK to close the editor and open the Crystal Reports view to show the selected portion of the Output 
Report. If no selection is made, it will close the editor. Click Cancel to close the editor without viewing the 
report. 
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Input Data (AC) 
This page allows you to select different file types for viewing input data, grouped according to type. They 
include: 


Bus 
Cable 
Transformer_Two_Winding 


Complete Input (AC) Input Train Messages Railway (AC DC) Result Summary 


Bus Viewer 
PDF 
Transformer_Two_Winding 
MS Word 
Rich Text Format 
@ MS Excel 


Output Report Name 
| Traction Power 


Path 
| C:\Pecan2-FG1-ADMS-Rel\eTraX-DC 


Help ox | Cancel 
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Input Train 
This page allows you to select different file types for viewing train data, grouped according to type. They 


include: 


Track_Route 
Train_Assign 
Train_Config 
Train_Schedule 


Complete Input (AC) Input Train Messages Railway (AC DC) Result Summary 


Track_Route Viewer 
Train_fasig PDF 
Train_Config ; 
Train_Schedule MS Word 
Rich Text Format 
@ MS Excel 
Output Report Name 
Traction Power 
Path 
C:\Pecan2-FG1-ADMS-Rel\e TraX-DC 


Help ox | Cancel 


Messages 
This page allows you to select different file types for viewing messages, grouped according to type. They 
include: 


Messages 
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Railway(AC DC) 
This page allows you to select different file types for viewing Track_Segment, grouped according to type. 
They include: 


Track_Segment 


Result 
This page allows you to select different file types for viewing Results, grouped according to type. They 
include: 


Traction Power Report Manager 


Complete Input (AC) Input Train Messages Railway (AC DC) Result Summary 


Average_Demand Viewer 
Branch_Results_From PDF 
Branch_Results_ Tertiary 

Branch_Results_To MS Word 
Bus_Results 
DC_Branch_Results Rich Text Format 
DC_Bus_Results 
DC_Track_Segment_Resuits @ MS Excel 
Pantograph_Voltage_Current 
Peak Nemand 


C:\Pecan2-FG1-ADMS-Rel\e TraX-DC 
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Summary 
This page allows you to select different file types for viewing Summary, grouped according to type. They 
include: 


Traction Power Report Manager x 


Complete Input (AC) Input Train Messages Railway (AC DC) Result Summary 


Alerts Viewer 
Scott_T_Transformer_Sizing PDF 
Traction_Auto_Transformer_Sizing 
MS Word 
Rich Text Format 
@ MS Excel 


Path 


C:\Pecan2-FG1-ADMS-Rel\e TraX-DC 
- Ka co 
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57.14 Alert View 


The Alert View contains a list of all the alerts generated by the eTraX Analysis calculation. The Alert View 
window may be configured to automatically display as soon as the eTraX Analysis calculation is over by 
clicking the Alert View button. The Alert View provides tabulated columns of information about the 
reported alerts. 


eTrax Alert Viewer vax 
Element ID Device Type Condition Rating / Limit Operating A Operating B | Operating C %OpA % OpB %OpCc Tbegin Duration Alert Type 
Over Load 100.0 Amps 206.5 Amps 0.0 Amps : 0.0 Amps ; 206.5 0.0 ; ; 0.0 |o8:26:00 190 Critical ; 
Over Load 100.0 Amps 325.0 Amps 0.0 Amps 0.0 Amps 325.0 0.0 0.0 |08:33:00 370 Critical 
Over Load 100.0 Amps 153.0 Amps 0.0 Amps 0.0 Amps 153.0 0.0 0.0 |08:40:30 250 Critical 
Over Load 100.0 Amps 325.3 Amps 0.0 Amps 0.0 Amps 325.3 0.0 0.0 /08:43:00 370 Critical 
Over Load 100.0 Amps 249.5 Amps 0.0 Amps 0.0 Amps 249.5 0.0 0.0 |08:49:50 370 Critical 
‘Over Load 100.0 Amps 194.7 Amps 0.0 Amps 0.0 Amps 194,7 0.0 0.0 |08:51: 10 350 Critical 
Over Load 100.0 Amps 277.8 Amps 0.0 Amps 0.0 Amps 277.8 0.0 0.0 |08:51:40 320 Critical 
Over Load 100.0 Amps 326.3 Amps 0.0 Amps 0.0 Amps 326.3 0.0 0.0 |08:53:00 370 Critical 
Over Load 100.0 Amps 425.6 Amps 0.0 Amps 0.0 Amps 425.6 0.0 0.0 /08:59:50 1750 Critical 
Over Load 100.0 Amps 329.7 Amps 0.0 Amps 0.0 Amps 329.7 0.0 0.0 |09:03:00 370 Critical 
Over Load 100.0 Amps 202.4 Amps 0.0 Amps 0.0 Amps 202.4 0.0 0.0 |09:03: 10 340 Critical 
Over Load 100.0 Amps 226.0 Amps 0.0 Amps 0.0 Amps 226.0 0.0 0.0 |09:12: 10 450 Critical 
Over Load 100.0 Amps 208.1 Amps 0.0 Amps 0.0 Amps 208.1 0.0 0.0 los: 13:00 190 Critical 
Over Load 100.0 Amps 116.5 Amps 0.0 Amps 0.0 Amps 116.5 0.0 0.0 /0s: 13:30 180 Critical 
Over Load 100.0 Amps 156.9 Amps 0.0 Amps 0.0 Amps 156.9 0.0 0.0 |09:25:30 170 Critical 
vax 
Condition Rating / Limit Operating A Operating B Operating C % OpA % OpB % Op C Location Thegin Duration A 
Over Voltage 100.0 % 107.1% 107.1% 0.0% 107.1 107.1 0.0 0 08:20:00 4200 
Over Voltage 100.0% 106.3% 106.2% 0.0% 106.3 106.2 0.0 0 08:20:00 4200 
Over Voltage 100.0 % 124.2% 124.3% 124.3% 124,2 124.3 124.3 0 08:20:00 4200 
Over Voltage 100.0% 124.2% 124.2% 124.3% 124.2 124.2 124.3 0 08:20:00 4200 
Bus93 Bus Over Voltage 100.0 % 124.2% 124.2% 124.3% 124,2 124.2 124.3 0 08:20:00 4200 
Bus101 Bus Over Voltage 100.0% 121.6% 121.6 % 217% 121.6 121.6 217 0 08:20:00 4200 
Bus105 Bus Over Voltage 100.0 % 121.6% 121.6 % 121.7% 121.6 121.6 1221.7 0 08:20:00 4200 
Bus 106 Bus Over Voltage 100.0% 106.4% 106.3% 106.4% 106.4 106.3 106.4 0 08:20:00 4200 
‘Bus 108 Bus Over Voltage 100.0 % 124.2% 124.2% 124.3% 124,2 124.2 124.3 0 08:20:00 4200 
Bus118 Bus Over Voltage 100.0% 124.2% 124.3% 124.3% 124.2 124.3 124.3 ti} 08:20:00 4200 
Bus 120 Bus Over Voltage 100.0 % 124.2% 124.2% 124.3% 124,2 124.2 124.3 0 08:20:00 4200 
Bus 153 Bus Over Voltage 100.0 % 124.2% 124.3% 124.3% 124,2 124.3 124.3 0 08:20:00 4200 
‘Bus 154 Bus Over Voltage 100.0 % 124.2% 124.3% 124.3% 124.2 124.3 124.3 0 08:20:00 4200 
Bus 185 Bus Over Voltage 100.0 % 105.4% 105.4% 105.5% | 105.4 105.4 105.5 0 08:20:00 4200 
Bus 186 Bus Over Voltage 100.0 % 105.5% 105.5% 105.6 % 105.5 105.5 105.6 0 08:20:00 4200 Ms 
< > 


Loading Voltage 


Device ID 
The Device Identification column of the Alert View lists the names of all the components that qualified as 
alerts after the eTraX calculation. 


Type 
The Type column of the Alert View displays information about the type of device having the displayed 
alert. 
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Condition 

The Conditions column of the Alert View provides a brief comment about the type of alert being reported. 
In the case of unbalanced load flow alerts, the different conditions reported are Overloads, Over Voltage, 
Under Voltage, Umax1, Umax2, Umin2, Umin1. 


Rating/Limit 
The Rating/Limit column of the Alert View provides the rating information being used by the eTraX 
Analysis to determine whether an alert should be reported and whether it is marginal or critical. 


Operating A, B, and C 

The Operating A, B, and C columns of the Alert View display the results from the eTraX Analysis 
calculation. The results listed here are used in combination with those displayed in the Rating/Limit column 
to determine the operating percent values. These values are then compared to those entered in the Train 
Study Case Editor Alert page. 


% Op. A, B, C 

The %Value column displays the percent operating values calculated based on the eTraX Analysis results 
and the different element ratings. The values displayed here are directly compared to the percent of 
monitored parameters entered directly into the Alert page of the Train Study Case Editor. Based on the 
element type, system topology, and given conditions, the Alert Simulation program uses these percent 
values to determine if and what kind of alert should be displayed. 


Location 
The Location column displays the results of Train location at the time of alert from the eTraX Analysis 


results. 


Time 
The Time column displays the results of the time at the point of the alert from the eTraX Analysis results. 
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57.15 System Configuration 


Multiple system configurations can be modeled in eTraX. Traction substations (TSS), Sectioning and 
Paralleling Posts (SP), and Sub-Sectioning and Paralleling Posts (SSP) all can be modeled. 


57.15.1 Single Transformer Traction Substation 
A single transformer TSS configuration can be created similar to the below example: 


a 

a 

t 

{ 

~ t 
> 

on ~ aa ¥ 

cued i. _ rs | 

a ACE | 
a ae 
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57.15.2 Parallel Transformer Traction Substation 
A parallel transformer TSS configuration can be created similar to the below example: 


zs 


~ | - =| 
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57.15.3 Sectioning and Paralleling Post (SP) 


A parallel transformer TSS configuration can be created similar to the below example: 


CB463 CB464 CB465 


r-—t- 7 r —o--5 a —{}-- 7 
woe —, spsts97| m L. SPsTs09} | sro 
Bus271 | Bus272 Bus274 | 

—+ _+-— “ — a = 
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57.15.4 Sub-Sectioning and Paralleling Post (SSP) 


A parallel transformer TSS configuration can be created similar to the below example: 


pocorn eens nen ecerceee =n nena enenenenenenenenenenenenea ; 
| 1 
| 1 
=_- — = -- - i 
| 1 
a) 4 4 4 4 4 4 4,! 
re orkn nS n as n n n 
Bus244 Bus245 | Bus246 | Bus247 | Bus248 | 
| 1 1 1 
| | | | 
"Y "Y "Y "g 
L ee ee. 
Se a ee en ory “wl 
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i ! 
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57.15.5 Autotransformer 


Autotransformers can be added to track nodes. 


Step 1. Add Autotransformer to track. 


“| Distribution! (Distribution Edit) 


add autotransformer to 
track node 


Step 2. Create OLV 
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Create OLV 
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Step 3. Autotransformer will be created on OLV. 


CB475 \cB476 CB477 


| ---O—-) -—Oo—-y 4 


SPSTS29| SPSTS30, SPST531] SPSTS32| SPSTS33| SPSTS34 
Bus287 88 ! 89 Bus290 


autotransformer is 
created on OLV 
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57.15.6 Booster Transformer 
Booster transformers can be added to the track. 


Step 1: Add booster transformer to track. 


add booster transformer 
to track 


Step 2: Right click and go to "Track Group Editor.." 


Trace Route 

Trace Feeder 

Change Classification/Layer 

Find in One-line View right click and go to 


"Track Group Editor.." 
Assign LineZ Warehouse 


Assign Track Warehouse 


Data Manager... 
Track Group Editor... 
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Step 3: Update all tracks 


as CCC 


» > TrackGroup2|Ypdate All Tracks : Speed (kph) GIS Coordinate Bend Segment 
> D> TrackGroup3 Keo ge bec | Detonee (0) lhusrat x Y Z(m) Grade Radius (m) Length (r 
» D> TrackGroup4 = 


i »> TrackGroupS 


73.570584 


; Bd TrackSroup6 ; 73570548 21.157679 
i TrackGroup7 = 
» B® TrackGrouw : 73570499 2.157646 
a ee ee 


» B® TreckGroup9 ~—_ update alll 
\ B® TrackGroupi0 tracks 73563633 21.152953 


p T = 
BD TrackGrouplt 73539284 21136349 3357.7 


» WD TrackGroupi2 73526646 21.132482 1510.12 * 
p >» TrackGroup13 = m » 


> @® TrackGroupi4 
> @®> TrackGroupi5 
> @®> TrackGroupi6 Up Main 100Km 


> @®> TrackGroupi7 
a es 


Track | Route | Train Schedule | Train Config | Train Assign 


Step 4: Create OLV 


sceceeee edd 0F TP PyPPE 


Create OLV 
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Step 5: Booster Transformers will be created on OLV. 
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Time Domain Unbalanced Load Flow 
Analysis 


Based on ETAP Unbalanced Load Flow Analysis Program, The ETAP Time Domain Unbalanced Load 
Flow Analysis Program calculates the bus voltages, branch power factors, currents, and power flows for 
individual phases throughout the electric power system on a time domain series. The source and load can 
change their input and output according to profile or external data when time changing. The module 
allows for swing, voltage regulated, and unregulated power sources with multiple utility and generator 
connections. It handles both radial and loop systems. A powerful current injection method is provided in 
order to achieve the best calculation efficiency. 


This chapter gives definitions and explains how to use the various tools you will need to run Time 
Domain Unbalanced Load Flow Studies. The chapter consists of the following sections: 


Section Description 
Time Domain Unbalanced Load Flow This section explains how you can launch a Time 
Toolbar Domain unbalanced load flow calculation, open and 


view an Output Report, or select display options. 


Time Domain Unbalanced Load Flow Study This section explains how you can create a new Study 
Case Editor Case, what parameters are required to specify a Study 
Case, and how to set them. 


Display Options This section explains what options are available for 
displaying some key system parameters, the output 
results on the one-line diagram, and how to set them. 


Required Data for Calculations This section describes what data is necessary to 
perform time domain unbalanced load flow 
calculations and where to enter them. 


Time Domain Unbalanced Load Flow Study This section illustrates and explains Output Reports 
Output Report and their format. 
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58.1 Time Domain Unbalanced Load Flow Toolbar 


58.1.1 Toolbar - TDULF 


The Time Domain Unbalanced Load Flow Toolbar will appear on the screen when you are in the Time 
Domain Unbalanced Load Flow Study Mode. 


she Run Time Domain Unbalanced Load Flow 
Time Domain Unbalanced Load Flow Display Options 
ye Alert View 

Time Domain Unbalanced Load Flow Report Manager 
lalla Time Domain Unbalanced Load Flow Plot Manager 


Halt Current Calculation 


Run Time Domain Unbalanced Load Flow Studies 
Running a Time Domain Unbalanced Load Flow Study is a simple, two-step process: 


1. Select a Study Case from the Study Case Editor. 

2. Click the Run Time Domain Unbalanced Load Flow Study button to perform a Time Domain 
Unbalanced Load Flow Study. 
A dialog box appears. Specify the Output Report name if the output file name is set to Prompt. The 
study results appear on the one-line diagram with a sliding bar and in the plot manager. 
The sliding bar can be dragged back and forward to show the results for different time if selected time 
domain simulation, and if single load flow calculation is selected, the sliding bar will not be shown. 


Time Domain Unbalanced Load Flow Display Options 


The results from Time Domain Unbalanced Load Flow Studies are displayed on the one-line diagram. To 
edit how these results look, click the Time Domain Unbalanced Load Flow Display Options button. For 
more information, see Section 58.3, Display Options. 


Alert View 


After performing a Time Domain Unbalanced Load Flow Study, you can click this button to open the 
Alert View, which lists all equipment with critical and marginal violations based on the settings in the 
Study Case. 
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Time Domain Unbalanced Load Flow Report Manager 


The Report Manager provides four pages (Complete, Input, Result, and Summary) for viewing the 
different parts of the Output Reports. 


TDULF Report Manager x 


Complete input Results Summary 


[Complete @MS Excel 


Output Report Name 
| TDSimulation 


Path 


| C:\Pecan2-FG1-ADMS-Rel\Example-ANSI 


Help Cancel 


Time Domain Unbalanced Load Flow Plot Manager 


After performing a Time Domain Unbalanced Load Flow Study, you can click this button to open the Plot 
Manager, which can plot the selected equipment in study case. For more information, see Section 58.4, 
Plot Manager. 


Halt Current Calculation 


The Halt Current Calculation button is normally grayed-out. When a time domain unbalanced power flow 
calculation has been initiated, this button becomes enabled and shows a red stop sign. Clicking on this 
button will terminate the calculation. 


58.1.2 Time Slider Toolbar 


Once a time series load flow study is completed, a Time Domain Load Flow Slider, as shown below, will 
appear. You may click on Next/Previous arrow buttons to move the pointer one grid at a time, or click on 
the Skip-to-Next/Previous Action arrow buttons to move the pointer to the next/previous event action. 
You may also click on the pointer, hold the mouse button down, and then drag the pointer to the desired 
position. The time corresponding to the pointer position is also displayed on the top of the ruler. 


Time Domain Load Flow - Slider pal 
Time 1 01-01-2018 01:00:00 145 


[i] (<j @ Lo) Leal 
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58.2 Study Case Editor 


The Time Domain Unbalanced Load Flow Study Case Editor contains solution control variables, loading 
conditions, and a variety of options for plot. ETAP allows you to create and save an unlimited number of 
Study Cases. Time Domain Unbalanced load flow calculations are conducted using the settings of the 
Study Case selected in the toolbar. You can switch between Study Cases without resetting the Study Case 
options each time. This feature is designed to organize your study efforts and save you time. 


As a part of the multi-dimensional database concept of ETAP, Study Cases can be used for any 
combination of the three major system toolbar components (that is, for any configuration status, one-line 
diagram presentation, or base/revision data). 


When you are in Time Domain Unbalanced Load Flow Analysis mode, you can access the Time Domain 
Unbalanced Load Flow Study Case Editor by clicking on the Edit Study Case button from the Study Case 
toolbar when in Time Domain Unbalanced Load Flow Analysis mode. You can also access this editor 
from the Project View by clicking on the time domain 3-phase load flow project in the Study Case folder. 


Study Case wx 


Galo || mm lunttes | Sea Acjusiments 


TDLF Untitled 
TDLF1 ‘Prompt sd 


To create a new Study Case, go to the Project View, right-click the time domain 3-phase load flow project 
in the Study Case folder, and select Create New. The module will then create a new Study Case, which is 
a copy of the default Study Case, and adds it to the time domain 3-Phase load flow’s Study Case folder. 


System Manager x 
a One-Line Components 
& Distribution Components 
= Multi-Dimensional Database 
rE) Load Flow - 5 A 


re Motor Starting - 2 

(4--(j Optimal Capacitor Placement - 1 
(4) Optimal Power Flow - 1 

(4) Railway Traction - 1 

#4 Reliability Analysis - 1 

(4) Short Circuit - 5 <=! 
(H--(Gy Star Analysis - 2 

4 StarZ-1 

(4) Supervisory Control - 1 

# Switching Optimization - 1 

(4) Switching Sequence Management - 1 


&-Sy Time Domain 3-Phase Load Flou:~2 mo. 
Ly TOLF - Default Create New 
TDLF1 ama 


re) Transient Stability - 2 

re] Unbalanced 3-Phase Load Flow - 1 
# Unbalanced 3-Phase Short Circuit - 1 
#4 Voltage Stability - 1 


A 
¥ 


Rules & Libraries 
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58.2.1 Info Page 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert Feeder Plot 


Study Case ID Calculation Options 
[_]Halt on Non-Convergence Max. Iteration 9999 


[_]Halt on Equipment Overload Precision | 0.0001 


[_] AC & DC Simultaneous Solution 
Initial Voltage Condition 
@ Bus Initial Voltages 
© User-Defined 


Update 
[_] Initial Bus Voltages 


Study Case ID 


In the Study Case ID group, you can rename a Study Case by deleting the old ID and entering the new ID. 
The Study Case ID can be up to 25 alphanumeric characters. Use the arrow buttons at the bottom of the 
editor to go from one Study Case to another. 


Calculation Options 


Halt on Non-Convergence 
Check this box to stop calculation when load flow diverge happened. 


Halt on Equipment Overload 
Check this box to stop calculation when overload happened in a load flow. 
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Max. Iteration 

Enter the maximum number of iterations. If the solution has not converged before the specified number of 
iterations, the module will stop/continue base on halt on non-convergence option and save related 
information in database. The recommended and default values are 99. 


Precision 

Enter the value for the solution precision (used to check for convergence). This value determines how 
precise you want the final solution to be. The precision is applied to check the difference between the bus 
voltages after each iteration. If the difference between the iterations is less than or equal to the value 
entered for precision, the desired accuracy is achieved. 


If the solution converges but the mismatch values are high, reduce the value of the precision to make your 
results more precise and run the module again. 


Note: You may need to increase the number of iterations. A smaller precision value will result in a lower 
mismatch (higher accuracy), as well as a longer run time. The default value of 0.0001 pu volts is 
recommended. 


AC & DC Simultaneous Solution 

Check this checkbox to perform calculation for AC and DC systems simultaneously. When this checkbox 
is unchecked, the simulation will only consider AC part of the system. For details on AC-DC calculation 
refer to Chapter 20, Section 20.6 - Unified Load Flow Calculation. 


When this checkbox is checked, the TDULF profile will not be applied to UPS, Charger and Inverter with 
energized DC system connected, even the sector data type is selected in their editor -> time domain page. 


Initial Voltage Condition 


Initial conditions for all bus voltages and angles can be specified in this group for time domain 
unbalanced load flow calculation purposes. 


Bus Initial Voltages 

Select this option to use bus voltages and angles as entered in the Info page of the Bus Editors. You can 
simulate Time Domain Unbalanced Load Flow Studies with different initial conditions for bus voltage 
using this option. 


User-Defined Fixed Value 

Select this option to simulate Time Domain Unbalanced Load Flow Studies using a fixed bus voltage and 
angle for all buses. When you select the fixed initial condition option, you must enter the initial voltage 
value as the percent of the bus nominal voltage. The default values are 100% for bus voltage magnitude 
and zero degree for bus voltage angle. 


Determination of Initial Bus Voltage Angle 

e The ETAP Time Domain Unbalanced Load Flow Analysis Module calculates the bus voltage angle 
based on transformer phase-shift and compares the calculated value against the initial bus voltage 
angle from the user selected option. If the difference between the two values is larger than the 
specified MaxIniAngDiff, ETAP uses the calculated values as the initial bus voltage angle, where 
MaxIniAngDiff is an ETAP.INI file entry that is defaulted at 10. 


When the operating load is specified as the system load, the operating voltage angles are used as the 
initial value. In this case, the operating voltage angle is compared against the calculated bus voltage 
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angle. If the difference is less than MaxIniAngDiff, the operating voltage angle is used; otherwise, the 
calculated value is used in the time domain unbalanced load flow calculation. 


Update 


In the Update group, you can decide to update the initial conditions of the buses. This option is only 
available when Single Load Flow is selected at Time Domain Loading of the study case editor. 


Initial Bus Voltages 
Select this option to update the values of the bus voltage magnitudes with the result of the load flow run. 


Study Remarks 


You can enter up to 120 alphanumeric characters in this field. Information entered here will be printed on 
the second line of every output page header line. These remarks can provide specific information for each 
Study Case. 


Note: The first line of the header information is global for all Study Cases and is entered in the Project 
Information Editor. 
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98.2.2 Events Page 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert Feeder Plot 


Events 


Actions 
Event ID Device Type DeviceID Action Setting1i Setting2 


03/30/2018 00:01 Circuit Breaker CB1 Open 


Events 


In this list, all user-defined events are displayed in their time order to give you a clear picture of the 
sequence of events in this study. The active events are marked by '*' and are listed first, followed by 
those which are inactive. 


Event ID 
The Event ID is a unique name with a maximum length of 12 alphanumeric characters. 


Time 
This is the time when the associated event occurs. Including year, month, day, hour, minute and second. 


Add (Event) 
A new event can be added by clicking on the Add (Event) button and opening the Event Editor. 


ETAP 58-8 ETAP 19.0 User Guide 


Time Domain Unbalanced Load Flow Analysis Study Case Editor 


Event Editor x 


Active Date: | Tuesday , January 02,2018 ~ 


Time: 09:00 ‘+ 
ve | | | coe 


Active 

Select this option to make an event active. Clicking on the box again will make the event inactive. Only 
active events will be included in the study. Use the active option to temporarily disable certain actions 
without deleting them from the study case. 


Edit (Event) 
Click on the Edit (Event) button to open the Event Editor and edit an existing event. You can also double- 
click on an event in the Event list to activate the Event Editor. 


Delete (Event) 
Delete an existing event from the list. 


Actions 


Each event can encapsulate a number of actions (system changes or disturbances). When you 
select an event by highlighting that event in the Events list, the actions associated with that event 
will be displayed in the Actions list. 


Each action is composed of the information of the Device Type, the Device ID, an Action, 
Setting 1 and Setting 2. Note: The event ID is displayed on top of the Actions list for your 
reference. 
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Actions 
Device Type DeviceID Action § Settingi Setting2 
Circuit Breaker CB21 Open 
Add... Edit... Delete 


Device Type 
The type of device that is going to take an action. 


Device ID 
The ID of the device that is going to take an action. 


Action 
This option defines the action to be taken by the specified device and the device type. The following is a 
table showing device types and their associated actions: 


Device Type Actions Setting 1 Setting 2 
Circuit Breaker Open - - 
Close - - 
SPST Switch Open - - 
Close - - 
SPDT Switch Change Position - - 
Fuse Trip - - 
Contactor Open - - 
Close - - 
Generator Generation Impact -200 to +200 - 
Generation Ramp -200 to +200 0-9999 
Voltage Impact -200 to +200 - 
Voltage Ramp -200 to +200 0-9999 
Utility Voltage Impact -200 to +200 - 
Voltage Ramp -200 to +200 0-9999 
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Lumped Load Load Impact -200 to +200 - 
Load Ramp -200 to +200 0-9999 
Delete - - 

PV Array Cloud Cover -200 to +200 0-9999 
Delete - - 

DC Circuit Breaker Open 
Close 

DC Fuse Trip 

DC Lumped Load Load Impact -200 to +200 - 
Load Ramp -200 to +200 0-9999 
Delete - - 

DC SPST Switch Open - - 
Close é 2 


Setting 1 and Setting 2 


These columns display settings for the action being performed. For example, for a lump load, you can 
define and load increase using the load ramp function. Setting 1 would be the percentage by which the 
load needs to be ramped and Setting 2 would be the time in second it takes to ramp the load. Together, 
Setting 1 and Setting 2 define the slope of the load ramp. 


Add (Action) 

A new action can be added by clicking on the Add (Action) button and opening the Action Editor. Select 
a device type from the Device Type drop-down list. Select the device ID from the Device ID drop-down 
list. Select an action from the Action drop-down list. 


Action Editor 
Event ID Event 1 Active 
Action 
Device Type Device ID Action 
Circuit Breaker ~| |CBI1 v Open v 
He cmee 
Edit (Action) 


Click on the Edit (Action) button to edit an existing action. You can also double-click on a listed action to 
bring up the Action Editor. 


Delete (Action) 
Delete an existing action. 
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58.2.3 Fixed Loading 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert 


Loading Category Generation Category 


Desi Desi 


[_] Operating P,Q [_] Operating P,Q,V 


Load Diversity Factor 
@None 
© Bus Minimum 
O Bus Maximum 
O Global 


Charger Loading DC Loading Category 


@) Loading Category 
© Operating Load 


| for 


Loading Category 

Select one of the ten Loading Categories in the Loading Category group for the current Time Domain 
Unbalanced Load Flow Study. ETAP uses the percent loading of individual motors and other loads as 
specified in the category you select. 


Note: You can assign loading to each one of the ten categories from the Nameplate page of the Induction 
Machine Editor, Synchronous Motor Editor, and the Loading or Rating page of other Load Component 
Editors. 


Generation Category 

Select one of the ten Generation Categories in the Generation Category group for the current Time 
Domain Unbalanced Load Flow Study. When you select a category, ETAP uses the generator controls for 
that category, as specified on the Rating page of the Generator Editor. The generator controls will be 
different depending on the mode in which the generator is operating. The mode of generation is selected 
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on the Info page of the Generator Editor. The table below shows the generation controls with respect to 
the mode of generation. 


Mode Generation Category Control 
Swing %V and Angle 
Voltage Control %V and MW 
MVAR Control MW and MVAR 
PF Control MW and PF 


Load Diversity Factor 


The options in this group allow you to specify load diversity factors to be applied on the Loading 
Category’s load. When you select the Operating Load option, no diversity factor is considered. 


None 
Select None to use the percent loading of each load as entered for the selected Loading Category. 


Bus Minimum 

When you select the Minimum Bus Loading option, all motors and other loads directly connected to each 
bus will be multiplied by the bus minimum diversity factor. Using this option, you can simulate Load 
Flow Studies with each bus having a different minimum diversity factor. 


The minimum Bus Loading Study option may be used to see the effect of transformer taps and capacitors 
(if any) on the system voltages under a minimum (light) loading condition. 


Bus Maximum 

When you select the Maximum Loading option, all motors and other loads directly connected to each bus 
will be multiplied by the bus maximum diversity factor. Using this option, you can simulate Load Flow 
Studies with each bus having a different maximum diversity factor. 


This study option is helpful when the future loading of the electrical system has to be considered and each 
bus may be loaded at a different maximum value. 


Global 

Enter the global diversity factors for all constant kVA, constant Z, generic, and constant I loads. When 
you select this option, ETAP will globally multiply all motors and static loads of the selected Loading 
Category with the entered values for the motor and static load diversity factors. For information about 
load-modeling concepts used in the module, see section 20.4, Calculation Method. 


Note: A motor load-multiplying factor of 125% implies that the motor loads of all buses are increased by 
25% above their nominal values. This value can be smaller or greater than 100%. 


Const. kVA 


Constant kVA loads include induction motors, synchronous motors, and conventional lumped loads with 
% motor load, UPS, and chargers. 
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Const. Z 
Constant impedance loads include static loads, capacitors, harmonic filters, MOVs, and conventional 
lumped loads with % static load. 


Const. I 
Constant current loads include lumped loads operating in Unbalanced Node. 


Generic 
Generic loads include lumped loads operating in either exponential, polynomial, or comprehensive mode. 


Charger Loading 


When the “AC & DC Simultaneous Solution” checkbox is unchecked at Info page of study case editor, 
you can select Loading Category or Operating Load for charger loading. 


When the “AC & DC Simultaneous Solution” checkbox is checked at Info page of study case editor, you 
may select Constant Current mode or Uniform mode for charger loading. In AC-DC unified load flow, 3 
phase charger will be modeled as a delta connected load. When using Uniform model, the charger loading 
between AB, BC, CA will be the same. When using Constant Current model, the charger loading between 
AB, BC, CA will be proportional to respective charger L-L voltages. 


DC Loading Category 


Select one of the ten Loading Categories in the Loading Category group for the current Time Domain 
Unbalanced Load Flow Study. ETAP uses the percent loading of individual motors and other loads as 
specified in the category you select. 
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58.2.4 Time Domain Loading Page 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time Domain Loading Adjustment Alert AdvAlert Feeder Plot 
O)Single Load Flow 


@ Time Series Load Flow 


From | Monday , January 01, 2018 v Sunday , January 07, 2018 v 


00:00 | 00:00 


Time Step} 1 | (day 


External Data 


. \TDULF 


Wind Turbine Solar /PV 
Wind Data O Irradiance Data 


@P-Q Data @P-Q Data 


Single Load Flow 


This option can be selected when only one load flow calculation is needed. 


Date and time 
Date and time are selected to specify the happening time of load flow. 


Time Series Load Flow 
This option can be selected when time domain simulation is expected. 


From/to Date and time 
From/To Date and time are selected to specify the time span of load flow. 


Time Step 
Enter number of the time step for every load flow in seconds/minutes/hours. 
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External Data 


Path 
The path for the external data files is defined through the “...” button. 


If the folder is located inside the project folder, the path would be saved as a relative path. 


If the folder is located outside the project folder, the path would be saved as an absolute path. In this case 
you may need to reselect the external data folder in study case editor if the project folder has been moved 
to another location. 


Wind Turbine 

Select which data to be applied for time domain calculation for wind turbine. When “Wind Data” is 
selected, power calculation will be based on the wind data provided in the external datasheet. 

When “P-Q Data” is selected, power calculation will be based on the P and Q data provided in the 
external datasheet. 


Note: Currently only P-Q data option is available for Wind Turbine External Data. The Wind Data option 
will be included in future ETAP releases. 


Solar/PV 

Select which data to be applied for time domain calculation for PV. When “Irradiation Data” is selected, 
power calculation will be based on the irradiation and temperature data provided in the external datasheet. 
When “P-Q Data” is selected, power calculation will be based on the P and Q data provided in the 
external datasheet. 


Annual Load Growth Factor 


Specify the growth factor ranging from -99.99% to 99.99%. The factor will be multiplied into external 
data if the whole year data is unavailable. Please note that the factor will be repeatedly multiplied if 
external data is unavailable for continues years. For example, if the external data ends at 05/01/2010, the 
data of year 2010 will be multiplied by growth factor and used as the external data of year 2011; the data 
of year 2010 will be multiplied by the square of growth factor and used as the external data of year 2012. 
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58.2.5 Adjustment Page 


Time Domain Load Flow Study Case x 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert Feeder Plot 


[_] Apply Neg. Tolerance and Min. Temp. Correction 
Impedance Tolerance Length Tolerance 
Transformer [_] Cable / Busway 


© Global 


Reactor [_] Transmission Line 


© Global 


[_] Overload Heater 


Resistance Temperature Correction 


Cable / Busway Transmission Line 
@ Individual Max. Temperature @ Individual Max. Temperature 
© Global O Global 
al TDLF | |> Copy New § Delete Help OK Cancel 


The Impedance Tolerance, Length Tolerance, and Resistance Temperature Correction groups on the 
Adjustment page allow you to consider tolerance adjustments to length, equipment resistance, and 
impedance. Each tolerance adjustment can be applied based on the individual equipment percent tolerance 
setting or based on a globally specified percent value. 


Apply Neg. Tolerance and Min. Temp. Correction 


This check box option sets the impedance tolerance, length tolerance and resistance temperature 
impedance corrections as negative adjustments instead of positive. The net effect of this option on the 
calculation results is to decrease the impedance/resistance of the elements in order to find the possible 
maximum current and power. 
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Impedance Tolerance 


Transformer 

The net effect of the transformer impedance adjustment in time domain unbalanced load flow calculations 
is to increase the impedance by the specified percent tolerance value. For example, if the transformer 
impedance is 12% and the tolerance is 10%, the adjusted impedance used in the time domain unbalanced 
load flow calculation will be 13.2%, resulting in higher losses. 


The impedance adjustment can be applied to individual transformers by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Transformer Editor. To 
make a global transformer impedance adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The global impedance adjustment overrides any individual 
transformer tolerance value. 


Reactor 

This adjustment is applied to the reactor impedance. The Time Domain Unbalanced Load Flow Analysis 
Module increases the reactor impedance by the specified percent tolerance, resulting in a larger 
impedance and consequently a larger voltage drop. For example, if the impedance of the reactor is 0.1 
Ohm and its tolerance is 5%, then the adjusted reactor impedance used in the time domain unbalanced 
load flow calculation is 0.105 Ohm. 


The impedance adjustment can be applied to individual reactors by selecting the Individual option. This 
option uses the tolerance percent value specified on the Rating page of the Reactor Editor. To make a 
global reactor impedance adjustment, select the Global option and type a global tolerance other than 0% 
in the displayed text box. The global impedance adjustment overrides any individual reactor tolerance 
value. 


Overload Heater Resistance 

This adjustment is applied to the overload heater (OH) resistance. The Time Domain Unbalanced Load 
Flow Analysis Module increases the OH resistance by the specified percent tolerance resulting in a larger 
resistance and consequently a larger voltage drop. For example, if the resistance of the OH is 0.1 Ohm 
and its tolerance is 5%, then the adjusted OH resistance used in the load flow calculation is 0.105 Ohm. 


The resistance adjustment can be applied to individual overload heaters by selecting the Individual option. 
This option uses the tolerance percent value specified on the Rating page of the Overload Heaters Editor. 
To make a global overload heater resistance adjustment, select the Global option and type a global 
tolerance other than 0% in the displayed text box. The global resistance adjustment overrides any 
individual overload heater tolerance value. 


Note: The adjustments only apply if the Cable/OL Heater option is selected for MV and/or LV motors. 


Length Tolerance 


Cable 

This adjustment is applied to the cable length. The Time Domain Unbalanced Load Flow Analysis 
Module increases the cable length by the specified percent tolerance resulting in larger impedance and 
consequently a larger voltage drop. For example, if the length of the cable is 200 ft. and the tolerance is 
5%, then the adjusted cable length used in the time domain unbalanced load flow calculation is 210 ft. 
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The length adjustment can be applied to individual cables by selecting the Individual option. This option 
uses the tolerance percent value specified on the Info page of the Cable Editor. To make a global cable 
length adjustment, select the Global option and type a global tolerance other than 0% in the displayed text 
box. The Global Length Adjustment overrides any individual cable tolerance value. 


Transmission Line 

This adjustment is applied to the transmission line length. The Time Domain Unbalanced Load Flow 
Analysis Module increases the transmission line length by the specified percent tolerance resulting in 
larger impedance and consequently a larger voltage drop. For example, if the length of the transmission 
line is 2 miles and the tolerance is 2.5%, then the adjusted transmission line length used in the time 
domain unbalanced load flow calculation is 2.05 miles. 


The length adjustment can be applied to individual transmission lines by selecting the Individual option. 
This option uses the tolerance percent value specified on the Info page of the Transmission Line Editor. 
To make a global transmission line length adjustment, select the Global option and type a global tolerance 
other than 0% in the displayed text box. The Global Length Adjustment overrides any individual 
transmission line tolerance value. 


Resistance Temperature Correction 


This group allows you to consider resistance correction based on the maximum operating temperature for 
cable and transmission line conductors. Each temperature resistance correction can be applied based on 
the individual cable/line maximum temperature setting or based on a globally specified value. 


Cable 

This adjustment is applied to the cable conductor resistance. The Time Domain Unbalanced Load Flow 
Analysis Module adjusts the conductor resistance based on the maximum operating temperature. If the 
maximum operating temperature is greater than the rated base temperature of the conductor, then its 
resistance is increased. 


The temperature correction can be applied to individual cables by selecting the Individual option. This 
option uses the maximum operating temperature value specified in the Cable Editor. To make a global 
temperature correction, select the Global option and type a global maximum temperature value in the 
displayed text box. The global temperature correction value overrides any individual Cable Impedance 
page maximum temperature. For more information, see the Cable Editor Impedance Page section in 
Chapter 8, AC-Editors. 


Transmission Line 

This adjustment is applied to the transmission line conductor resistance. The Time Domain Unbalanced 
Load Flow Analysis Module adjusts the conductor resistance based on the maximum operating 
temperature. If the maximum operating temperature is greater than the rated base temperature of the 
conductor, then the resistance is increased. 


The temperature correction can be applied to individual lines by selecting the Individual option. This 
option uses the maximum operating temperature value specified on the Impedance page of the 
Transmission Line Editor. To make a global temperature correction, select the Global option and type a 
global maximum temperature value in the displayed text box. The global temperature correction value 
overrides any individual Transmission Line Impedance page maximum temperature. For more 
information, see the Transmission Line Editor Impedance Page section in Chapter 8, AC-Editors. 
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58.2.6 Alert Page 


The Alert page in the Time Domain Unbalanced Load Flow Study Case Editor is used to setup primary 
simulation alerts that notify users about an abnormal loading condition based on allowable percent values 
and system topology. The functional capability of the Simulation Alert System is to generate alerts when 
there is an overload in protective devices, buses, transformers, cables, lines, panels, reactors, generators, 
or the power grid. The alerts are reported either graphically in the one-line diagram display or in the Alert 
View window. 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time Domain Loading Adjustment Alert Adv Alert Feeder Plot 


Critical [_]Marginal Critical [_] Marginal 
Loading Bus Voltage 


100 % OverVoltage | 105 


% Under Voltage 95 


% Generator / Motor Excitatio 


OverExcited | 100 


[_]UnderExcited 


Auto Display 


Copy Online Copy Online 
Alarms Warnings 


(6 || cores 


Critical and Marginal Alerts 

Simulation alerts generated after an Time Domain Unbalanced Load Flow Study are either critical or 
marginal. Critical and marginal alerts use different percent value conditions to determine if an alert 
should be generated. If the condition for a critical alert is met, then an alert will be generated in the Alert 
View window and the overloaded element will turn red in the one-line diagram. The same is true for 
marginal alerts, except that the overloaded component will be magenta instead of red. Also, you must 
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select the Marginal Limit option if you want marginal alerts displayed. If a device alert qualifies as both a 
critical and a marginal alert, only a critical alert is displayed. 


Note: For ETAP to generate alerts for an element type, both the element rating and the percent value 
entered on the Alert page must be non-zero. The element ratings for alert checking are given in the 
following sections. 


Loading 


This group of options allows you to enter the condition percent values of the monitored parameters used 
to determine if an alert should be reported based on loading conditions determined by an time domain 
unbalanced load flow calculation. Time Domain Unbalanced load flow loading alerts generate overload 
alerts. 


Bus 

The Time Domain Unbalanced Load Flow Analysis Module will generate a bus loading alert if the 
critical or marginal percent limit of rated continuous current in the bus is exceeded. The rated continuous 
current in the bus is specified on the Rating page of the Bus Editor. 


Cable/Busway 

The Time Domain Unbalanced Load Flow Analysis Module will generate an overload alert if the critical 
or marginal percent limit of allowable ampacity in the cable/busway is exceeded. The allowable ampacity 
of the cable is specified on the Ampacity page of the Cable Editor. The allowable continuous ampacity of 
busway can be specified on the Rating page of busway editor. 


Reactor 

The Time Domain Unbalanced Load Flow Analysis Module will generate a reactor alert if the critical or 
marginal percent limit of rated current in the reactor is exceeded. The rated current in the reactor is 
specified on the Rating page of the Reactor Editor. 


Line 

The Time Domain Unbalanced Load Flow Analysis Module will generate a line alert if the critical or 
marginal percent limit of allowable ampacity in the transmission line is exceeded. The allowable 
ampacity of the transmission line is specified on the Ampacity page of the Transmission Line Editor. 


Transformer 

The Time Domain Unbalanced Load Flow Analysis Module will generate a transformer alert if the 
critical or marginal percent limit of maximum MVA of the transformer is exceeded. The maximum MVA 
of the transformer is specified on the Rating page of the Transformer Editor. The simulation alerts work 
for both two and three winding transformers. 


Panel/UPS 

The Time Domain Unbalanced Load Flow Analysis Module will generate a panel/UPS alert if the critical 
or marginal percent limit of rated current in the panel or UPS is exceeded. The rated current of the panel 
is specified in the Rating page of the Panel Editor. The rated current of the UPS is specified as the input 
currents in the Rating page of their editor. 


Note: If the UPS output current exceeds the maximum output current specified in their Rating page, an 
Over-Current alert will be generated as a critical alert. 
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Generator 

The Time Domain Unbalanced Load Flow Analysis Module will generate a generator/power grid alert if 
the critical or marginal percent limit of rated MW of the generator is exceeded. The rated MW of the 
generator is specified on the Rating page of the Generator Editor. 


Inverter/Charger 

The Time Domain Unbalanced Load Flow Analysis Module will generate an overload alert if the critical 
or marginal percent limit of rated MW of the inverter/charger is exceeded. The rated MW of the 
inverter/charger is specified on the Rating page of the inverter/charger Editor. 


Bus Voltage 


The options in this group allow you to set bus voltage simulation alerts in situations where the voltage 
magnitude percent results from the time domain unbalanced load flow calculation exceed or are below the 
specified nominal kV rating percent values. Bus voltage alerts report over- and under-voltage. 


Generator/Motor Excitation 


Simulation alerts for generator excitation monitor the percent rated Mvar limits. An alert for over- 
excitation is reported if the upper excitation percent limit (Qmax) for the generator is exceeded in a time 
domain unbalanced load flow calculation. An alert for under-excitation is reported if the generator Mvar 
result from the time domain unbalanced load flow calculation is below the specified under-excitation 
percent limit (Qmin). You have the option to run the time domain unbalanced load flow calculation without 
monitoring under-excitation conditions. An alert for under-excitation will be reported if you select the 
UnderExcited option. The under-excitation percent limit for the generator is 100% of Qmin. 


Marginal Limit 


If the Marginal Limit option is selected, the Alert View window will display the marginal alerts as well 
critical alerts. If this option is not selected, the Alert View window will display only critical alerts. 


Note: The critical and marginal alerts will not be displayed if the percent setting is set to zero. 


Auto Display 


If the Auto Display button is selected, the Alert View window automatically opens after the time domain 
unbalanced load flow calculation is completed. If Auto Display is not selected, you can open the Alert 
View window by clicking the Alert View button on the Time Domain Unbalanced Load Flow toolbar. 
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58.2.7 Adv Alert Page 


The Adv Alert page of the Time Domain Unbalanced Load Flow Study Case Editor is used to specify the 
setup of some advanced simulation alerts which are provided to notify you of an abnormal loading 
condition based on allowable percent values and system topology. The Simulation Alert System generates 
alerts when there is an overload in buses, transformers, cables, lines, panels, reactors, generators, power 
grid, and meters. The alerts are reported either graphically in the one-line diagram display or in the Alert 
View window. 


Time Domain Load Flow Study Case x 
Info Events FixedLoading Time DomainLoading Adjustment Alert AdvAlert Feeder Plot 
Critical Marginal 
Voltage Unbalanced (Bus) 
LVUR 
® 3 % 
© PVUR 
VUF 2 3 %o 
VUF 0 3 % 
Current Unbalanced (Branch) 
LIUR 3 %o 
IUF 2 3 Yo 
IUF 0 3 % 


Critical and Marginal Alerts 

Simulation alerts generated after a Time Domain Unbalanced Load Flow Study are either critical or 
marginal. Critical and marginal alerts use different percent value conditions to determine if an alert 
should be generated. If the condition for a critical alert is met, then an alert will be generated in the Alert 
View window and the overloaded element will turn red in the one-line diagram. The same is true for 
marginal alerts, except that the overloaded component will be magenta instead of red. Also, you must 
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select the Marginal Limit option if you want marginal alerts displayed. If a device alert qualifies as both a 
critical and a marginal alert, only a critical alert is displayed. 


Note: For ETAP to generate alerts for an element type, both the element rating and the percent value 
entered on the Alert page must be non-zero. The element ratings for alert checking are given in the 
following sections. 


Voltage Unbalanced (Bus) 


Voltage unbalanced (bus) alerts are generated if the percent voltage unbalance ratios resulting from the 
time domain unbalanced load flow calculation exceed the specified percent values. These percentage 
voltage unbalanced ratios include those of line voltages, phase voltages, negative sequence voltages, and 
zero sequence voltages. Voltage unbalanced (bus) alerts report over-voltage unbalance ratio alerts. 


Note: The voltage unbalance ratio (VUR) is the ratio of the maximum voltage deviation from the average 
voltage to the average voltage with the assumption that the average voltage is always equal to the nominal 
value. 


LVUR 

Select LVUR to use the unbalance ratio of line voltages. 

The NEMA (National Equipment Manufacturer’s Association) definition of voltage unbalance, also 
known as the line voltage unbalance rate (LVUR) is given by: 


LVUR = Max voltage deviation from the avg line voltage 


x 100(%) 
Avg line voltage 


PVUR 

Select PVUR to use the unbalance ratio of phase voltages. 

The IEEE definition of voltage unbalance, also known as the phase voltage unbalance rate (PVUR) is 
given by: 


Max voltage deviation from the avg phase voltage 


PVUR = x 100(%) 


Avg phase voltage 


VUF 2 

An index used in European Standards to indicate the degree of unbalance is the voltage unbalance factor 
(VUF), which is the ratio of the negative sequence voltage to the positive sequence voltage and is given 
by: 


VUF, = a x 100(%) 


1 


VUE 0 (VUF 0) 
The zero sequence voltage unbalance factor of phase voltages, which is given by: 


% 
VUF, = a x 100(%) 


1 
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Current Unbalanced (Branch) 


Current unbalanced (branch) alerts are generated if the percent branch current unbalance ratios resulting 
from the time domain unbalanced load flow calculation exceed the specified percent values. These 
percent current unbalance ratios include those of branch currents, negative, and zero sequence branch 
currents. Current unbalanced (branch) alerts report over-current unbalance ratio alerts. 


LIUR (TUR) 
Branch current unbalance ratio (UR), which is given by: 


IUR= Max branch current deviation from the average 


x 100(%) 
Average of branch currents 


IUF 2 (IUF2) 
The negative sequence branch current unbalance factor, which is given by: 


I 
IUF, = 7 x 100(%) 


1 


IUF 0 (TUF) 
The zero sequence branch current unbalance factor, which is given by: 


I 
IUF, = a x 100(%) 


1 
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58.2.8 Feeder Page 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert Feeder Plot 


O Calculate Entire System @ Calculate Selected Feeders only 


The GIS devices on the Secondary Distribution layer will be excluded from the study 


Unchecked Feeder's Transparency il 


| (|) | 


Calculate Entire System 


Check this checkbox to perform calculation for the entire system. 


Calculate Selected Feeders only 


Check this checkbox and select the feeder to perform calculation for the selected feeder only. 


Unchecked Feeder’s Transparency 


This feature is for adjusting the transparency of the unchecked feeder. This feature is available in GIS 
view only. 
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58.2.9 Plot Page 


Time Domain Load Flow Study Case 


Info Events FixedLoading Time DomainLoading Adjustment Alert Adv Alert Feeder Plot 


Plot Options 


<x x KM KKM KK KK KK KM KM KK 


Device Type 


Select a device type or category. 


Buses 
The Buses group consists of all buses. 


Chargers 
The Chargers group consists of all charger loads. 


Syn. Generators 
The Syn. Generators group consists of all synchronous generators. 


Utility 
The Utility group consists of all power grid, utility. 


Lumped Load 
This Lumped Load group consists of all lumped loads. 


ETAP 58-27 ETAP 19.0 User Guide 


Time Domain Unbalanced Load Flow Analysis Study Case Editor 


Static Load 
This Static Loads group consists of all lumped loads. Note that the lumped load plot is available even if it 
is not dynamically modeled. 


Synchronous Motor 
The Synchronous Motors group consists of all dynamically modeled synchronous motors, which are rated 
above 1.0 kV. 


Induction Motor 
The Induction Motors group consists of all dynamically modeled induction machines, which are rated 
above 1.0 kV. 


MG Set 
The device group consisting of all MG set. 


Wind Turbine 
The device group consists of all wind turbines. 


PV Array 
The PV Array group consists of all AC and DC PV array. 


Cables 
The Cables group consists of all three phase, single phase, DC and equipment cables. 


Busway 
The Busway group consists of all three phase and single phase busways. 


Transmission Lines 
The Transmission Lines group consists of all transmission lines 


Impedances 
The impedance group consists of all AC and DC impedance 


Reactors 
The reactor group consists of all three phase and single phase reactors 


Transformers 
The transformer group consists of all 2-winding, 3-winding and open delta transformer. 


Inverters 
The inverter group consists of all inverters. 


Switched Capacitor 
The switched capacitor group consists of all capacitors 
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Voltage Regulator 
The voltage regulator group consists of all voltage regulators. 


UPS 
The UPS group consists of all UPSs. 


Plot Options 


Once a machine or device group is selected, all devices in that group will be displayed in the Plot Options 
list for you to select. 


Device ID 
Device IDs for the selected machine or device group, excluding the non-dynamically modeled machines. 


Check/Uncheck All 
This provides a faster way to set the plot/tabulation option for all the devices. 
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58.3 Display Options 


58.3.1 Results Page 


The Time Domain Unbalanced Load Flow Analysis Display Options consist of a Results page and three 
pages for AC, AC-DC, and Colors information annotations. 


Note: The colors and displayed annotations selected for each study are specific to that study. 


Display Options - Unbalanced Load Flow |p 


Results | aC | AC-DC | Colors 
Voltage | Show Units 
Unit [9 Check-ALL 
Voltage Power Flows 
[7] Bus Mag, 
7) Bue And © MW +jMvar 
) MVA 
Load Term. Mag. [-)% PF 
@ Amp 
@LN 
DLL Flow Results 
| Branch 
(¥] Source 
Load Term. Base kV _ 
: Vv} Load 
@ Load Rated kV 
7 (¥] Composite Motor 
Bus Nom. kV = 
\¥| Composite Network 
Voltage Drop [-] Neutral 
[Line / Cable Branch Losses 
[] Load FDR [>] MW +jMvar 
Average / Phases Meters 
» Average Values | Ammeter 
© All Phases ] Voltmeter 
») All Sequences Multi-Meter 
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Show Units 


Select this option to show units for power flow and current displayed on the one-line diagram. 


Check-ALL 


Select this option to show all available result annotations. 


Note: When this box is unselected, the previous settings are restored. 


Voltage 


In the Voltage list, select kV or % for voltage display on the one-line diagram. 


Bus Mag. 
Select this option to display bus voltages on the one-line diagram. Bus voltages are displayed at 15 
degrees. 


Bus Angle 
Select this option to display bus angle in degree on the one-line diagram. Bus voltages are displayed at 
-15 degrees. 


Load Term. Mag. 

Select this option to display load (motors and static loads) terminal voltages on the one-line diagram. 
Load terminal voltages are displayed at 15 degrees. Load terminal voltages can be displayed based on 
load rated kV or bus nominal kV, depending on the option selected in the Load Term. Base kV group. 


L-N 
Select this option to display bus phase voltages on the one-line diagram. 


L-L 
Select this option to display bus line voltages on the one-line diagram. 


Load Term. Base kV 


This group allows you to select base kV for load terminal magnitude, but only when voltage is displayed 
in percent (% is selected in the Voltage list). This group will be disabled if voltage is displayed in kV. 


Load Rated kV 
Select this option to use load rated kV as the base for load terminal voltage display. 


Bus Nom. kV 
Select this option to use bus nominal kV as the base for load terminal voltage display. 


Voltage Drop 


Line/Cable 
Select this option to display line and cable voltage drops on the one-line diagram. 


Load FDR 
Select a unit for power flow or current flow from the list to be displayed on the one-line diagram. 
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Average/Phases 


Average Values 
Select this option to display average values as shown in the following tables. 


Time Domain Unbalanced Load Flow Results Displayed in Average Values 


Voltage Current Power 
Phase Type 
3-Phase Average Value Average Value Total Power 
2-Phase Average Value Average Value Total Power 
1-Phase 3-Wire Average Value Average Value Average Value 
1-Phase 2-Wire Phase Value Phase Value Phase Value 


All Phases 

Select this option to display individual phase values. For 3-phase element, voltage, current, and power for 
phases A, B, and C are displayed in sequence and for single-phase 3-wire element, voltage, current, and 
power for phases L1, L2, and N are displayed in sequence. 


Time Domain Unbalanced Load Flow Results Displayed in All Phases 


Voltage Current Power 
Phase Type 
3-Phase Phases A, B, & C Phases A, B, & C Phases A, B, & C 
2-Phase Phases A&B, B&C, Phases A&B, B&C, Phases A&B, B&C, 
or C&A or C&A or C&A 
1-Phase 3-Wire Phase L1, N, L2 Phase L1, N, L2 Phase L1, N, L2 
1-Phase 2-Wire Phase Value Phase Value Phase Value 


All Sequences 
Select this option to display individual sequence values for 3-phase elements. 


Power Flows 


In this group, you specify how the power flows will be displayed. From the Power Flows list, select the 
units (kVA or MVA) to be used to display power flow on the one-line diagram. 


kW + jkvar 
Select the kW + jkvar option to display power flow in kW+jkvar or MW+jMvar, depending on the power 
flow units you are using. 


kVA 
Select the kVA option to display power flow in kVA or MVA, depending on the power flow units you are 
using. 
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Amp 
Select the Amp option to display current flow in amperes. 


%PF 
When the Amp or kVA option is selected, you can select this option to show power factor of power flow 
along with the current. 


Flow Results 


Branch 

Select this option to display power flow through all branches on the one-line diagram. ETAP displays the 
power flow at the end of the branch that has a positive kW value flowing into the branch. For three- 
winding transformers, all three power flows are displayed. 


Source 
Select this option to display power flow for generators and power grids on the one-line diagram. 


Load 
Select this option to display power flow for motors, MOVs, capacitors, lumped loads, and static loads on 
the one-line diagram. 


Composite Motor 
Select this option to display power flow into composite motors. 


Composite Network 
Select this option to display power flow into composite networks. 


Neutral 
Select this option to display the neutral current. This option is only available when Amp is selected for 
Power Flows. 


Branch Losses 


Select this option to display branch losses on the one-line diagram. Losses are displayed inside a bracket 
in [kW+jkvar] or [MW+jMvar]. 


Meters 


Ammeter 
Select this option to display primary current for the branch to which an ammeter is attached. 


Voltmeter 
Select this option to display primary voltage for the bus to which a voltmeter is attached. 


Multi-Meter 
Select this option to display the measurements of a multi-meter, including bus voltage, branch current, 
branch power flow, power factor, and frequency. 
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58.3.2 AC Page 


This page includes options for displaying information annotations for AC elements. 


Display Options - Unbalanced Load Flow 


Results| AC | AC-DC | Colors | 


ID Rating kV A DY Z 
AC 


Generator [¥] 


PowerGrd [¥] [¥ 

Motor [¥) |v 

Load/ Panel [¥] [¥ 
v 


Bus 
Node [ 


4 
BE} 


cB 
Fuse | 
Switch 


Ground 
Switch 


PT &CT 
Meter 
Relay 
Branch [¥) [¥ 


SB See 


Tag 


Tap D-Y © 
Transformer 


< 


v 


Size Type Lgth 
line ¥] 7 


Cable [¥] f I 


IMG Pin ID 
Composite Mtr v 


Composite [¥] [¥] [¥ 
Net 


| Use Default Options ¥] Show Eq. Cable 


Hep | 


(Goes 


ID 


Select the checkboxes under this heading to display the ID of the selected AC elements on the one-line 
diagram. 


Rating 
Select the AC elements for which you want to display the ratings on the one-line diagram. The following 
table shows the ratings for each element. 


AC Elements Rating 

Generator kW/MW 

Power Grid (Utility) MVAsc 

Motor HP/kW 

Load kVA/MVA 

Panel Connection Type (# Phases - # Wires) 
Transformer kVA/MVA 
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AC Elements Rating 

Branch, Impedance Base MVA 

Branch, Reactor Continuous Amps 

Cable/Line # of Cables - # of Conductor/Cable - Size 
Bus kA Bracing 

Node Bus Bracing (kA) 

CB Rated Interrupting (kA) 

Fuse Interrupting (ka) 

Relay 50/51 for Over-current Relays 

PT & CT Transformer Rated Turn Ratio 


kV 
Select the elements under this heading for which you want to display the rated or nominal voltages on the 
one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


A 


Select the elements under this heading for which you want to display the ampere ratings (continuous or 
full-load ampere) on the one-line diagram. 


For cables/lines, click the checkboxes to display the cable/line and the size, length and type on the one- 
line diagram. 


Z 
Select the AC elements under this heading for which you want to display the rated impedance on the one- 
line diagram. 


Device Type Impedance 

Generator Subtransient Reactance Xd” 

Power Grid (Utility) Positive Sequence Impedance in % of 100 MVA (R + j X) 

Motor % LRC 

Transformer Positive Sequence Impedance (R + j X per unit length) 

Branch, Impedance Impedance in ohms or % 

Branch, Reactor Impedance in ohms 

Cable/Line Positive Sequence Impedance (R + j X in ohms or per unit length) 


D-Y 
Select the elements under this heading for which you want to display the connection types on the one-line 
diagram. 


For transformers, the operating tap settings for primary, secondary, and tertiary windings are also 


displayed. The operating tap setting consists of the fixed taps plus the tap position of the Load Tap 
Changer (LTC). 
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Composite Mtr (Motor) 
Select this option to display the AC composite motor IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. The checkboxes on this page will be grayed-out. 


Show Eq. Cable 
Click on this checkbox to display equivalent cables. 
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58.3.3 AC-DC Page 


This page includes options for displaying information annotations for AC-DC elements and composite 
networks. 


Display Options - Unbalanced Load Flow (eS 


Resuts] AC | AC-DC | Colors | 
ID Rating kV A 
AC-DC 

Charger [¥ 

Inverter [¥ 

PV Aray [¥ 

ups iv 

VFD [¥ 


oc 
Battey [¥ 


Motor [¥ 

Load [¥ 
Composite CSD [¥ 
Converter [¥ 


Bus [¥ 
Node 


9 


v 
Size Type Lgth 
Cable IV 


Use Default Options 


= [oC ]} { core] 


ID 
Select the AC-DC elements under this heading to display the IDs on the one-line diagram. 
Rating 
Select the AC-DC elements under this heading to display the ratings on the one-line diagram. 
Device Type Rating 
Charger AC kVA & DC kW (or MVA/MW) 
Inverter DC kW & AC kVA (or MW/MVA) 
UPS KVA 
VFD HP/kW 


kV 
Select the AC-DC elements under this heading to display the rated or nominal voltages on the one-line 
diagram. 
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A 
Select the AC-DC elements under this heading to display the ampere ratings on the one-line diagram. 


Device Type Amp 

Charger AC FLA & DC FLA 
Inverter DC FLA & AC FLA 

UPS Input, Output, & DC FLA 


Composite Network 


Select this option to display the composite network IDs on the one-line diagram, then select the color in 
which the IDs will be displayed. 


Use Default Options 
Select this option to use ETAP’s default display options. 
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58.3.4 Colors Page 


This page includes options for displaying information annotations for DC elements. 


Display Options - Unbalanced Load Flow (eS 


Results | AC | AC-DC | Colors 


Theme 


| Example Defautt = 


Annotations 


Theme 


@) User-Defined 
a. a - 
a - 
coc a - 
Composite ———=;| v 


Resuts ND ~ 


tee | (OC) | cere | 


Color Theme 
A previously defined color theme can be selected from the list. The selected color theme will be used 


whenever the Theme option button is selected. 


Annotations 
This area allows you to assign colors to AC and DC elements, composite elements, and displayed results. 
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Theme 

This option allows the color theme selected in the color Theme list for element annotations to be applied 
globally throughout all diagrams. When the option is selected, the name assigned to the applied color 
theme is also displayed in a box at the right of the button. 


User-Defined 
Select this option to specify a color for element annotations. When this option is chosen, the DC element 
annotation color selection list will appear. 


Theme Button 
Click this button to make the Theme Editor appear. 


Theme Editor = 


Theme |ETAP (Default) x] [Save ds... 


3Phase AC & DC| 1-Phase & 2-Phase AC| kV Based | Area Based | Grounding/Earthing 


Blements 


Color Coding AC Composite 


DC 
UserDeined >) | recived ~~ | - 


Annotation 


Element 

ac i” - Results i ~ Hyperlink i ~ 

cc i - Alarm MD ~ = Visited Hyperiink NE ~ 

AC-DC II = Warning | ¥ Online Meter =z y 

Composite | y Acknowledged ia) v Playback Meter | ’ 
Background 7 Size 
Grid v 16 

Help SetGlobal_] [Apply _ | Cancel 


Theme Editor 
The Theme Editor allows you to select existing color themes or define a new color theme. 


Note: Color themes are applied globally within a project file. Changes made on a color theme displayed 


on this page may also affect other modes and presentations if the color themes option has been previously 
selected. 
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58.4 Plot Manager 


ETAP Time Domain Unbalanced Load Flow provides plots for selected elements in study case plot page. 


To view the results plots, click the Plot Manger button ““""* in the Time Domain Unbalanced Load Flow 
toolbar after a time domain simulation. It will pop out the plot manger, where you can select devices and 
types of plots to view. 


BROS Odd ib ke OS se Amos Ha ,,goG 


aM 
me Cay. 


Sub2B - Voltage (Phase B) 


O26 > Voltage (Phase * 
 # 
4 = sore 
18 120000 AM 1 120000 Ass vvarts 120000 AM vavis 120000 AM Varin 129000 aa Werle 120000 AM UT 120000 aM 
Tae (tap 


———— on Sub2B - Voltage (Phase C) 
ae 


58.4.1 Output Filename 


On the left side of plot manger, user can see the output file’s name selected in the study case tool bar as 
follow: 


Sia ro +B [nes 


Untitled 


|-2 Viz Untitled2 
. Prompt 


58.4.2 Device Type & ID 


The Device Type List include: Buses, Utilities, Syn. Generators, PV Arrays, Lump Loads, Static Loads, 
Syn. Motor, Ind. Machine, Cables/Lines, Impedances, Transformers, Chargers, Inverters, Capacitors, 
UPS, Voltage Regulators, Total System, etc. 

Click on the Device Type List, the Device ID List will show all the related devices selected as plot in the 
study case plot page. 
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58.2.9 58.4.3 Plot Type 


After Device ID selected, related plot type will be shown in the Plot Type List. 


58.4.4 Plot Button 


After Device Type, Device ID, and Plot Type were selected, press the Plot button below will plot the 
curves on the plot view on the right. 


58.4.5 Plot View 


98.25 ~ Bust 


Plot view include Device ID on the top right, and plot type on the top left. The coordination of the curve 
is the related value on the Y-axis, and time on the X-axis. 
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58.5 Required Data 


Bus Data 
Required data for time domain unbalanced load flow calculations for buses includes: 


e Nominal kV 
e %V and angle (when Initial Condition is set to use bus voltages) 
e Load diversity factor (when the Loading option is set to use diversity factor) 


Branch Data 


Branch data is entered into the Branch Editors (that is, the Transformer, Transmission Line, Cable, 
Reactor, and Impedance Editors). Required data for time domain unbalanced load flow calculations for 
branches includes: 


Branch Z, R, X, or X/R values and units, tolerance, and temperature, if applicable 
Cable and transmission line, length, and unit 

Impedance base kV and base kVA/MVA 

Zero sequence impedances 

Transformer rated kV and kVA/MVA, tap, and LTC settings 

Transformer winding connections, grounding types, and grounding parameters 


Power Grid Data 
Required data for time domain unbalanced load flow calculations for power grids includes: 


Operating Mode (swing, voltage control, Mvar control, or PF control) 
Nominal kV 

%V and angle for swing mode 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode 

MW loading and PF for PF mode 

Grounding types and parameters 

Single-phase MVAsc and X/R 

For Time Domain simulation in Time Domain page 

e Sector (profile) 

e External Data 

e Data Gap Options 


Synchronous Generator Data 


Required data for time domain unbalanced load flow calculations for synchronous generators includes: 


Operating Mode (Swing, voltage control, or Mvar control) 

Rated kV 

%V and angle for swing mode of operation 

%V, MW loading, and Mvar limits (Qmax & Qmin) for voltage control mode 
MW and Mvar loading for Mvar control mode of operation 
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e MW loading and PF for PF mode 

e = Xq’, X2, Xo, and X/R 

e Grounding types and parameters 

For Time Domain simulation in Time Domain page 
e Sector (profile) 

e External Data 

e Data Gap Options 


Inverter Data 
Required data for time domain unbalanced load flow calculations for inverters includes: 


e Inverter ID 

e DC and AC rating data 

e AC output voltage regulating data 

For Time Domain simulation in Time Domain page 
e Sector (profile) 

e External Data 

e Data Gap Options 


Synchronous Motor Data 


Required data for time domain unbalanced load flow calculations for synchronous motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xa”, X2, Xo, and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Induction Motor Data 
Required data for time domain unbalanced load flow calculations for induction motors includes: 


Rated kW/hp and kV 

Power factors and efficiencies at 100%, 75%, and 50% loadings 
Loading Category ID and % loading 

Equipment cable data 

Phase type 

Xsc, X2, Xo, and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 


Static Load Data 


Required data for time domain unbalanced load flow calculations for static loads includes: 


e Static load ID 
e Rated kVA/MVA and kV 
e Power factor 
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Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 

For Time Domain simulation in Time Domain page 
e Sector (profile) 

e External Data 

e Composite Sector 

e Data Gap Options 


Capacitor Data 


Required data for time domain unbalanced load flow calculations for static loads includes: 


Capacitor ID 

Rated kV, kvar/bank, and number of banks 
Loading Category ID and % loading 
Equipment cable data 

Phase type 

Grounding types (when 3-phase) 


Lumped Load Data 


Required data for time domain unbalanced load flow calculations for static loads includes: 


Load ID 

Rated kV, MVA, power factor, and % motor load 
Loading Category ID and % loading 

Phase type 

Xsc and X/R (when 3-phase) 

Grounding types and parameters (when 3-phase) 
For Time Domain simulation in Time Domain page 
e Sector (profile) 

e =External Data 

e Composite Sector 

e Data Gap Options 


Charger & UPS Data 


Required data for time domain unbalanced load flow calculations for chargers and UPSs includes: 


e Element ID 

e Rated AC kV, MVA, efficiency, and power factor, as well as DC rating data 
e Loading Category ID and % loading 

For Time Domain simulation in Time Domain page 

e Sector (profile) 

e External Data 

e Composite Sector 

e Data Gap Options 
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SVC Data 


Required data for time domain unbalanced load flow calculations for SVC includes: 


Element ID 

Rated kV 

Vmax 

Vmin 

Vref 

Rated QI and Qc 
Qlmax and Qcmin 


Panel Data 
Required data for time domain unbalanced load flow calculations for panels includes: 


Element ID 

Rated kV and amps 

Number of branch circuits 

Loading Category ID and % loading 

Phasing, number of poles, and state 

Connection type (such as internal, external, or spare) 


Other Data 


There are some Study Case-related data, which must also be provided. These include: 


Maximum iteration 

Precision 

Loading Category 

Initial condition 

Report (report format) 

Update (for bus voltages and transformer LTCs using load flow result) 


The Study Case-related data is entered into the Time Domain Unbalanced Load Flow Study Case Editor. 
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58.6 Output Reports 


The TDULF Reports provides you with detailed information for a Time Domain Unbalanced Load Flow 
Analysis. You can utilize the TDULF Report Manager to help you view the Output Report. 


TDULF Report Manager 


Complete Input Results Summary 


Cover 
Device_Profile 
Events 
Study_info 


Output Report Name 
TDSimulation 


Path 


C:\Pecan2-FG1-ADMS-Rel\Example-ANS! 


a 


98.6.1 Input Data 


Study Info 


The Study Info Report lists the settings in Time Domain Unbalanced Load Flow Study Case for running 
the study. 


Device Profile 


The Device Profile Report lists all the devices using time domain data entries such as Sector, External, or 
Composite. 


Device Profile 


Date Growth Data Gap 
Device ID T Data T' T 1 T 2 
acti cneees _ Detctiewe aes 


DC Lumped Loa i (01-01-2018 01-01-2030 


Static Load : i (01-01-2018 01-01-2030 i 
01-01-2018 01-01-2030 Growth Curve 3 | 


'01-01-2030 Growth Curve 4 — 


‘External 01-01-2030 _Growth Curve 6 ‘Loading Category 


Sector ‘Residential = 01-01-2018 01-01-2030 Growth Curve7__ 


External Generation i 01-01-2018 01-01-2030 i Use Last Value 


StaticLoad ‘Composite Load Load Composite © 01-01-2018 01-01-2030 
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Events Info 


The Events Info Report lists all the activated events in the study. 


Time Domain Load Flow Events 


: ; Duration 
B21 | 


rcuit Breaker Open A A 


Event 1 


oe 


Generation Impact 


Event 4 
Generation Impact 


58.6.2 Results 


The Time Domain Load Flow Results Report includes the flow results at each time point of the 
simulation. 


98.6.3 Summary 


Summary reports in Time Domain Unbalanced Load Flow Analysis includes 


Alert 

Group Summary 

System Summary 

Worst Case reports for Loading 
Worst Case Report for Phase Voltage 


58.6.4 Complete 


The Complete Report includes Input Data, Results, and Summary Reports. 
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58.7 Alert View 


The Alert View contains a list of all the alerts generated by the time domain unbalanced load flow 
calculation. The Alert View window may be configured to automatically display as soon as the time 
domain unbalanced load flow calculation is over, by selecting the Auto Display option on the Alert page 
of the Time Domain Unbalanced Load Flow Study Case. It may also be accessed by clicking the Alert 
View button. The Alert View provides tabulated columns of information about the reported alerts. For 
information about the alerts for each element type, see the Alert View section in Chapter 15, Load Flow 
Analysis. 


Study Case: TDSimuiation Data Revision: jesel 
Configuration Date:03-30-2018 Zone Area Region 
Citical 

Time Device ID Type Condition Rating / Limt Operating A Operating B Operating C Op. A “Op. B *“Op.C 
01-01-2018 00:00:00 Cable20 Cable Overload 78.4 Amp 107.9 Amp 108.32 Amp 108.95 Amp 1376 1382 139 
01-01-2018 00:00:00 Lines Line LIUR (Pos. Sea.) 87.75 Amp 44.2 Amp 22.03 Amp 22.16 Amp 504 254 253 
01-01-2018 00-00-00 Line4 Line IUF 2 (Neg. Seq) 87.718 Amp 21.18 Amp 21.18 Amp 21.18 Amp 244 241 241 
01-01-2018 00:00:00 Lines Line IUFO (Zero Seq) «87.718 Amp 23.08 Amp 23.08 Amp 23.08 Amp 263 263 263 
01-01-2018 00:00:00 Cable2 Cable LIUR (Pos. Seq) 323.166 Amp 44.75 Amp 23.82 Amp 20.92 Amp 138 74 65 
01-01-2018 00-00-00 Cable2 Cable UF 2 (Neg. Seq) 323.111 Amp 22.48 Amp 22.48 Amp 22.48 Amp 7 7 7 
01-01-2018 00:00:00 Cable2 Cable IUF0 (Zero Seq) 323.111 Amp 23.08 Amp 23.08 Amp 23.08 Amp 71 71 7 
01-01-2018 00-00-00 XFMR 3 2W XFMR LIUR (Pos. Seq) 601.881 Amp 50.95 Amp 23.24 Amp 27.71 Amp 85 33 46 
01-01-2018 00:00:00 -XFMR3 2W XFMR UF 2 (Neg. Seq) 601.813 Amp 22.82 Amp 22.82 Amp 22.82 Amp 38 38 38 
01-01-2018 00:00:00  XFMR3 2W XFMR IUFO (Zero Seq.) 601.813 Amp 29.36 Amp 29,36 Amp 29.36 Amp 49 49 49 
01-01-2018 00:00:00 m1 3W XFMRp UF 2 (Neg. Seq) 20.855 Amp 257 Amp 257 Amp 257 Amp 123 123 123 
01-01-2018 00:00:00 1 3W XFMRp IUFO Zero Seq) 20.855 Amp 2.43 Amp 2.49 Amp 2.49 Amp 19 19 119 
01-01-2018 00-00-00 m1 3W XFMRE LIUR (Pos.Seq.) 328.192 Amp 45.64 Amp 24.22 Amp 21.43 Amp 139 74 65 
01-01-2018 00:00:00 m1 3W XFMRE UF 2 (Neg. Seq) 328.192 Amp 22.54 Amp 22.54 Amp 22.54 Amp 69 63 69 
01-01-2018 00:00:00 M1 3W XFMRt IUF 0 Zero Seq) 328.192 Amp 23.14 Amp 23.14 Amp 23.14 Amp 7 7 7 

Device ID Condition Rating / Limt Operating B Operating C 


Device ID 
The Device Identification column of the Alert View lists the names of all the components that qualified as 
alerts after the time domain unbalanced load flow calculation. 


Type 
The Type column of the Alert View displays information about the type of device having the displayed 
alert. 


Condition 

The Conditions column of the Alert View provides a brief comment about the type of alert being 
reported. In the case of time domain unbalanced load flow alerts, the different conditions reported are 
Overloads, Over Voltage, Under Voltage, Over Excited, and Under Excited. 


Rating/Limit 

The Rating/Limit column of the Alert View provides the rating information being used by the time 
domain unbalanced load flow program to determine whether an alert should be reported and whether it is 
marginal or critical. For detailed information on alerts for each type of element, see the Alert Page section 
in Chapter 15, Load Flow Analysis. 


Operating A, B, and C 


The Operating A, B, and C columns of the Alert View display the results from the time domain 
unbalanced load flow calculation. The results listed here are used in combination with those displayed in 
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the Rating/Limit column to determine the operating percent values. These values are then compared to 
those entered in the Load Flow Study Case Editor Alert page. 


% Op. A, B, C 

The %Value column displays the percent operating values calculated based on the time domain 
unbalanced load flow results and the different element ratings. The values displayed here are directly 
compared to the percent of monitored parameters entered directly into the Alert page of the Time Domain 
Unbalanced Load Flow Study Case Editor. Based on the element type, system topology, and given 
conditions, the Alert Simulation program uses these percent values to determine if and what kind of alert 
should be displayed. 
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58.8 Profile, Sector and External Data 


Profile and sector library provides a convenient tool to construct time dependent data with regular pattern. 
Profile library is used to build the time dependent data for 24 hours in minute or hour. The sector library 
is used to build the time dependent data for single year or multiples years by combining profile library, 
weather condition, holidays and cost. 


58.8.1 Profile Library 


The profile library can be accessed from main menu library. This group allows the user to specify the 
profile load name, type and description. 


f Profile Library xs 
Profile Info 
| Profile ID Profile Type Description 
> Ea Daily % Load | Sample Commercial Load 
Industrial Daily % Load | Sample Industrial Load | 
Residential | Daily % Load | Sample Urban Resident... 
q Sub1 Humidity | Daily % Humidity | Humidity at Sub1 substa.... 


Sub1 Load | Daily %Load | Load at Sub1 substation 
|Sub1 Tempera..| Daily Temp F | Temperature at Sub1 su... 
Sub2 Humidity | Daily % Humidity | Humidity at Sub2 substa... 
| Sub2 Load Daily % Load | Load at Sub2 substation 
‘Sub2 | Daly Temp C | Temperature at Sub2 au... 
| Daily % Humidity | Humidity at Sub3 substa... | 


Daily % Load Load at Sub3 substation 
Daily Temp C Temperature at Sub3 su... 


20 20 


20 | —-tO-At Oat ett ete eie-wa 


aa ams Oo et Ogu ame ES - 4 im i he aan i it 8 4 im ie oh: Goon] 


-1 +O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Time of Day (Hour) 


Een) ( Bea fap) (0) (a 
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Profile Info 


Profile ID 
The profile ID column lists all profile name. 


Profile Type 
The profile type column lists the type of profile. Currently ETAP supports following types. 


(1) Daily % Load: Daily load Profile consists of active power (%MW, range 0 ~ 999), reactive power 
(%Mvar, range 0 ~ 999) and power factor (%PF, range -100 ~ 100) in percentage. 


(2) Daily Temp C: Daily Temperature Profile in Celsius (range -40 ~ 100). 

(3) Daily Temp F: Daily Temperature Profile in Fahrenheit (range -40 ~ 212) 

(4) Daily % Humidity: Daily humidity Profile in percentage (range 0 ~ 100) 

(5) Irradiance: Daily Solar Irradiance Profile in W/m? (range 0 ~ 2000) 

(6) Wind Speed: Daily Wind Speed Profile in m/s or ft/s. (range 0 ~ 200 or 0 ~ 999) 

(7) Generation: Daily Generation Profile consists of active power (%MW, range 0 ~ 200), reactive 


power (%Mvar, range -200 ~ 200), power factor (%PF, range -100 ~ 100), voltage (%V, range 0 
~ 200) and Angle (Ang, range, -180 ~ 180). 


Daily % Load Daily Load Profile % 
Daily Temp C Daily Temperature “E 
Daily Temp F Daily Temperature ae) 
Daily % Humidity Daily Humidity % 
Irradiance Daily Solar Irradiance W/m? 
Wind Speed Daily Wind Speed m/s or ft/s 
Generation Daily Generation Data % 
Description 


The description column lists the comment of profile. 


Values 


Values table can be used to build the time dependent profile data for a single day. 


Time Unit 


The time unit of profile values can be specified in minute and hour. 


ETAP 
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Step 
Step option is available only when Minutes is selected as the Time Unit. 


Plot 
ETAP provides three options to modify profile values by adjusting stem plot. 


Selected Point 
Adjust the plot by dragging only the selected point. 


All Points 
Adjust the plot by dragging all points equally. 


Drag Factor Dependent 
Adjust the plot by dragging other points according to the Drag factor. 


Drag Factor 
Specify the drag factor for how much adjacent points in percentage are dragged (0 ~ 100). 


58.8.2 Sector Library 


Sectors library can be accessed from main menu Library. Sectors are only selected from the existing 
profile library. No external data is defined or used in the sector library. 


Sector Definition 


Sector ID 
The sector ID column lists all profile name. 


Sector Type 

Specify the sector type in either “single” or “composite”. If the sector type is selected to be “Single”, the 
sector data are selected from one of six types specified in the “data type”. Otherwise if the “Sector Type” 
is selected to be “Composite”, the “Data Type” dropdown list should be unavailable and left blank. 


Data Type 

When “Sector Type” is selected to be “Single”, six “Data Type” options are available in the dropdown 
list. 

Load 

Generation 

Irradiance 

Wind 

Temperature 

Humidity 
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Profile Assignment 


Single-Year 

Single-Year tab is only available when the sector is selected to be the “single”. On the “Single-Year 
Profile” tab, the drop-down selection on the cells for each day and month is filtered based on “Data 
Type”. Seasonal factor can be specified in the %Seasonal column for weekdays and weekends 
respectively. 


Composite 

Composite tab is only available when the sector is selected to be the composite. For the first sector 
selection, the dropdown list should show all available “Single” type sectors. For the next sector selection, 
the dropdown list should only show the sectors whose “Data Type” is the same as the first sector’s Data 
Type. Sector distribution factor can be specified for selected sector data. 


Multi-Year 
Multi-Year tab is only applied to the sectors whose “Sector Type” is “Single” and “Data Type” is defined 
as “Load” or “Sector Type” is “Composite and the “Data Type” for all selected Sectors are “Load” type. 


Growth Curves 
Define growth curve for selected sector. Please note that although multiples curves might be defined and 
associated with the same sector, only one curve can be selected and used in the calculation. 


Growth Curve Definition 
Specify the Growth Factor and Tariff for each year 


Weather 
Specify the temperature profile, relative humidity profile and seasonal factor for the selected sector each 
month. 


Holidays 

Specify the holiday date and select the holiday pattern from the existing profile library. Once the date is 
defined as the holiday the original profile which is assigned in the Single-Year page or Composite page 
will be overwritten by the holiday pattern. 

Holiday is defined in the Default Calendar of Project Menu. 


Interruption/Outage Cost 
Specify the interruption or outage duration in minute and cost in $/KW. 
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58.8.3 External Data 


ETAP allows the user to use the external time domain data in Excel format which comes from the site 


measurement. 


External Data File Format 
An example of the external data is provided here: 


P(MW) Q(Mvar) PF% | V(p.u) Angle | Humidity | Temp | Wind Irradiance | Hour | Min | Seconds Date 
0.022253 | 0.019212 | 85 1.02 12 30 10 1000 0 0 0 1/1/2013 
0.022333 | 0.019708 86 1.03 13 25 15 900 0 15 0 1/1/2013 
0.022997 | 0.019609 | 92 1.06 15 40 8 1010 0 30 0 1/1/2013 

External data parameters and units are listed below: 
Parameter Unit 
Active Power (P) MW 
Reactive Power (Q) MVAR 
Power Factor (PF%) Percentage 
Voltage (V) Per Unit 
Voltage Angel Degree 
Humidity Percentage 
Temperature Celsius Degree 
Wind Speed m/s 
Irradiance W/m? 


Usage of External Data for Generation 


Utility/Generator 
The usage of the utility/generator external data is depended on the operation mode selected on the info 
page of the utility/generator editor mode. 
Parameters to be used from External Data file 


PV Array 


ETAP 


Operation 
Mode 
Swing 

Voltage 
Control 


Mvar Control 
(PF) Control 


PV Time Domain 
Page Data Option 


P 


Q 


>) 
Irradiance Data 
Electrical Data Vv 
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V 
Vv 
Vv 


Q 


Angle PF% 
Vv 


Parameters to be used from 
External Data file 


Irradiance 
Vv 
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Wind Turbine Generator 


WTG Time Operation Mode Parameters to be used from 
Domain Page External Data file 
Data Option P Q Vv Wind 
Voltage Control Vv Vv 
Electrical Data CES Seni) f i! 
Induction Vv Vv 
Generator 


Handling for Charger, Inverter and UPS 


Charger 

When “AC & DC Simultaneous Solution” checkbox is unchecked at Info page of Time Domain Load 
Flow Study Case editor, charger would be considered as an AC load. Loading category and time domain 
data type would apply in this case. 

When “AC & DC Simultaneous Solution” checkbox is checked at Info page of Time Domain Load Flow 
Study Case editor, and charger is connected with an active DC bus, then charger would be converting AC 
power to DC power, and time domain data type would not apply. 


Inverter 

When “AC & DC Simultaneous Solution” checkbox is unchecked at Info page of Time Domain Load 
Flow Study Case editor, inverter would be considered as an AC generation. Generation category and time 
domain data type would apply in this case. 

When “AC & DC Simultaneous Solution” checkbox is checked at Info page of Time Domain Load Flow 
Study Case editor, and inverter is converting power from DC to AC, then time domain data type would 


not apply. 


UPS 
UPS time domain data type would only apply if: (1) UPS Load is selected as based on Loading Category 
at Loading page of UPS editor, and (2) UPS is not converting power between AC and DC. 


58.8.4 Time Domain Calculation with Different Time Steps and 
Data Gap Options 


1) The description provided here is valid for both “Single Load Flow Calculation” and Time Domain 
Simulation” selection in the study case. 

2) Prior to the start of the simulation, the data time step for each element which uses time domain input 
data should be determined either from the profile library or from the external data, depending on 
which type of data is used for that element. 

3) Sector library cannot have data gap, but external data may include data gap. 

4) Ifa simulation data is provided for all time points according to the time step (say every hour 00:00 to 
23:00) and the simulation time is sometime between two steps (say 01:30), then, this should NOT be 
considered as a data gap. 

5) Data gap only happens when the data is missing in an external data file at one/multiple point(s) in 
time, where those points are defined according to the time step of the data. 
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All the combinations are provided in the following figure: 


Time 1 Time 2 00:30 07:30 Time 3 Time 4 
04:00 07:00 


Simulation time span 


456 "8 2223012 2223012 1819 
° ° ° ° ° 
Gapl Gap2 Gap3 Gap4 Gaps 


Dayl Day2 Oay3 


No datal No data? 


Energized Out of service 


Time 1 and Time 4; If the simulation time is before the energize date or after the out of service date 
of the element, that element’s output should be zero. 

Time 2; If the simulation time is after the energize date, before the out of service data, and before the 
first available input data, the parameter value should be set based on the Loading Category. (note: this 
only occurs with external data) 

04:00; If the simulation time is exactly at a time for which external data/profile data is available, use 
the value provided by the external data file/profile library. 

06:30; If the simulation time is not exactly at a time for which external data/profile data is available, 
and there is not data gap right before this time, use the last value provided by the external data 
file/profile library. (In this example use the data of hour 06:00). 

07:00; If the simulation time is exactly at a time for which there is a data gap, use the data gap option 
selected on the time domain page of the element to determine the value. (note: this only occurs with 
external data) 

07:30; If the simulation time is not exactly at a time for which external data is available, and there is a 
data gap right before this time, use the previous value calculated through the data gap option selected 
on the time domain page of the element . (In this example use the value of hour 07:00) (note: this 
only occurs with external data). 

Time 3; If the simulation time is after the energize date, before the out of service data, and after the 
last available input data, the parameter value should be set based on the last data seen by the 
calculation engine. (note: this only occurs with external data) 
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References 


A.1 Keyboard Shortcuts 


ETAP provides the following keyboard shortcuts for commonly used ETAP functions. Note that single 
letter hotkeys may also be triggered using traditional “Ctrl + key” 


ETAP Alphabet 
Select All 


Create a Text Box 


Copy selected element(s) to Dumpster 


Open Dumpster 


Edit Mode 


Launch Find Window 


Group selected elements 


Z)O/;/FA mM) o;al;w] eS 


Add Hyperlink 


— 


Apply Info Annotation Position 


— 


Autobuild Downstream Alignment 


Launch Options (Preferences) window 


Lock selected element(s) 


Switch to next active Mode 


Create a new project 


Open an existing project 


Print 


Close the Project File 


Rotate 90 degrees Clockwise 


Save 


H|»|alolrmlo;/zlzi|/riR 


Toggle Open/Close 
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Ungroup U 
Paste from Dumpster Vv 
Scenario Wizard W 
Move to Dumpster Xx 
Redo y 
Undo i 
Project 

New N 
Open O 
Close Q 
Save 5 
Save As Shift S 
Print P 
Print Preview Shift P 
Help Search Fl 
Help Context Shift Fl 
System Manager F2 
Find Next element (A-Z) F3 
Close ETAP Alt F4 
View 

Zoom In / Out Ctrl Wheel 
Zoom In Ctrl + 
Zoom Out Ctrl - 
Zoom to Fit Ctrl 0 

Fit to View Home 
Pan Space Drag 


ETAP A-2 
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Property Editor Enter 
Next View Ctrl Tab 
Previous View Ctrl Shift Tab 
Close View Ctrl F4 
Edit Mode Ctrl E 
Datablock [ 


Power Calculator = 


Shortcuts ? 
Editing 

Find F 

Find Next Element (A-Z) F3 

Undo Z, 

Redo ¥ 

Move Elements bb ToS 
Increase symbol size + 


Decrease symbol size - 


Group G 

Ungroup U 

Rotate 90 degrees clockwise R 

Rotate 90 degrees counter clockwise Shift R 

Select All A 

Deselect All Shift A 

“Add to” or “Remove from” selection Ctrl Click 

Auto Selection Alt Click 
Select Up Stream Page Up 
Select Down Stream Page Down 
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Copy to Dumpster Cc 
Copy/Paste Bulk Data Shift Cc 

Cut to Dumpster X; Delete 
Purge (Permanently delete without sending to the Dumpster) Shift Delete 
Paste from Dumpster Vv 

Move from Dumpster Shift Vv 

Move elements Drag 
Move to another View Shift Drag 
Copy to other Views Ctrl Shift Drag 
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A.2 Auto Select Options 


ETAP implements an intelligent and proactive auto select feature that is time saving and intuitive. Use 
the Alt button and the left mouse click together to select multiple elements in an instant. 


Alt + Left Mouse Click on a Bus 


If a bus is selected and the ALT key is pressed, then ETAP will automatically select all the loads 
connected to the bus. All protective devices connected to those loads will also be selected. If there are 
branches connected to the bus, the branch components within a bounding box will be selected as well. In 
the below example, the purple text box shows the bounding box for a low voltage bus. There is a breaker 
and transformer T3 that fall within the bounding box, hence they will be selected. Note: The bounding 
box is configured to be the same distance around the element as the element ID's adjustable radius. 


Sub3 Swgr Sub3 Swgr 
T3 TS 
AY 
750 KVA 
) ) cB40 
LVBus 


LVBus 
0.48 kv a ee Se ee le 
) ) ) 


ia. GEER 


Syn2 Loadl LUMP1 MOV1 L dl LUMP1 ei 
150 HP 280 kVA 220 kVA 15 HP Syn2 a 


Alt + Left Mouse Click on a Load 


When the ALT key is pressed and a load is selected, ETAP will automatically select all devices connected 
to the load up to the bus. 


Sub3 Swgr 


13 
Ay ke se T3 is aN 750 kVA 


LUMP1 MOVL . Load1 LUMP1 MOv1 
KVA 220 kVA 15 HP 3 280 kVA 220 kVA 15 HP 


ETAP A-5 ETAP 19.0 User Guide 


References Auto Select Options 


Alt + Left Mouse Click on a load PD 


The Auto select function can also be used on any load protective device. All elements in a straight line 
with the protective device will be highlighted when Alt + left mouse click is used on the protective 
device. The picture below shows the Auto Select function used when the devices are not in a straight 
line. ETAP highlighted the breaker and the contactor after Alt + Click was used on the breaker. This 
gives the user the ability to quickly select those two elements and drag them in line with the overload 
heater, cable and motor. 


Sub3 Swgr Sub3 Swgr 
® 
73 Ts 
oi750 kVA A¥(O\750 kVA 
cB40 |) cB40 |) 
0.48 kv 0.48 kv 


cB41,) CB43°) cB42°)  cB44’) 


asl (he | 
CB41 CB43 CB42 CB44 
) ) ) ) 


2 
i a 7 
syn2 Loadl LUMP1 MOV1 synZ Loadl LUMP1 MoV. 


Alt + Left Mouse Click on a branch or branch PD 


If the ALT key is pressed and a branch is selected, then ETAP will automatically select all the 
components connected to the branch in a straight line between the “from bus” and “to bus” of the branch. 
If the elements are not in a straight line, ETAP will stop the auto select function at the last inline element 
as done with the load pd shown above. Note: Using the Auto Select function on a branch pd will perform 
the same results as using the Auto Select function on a branch. 


oJ od 
> 
; a. 
KAS T2 TZ 
AY AAA 10 MVA MB AWN 10 MVA 
i. 4 | 
od bd 
Sub2A Sub2A 
2 a 1  ( 


Page Up 


Jump from the selected element to the upstream bus, selecting and highlighting all elements in between. 
When parallel paths exist, all elements in the parallel path will be selected. 


Page Down 


Jump from the selected element to the downstream bus, selecting and highlighting all elements in 
between. When parallel paths exist, all elements in the parallel path will be selected. 
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A.3 Copy / Paste Bulk Data 


This feature provides the ability to copy property data of a single element to any number of other 
elements of the same type. 


A.3.1 Data Clipboard (Tabular approach) 


Launch the Data Manager from Base revision and make the following selections to expose the “Data 
Clipboard” options: 


e Under “Revision Control,” check only a single revision. 

e Under “Device Selection,” choose a single device type. (This means do not choose any option 
that includes multiple types such as “All AC Motors”) 

e Under “Display options,” select “Properties” 


J Fee Eot View Project Detauti RevCortrel Library Wanehox 
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# Gy OC Link, High Vettage 


ii in OC Lumped Load - 1 
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Once the Data Clipboard section is visible, selecting any single row will enable the “Copy Data” button. 
Press this button to add the selected element to the Data Clipboard. 


W) ETAP - Data Manager % 
QUEUE ead % ANSI ray Inter tng | ANS! ub ANSI Lib, an 
O Change # eile de cPT pats a 9 | Manuf. Model | 
O Group # | 1 |cB1 32.92 3 1200 5 ABB 38PM40 
Revision Control 2 |cB2 32.92 3 1200 5 ABB 38PM40 
[Base - | 3 CBS 32.92 3 2000 5 Siemens FA-350 
[2013 Modifications | 
2014 Atemate Mods | 4 \cE4 68.66 3 2000 5 Westinghouse | 150-DVP-500 
2014 Modifications | 5 |CB5 32.92 3 2000 5 Westinghouse | 150-DHP-500 
2015 Modifications é rs 5 ASO-SOOA 
2015 Renewables S-HKV-500! 
7 |cB8 32.92 3 1200 5 GE AM-4.16-350 
es A cc : ee) es eee 
: 8 |CB9 32.92 3 2000 5 Powel O5PV0250 
. | 9 |cB10 32.92 3 1200 5 ABB 3ePpM40 
}10|cB11 10.84 4 1200 8 GE AM-13.8-750 
| 11 |cB12 10.84 4 1200 8 GE AM-13.8-750 
oo ae 5 | 12|cB13 32.92 3 1200 5 Siemens MA-350 
= | ase eee | 13|CB18 32.92 3 1200 5 Siemens MA-250 
AAC Elements | — 
1| | All AC Protective Devices 14|cBI9 32.92 3 1200 5 GE AM-4.16-350 
1) | AAC Loads | 
Peder | 15 |CB21 10.84 4 1200 8 GE Aw-138-750 | Y 
All Sources S 
All AC-DC Display Options 
All Branches 
RSELSSL aa © 
Circuit Breakers, LV 1p [ces FA Short Circuit 
AC Switches, Single-Throw lees 
AC Switches, Double-Throw 
. i] Motor Acceleration 
fe Seas, ont @ia [Protection & Coordination 
Contactors 4] Unbalanced Load Flow v 
Create... Copy... Edit... Merge... Delete... Export... Find Help 
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Then select any number of other element rows in the table and press the “Paste Data” button. A prompt 
will show to confirm action. 


ETAP 


= 
uy 


©) ETAP - Data Manager 


@AI Data Rev. 

OChange # 

O Group # 
Revision Control 


M1Base 

(12013 Modifications 
[]2014 Altemate Mods. 
[12014 Modifications 
[]2015 Modifications 
(12015 Renewables 


AC Switches, Ground 
AC Fuses 
Contactors 


oO 


AFwo ani ni ain 


| 


Powell 


M1Non-Engineering Data 
[Load Flow 

[AShort Circuit 

[Arc Flash 

[1] Motor Acceleration 


Protection & Coordination 


[Unbalanced Load Flow 


~ 


i) ETAP - Data Manager 


@AI Data Rev. 
O.Change # 

O Group # 

Revision Control 
MBase 

[_]2013 Modifications 
[-]2014 Altemate Mods. 
(2014 Modifications 
[]2015 Modifications 
[12015 Renewables 


Circuit Breakers, LV 

AC Switches, Single-Throw 
AC Switches, Double-Throw 
AC Switches, Ground 

AC Fuses 

Contactors 
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Brown Boveri 


Brown Boveri 


Brown Boveri 


Brown Boveri 


Create... Copy... Edit... 
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A.3.2 Right-Click (Graphical approach) 


From the OLV, use any selection method to choose the element to be copied as well as the all the 
elements to be pasted. Right-click the individual element from which the data will be copied from to 
display its context menu. 


Hold "Ctrl + Shift" 
and Left-Click this 
property option 


Hold the “Ctrl + Shift” keys and left-click the top context menu option (the element property option) 
labeled with the ID of the element. A prompt will show requesting confirmation of action. 


Thermal trip = FIXED Thermal trip = FIXED 
Thermal trip = FIXED ehaiag igete Mag. Trip = 7.3 (5 - 10) 
Mag. Trip = 7.3 (5 - 10) ONS RO = Tea) 9 ) 


Square-D Square-D 
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A.3.3 Shortcut (Shift + C) 


From the OLV, select the group of elements you wish to paste data to. 


Sub2B 
———_41 


Sub2A 


Cable23 
Cable22 3 

1-3/C350 
1-3/C 350 


ABB 
25#KSA1000 
25 kA - 25 kV 
63 kA Peak 
1200 A 


Next hold “Ctrl” and click to add the original element which you would like to copy the data from to 
make it the anchor element (Framed in blue). 


Sub2A 


Cable23 
Cable22 
1-3/C 350 
1-3/C 350 
ABB 
254KSA1000 
25 kA - 25 kV 
63 kA Peak 
1200 A 


Hold "Ctrl" and click to 
define "Anchor Element" 
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Then simply hold the “Shift” key and press “C” to copy the anchor element’s data to other selected 
elements of the same type. 


Sub2A Sub2B 
| | 
. 
Shift + C 
Cable23 
Cable22 
1-3/C 350 
1-3/C 350 
ABB 
25HKSA1000 Neue 
25 kA - 25 kV hase 
63 kA Peak 123 1.01 kV 


1200 A 


5SMVA __--- 


Sub22 


None 
None None 
None 7 1.01 k 
1.01 kV Please Confirm NM 
Are you sure you want to replicate the properties of 'CB27' to other 
selected elements? 
Mtrs 
2000 HP 
Sub2A Sub2B 


Cable23 


Cable22 


1-3/C 350 
1-3/C 350 


ARB 

25HKSA1000 ABB 

25 kA - 25 kV 25HKSA1000 

63 kA Peak 25 kA - 25 KV 

1200 A 63 kA Peak 
1200 A 


ABB 
None bi 25HKSA1000 
None ABB 25 kA - 25 kV 
1.01 kV 254KSA1000 63 kA Peak 
25 kA - 25 kV 1200 A 
63 kA Deak 
1200 A 
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